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Preface

This SIST volume contains the papers presented at the SmartCom 2020: Fourth
International Conference on Smart Trends for Computing and Communications.
The conference was held during January 24–25, 2020, at Hotel Novotel, Siam
Square, Bangkok, and organized by Global Knowledge Research Foundation with
support from Knowledge Chamber of Commerce and Industry and InterYIT IFIP—
International Federation for Information Processing.

The books presents the state-of-the-art as well as emerging topics pertaining to
information, computer communications and effective strategies for its implemen-
tation for engineering and managerial applications.

The conference attracts a large number of high-quality submissions and stimu-
lates the cutting-edge research discussions among many academic pioneering
researchers, scientists, industrial engineers, students from all around the world and
provides a forum to researchers on proposing new technologies, sharing their
experiences and discussing future solutions for design infrastructure for ICT, pro-
viding common platform for academic pioneering researchers, scientists, engineers
and students to share their views and achievements, enriching technocrats and
academicians by presenting their innovative and constructive ideas and focusing on
innovative issues at international level by bringing together the experts from dif-
ferent countries.

Research submissions in various advanced technology areas were received, and
after a rigorous peer review process with the help of program committee members
and 56 external reviewers for 262 papers from 20 different countries including
Australia, China, Malaysia, Indonesia, Thailand, Bangladesh, Japan, South Korea
and Sri Lanka, etc., out of which 50 were accepted with an acceptance ratio of 0.19.

This event’s success was possible only with the help and support of our team and
organizations. With immense pleasure and honor, we would like to express our
sincere thanks to the authors for their remarkable contributions, all the Technical
Program Committee members for their time and expertise in reviewing the papers
within a very tight schedule and the publisher Springer for their professional
help. This is the fourth conference of the series SmartCom in which proceedings is
published as a CCIS volume by Springer. We are overwhelmed by our two
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distinguished scholars and appreciate them for accepting our invitation to deliver
keynote speeches to the conference and six technical session chairs for analyzing
the research work presented by the researchers. Most importantly, we are also
grateful to our local support team for their hard work for the conference. This series
has already been made a continuous series which will be hosted at different loca-
tions every year.

This event’s success was possible only with the help and support of our team and
organizations. With immense pleasure and honor, we would like to express our
sincere thanks to the authors for their remarkable contributions, all the Technical
Program Committee members for their time and expertise in reviewing the papers
within a very tight schedule and the publisher Springer for their professional
help. This is the fourth conference of the series SmartCom in which proceedings is
published as a SIST volume by Springer. We are overwhelmed by our three dis-
tinguished scholars and appreciate them for accepting our invitation to deliver
keynote speeches including Prof. Mike Hinchey, President IFIP; Prof. Milan Tuba,
Singidunum University, Serbia; and Dr. ChakChai So-In, Khon Kaen University,
Thailand, in the conference and further six technical session chairs for analyzing the
research work presented by the researchers. Most importantly, we are also grateful
to our local support team for their hard work for the conference. This series has
already been made a continuous series which will be hosted at different locations
every year.

Bangkok, Thailand Yu-Dong Zhang
Tomonoby Senjyu
Chakchai SO–IN

Amit Joshi
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Chapter 1
Accurate Detection of Facial Landmark
Points Using Local Intensity Information
for Emotion Detection

Payal Bhattacherjee and M. M. Ramya

Abstract Face is the gateway to mind. Understanding facial expressions gives the
affective state of human mind. Accurate detection of facial expressions is one of
the open challenges in machine vision. The fulcrum of facial expression detection
and classification depends on extraction of salient points on the face. The accurate
detection of these points is a mandatory step for emotion detection as these facial
points undergo tremendous change as emotion expressed by human changes. This
paper proposes an accurate adaptive algorithm for extraction of the distinct facial
points which will make identification of various expressions a feasible task. Viola–
Jones face detection algorithm was used for detection of face. The extracted face
region was decimated into various regions of interest (ROIs) based on prior knowl-
edge of human face anatomy. Eye centers were located using horizontal and vertical
projections of histogram of eye ROI. The ROI for eyebrows was located using the
location of eye centers. The eyebrows were detected by taking advantage of the
sign of double edges produced by second-order differential used for edge detec-
tion. Lip corners were extracted from the bottom half of the face by obtaining the
highest contrast points from the contrast image. The algorithm was tested on the
UNBC Pain Archive and achieved 100%, 100%, and 99.87% accuracy for eye cen-
ters, lip corners, and eyebrow corners, respectively. The algorithm is learning free,
computational inexpensive, and can be modeled into embedded platforms.

P. Bhattacherjee · M. M. Ramya (B)
Center for Automation and Robotics, Hindustan Institute of Technology and Science, Padur,
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2 P. Bhattacherjee and M. M. Ramya

1.1 Introduction

Facial expression-based research has gained a lot of pace during the last decade.
There has been a plethora of research in this field. Face animation, driver drowsiness,
shopper’s interest, video surveillance, and face tracking are few of the areas where
expression analysis plays a pivotal role. The idea of better human–machine inter-
action can be made feasible with computers understanding expressions and altering
their response in accordance with one’s state of mind. The problem of facial expres-
sion analysis is discriminated into identification of action units (AU). Facial Action
Coding System (FACS) [6] categorizes each muscle movement into action units.
Combination of action units leads to an expression. Precise detection of action unit
depends on identifying and tracking facial points, respective of pose, illumination,
facial hair, wrinkles, and spectacles. Landmark points are designated as fiducial and
ancillary points. Fiducial points are primary points like eye enters, eyebrow cor-
ners, nose tip, and lip corners. Detection of these points will help in identification of
ancillary points like chin, cheeks, and forehead [2].

Landmark detection and localization may seem like a simple task at hand. Face
variability is in terms of facial hair and race. Imaging conditions and number of
landmarks required for a specific application make the development of a generic
algorithm for an accurate detection of facial landmark points an acute task. The
research on landmark point detection can be broadly classified into two:model-based
methods and texture-based methods.

Elucidation of images containing objects of varying shape is a difficult task which
can be handled by deformable models like active appearance model (AAM) and
active shape models (ASM) [3]. In model-based methods, a model is generated from
training images, and this model is made fit to the current shape of face in the test
images.ASMsearches for pointswith similar gray-level intensities around the current
point which duplicates the texture of model at that given landmark. AAM searches
for similar intensities in the convex hull of the point. Both the models require large
image samples during each search. In recent years, Belhumeur [1] has calculated
SIFT features and trained SVM for each landmark point to get a probability of a point
occurring in that region. Bayesian network was used to generate a global model from
these individual probabilities [17]. Extracted histogram-of-gradient (HOG) features
are given a global shape by establishing quadratic spring between them.

Pioneering texture-based landmarkpoint detectionworkwasdonebyVukadinovic
and Pantic [15], whereinGabor featureswere extracted andAdaBoost templateswere
built on these Gabor features and gray-level intensities to identify 20 facial landmark
points. They considered mouth region to be 0.85 times distance between two eyes,
which always does not hold true. They have trained weak classifiers, wherein the
algorithm searches for a facial point in a given ROI in a sliding window approach.
As the search area increases, the time required also increases linearly; to speed up
the detection rates, gradient descent approach was implemented which reportedly
failed as learned algorithm generated local extremes [13]. Regression techniques
were explored to overcome the sliding window approach, wherein local information
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along with support vector regressions was utilized to predict first 22 points. Markov
networks were used to sample new locations [14]. Ding and Martinez [5] carried out
discriminant analysis to detect fiducial points. Yun and Ling [16] have generated five
difference of Gaussian (DoG) images. Each pixel in a given DoG image is compared
to its eight neighbors in the same scale and nine neighbors in one scale up image
and down image. If this certain point intensity is greater than its neighborhood, it is
chosen as a possible point. HOG features are calculated, and AdaBoost classifiers
are trained for detection. The methods discussed above have a common trait of fitting
a learnt model to the new data that comes. Human faces are very unique from one
another; no two faces are similar; hence, detection of landmark points is a very
subjective topic, wherein local information which is unique to each face is explored
for better detection rates.

Shape and texture of human face are non-rigid, and it fluctuates with expression
and is diverse in nature in terms of ethnic background, the way each individual
expresses emotions. Dey [4] has used fast corner detection for identification of facial
points on images of northeastern Indian people. Fast corners respond well to areas
where information is residing but use of a fixed global threshold hits the robustness
of the algorithm.

On the understanding of intensity variations around the landmark point, template
images were built. These template images when applied on facial images generated
blob images which were used for identification and detection [9]. The closely related
work of Happy [7] is dependent on Haar classifiers for eye and mouth detection. The
Haar-based classifiers are always not dependable and give poor detection rates. Gabor
feature-based work of Vukadinovic and Pantic [15] though covers the entire texture
information, it generates huge feature vector for processing. Therefore, a learning-
free approach for landmark point is investigated and presented in the following
sections.

1.2 Materials and Methods

1.2.1 Materials

This research is aimed at automatic pain estimation of patients from facial images.
The McMaster University and University of Northern British Columbia have made
a part of database UNBC Pain Archive [10] available online which contains images
of 25 individuals suffering from shoulder pain. These images are taken from video
sequences and annotated by the individual about the level of pain experienced by
them. Images are captured in set standard environment. Algorithms are computed
with OpenCV 3.1.0 in C++ on Xcode.
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Fig. 1.1 Face detection and selection of ROI

1.2.2 Proposed Methodology

The problem of landmark point detection can be approached by analyzing the his-
togram projections, generating contrast images, and looking for largest connected
component at the center of the related ROI. The proposed algorithm follows the
above-mentioned approach.

1.2.2.1 Preprocessing

Images are captured in varied settings with varying illumination; hence, a prepro-
cessing step is mandatory for precise detection of landmark points. The proposed
algorithm works on images which have been preprocessed with a chain of image
enhancement techniques as shown below.

Gamma
correction

Difference of Gaussian
Filtering

Fuzzy
Enhancement

1.2.2.2 Face Detection

The proposed algorithm is utilized for Viola–Jones face detection [8]. It returns the
face region in a rectangular bounded box. By understanding the anatomy of human
face, coarse ROIs are selected and the facial image is divided into upper half and
bottom half. The upper half of face is further subdivided into right and left as shown
in Fig. 1.1.

1.2.2.3 Eye Center Detection

The eye center is one of the first points to be detected. The accurate detection of
this point is one of the prominent steps as the success of this detection is responsible
for eyebrow corner detection. The eye centers are also used to remove in-plane head
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Fig. 1.2 Vertical and horizontal histogram of eye ROI

rotation.The locationof eye centers in the coarseROI is detected by analyzingvertical
histogram (pixel-wise difference along the rows and summing each difference) and
horizontal histogram (pixel-wise difference along the columns and summing each
difference). The peak of vertical histogram gives y coordinate, whereas peak of
horizontal histogram gives x coordinate [15] (Fig. 1.2).

1.2.2.4 Eyebrow Detection

The eye centers serve as seed point for eyebrow corner detection; by human knowl-
edge, eyebrows exist in the region above eyes. Coordinates of eye centers enable for
selection for eyebrows [11]. Steps for eyebrow corner detection are as follows:

Apply Gaussian blur to the right eyebrow ROI with a kernel of size (3, 3) and
standard deviation 1.

Obtain the Sobel edge detected image Grady in the y direction on the smoothened
image.

Apply Otsu’s threshold on the gradient image to get edge map Ey . Second-order
differential of intensities in y direction produces double edges with positive sign for
transition between dark region and white region and vice versa. Hence, edge map Ey

is divided into signed edge map Ey+ and Ey− such that they contain the lower and
upper edges of the eyebrow simultaneously.

Ey−(x, y) = 255 if Grady(x, y) < 0 ∧ Ey(x, y) = 255 (1.1)

Ey+(x, y) = 255 if Grady(x, y) > 0 ∧ Ey(x, y) = 255 (1.2)

Image Ey− is divided into overlapping horizontal bins of bandwidth �max
T *

height of the face, which is maximum thickness of eyebrow determined empirically.
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Each bin is taken individually, and pixel values are summed up to determine the
most distinct edges. Non-maximal suppression function is applied to determine the
bin which contains the upper edge of eyebrow as the bins are overlapping. The bins
where summation is greater than the threshold as shown in Eq. 1.3 are considered
for further processing.�l ∗width of the face,which is the average length of eyebrow
determined empirically as shown in Eq. 1.3. �l is the in between

n∑

i=0

Ey−(bn) ≥ 255 ∗ �l ∗ width of the face/2 (1.3)

The bins satisfying the threshold contain the prominent edges. Let there be B such
bins; in each bin, the connected component with highest area is determined. Area
of all the highest connected components among all the B bins is calculated. The bin
with the highest connected component area is determined as the bin with the upper
edge of the eyebrow. The above steps are repeated with Ey− to determine lower edge
of the eyebrow as shown in Eq. 1.4.

n∑

i=0

Ey+(bn) ≥ 255 ∗ �l ∗ width of the face/2 (1.4)

The entire process is repeated for left eyebrow ROI (Figs. 1.3, 1.4, 1.5, and 1.6).

Fig. 1.3 Maximum length
and maximum thickness of
eyebrow in comparison with
w and h

Fig. 1.4 Width w and height
h of detected face
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Fig. 1.5 Graph depicting eyebrow thickness to height of detected face over 150 images

Fig. 1.6 Graph depicting length of eyebrow to width of detected face over 150 images

1.2.2.5 Lip Corner Detection

Lips are located in the lower half of the face, and hence, it is chosen as ROI for the
purpose. The algorithm is as follows:

Obtain the contrast image imc(i, j) from the input roilips(i, j) image, i.e., average
difference between pixels in a 2 * 2 region.

imc(i, j) = [(
roilips(i, j) − roilips(i, j + 1)

) + (
roilips(i, j) − roilips(i + 1, j)

)
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+(
roilips(i, j) − roilips(i+, j)

)]
/3 (1.5)

Subtract the contrast image imc(i, j) from input image roilips(i, j) to obtain
difference image diff(i, j).

Obtain the compliment image imcomp(i, j) from diff(i, j)

imcomp(i, j) = 255 − diff(i, j) (1.6)

Lip corners have the highest contrast; to locate the left lip corner, each column
from the left of the compliment image to the middle is examined. In each column,
we take the highest intensity and compare it to a threshold. If the contrast of any such
pixel is greater than threshold, that particular pixel is considered as left lip corner.

Above step is repeated for right lip corner by searching the compliment image
from the rightmost column. Threshold is determined by examining the histogram of
an image. It is set as the average between highest peak and last peak.

1.3 Performance Metrics

Performance evaluation of the eye centers and lip corners is carried out by computing
the Euclidean distance between the points detected by algorithm and points manually
marked. The Euclidean distance is the measure of pixel separation between points.
To normalize, Euclidean distance is divided by the total number of pixels in an image
which gives the error rate.

Ed=sqrt((xgt−xd)2+(ygt−yd)2) (1.7)

Edn = Ed

total number of image pixels
(1.8)

where

Ed Euclidean distance
(xgt, ygt) x and y coordinates of ground truth
(xd, yd) x and y coordinates of detected points
Ed Normalized Euclidean distance

The proposed algorithm for eyebrow detection bounds a rectangle around the
region where the eyebrow is detected. A rectangle is manually marked around the
eyebrow to generate the ground truth. The number of pixels which overlap with the
ground truth is taken as true positive. The number of pixels which overlap in the
non-eyebrow region in the ground truth is taken as true negative, and the number of
pixels where the ground truth detects an eyebrow pixel and does not detect bounding
box is taken as false negative and vice versa for false positive. Accuracy, precision,
and recall are computed as shown in Eqs. 1.9–1.11.
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Accuracy = Tp + Tn
Tp + Tn + Fp + Fn

(1.9)

Precision = Tp
Tp + Fp

(1.10)

Recall = Tp
Tp + Fn

(1.11)

T p Number of eyebrow pixels correctly detected
T n Number of non-eyebrow pixels correctly detected
Fn Number of eyebrow pixels which are not detected
Fp Number of non-eyebrow pixels which are falsely detected as eyebrow.

1.4 Results

Detailed experimentation of the proposed methodology was done on the UNBC Pain
Archive. The proposed algorithmwas tested on 250 images of twenty-five individuals
of varying age, gender, and race suffering from shoulder pain. The images were
carefully selected to exhibit variation in pain intensity, head pose, eye state, facial
hair, spectacles, and occlusion of eyebrow by hair. The preprocessed images were
given to the face detector module, which uses Viola–Jones algorithm for detection
and approximates the face bounded by a rectangle. Detected images are divided into
top half and bottom half. Top half is further divided into top left half and top right
half which are subsequentially processed to detect the eyebrow and eye centers.

1.4.1 Eye Centers

Eye centers were localized by calculating the horizontal and vertical projections of
the eye ROI; by analyzing the respective histograms, the coordinates for left eye of
image a in Fig. 1.7 were found to be (192, 132) and for right eye (254, 134); similarly
for image b, the coordinates were (104, 95) and (152, 99). For validating the detected
points, eye centers were marked manually. Euclidean distance between the marked
points and detected points was calculated. Euclidean distance was normalized by the
total number of pixels in the image to decide the error rate, which was found to be
0. Eye center algorithm projected 100% detection rate for both the eyes.
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Fig. 1.7 Eye center results

1.4.2 Eyebrows

Eyebrows are located on the upper half of the face; there is a distinct change in inten-
sity in y direction while traversing through the eyebrow. Second-order differential
of intensity produces double edges. Otsu thresholding of the edge detected image
retains only desired edges, and obstacle by spectacles is avoided. Upper edge of the
eyebrow is the intensity transition from high to low which produces negative values
for second-order differential; similarly, lower edges produce positive. This approach
works efficiently for facial images where the eyebrow intensity is not too similar to
skin intensity. Since only y direction edges are considered, partial occlusion by hair
is vanquished.

Figure 1.8 (i) is the ROI for eyebrow on which Sobel filter is applied to get image,
(ii) which is Otsu thresholded. Image (IV), i.e., Ey+ contains positive edges, and
image (v), i.e., Ey− contains negative edges; both the images are divided into over-
lapping horizontal bins with height equal to average thickness of eyebrow. The bins
with summation of pixels greater than one by fourth of width of face are considered.

Fig. 1.8 (i) Left eyebrow ROI, (ii) Sobel edge detected image, (iii) Otsu thresholded image, (iv)
Ey negative, (v) Ey plus, (vi) upper eyebrow edge bin, (vii) lower eyebrow edge bin, (viii) bounded
eyebrow
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This helps picking up eyebrows of smaller length. Eighteen such bins were obtained
for positive edges, and 30 bins were obtained for negative edges. First five bins are
analyzed as eyebrow exists in the upper region of ROI. Bin0 of Ey+ and Bin0 of
Ey− contain the largest connected component. A rectangular bounding box is drawn
around the region using coordinates of both the connected components which are
[x = 94, y = 93, width = 18, height = 3]. The proposed algorithm yielded 99.89%
accuracy, for both the eyebrows for 250 images. Misdetection happens in cases when
the intensity of eyebrow and skin is too similar, wrinkles are too strong on the fore-
head and produce strong edges, and eye edge is stronger than lower eyebrow edge
(Fig. 1.9).

Fig. 1.9 Eyebrow detection results
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Fig. 1.10 (i) Mouth image, (ii) image ROI, (iii) contrast image, (iv) difference image, (v)
compliment image, (vi) lip corners detected image

Fig. 1.11 Histogram marked with highest peak and last peak to select the threshold

1.4.3 Lip Corners

Understanding of human facial anatomy, the ROI for mouth was segmented in the
lower half of the face. Contrast in the lip corner detection algorithm is the average
difference in a 2 * 2 region.

Figure 1.10 (ii) shows the contrast image of the mouth, (iii) is the image obtained
after subtracting contrast image from the ROI, and (iv) shows the compliment of
the difference image. It can be seen that the lip corners have highest contrast. The
threshold is set as 136 average between highest peak at 77 in the histogram and last
peak at 196. The coordinates of the lip corners were found to be (41, 38) and (76, 33).
Lip corner detection algorithm projected 100% accuracy for both points (Figs. 1.11
and 1.12).

1.5 Discussion

Accurate pain estimation from facial images is significant contribution to patients
who are unable to communicate their level of pain. Estimation of vital points on
the face is the preliminary work in that direction. The proposed methodology is
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Fig. 1.12 Lip corner result

computationally inexpensive, learning free, and not specific to any model. It is based
on the idea that intensity variation is consistent in face, irrespective of geometry of
the face. In comparison with Silva et al. [12], Happy [7], the proposed algorithm
represented better detection rate for UNBC Pain Archive. It particularly performs
extremely well for eye detection and eyebrow detection. The proposed algorithm
for eyebrow detection uses vertical edge information which represents change in
intensity, which will be uniform for human faces.
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1.6 Conclusion

A learning-free facial landmark detection algorithm is proposed with state-of-the-art
adaptability on frontal faces of varied contrast, gender, and race. The algorithm is
robust in detection in spite of partial occlusion by facial hair, wrinkles, and scar.
In-plane head rotation can be handled by the algorithm by using the eye coordi-
nates to align the face. Precise detection of iris center, lip, and eyebrow corners has
been achieved. Various types of features like gray-level intensity and histogram-of-
gradient texture will be explored for deep learning, around the extracted facial points
for classification of action units. In addition to this, these points can be tracked over
a period of time to check for driver drowsiness, attentiveness of students in class,
and interest of shoppers in a store.
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Chapter 2
Statistical Approach to Detect
Alzheimer’s Disease and Autism
Spectrum-Related Neurological Disorder
Using Machine Learning

Akhilesh Kumar Sharma and Devesh K. Shrivastav

Abstract Cases of mental disorders are not very uncommon to find, especially
when the pace of life is rapidly increasing. People neither have time to eat healthy
and maintain a properly balanced life cycle nor to give rest to their mind and body.
Thus, the occurrences of cases of mental disorders are increasing at an epidemic
rate. 5% of persons who are 18 years above may experience mental illness once in
year. This is regardless of the fact that they have any kind of lifestyle, its equivalent
to 43.8 million people. This fact becomes more alarming and disturbing when well-
trained medical experts are less in numbers to treat such a large number of people.
The process of diagnosis and detection of the disorders of such a complex organ
is also not an easy and straightforward task. It may often take a lot of time, thus
delaying the commencement of the patient’s treatment. Proposed model predicts and
diagnoses the disease effectively and can help practitioners by reducing diagnosis
time. The logistic algorithm achieved the highest percentage 99.16% of prediction on
the disease datasets obtained fromKaggle. This researchwork proposes the technique
for an early prediction and performance-based technique.

2.1 Introduction

Mental disorders can be thought of as a wide range of conditions caused of wrong
brain functions which can affect behavior of a person, their mood, and the ability to
think, talk, interpret, and may even impair the person physically. These conditions
can be divided into eight major classes of mental diseases, like the depression, neuro
anxiety disorders, bipolar disorder, neuro brain dementia, brain attention deficit,
neuro hyperactivity disorder, schizophrenia, neuro obsessive–compulsive disorder,
autism and posttraumatic stress disorder, etc. [6]. Of all these classes of mental
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disorders, dementia, autism, and schizophrenia require laboratory tests for diagno-
sis [1]. Others are determined based on patient history and behavior and may or
may not have a pattern. Dementia is a group of symptoms that mainly affect three
parts of the brain that are responsible for language, memory, and decision mak-
ing. Dementia includes Alzheimer’s disease (shrinkage of brain tissues), Parkinson’s
disease (nerve cell damage), Creutzfeldt–Jakob’s disease (abnormal forms of nor-
mal cellular proteins), Huntington’s disease (breakdown of nerve cells prematurely),
etc. Schizophrenia impairs a person’s thinking, behavior, feelings, etc. Autism is a
neuro-developmental disorder. Developing a machine learning model to detect the
presence of these diseases will help bridge the gap between diagnosis and treatment.
This research aims at finding out the most suitable and accurate machine learning
algorithm to detect ASD and Alzheimer’s disease.

2.2 Literature Review

Machine learning is a field of exponentially increasing research and use. It is some-
thing that can be applied to any field of life to bring about intelligent automation. It is
very common to find various artificial intelligence and machine learning algorithms
to the field of medical sciences to distribute or reduce the work load, make testing
faster, treating more patients more efficiently [2], reducing the chances of error in
diagnosis and even in conducting operations. Automation and, more specifically,
artificial intelligence are slowly taking over every field one could possibly imagine
leading the world to the “HI-TECH FUTURE” we always imagined as children [1].

Detection of various mental disorders [3] using machine learning is one of the
most important and sought-after field of research and study in these advancing times.
These detection techniques are more accurate for some than the others. Diseases
which require some or the other form of laboratory tests (like EEG, MRI, f-MRI) are
more easier to detect andpredict usingmachines than the othermore symptom-related
disorders such as depression and PTSD.

A very common and successful algorithm applied in these researches belongs to
machine learning in accurately predicting autism and Alzheimer’s disease [4]. Some
of them are clustering algorithms [5, 6] (for unsupervised data), SVM, regression
algorithms, and artificial neural networks [7, 8]. The logistic regression and the
affected accuracy can be measured by logistic regression presented in the study [10–
13]. This study intended to determine if regression models [9, 10] can be applied
to classification problems and what would be the results of this, as well as how
accurately the classification algorithms logistic regression and K-nearest neighbors
can predict autism in patients.
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2.3 Methodology

This research follows application of algorithms on the different datasets, the dataset
of working of the brain, its different parts and what function they are responsible for
performing various human tasks, what causes variousmental disorders. Various tools
that are used to measure the intensity of these disorders and course of action should
be taken for each kind of disorder are studied and utilized. The preprocessing of the
datasets has been done, and the algorithms have been selected. Finally, compare the
results that were inferred while applying these algorithms to determine which model
is best for our prediction.

The algorithmswere applied on the selected datasets. Datasetswere obtained from
Kaggle. The datasets have been cleaned and preprocessed to be made fit for apply-
ing on various machine learning algorithms. The algorithms were first applied to the
dataset for the prediction of Alzheimer’s disease. The combination of algorithms like
“linear regression” and “multiple linear regression” was applied to the Alzheimer’s
disease dataset. The multiple attributes to the regression line were exploited, and
different results were studied. Then, “polynomial regression” was applied. After the
regression models, the data were fitted into classification models. The two classifi-
cation models applied were “logistic regression” and “K-nearest neighbors.” At the
end, the accuracy of all the five models was compared to determine which model is
best for the detection of autism in patients.

The same procedurewas followed for the other datasets to predict ASD in patients.

1. Simple linear regression: It is a statisticalmethod that allows learner to summarize
and study the relationships between continuous and quantitative variables:

Here, variable x is known as predictor and the other is known as response variable.
The data are modeled on a straight line.

The equation for simple linear regression is:

Y = b0 + b1X

where

Y is known as predicted value.
b0 is known as estimate of the regression intercept value
b1 is regression slope, and
x is value of observation.

2. Mean Square Error

The MSE shows how close the regression line is to the set of points. The distances
from the points to the regression line and squaring them would be calculated in it.
The squaring will remove any negative signs in it.
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3. Score or R2 Value

Used to show how close the data points are with fitted regression line. It can be
mathematically described using the formula:

R ∗ R =
∑(

Yp − Y ′)

∑(
Y − Y ′)

where

Y p distance of predicted point from regression line.
Y ′ is the mean distance
Y distance of actual point from regression line.

4. Multiple Linear Regression

MLR will explain the relationship in one continuous dependent variable and two or
more independent variables.

The equation is given by:

Y = b0 + b1X1 + b2X2 + b3X3 + · · · + error

where, b0 + b1X1 + b2X2 + ··· are linear parameters.

5. Polynomial Regression

It is based on relationship in independent variable x and dependent variable y, which is
modeled as nth degree polynomial in x. It can be observed that polynomial regression
fits a nonlinear relationship with value of x, corresponding conditional mean of y.

Y = b0 + b1X1 + b2X2
2 + b3X3

3 + · · · + bnXn
n

6. Logistic Regression

LR is for classification, when one needs to decide whether something lies in one class
of things or another. If one uses linear regression for this problem, then there is a need
to set up threshold based on which classification can be done. Linear regression is
unbounded; thus, it is not suitable for such kind of predictions. Now emerged logistic
regression. Their value strictly ranges from 0 to 1.

Logit(p) = log

(
p(y = 1)

1 − (p = 1)

)
= β0 + β1 · xi2 + β2 · xi2 + · · · + βP · xm
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Binary logistic regression, multinomial logistic regression, and ordinal logistic
regression: These models are used to predict the output in various modes; it can be
used to classify into two classes or categories.

7. K-Nearest Neighbors

KNN is used as predictivemodel in this study.K refers to the number of neighbors we
are referring to while classifying the data points.With increasingK, we get smoother,
more defined boundaries across different classifications.

y = 1

K

K∑

l=1

yl

Any distance metric can be used while calculating the nearest neighbors. KNN
does not work very well with large number of input points as it takes a lot of time in
the training phase.

2.4 Result

Dataset: Alzheimer’s disease dataset: The dataset is downloaded from Kaggle. The
select models are used to test the time; accuracy of dataset ranges from 30 to 75%.
The key features across these five models were kept the same. These features include
years of education, socioeconomic status, results of mini-mental state examination,
clinical dementia rating, normalized brain volume, total intracranial volume, and
ATLAS scaling factor. In this research work, a total of 373 data entries of numerical
results of patients tookMRI scans and the mini-mental state examination (Table 2.1).

Model 1: Multiple Linear Regression
The missing values were imputed with mean, median, and mode separately and then
fitted into the regression model to compare accuracies of prediction,

MLR: Y = w0 + w1x1 + w2x2
Accuracy = 68.65%.

Table 2.1 Model with
statistical parameter estimates

Algorithm Mean Median Mode (most
frequent)

Multiple linear
regression

37.475 37.402 37.391

Polynomial
regression

63.61 62.95 62.88

Logistic regression 76.16 75.16 75.15
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Table 2.2 Model with K
value estimates accuracy
comparison

K value Accuracy (in percentage)

3 45.33

5 45.33

7 48

9 45.33

Model 2: Polynomial Regression
Again, upon comparing the dataset with imputed values as mean, median, and mode
separately, in terms of accuracy on the model (degree = 2), the following results
were obtained: Polynomial regression:

y = w0 + w1x + w2x2 + w3x3

Mean= 63.61%, median= 62.95%, mode= 62.88%, accuracy 83.06%, 96.26%.

Model 3: Logistic Regression
The results obtained were as follows:

Mean = 76.16%, median = 75.16%, mode = 75.15%, accuracy = 99.16%

Model 4: K-Nearest Neighbors
The dataset was fitted onto the model with different sizes of number of neighbors
each time to compare how many neighbors need to be considered to get the most
accurate classification. The accuracy calculated through the following class label
formulates (Tables 2.2 and 2.3):

All models will be utilized with testing, time, accuracy of the dataset, the accura-
cies ranging from 68 to 99%. The key features across these four models were kept
the same. The features include the feature scores obtained for the patients, gender of
the child, ethnicity, family history of ASD, and age (in months).

This research work used a total of 705 data entries of various patients with their
respective class as ASD status (autistic or not). All the data entries are kept in csv
format and used for this study (Tables 2.4 and 2.5).

The accuracy of the applied models has been studied and compared with each
other, and the estimated accuracy comparison is listed in Fig. 2.1. The comparative
chart shown in Fig. 2.1 displays the logistic regression-based model that estimated
highest accuracy of 99.16%, which is maximum among all.

Table 2.3 Model accuracy
formula

Predicted class

C1 C2

Actual class C1 True positives False negatives

C2 False positives True negatives
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Table 2.4 Comparison of
model accuracy

Algorithm Accuracy (in percentage)

Multiple linear regression 68.65

Polynomial regression 96.25

Logistic regression 99.16

KNN 97.57

Table 2.5 Model accuracy of
KNN with varying K values

K value Accuracy (in percentage)

3 97.57

5 96.10

7 97.27

9 97.10
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Regression
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Regression

KNN Logistic regression

Accuracy
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Fig. 2.1 Accuracy for various models

2.5 Conclusion

It was observed that the classification model gave more accurate results than the
regression models for both the given datasets. Classification models should be pre-
ferred. Also, for our datasets, it was also noticed that filling the missing values with
mean values gave the highest accuracy on selected models. Polynomial regression
also gavedecently accurate predictions; however, polynomial regression is very prone
to overfitting; thus, it is not preferred for such kind of classification problems. There-
fore, for both the given datasets (detection of Alzheimer’s disease and detection of
autism in patients), logistic regression is the best model for classification.
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2.6 Future Work

This research work discusses machine learning in the medical domain is helping the
world to innovate and help society in many ways. Its contribution to the medical
society can continue to save many lives. It can be used to predict many other diseases
related to the brain, the heart, etc., which require laboratory tests. Data can be col-
lected directly from research laboratories to improve the consistency of prediction.
Pictorial data can also be used to directly predict results fromMRI scans, EEG scans,
ultrasound scans, as well as ECG scans. The IoT devices can be used to capture the
real-time health statistics and can be used to predict and to perform real-time alerts
systems as well.
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Chapter 3
The Development and Gap of Chinese
and American Open Access Journals:
From the Perspective of Network
Influence

Danyang Li, Xinlai Li, and Biying Gao

Abstract It is a new perspective and opportunity for evaluation of journal influ-
ence based on Altmetrics in the new environment and situation. The emergence of
Altmetrics means that the “five metrics” have developed another stage, indicating
that the evaluation of academic achievements in the field of metrology has been
extended to online media platforms and network communication, which also marks
a new platform and tool for measuring the academic influence of journals. The paper
conducts the principal component analysis using SPSS, builds monophyletic data
model through thorough comparison on network influence of open access journals
between China and the USA, and comments on the result of the evaluation, discusses
the differences in the aspects based on the results of principal component analysis.
In order to enhance the international academic influence of Chinese open access
journals, it is of practical significance for China to put forward some corresponding
improvement suggestions according to the shortcomings.

3.1 Introduction

Open access journals are a research field that has emerged in recent years. Its proto-
type is the electronic journal first proposed in 1976, formally proposed by the open
society institute of America (OSI) released in December 2001. Since the middle and
late 1990s, especially in the new century, the importance of open access journals
has been widely concerned. Scholars, scientific research institutes, publishers, and
library practitioners are closely following the trend, especially in the countries that
initiated the open access movement abroad, in order to improve the degree of open
access in their own countries. With the development of open access movement, it has
become a worldwide trend. The number of open access journals is increasing, and
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the scope of subject coverage is expanding. Open access journals are an inevitable
trend of globalization and the future direction of academic communication.

According to statistics, the number of papers published in open access journals in
China has exceeded that of theUSA since 2015 [1]. The output of SCI papers inChina
ranks the second in the world, which shows that the quantity and quality of Chinese
papers are relatively competitive. However, only 107 open access journals in China
are included in DOAJ, while 1,217 open access journals in Brazil are included. In
addition, although the output of SCI papers ranks the second in theworld, less than 2%
of SCI journals are in the world, and a large number of excellent papers are exported
[2]. As can be seen from the above data, Chinese academic circles show a trend of
“many papers” and “weak journals.” There is a certain gap between the academic
influence of China’s open access journals and that of western developed countries.
This paper aims to find out the shortcomings of China’s open access journals through
a variety of comparisons between Chinese and American academic influence, so as
to improve the international academic influence of China’s open access journals.

Periodical evaluation originated from “core journals” that had relatively concen-
trated published article volume proposed by Bradford’s law in 1934. The traditional
methods of periodical evaluation are qualitative peer review and quantitative cita-
tion evaluation. With the development of science and technology and the advent of
Web2.0 online communication, the disadvantages of traditional evaluation methods
become more and more obvious. At this time, Altmetrics—a new metrology com-
bining the characteristics of online social networks—comes into being. Academic
influence of journals is a complex phenomenon involving academic influence, social
practice influence, readers, social recognition, and so on. It is a comprehensive effect
of an academic journal, which is based on the academic level and characteristics and
marked by social credibility and reader recognition [3, 4]. As mentioned by Jinping
Zhou in her doctoral dissertation, the academic influence on open access journals is
mainly studied from the perspectives of citation measurement index, link measure-
ment index, and social attribute factor [5]. There is no doubt that traditional citation
indexes can measure and compare the academic influence of journals. However,
the evaluation system of academic influence should be integrated into the network
influence caused by website influence and online communication in the network
environment with the development of The Times. With the development and popu-
larization of science and technology and the Internet, there are similarities between
network citation and traditional citation, so the academic influence of journals should
be integrated into the relevant index data of network information metrology. In order
to better open sharing, the quality of the website of open access journal greatly influ-
ences the academic influence of the journal. With the advent of Web2.0 of online
communication, academic influence is not limited to traditional citation and website
construction. With the development of Altmetrics and the improvement of relevant
tools and indicator systems, the academic impact of online dissemination of open
access journals should be included.
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3.2 Data and Method

This paper uses principal component analysis to construct a single-source journal
evaluation model, and measures and compares the network influence of open access
journal based on Altmetrics. The approach adopted is the Altmetrics based on online
scientific communication [6], and the data from the relevant data at the journal level
provided by Altmetric Explorer [7].

3.2.1 Sample Selection Method

Journal Citation Report (JCR) published by ISI based on WOS is a widely spread
and influential tool in the field of journal evaluation. JCR publishes the citation and
cited data, the impact factor, the annual index, the cited items, the characteristic
value score, and other data of some journals every year. The research topic of this
paper is a comparative study of open access journals between Chinese andAmerican;
therefore, JCR was selected as the journal data source in this paper, the data of 2016
was selected, the open access check box was checked, the country selected “China
mainland,” and customize relevant query indexes and submit the retrieval. A total of
29 search results were obtained, and 28 open access journals were selected as the
research samples in China after deleting duplicate data.

Using the same search criteria, 142 records were obtained by selecting “USA”
for the country, and 133 results were obtained by deleting records with incomplete
information. It is decided to select 28 search results as the same open access journal
research samples in the USA in order to compare with China. 133 is the product of
19 and 7, so it was decided to conduct stratified sampling, divide 133 into 7 groups,
and then randomly select 4 numbers from each group. The final 28 numbers are 1,
5, 12, 18 and 22, 27, 32, 36 and 42, 43, 48, 49 and 60, 64, 65, 72 and 77, 80, 86, 92
and 98, 105, 107, 112 and 116, 118, 120, 122.

To sum up, this paper selects 28 journals of Chinese open access journals and 28
representatives of American open access journals obtained through stratification and
random sampling collected by JCR in 2016. A total of 56 open access journals are
selected as research objects.

3.2.2 Data Acquisition Platform

At present, there are three measurement institutions or companies with online aca-
demic influence: Altmetric.com, ImpactStory, and Plum Analytics, among which
Altmetric.com has the most extensive influence. Altmetric.com was founded to
track and analyze the online communications of academic resources, extract the
number of mentions of individual academic papers on different social networks and
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online media, and combine this data to measure the impact of academic papers. Alt-
metric.com developed four evaluation products for the service users and analysis
function: Altmetric API, Altmetric Badges, Altmetric Explorer, and Altmetric book-
marklets. Altmetric Explorermainly serves non-profit organizations such as libraries,
which is also the acquisition platform of network indicator data in this paper [8].

3.2.3 Data Collection Method

Input the journal ISSN number at Altmetric.com for retrieval. Two of the 56 journals
were not queried by ISSN number of JCR, but by ISSN number of DOAJ, namely
Nano-Micro Letters (NO. 4) and Canadian Journal of Gastroenterology and Hep-
atology (NO. 42). In addition, it was found in the query that some journals were
special—ISSN numbers were the same, but the journal names were different, such
as Progress in Natural science-materials International (JCR), Progress in Natural
Science: Materials International (DOAJ), Progress in Natural Science (Altmetric).
After the search and verification found that is the same journal, do not distinguish
treatment.

Based on the retrieval of data fromAltmetric.com, the academic influence of open
access journals based on Altmetrics was obtained. In other words, the measurement
indexes of network influence evaluationwere as follows: News, Blog, Policy, Twitter,
Patent, Peer review, Weibo, Facebook, Wikipedia, Google+, LinkedIn, Reddit, Pin-
terest, F1000, Q&A, and Video. Three journals had no search results, and the names
were China Foundry (NO. 27), JOURNAL OF INFRARED AND MILLIMETER
WAVES (NO. 28), and the ultimate X (NO. 29), so the remaining 53 journals were
used for the comparative study of network influence.

3.3 Results and Discussion

Excluding the three journals that did not collect data, the principal component analy-
sis was carried out on the 16 index data of the network influence of the remaining 53
Chinese and American open access journals, and the indexes that contributed more
to the network influence were found out. Due to the large gap in many index data
retrieved from the Altmetric Explorer, the data was standardized to avoid adverse
effects and facilitate later ranking calculation (see appendix for the original data of
network influence). The “min-max normalization” method is used to conduct linear
transformation of original data and drop the results into the interval [0, 1]. “Max” is
the maximum value of sample data, and “Min” is the minimum value of sample data
[9].

Transform the sequence x1, x2, …, xn:
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yi = xi − min1≤ j≤n
{
x j

}

max1≤ j≤n
{
x j

} − min1≤ j≤n
{
x j

}

The new sequence y1, y2, …, yn ∈ [0, 1] is dimensionless, and data can be
considered to undertake normalization processing first when needed.

Open the Excel file with SPSS, and take these 16 indicators as variables for prin-
cipal component analysis. Firstly, correlation test was performed to decide whether
it was suitable for principal component analysis.

The results of correlation test can be seen that almost all of the 16 variables are
in a significant bilateral correlation state at the level of 0.01, showing a strong linear
relationship, which is suitable for principal component analysis.

In Bartlett’s sphericity test, approximate chi-square is 1205.202, df is 120, and
Sig is 0.000, which is suitable for factor analysis. The KMO value is 0.766, and it
can be seen from the table of KMO and fit factor analysis that it is suitable for factor
analysis.

As can be seen from the first extraction value in Table 3.1, the extraction value
of both Policy and Video is lower than 0.6, indicating that the original index is
extracted with less information in the common factor, and generally less than 50% of
the indicators there is no need to exist. Therefore, considering the accuracy and rep-
resentativeness of the model, it is decided to delete these two indicators and generate
the common factor variance of the remaining 14 network influence measurement
indicators.

Table 3.1 Common factor
variance of network influence
index

Indicators Original
value

Extraction
value 1

Extraction
value 2

News 1.000 0.779 0.819

Blog 1.000 0.830 0.842

Policy 1.000 0.547

Twitter 1.000 0.954 0.985

Patent 1.000 0.689 0.690

Peer review 1.000 0.861 0.866

Weibo 1.000 0.873 0.878

Facebook 1.000 0.861 0.886

Wikipedia 1.000 0.705 0.712

Google+ 1.000 0.940 0.940

LinkedIn 1.000 0.801 0.803

Reddit 1.000 0.927 0.933

Pinterest 1.000 0.819 0.863

F1000 1.000 0.914 0.919

Q&A 1.000 0.701 0.709

Video 1.000 0.289



30 D. Li et al.

By comparing two extracted values of the common factor variances, it can be
seen that the extracted information of each index increases slightly after deleting the
indexes that have lost a lot of information. Therefore, it is reasonable to delete the
“Policy” and “Video” indicators.

As can be seen from Table 3.2, the eigenvalue of the first component is 8.156,
accounting for 58.258% (8.156/14 * 100%) of the total variance of the original 14
variables. The eigenvalue of the second component is 2.433, which explains 17.378%
(2.433/14 * 100%) of the total variance of the original 14 variables. The eigenvalue
of the third component was 1.255, accounting for 8.963% (1.255/14 * 100%) of the
total variance of the original 14 variables, and the cumulative variance contribution
rate was 84.600.

As can be seen from Fig. 3.1, there are three components with the eigenvalue
greater than 1 among the 14 components. The eigenvalue of principal component 1
is greater than 8, which contributes themost to the interpretation of original variables.
The third and subsequent component eigenvalues are small and are ignored here.

The component matrix in Table 3.3 is the core of principal component analysis.
As can be seen from Table 3.3, the load values of other variables on the first principal
component are all greater than 0.5 except for variables “Pinterest” and “Q&A,”
indicating that they are highly correlated with the first principal component. The
load values of variables “Wikipedia” and “Q&A” were higher, and the correlation
was much higher than other variables for principal component 2. The load value of
“Pinterest” is 0.830 for principal component 3, and the correlation with the third
principal component is the highest compared with other variables.

The scoring formula of the three principal components can be obtained according
to Table 3.4:

F1 = −0.236News + 0.131Blog + 0.206Twitter

− 0.031Patent + 0.057Peerreview + 0.089Weibo

+ 0.218Facebook − 0.129Wikipedia + 0.110Google+

− 0.021LinkedIn + 0.104Reddit − 0.176Pinterest

+ 0.066F1000 − 0.132Q&A

F2 = −0.079News + 0.032Blog + 0.005Twitter

+ 0.201Patent + 0.132Peerreview − 0.141Weibo

− 0.074Facebook + 0.258Wikipedia − 0.064Google+

+ 0.225LinkedIn − 0.067Reddit + 0.034Pinterest

+ 0.176F1000 + 0.276Q&A

F3 = −0.191News − 0.039Blog − 0.195Twitter

+ 0.002Patent − 0.022Peerreview + 0.332Weibo

− 0.114Facebook + 0.088Wikipedia + 0.206Google+

− 0.062LinkedIn + 0.226Reddit + 0.639Pinterest

− 0.154F1000 + 0.026Q&A
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Fig. 3.1 Scree plot of
network influence factor
extraction

Table 3.3 Component matrix
of network influence factor
extraction

Component

1 2 3

News 0.754 −0.384 −0.320

Blog 0.908 −0.085 −0.099

Twitter 0.925 −0.174 −0.314

Patent 0.698 0.450 0.012

Peer review 0.906 0.206 −0.051

Weibo 0.680 −0.534 0.362

Facebook 0.831 −0.381 −0.221

Wikipedia 0.511 0.654 0.152

Google+ 0.880 −0.353 0.202

LinkedIn 0.734 0.510 −0.068

Reddit 0.867 −0.359 0.229

Pinterest 0.416 0.038 0.830

F1000 0.872 0.337 −0.212

Q&A 0.432 0.719 0.079

Extraction method: principal component
Three ingredients have been extracted
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Table 3.4 Coefficient matrix
of network influence
component score

Component

1 2 3

News 0.236 −0.079 −0.191

Blog 0.131 0.032 −0.039

Twitter 0.206 0.005 −0.195

Patent −0.031 0.201 0.002

Peer review 0.057 0.132 −0.022

Weibo 0.089 −0.141 0.332

Facebook 0.218 −0.074 −0.114

Wikipedia −0.129 0.258 0.088

Google+ 0.110 −0.064 0.206

LinkedIn −0.021 0.225 −0.062

Reddit 0.104 −0.067 0.226

Pinterest −0.176 0.034 0.639

F1000 0.066 0.176 −0.154

Q&A −0.132 0.276 0.026

Extraction method: principal component
Rotation method: Kaiser standardized orthogonal rotation method
Constitute scores

Table 3.5 Covariance matrix
of network influence
component score

Component 1 2 3

1 1.000 0.000 0.000

2 0.000 1.000 0.000

3 0.000 0.000 1.000

Extraction method: principal component
Rotation method: Kaiser standardized orthogonal rotation method
Constitute scores

3.4 Comparison of Network Influence Based on Principal
Component Analysis

According to the evaluation model of network influence based on principal compo-
nent analysis, 56 journals were ranked and compared. Firstly, the weight of the prin-
cipal components was determined according to Table 3.5. The three principal com-
ponents reflected most of the information of the original variables, and their cumula-
tive contribution rate was about 84.6%. The comprehensive evaluation score of open
access journals network influence was calculated by F = 0.58258F1 + 0.17378F2
+ 0.08963F3. Due to the problem of incomplete data in the data acquisition stage,
the research object of this part is 53 Chinese and American open access journals.
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Table 3.6 Rotation
component matrix of 14
indicators of network
influence

Component

1 2 3

News 0.899 0.094 −0.038

Blog 0.796 0.426 0.165

Twitter 0.923 0.363 −0.021

Patent 0.316 0.758 0.126

Peer review 0.627 0.668 0.162

Weibo 0.703 −0.080 0.614

Facebook 0.928 0.137 0.077

Wikipedia 0.016 0.825 0.175

Google+ 0.818 0.183 0.487

LinkedIn 0.337 0.829 0.049

Reddit 0.802 0.171 0.510

Pinterest 0.048 0.250 0.893

F1000 0.583 0.796 −0.022

Q&A −0.057 0.837 0.073

Extraction method: principal component
Rotation method: Kaiser standardized orthogonal rotation method
The rotation converges after five iterations

It can be roughly divided into the three categories according to the comprehensive
score of network influence:

The first category: Open access journal network has great influence (F ≥ 0.3): 3;
The second category: Open access journal network has a greater influence (F ≥
0.15): 0;
The third category: Open access journal network influence is small (F < 0.15):
50.

According to the overall evaluation results of network influence of open access
journals, the first three influential journals are all from the USA. The second category
has greater influence and has a comprehensive score between 0.15 and 0.3 without a
journal. A third group of low-impact open access journals has 50, compared with 24
in America and 26 in China. Through the mean processing of the ranking numbers of
all Chinese periodicals and American periodicals, it is found that the average ranking
number of the USA is 23.78, while the average ranking number of China is 30.35.
Therefore, the network influence of Chinese open access periodicals is obviously
worse than that of the USA from the comprehensive situation of network influence.

It can be learned from Table 3.4 that the absolute value of principal component
load of each variable does not show a polarization trend toward 0 and 1. Since the
load of many variables on multiple principal components exceeds 0.2, which is not
conducive to the interpretation of factors, factors need to be rotated.
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As can be seen from Table 3.6, Facebook and Twitter contribute a lot to principal
component 1. For principal component 2, Q&A and LinkedIn contributed a lot to it.
For principal component 3, Pinterest contributes a lot to it (Table 3.7).

In terms of principal components F1 and F2, the number of Chinese journals is
only 1 or 2 in the top 10, which is obviously lower than that of the USA. Although
China and the USA account for half of the principal component of F3, Chinese
journals are ranked behind. Therefore, it can be seen that the network influence of
American open access journals is obviously higher than that of Chinese open access
journals from the evaluation model of journal network influence.

3.5 Conclusion

Quality level of journals and papers. First of all, the sample selection showed that 28
Chinese journals included in JCR could not be compared with the world-renowned
journals such as “Nature” and “Cell” in the USA in terms of quality level, and the
origin of a lot of research is abroad, on the scientific research level at a disadvantage.
Secondly, Chinese open access platform does not attach as much importance to the
process of paper review and evaluation as the USA, which will affect the academic
level of journal papers. Finally, language difference is also a factor affecting the
influence of papers and periodicals.

Website platform construction. Network originated in the USA, the global root
server in the USA, so China is fundamentally inferior to the USA in the construction
ofwebsite network. Secondly, due to the lack of policies and social awareness, people
know little about the website platforms of open access, whichmakes the construction
of these platforms have no incentive to progress.

Objective factors of online influence. As it is a comparative analysis of the inter-
national academic influence of open access journals, Altmetric online information
measurement platform was selected, which to some extent determines the result that
Chinese journals are inferior to American journals. It can also be seen from the indi-
cator system that only “Weibo” is accessible to Chinese people, so it is expected that
the network influence is worse than that of the USA.

3.6 Limited

The language difference has certain influence on the international academic influence
of periodicals. Although this paper selects English international journals published in
China and the USA, it seems to avoid the differences in academic influence caused by
language. However, it is undeniable that scholars’ preferences, translation problems
in both Chinese and English, English expressiveness, and other issues will have a
certain impact on the international academic influence of Chinese journals.
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Appendix

China–US comparison table of sample journals

Full name of Chinese open access
journals

Full name of American open access
journals

NO. 1 Light-Science & Applications NO. 29 Physical Review X

NO. 2 Bone Research NO. 30 Molecular Systems Biology

NO. 3 Protein & Cell NO. 31 mBio

NO. 4 Nano-Micro Letters NO. 32 Translational Psychiatry

NO. 5 Geoscience Frontiers NO. 33 Journal of the American Heart
Association

NO. 6 Chinese Journal of Cancer NO. 34 Annals of Clinical and
Translational Neurology

NO. 7 International Journal of Oral
Science

NO. 35 Molecular Pain

NO. 8 ASIAN JOURNAL OF
ANDROLOGY

NO. 36 IEEE Access

NO. 9 Journal of Sport and Health Science NO. 37 BIOSCIENCE REPORTS

NO. 10 Current Zoology NO. 38 G3-Genes Genomes Genetics

NO.11 Journal of Animal Science and
Biotechnology

NO. 39 Plant Genome

NO.12 Progress in Natural
Science-Materials International

NO. 40 Journal of Diabetes Research

NO. 13 Neural Regeneration Research NO. 41 IEEE Photonics Journal

NO. 14 Journal of Modern Power Systems
and Clean Energy

NO. 42 Canadian Journal of
Gastroenterology and Hepatology

NO. 15 Petroleum Science NO. 43 ARCHAEA

NO. 16 Chinese Journal of Aeronautics NO. 44 Journal of Nanomaterials

NO. 17 Asian Journal of Surgery NO. 45 Advances in High Energy Physics

NO. 18 Journal of Advanced Ceramics NO. 46 Journal of Sensors

NO. 19 International Journal of
Ophthalmology

NO. 47 AIP Advances

NO. 20 Engineering Applications of
Computational Fluid Mechanics

NO. 48 ANGLE ORTHODONTIST

NO. 21 Thoracic Cancer NO. 49 Molecular Therapy-Oncolytics

NO. 22 CHINESE MEDICAL JOURNAL NO. 50 Marine and Coastal Fisheries

(continued)
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(continued)

Full name of Chinese open access
journals

Full name of American open access
journals

NO. 23 Avian Research NO. 51 Canadian Respiratory Journal

NO. 24 International Journal of
Agricultural and Biological
Engineering

NO. 52 INFORMATION TECHNOLOGY
AND LIBRARIES

NO. 25 Mycosphere NO. 53 CTS-Clinical and Translational
Science

NO. 26 Journal of Exercise Science &
Fitness

NO. 54 Advances in Mechanical
Engineering

NO. 27 China Foundry NO. 55 MATHEMATICAL PROBLEMS
IN ENGINEERING

NO. 28 JOURNAL OF INFRARED AND
MILLIMETER WAVES

NO. 56 JOURNAL OF INEQUALITIES
AND APPLICATIONS
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Chapter 4
The Use of Mobile Apps to Facilitate
Customers’ Choice-Making When
Grocery Shopping

Asle Fagerstrøm, Niklas Eriksson, and Valdimar Sigurdsson

Abstract This paper aims to expand the knowledge of howmobile apps can be used
to establish a smart grocery retail setting. By offering real-time, personalized digital
information, mobile apps enable bidirectional interaction with customers in the gro-
cery shopping situation. A conjoint experiment (n = 90) was used to examine the
use of mobile apps in a consumer choice situation where participants were choosing
fresh salmon in a grocery store. Findings show that, relative to static information
given by the mobile app about expiry date, price, offers, and quality indicator, digi-
tal information was the most prominent attribute. Among digital information given
by the mobile app, quality indicators by other customers were the most prominent,
followed by an offer based on a product in the shopping basket, updated expiry date,
and real-time price. The results expand our understanding of how mobile apps can
be used to design a setting in the grocery store that creates value for customers.
Based on this result, we recommend that managers that plan to invest in mobile app
technology to improve the electronic commerce ecosystem should include digital
information.

4.1 Introduction

The establishment in 1859 of the Great Atlantic & Pacific Tea Company, with its
focus mostly on dry grocery items, marked the birth of the modern grocery store.
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The Piggly Wiggly stores (established in 1916) created the self-service concept.
Suddenly, packaging and brand names were crucial for manufacturers. Since then,
fourmajor periods characterize the development of the retail grocery business [1]: the
establishing of the grocery chain store, the introduction of the grocery supermarket
format, the rise of computerization and the explosion in grocery product variety,
and the development of national grocery chains. According to Desai et al. [2], the
retail grocery businesses are now in a new major period of digital and omnichannel
retailing. Digitalization is driving the future of retailing, and this gives traditional
retail stores the possibility to develop “smart store” concepts where information
technology can be used to augment customer values [3]. New capabilities in grocery
retail are provided by developments in blockchain technologies, Internet of things
(IoT), virtual reality (VR), artificial intelligence (AI), augmented reality (AR), and
robotics [4]. By leveraging on capabilities offered by these new technologies, retailers
are improving the electronic commerce ecosystem by using self-service information
technologies such as mobile apps to deliver decision support to their customers [5].

The smartphone has become a personal assistant for many retail consumers.
Through the use of mobile apps on their own devices, customers can search for
product information, search and compare prices, and ask their friends about their
opinion [6]. According to Mehta [7], mobile apps function as a bridge for “forward-
thinking organizations trying to create smarter devices that could boost every aspect
of people’s lives.” However, Kallweit et al. [5] highlight that the technology itself
only barely mediates users’ intention to use self-service technology in retail; rather,
what matters to the user is what kind of service quality, such as information quality,
the technology can provide. Also, another study by Hyun-Joo [8] highlighted the
quality of self-service technology as the main factor for the use of that technology
in retail.

Self-service technology, such as mobile apps, can improve the electronic com-
merce ecosystem by adding value for the retailer as well as for the customers [9].
When it comes to value for the retailer, Inman and Nikolova [10] emphasize that
increased revenue and/or decreased costs are most important. According to a study
by Dacko [9], the mobile app creates value for the customers through efficiency
or better shopping value. However, personal customer attributes also seem to have
an impact on the attitude toward self-service technologies in retail [11]. Lee and
Lyu [11] found that a need for human interaction and the self-service technology
self-efficiency impact the personal attitude toward using self-service technologies.

Investigating how mobile apps can create value contributes to both researchers
and practitioners who are interested in refining the grocery electronic commerce
ecosystem. Thus, the overall goal of this study is to develop knowledge of how
mobile apps can be used to design a smart grocery retail setting that produces value
for customers.
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4.2 Method

The conjoint experiment is amethod that can statistically predict which combinations
of attributes the customers will prefer. The participants are asked to make judgments
about their preferences for combinations of attributes (e.g., price and brand) that
have various levels (e.g., for price: above market price/market price/below market
price, and for brand: unknown/known). The objective is to determine the trade-offs
that participants make for each of the attributes and to derive the importance they
place on each attribute [12, 13]. Conjoint experimentation is often used in scientific
research [12, 14], applied research [15], and business studies [16].

Conjoint experimentation is used in the present study to investigate how attributes
such as expiry date, price, offer, and quality indicator given by the mobile app fit
together to deliver values to customers in a grocery retail shopping situation. All four
attributes are measured on two levels: standard information and digital information.

4.2.1 Participants

The participants of the study comprise 90 undergraduate students from Kristiania
University College (Norway, Oslo). Five participants were taken out because of no
valid cases. There were 30 males and 60 females between the ages of 19 and 38. The
average age was 23 years. Twenty-four participants had experience with shopping
for groceries online, and 31 participants had used a mobile app as an assistant when
shopping for groceries from a physical grocery store. The duration of the study
was approximately 20 min. The participants were not offered any incentives for
participating.

4.2.2 Apparatus and Setting

To ensure good ecological validity, Holbrook and Moore [17] suggest using visual
stimuli when developing stimulus cards for conjoint experiments. Thus, a mobile app
user interface was designed in Microsoft PowerPoint™ to make the study as realistic
as possible. The conjoint experiment was run using a presentation for the participants
in a lecture room together with a questionnaire.

4.2.3 Attributes

Four value-driving attributes were chosen for this study: expiry date, price, offer, and
quality indicator. These four attributes were chosen as they are common attributes
in the grocery choice situation, they fit well as information sources on the display
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Table 4.1 The study was
designed with four attributes
given by the mobile app with
two levels each

Attributes Levels

Expiry date 1. Standard expiry date
2. Updated expiry date

Price 1. Fixed price
2. Real-time price

Offer 1. Standard offer
2. Personalized offer based on product in
the basket

Quality indicator 1. Standard quality statement
2. Aggregated national customer
experience index

of a mobile device (a mobile app), and they represent attributes that can be updated,
aggregated, or personalized by new digital technology; that is, they can create a smart
grocery shopping setting. The four attributes (expiry date, price, offer, and quality
indicator)weremeasured on two levels: standard information anddigital information.
It was assumed that the participants had different preferences for combinations of
attributes and levels. Table 4.1 presents an overview of the study design, attributes,
and how the levels were designed.

A fractional factorial design [18] created 12 stimulus cards (integrating four hold-
out cards). The dependent variable was defined as the participant’s likelihood to buy
the product based on information given by the mobile app and was measured on a
scale ranging from “Not at all likely to buy” (code 0) to “Certainly would like to buy”
(code 7). After finishing the evaluation of the 12 stimuli cards, the participants filled
in our questions regarding gender, age, experience with online grocery shopping,
and experience with using a mobile app when shopping for groceries in the physical
store.

4.2.4 Procedure

The study started by informing the participants about the background and their role
(to evaluate choice situations when shopping for groceries) in the study. The task was
described as a scenario in which the participants should assume that they were going
to buy some groceries for a barbecue party with their friends. The groceries that they
had been asked to buy were fresh salmon, dill, charcoal, potatoes, crème fraîche, and
barbecue spices. They were told to assume that they were in the grocery store and
were using the store’s mobile app when purchasing the products. The mobile app
shows products that are already purchased. They should assume that they were in
the process of selecting fresh salmon, and the mobile app provided the information
they needed to make the purchase. The participants were presented with 12 different
stimulus cards and were asked to make judgments about their preferences for the
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combinations of attributes and levels in relation to buy the salmon based on the given
information.

4.2.5 Analysis

IBM SPSS™ version 22 was used to analyze the data. This statistical tool offers only
amain-effect model [18], which assumes that there are no interaction effects between
the attributes. This means that the study does not account for interactions between
attributes (e.g., “price” and “offer” given by the grocery store). In addition, a linear
effect was assumed for all attributes (expiry date, price, offer, and quality indicator).
A linear effect indicates that the data was expected to have a linear relationship
to the levels (e.g., participants show lower preferences for “Standard offer” than
“Personalized offer based on product in the basket”).

4.3 Findings

The analysis revealed that the correlations between the observed and estimated pref-
erenceswere significant (Pearson’s r= 0.947, p= 0.000). Table 4.2 shows the impact
estimate, standard error, and relative importance values. In relative terms, the quality

Table 4.2 Conjoint impact estimate and relative importance values for each attribute

Likelihood to buy based on information from the mobile app

Impact estimate Standard error Importance values (%)

Expiry date

Standard expiry date 0.056 0.129 25

Updated expiry date 0.111 0.257

Price

Fixed price −0.100 0.129 20

Real-time price −0.200 0.257

Offer

Standard offer 0.489 0.129 26

Personalized offer based on
product in the basket

0.978 0.257

Quality indicator

Standard quality statement 0.428 0.129 29

Aggregated national
customer experience index

0.856 0.257

Constant 2.581 0.392
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indicator was perceived as the most important attribute by the participants, with an
average score of 29%, followed by offer (26%), expiry date (25%), and price (20%).

The constant was calculated to be 2.581, and the attribute values of the levels
vary both negatively and positively with this value. Table 4.2 shows that the digital
information levels have the highest impact estimate. A personalized offer based on
the product in the basket had the highest impact estimate score of 0.978, followed
by an aggregated national customer experience index (0.852) and updated expiry
date (0.111). Real-time price had the least impact estimate score of−0.200. In total,
standard offer, standard quality statement, standard expiry date, and standard price
had higher impact estimate scores than real-time price.

4.4 Discussion

This study aimed to expand knowledge of how mobile apps can be used to design a
smart grocery retail setting that produced value for customers. Based on a scenario
where participants were asked to buy groceries for a barbeque party with friends,
they made choices based on information given on the grocery stores’ mobile app.
Findings show that compared to standard information, digital information given by
themobile appwas themost preferred. Updated expiry date, personalized offer based
on products in the basket, and an aggregated national customer experience indexwere
the most salient information given by the mobile app when participants purchased
fresh salmon.

Mobile apps have formed the groundwork for the development of digital informa-
tion that can create smart settings in many aspects of people’s lives [7]. The present
study demonstrates that mobile app information creates value in a grocery retail
choice situation compared to traditional static information given to customers in the
choice situation. This supports findings from Dacko [9], which demonstrated that
users see mobile apps in retail stores as enablers providing high extrinsic value, for
example, efficiency or better shopping value. Also, findings from the present study
may demonstrate that the technology only barely mediates users’ intention to use
self-service technology in retail. What matters is more about what kind of service
quality, such as information quality, the mobile app can provide to the user [5].

When adopting mobile app solutions, grocery retailers should evaluate the ben-
efits of the technology compared to the costs of its purchase, implementation, and
maintenance. Thus, the economic profit of investments in grocery retail technology
must increase revenue, decrease costs, or preferably both. According to Inman and
Nikolova [10], revenue can be generated by charging a higher price from customers
who are willing to pay more for groceries, increasing the purchase volume per cus-
tomer, attracting new customers to the grocery store, and increasing the contribution
from suppliers. Costs can be decreased by offloading labor in the grocery store (self-
scan or digital shelves). To be able to generate an economic profit of mobile app
investments in grocery retail, Inman and Nikolova [10] suggest starting by analyzing
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how the retail shopper, facing technology, impacts consumer evaluation and reac-
tions. Zeithaml [19] emphasizes that the evaluation of a product is based on what
the customer receives and what is given, and thus, consumer evaluation is an impor-
tant determinant of consumer likelihood to buy the product. To maximize consumer
value, the grocery retailer should adopt technologies that either increase the benefit
and/or decrease monetary sacrifices, time, and effort involved in making a purchase
[10]. The present study demonstrates the advantages of using a conjoint experiment
as a method in applied electronic commerce research. It enables us to make statistical
predictions on how new technologies can generate value for customers.

4.4.1 Practical Implications

Based on the results of this study, mobile apps can create a smart grocery retail
setting that adds value to the customers’ shopping experience and thus influences
their choices. The four attributes that were investigated in this study should be noted
by grocery retailers, suppliers, and brands that are involved in designing mobile app-
based in-store solutions. Especially personalized offers and quality indicators for
fresh food can have a significant impact on consumers’ likelihood to buy a product
[20, 21]. This ought to make these types of attributes attractive to include in mobile
app solutions for smart grocery settings. From a sustainability perspective, smart
quality indicators and updated expiry dates can also help customers make better
choices, such as selecting healthier options and reducing waste. On the other hand,
real-time price information may not increase the likelihood of buying the product.
Instead, real-time price information seemed to have a negative effect relative to the
other attributes investigated. A real-time or fluctuating price may indeed increase
customer uncertainty of a good price. Hence, designers of mobile app solutions
for fresh food should carefully consider how or whether they include real-time or
fluctuating price information as an attribute. It should also be noted that standard
offer, standard quality statement, and standard expiry date, as presented in themobile
app, had a positive effect on the reported likelihood to buy. Hence, a mix of digital
information and standard information in a mobile app can facilitate the customer
decision process.

4.4.2 Limitations and Future Research

One of the main limitations of this study is that the interaction effect was overlooked
between the different attributes and levels because a main-effect-only model was
used in the conjoint experiment. A possible interaction effect could occur between
different attributes like quality indicator and price (i.e., different quality indicator
levels may have different implications for price levels). Also, order effects occurred
during data collection because the 12 situations were presented in the same order
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[22]. Future research can address these limitations by using amore advanced conjoint
tool like Sawtooth™ software to study interaction effects and to address order effect
issues. Also, the dependent variable was an indirect measure of purchasing behavior
because the participants indicated their likelihood to buy fresh salmon based on
information from the mobile app through a questionnaire. As a solution, we suggest
an experiment in a natural setting that uses a prototype mobile app, which will
increase both ecological validity and external validity [23]. This could also expand
opportunities to follow up and study consumers’ actual interaction with mobile in a
more natural setting.
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Chapter 5
Implementation of Best Hybrid Adaptive
and Intelligent MIMO Detector
on Reconfigurable Architecture for 5G
LTE/IoT Environment

Tipparti Anil Kumar and Lokam Anjaneyulu

Abstract Internet of things (IoT) in wearable health care is the major area facil-
itates the usage of numerous transmitters on board, leading to the employment of
multiple-input–multiple-output (MIMO) system (with high-performance decoders)
for an effective communication. Employing MIMO system suitable for IoT applica-
tions with quality of performance (QoP), low power, and minimum computational
complexity with reconfigurable architectures is a challenge. This paper presents a
new MIMO detector called best hybrid adaptive and intelligent (B-HAI) detector
which consists of various combinations of conventional MIMO detectors, such as
zero forcing (ZF) with fuzzyK-best and minimummean squared error (MMSE) with
fuzzy K-best. One of these combinations of detectors will be chosen using cognitive
selective permutation theory, which is adaptive to the spatially multiplexed (SM)
input parameters signal-to-noise (S/N) ratio, to achieve high QoP parameters. In the
proposed algorithm, intelligence (fuzzy based) has been incorporated to dynamically
upgrade the value of K and to reduce complexity as well as power. Simulations were
performed in the reconfigurable programmable architecture, employing aMIMOsys-
tem suitable for IoT applications. The proposed detector offers better performance
compared to other detectors.

5.1 Introduction

Wireless communications have become rapid growing markets worldwide [1]. To
support growing number of users, new applications requiring better quality of service
(QoS) with high reliability and data rates are in demand. Hence, new transceiver
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algorithms with proper architectures are necessary to take advantage of the available
spectrum and to counter the impairments of radio channel efficiently.

The basic idea is the usage of multiple antennas at both transmitter and receiver.
The important features of MIMO systems are higher spectral efficiency (SE) and
high link reliability [2, 3], which results in data throughput and link range increase,
without any additional bandwidth and/or transmit power. Unfortunately, tremendous
gains associated with MIMO technology also entail a considerable increase in com-
putational complexity particularly at the receiver, due to the complex algorithms
required for the separation of these spatially multiplexed streams [4–7]. The hybrid
combinations of the different detectors were designed to reduce the computational
complexity without sacrificing the performance. In [3], mixed detectors which con-
sist of the combination of the search first (SF) and depth first (DF) were proposed,
which require higher computation. In [6], a hybrid method in the combination of the
K-best and sphere decoding has been proposed, which does not need the initial radius
estimation, and the authors used the layered ordering of decomposition which in turn
increases the complexity. For reducing the computational complexity, combination
ofK-best and sphere decoding was proposed in [8]. The algorithm proves to be better
in terms of complexity reduction but not for all modulations schemes.

Hence, in this paper, a B-HAI MIMO detector on reconfigurable architecture for
5G LTE/IoT environment is proposed and studied.

5.2 Proposed B-HAI MIMO Detector

B-HAI MIMO detector consists of signal-to-noise ratio calculator and sched-
uler, hybrid adaptive permutation (HAP) engine and performance calculator- post
processing. The block diagram of B-HAI MIMO detector is shown in Fig. 5.1.

SNR calculator block calculates the signal-to-noise (S/N) ratio of incoming SM
data bits and sends to the scheduler and selector sub-block. Scheduler and selector
sub-block compares the S/N levels (supplied from the SNR calculator sub-block)
to the threshold SNR level and selects the suitable detector as per the following

Fig. 5.1 Block diagram of B-HAI detector
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condition. If SNR level < SNR_THLD, ZF detector is selected; otherwise, MMSE
detector is selected. Accordingly, for each SNR preprocessed value, either one of
the linear detectors is selected to get the optimal solutions, which are suitable for
the fuzzy K-best sphere decoding stage in order to have the less dimension for the
processing.

HAP engine block consists of ZF decoder, MMSE decoder, and fuzzy K-best
decoder, and two hybrid engines, namely ZF with fuzzy K-best SD and MMSE with
fuzzy K-best SD.

These engines are selected based on the adaptive inputs of preprocessed SNR
calculations as per the above condition. Depending on the selected hybrid engine,
incoming bits are decoded either by ZF decoder or by MMSE decoder. In the next
level, these bits are given to fuzzyK-best SD. Fuzzy rule set is applied, to intelligently
select the initial value of L and dynamically upgrade the value ofK, which gives high
performance with reduced computational complexity.

After SNR/BER calculation, cognitive permutation theory is applied. Accord-
ingly, the incoming bits are decoded to MMSE or zero-forcing algorithms. In order
to maintain the K value optimum for maintaining the low complexity and high
performance, the fuzzy K-best sphere decoding is adopted for the group of the
MMSE/zero-forcing bits which are to be determined first.

In the next level, decoding tree for the sphere decoding has been constructed based
on the obtained bits which are close to the maximum likelihood (ML) optimal detec-
tion. For the intensified and simplified tree search, fuzzy rule has been incorporated.
Fuzzy-based K-best searching phase in B-HAI MIMO detector is shown in Fig. 5.2.

Fig. 5.2 Fuzzy-based K-best searching phase in B-HAI MIMO detector
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At this point, nodes of the decoding tree are stored as the information of the partial
solution in order to find the optimal solution. For each and every level of tree, partial
Euclidean distance (PED) is calculated. Also, the difference between the PED of
the optimal and sub-optimal (first-stage bits) is calculated, to find the best one. The
HAP engine incorporates the fuzzy rule sets, and the tree grows on as it reaches the
optimal values.

5.3 System Model

The MIMO system model with T number of transmit antennas and R number of
receiving antennas (with R > T ) is given as [9, 10]

Y = HX + N (5.1)

whereY represents complex received bit vector,X represents the complex transmitted
received bit vector that contains the infinite entries with the finite modulations S, H
is T × R channel matrix, and N is the additive white Gaussian noise (AWGN) with
the 0 mean and σ 2 variance.

5.4 Architecture of HAI Detector

Architecture of proposed detector is presented in Fig. 5.3.
In the Stage 1, SNR is calculated for the SM-based input signals. As the SNR is

calculated in the preprocessing stage, two types of the linear detection are chosen in
HAP engines.

For eachSNRpreprocessed values, either one of thefirst stage of the linear decoder
engines is selected to get the optimal solutions which are suitable for the fuzzyK-best
sphere decoding stage in order to have the less dimension for the processing. Second
stage of the HAP engine consists of the low dimension K-best sphere decoding
algorithm in which K values are adaptive based on fuzzy rule sets.

Consider Nt + 1 is the number of the levels in the formation of the tree and N t

and N r be the number of antennas in the transmitter and the receiver, respectively.
Partial Euclidean distance (PED) will be calculated for each level which stores the
optimal solutions.

The noise of the optimal solution has less bit error rate (BER) than the partial
solutions which are obtained from the inputs, and then, PED values can be adjusted
in accordance with the adaptive K-values. The fuzzy rule sets are implemented with
the different thresholds, as the difference in PED values is large in sense the partial
solutions reach the maximum likelihood (ML) solution and K value remains to be



5 Implementation of Best Hybrid Adaptive and Intelligent … 53

Fig. 5.3 Architecture of proposed B-HAI detector

small and vice versa condition is applied for this mechanism. The mathematical
description of implementation is given in Table 5.1.

After finding the smallest value of K with the expanding ‘I’ leaves of the nodes
again check the condition if I is not equal to the one, then implement the fuzzy rule

Table 5.1 Fuzzy rule sets for the adaptive K-best sphere decoding algorithm

S. No. Conditions/fuzzy rule sets Outputs

01 Let us consider the five thresholds like A1, A2, A3, A4, and A5

02 Calculation of PED between the optimal D(opt) and sub-optimal distance
D(Sub)

03 IF(D(opt)-D(Sub))==D1) is LesBER than or Equal to A1 K=Kt1

04 IF(D(opt)-D(Sub))==D2) is LesBER than A2 and greater than A1 K=Kt2

05 IF(D(opt)-D(Sub))==D3) is LesBER than A3 and greater than A2 K=Kt3

06 IF(D(opt)-D(Sub))==D4) is LesBER than A4 and greater than A3 K=Kt4

07 IF(D(opt)-D(Sub))==D5) is LesBER than A5 and greater than A4 K=Kt5
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sets which are mentioned in above Table 5.1. Finally, the smallest optimal solutions
are determined.

5.5 Computational Complexity Reduction

In the proposed algorithm, first L bits were detected adaptively using SNR values
of the incoming data. The value of L is large for low SNR and small for high SNR.
First, L value is detected by the detectors (MMSE/ZF) and next Nt − L bits were
detected by fuzzy K-best sphere decoding. Besides, the proposed algorithm uses the
minimum dynamic K-best values updation methodology using the fuzzy rules sets
which can be adopted intelligently to reduce the complexity. This method is suitable
for different modulation schemes.

As seen, all mixed or hybrid detectors use the K-best searching algorithm as the
primary layer which can reduce the complexity. But the proposed algorithm adopts
the K-best for the Nt − L bits to reduce the complexity and adopts the K-best which
in terms of the next layer leads to the more computation, in which proposed detector
uses the SD for the further computations.

The value of L can be taken from 0 to N t or N t to 0 in which the detectors are
selected based on the adaptive environment of SNR. Hence, the proposed detector
performance is enhanced with the lower complexity.

Above observations clearly illustrate that the number of computations has been
reduced to one half of any hybrid detectors. Further, number of additions and mul-
tiplications will also reduce which leads to the occupation of the less BER and low
power consumption.

5.6 Performance Evaluation

The performance of proposed B-HAIMIMO detector was evaluated using test bench
designed with 2 × 2 MIMO with various modulation techniques assuming AWGN
channel. Proposed detector was also evaluated using simulation results with four
transmitting antennas and four receiving antennas.

The SNR versus BER has been plotted with the different modulation techniques
like 4-QAM,16-QAM, and 64-QAM, and the simulation results are given in Figs. 5.4,
5.5, and 5.6.

The performance of the proposed B-HAI MIMO detector has been compared
with the hybrid detector like MMSE and zero-forcing hard detectors proposed in [2].
Simulation results support the enhanced performance of proposed detector.
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Fig. 5.4 BER performance
of proposed detector for 2×
2 MIMO system with 16
QAM modulation with
AWGN channel

Fig. 5.5 BER performance
of proposed detector for 2 ×
2 MIMO system with 64
QAM modulation with
AWGN channel

5.7 Conclusions

In this paper, B-HAI MIMO detector was proposed for 5G LTE/IoT environment
with various modulation techniques using 2 × 2 and 4 × 4 MIMO test benches.
From simulation results, it is observed that the proposed detector outperforms other
combinations of the hybrid detectors in terms of power, area, and throughput. The
proposed detector with the high throughput can be implemented in the Internet of
things also. The proposed detector with intelligence may lead to the cognitiveMIMO
detector which can be used as pervasive and ubiquitous transceivers.
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Fig. 5.6 BER performance
of proposed detector for 2 ×
2 MIMO system with 256
QAM modulation with
AWGN channel
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Chapter 6
Automated Detection of Retinal
Hemorrhage Based on Supervised
Classifiers and Implementation in
Hardware

K. A. Sreeja , S. S. Kumar , and Arun Pradeep

Abstract Supervised machine learning algorithm based retinal hemorrhage detec-
tion and classification is presented. For developing an automated diabetic retinopathy
screening system, efficient detection of retinal hemorrhage is important. Splat, which
is a high level entity in image segmentation is used to mark out hemorrhage in the
pre-processed fundus image. Here, color images of retina are portioned into different
segments (splats) covering the whole image. With the help of splat level and GLCM
features extracted from the splats, two classifiers are trained and tested using the rel-
evant features. The ground-truth is established with the help of a retinal expert and
using dataset and clinical images the validationwas done. The trained classifier’s out-
put is evaluated and the classifier with the best output is chosen for implementation
in hardware.

Keywords Retinal hemorrhage · Diabetic retinopathy · Fundus image · Splat
feature classification · GLCM features · Raspberry Pi

6.1 Introduction

The World Health Organization estimated that by 2030, there will be nearly 366
million people with Diabetic Mellitus (DM) [1]. A microvascular complication of
DM that is responsible for a major share of cases of blindness in the world is the Dia-
betic Retinopathy (DR). The severe complications like Microaneurysms, Exudates,
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Occlusion, hemorrhages, etc., together known as DR. The early diagnosis can reduce
the risk of losing vision. In order to reduce the diagnosing time, human error and
increase the accuracy, several methodologies were developed for early diagnosis of
DR and most of them use machine learning techniques. In this paper, classification
of hemorrhage and non-hemorrhage fundus images, carried out using two different
classifiers is presented. The classifier that performs the best, is chosen for realization
in a Raspberry Pi computer system. The techniques used to develop the algorithm
was chosen based on recent researches. When compared to large hemorrhages, it is
seen that hemorrhages of small size are irregular in shape. Several algorithms were
developed to find these abnormalities. In our work one of the classifier decisions
is based on Neural network (NN) as described in [2]. Kumar et al. [3] presented
a radiomics-driven Computer Aided Diagnosis (CAD) based method. In order to
overcome the limitations with current CAD approaches such as decision making a
CLass-Enhanced Attentive Response Discovery Radiomics CLEAR-DR is proposed
to aid clinical diagnosis of DR. Another important symptom of diabetic retinopathy
is exudates, which are similar to hemorrhage pixels. An Early detection of exudates
is presented by Wisaeng [4] using Morphology Mean Shift Algorithm (MMSA).
Detection of bright and dark lesion which can be hemorrhages or exudates, using a
combination of matched filter response(MFR) and Laplacian of Gaussian Response
(LoG) [5] produced a 96.10–96.99% accuracy for various publicly available database
in hemorrhage detection.Multi-resolution analysis(MRA) is given importance in the
work done by Lahmiri [6]. The statistical features obtained afterMRA is fed to a sup-
port vector machine to grade retinal hemmorhage. Detection of hemorrhage pixels
from the bright optical disc is always a constraint. Manymethods are already prevail-
ing in order to remove optical disc from the fundus image. Five optic disc detection
methods with an algorithms committee having waited voting is presented by Silva et
al. [7] where, 6 public benchmark databases with 1566 images are employed. Even
though, in our work the optical disc is not removed, this method is useful when pixel
based approach is considered. One such method of optic disc removal is used in
exudate detection that involves mathematical morphology [8]. After morphological
operation, the hard exudates are extracted using adaptive fuzzy logic. The purpose
of this research is to develop a supervised classification model using two different
classifiers and compare the output based on their sensitivity, specificity and accuracy.
Retinal hemorrhages are demarcated with the help of an ophthalmologist who use a
high-level representation entity known as splat [9]. Splats are a collection of pixels
that have similar fundamental features. A two-step feature selection process is car-
ried out to remove redundant features from the splat and these features are applied
to a supervised classification to predict the possibility of hemorrhage splats in the
whole image. The hemorrhage is finally detected and shown as bright spots on the
dark opponency image. The two classifiers are tested, and their responses are tab-
ulated. Section6.2 describes the research method. Feature extraction, classification
and embedded system realization are portrayed in this section. Section6.3 gives the
result and discussion and Sect. 6.4 summarizes and concludes the work.
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6.2 Methodology

After Initial Pre-processing of fundus images by strategies performed in [28, 29]
an enhanced image is obtained in which pixels that are assumed to have similar
spatial location and share same structural features such as color and intensity are
partitioned into non-overlapping splats and spread over the entire image [10]. Splat
based method uses several re-sampling strategies. In a fundus image with hemor-
rhage, the total number of hemorrhage pixels is comparatively less when the entire
image is considered [11]. Therefore, a splat-based method is more likely to have
better diversity in training the samples. Splats are generated using watershed seg-
mentation algorithm [10]. In order to create meaningful splats, a scale specific over
segmentation is performed. This is done in two steps. At first the gradient magnitude
of contrast enhanced dark-bright opponent image is taken using different scales. It
is done because of the variability in appearance of hemorrhages. All these values are
aggregated and the maximum of the gradient value with its scale of interest (SOI) is
taken to perform watershed segmentation. Lin et al. [12] The gradient magnitude is
computed using Eq.6.1.

|∇ I (x, y; s)| =
√
Ix (x, y; s)2 + Iy(x, y; s)2 (6.1)

where Ix (x, y; s) is the image. Now establishing a scale-space representation of
the image using Gaussian kernels Gs , the gradient magnitude is calculated from its
horizontal and vertical derivative. The maximum of the gradient magnitude is given
in Eq.6.2

|∇ I (x, y)| = max
i

|∇ I (x, y; si )| (6.2)

Splats are created using a modified watershed algorithm. The watershed segmented
image is shown in Fig. 6.1. All the splats generated throughout the total image area
is refrained to a threshold limit. Even though the number of splats increase accuracy,
the computation time tends to increase. So a compromise between the efficiency and
accuracy has been considered.

6.2.1 Feature Extraction from Splats

After assigning reference labels for splats, a classifier can be trained to detect the
target objects. An altogether of 352potentially relevant features are taken to train the
classifiers. They are: Color, Difference Of Gaussian (DoG) Filter, Responses from
Gaussian Filter Bank, Responses from Schmid Filter Bank, Responses from Local
Texture Filter Banks. These features are aggregated to obtain a meaningful response
image which has low inter splat similarity and high intra splat similarity [13–19].
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Fig. 6.1 Watershed
segmented image

The features mentioned are pixel- based responses. In addition to these features, we
take splat wise features according to Gray-Level Co-occurrence Matrix (GLCM)
[16–22] statistics.

6.2.2 Preliminary Feature Selection and Classification

A two-step feature selection method is taken here so as to take only the relevant
features and discard the irrelevant and redundant ones [23]. The preliminary feature
selection is done using a filter approach in order to eliminate the features that are
immaterial in discriminating hemorrhage and non-hemorrhage splats. A quadratic
discriminant analysis (QDA) [24] is performed and by inspecting the features’ vari-
ation with Misclassification Error (MCE) [25]. The preliminary features are chosen
when the smallestMCE is reached.After preliminary selection, awrapper approach is
performed in order to get an optimal combination of relevant features with minimum
redundancy. It is the peculiarity of the wrapper approach that it assesses different
combinations of feature subsets customized for a certain classification algorithm
with higher computation time [26].The combinations are evaluated using a kNN
Classifier. All the selected features are now applied to a sequential forward feature
selection subset(SFS). After feature selection, two distinct trained classifiers are set
up with the set of features and reference label instances.

kNN and ANN Classification: The kNN algorithm assigns soft class labels. The
two classes defined or the outputs are hemorrhage splat or non-hemorrhage splat.
The classifier decides the class of a particular splat based on the Euclidean distance
of the features in an optimized feature space. The feature vector dimension is 19. As
the value of k is increased the computation time increases and the splats are more
accurately identified. But since all the k nearest neighbors are not near, an optimum
value of k is chosen instead of an arbitrary value. In this work, the value of k is chosen
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as 100 with a compromise between computational time and accuracy based on the
work in [27]. For ANN, the features are selected that are required to train the neural
network. These are the 19 features that were selected by wrapper approach. The
neural network is initialized and the number of layers are defined. The weights are
assigned arbitrarily small value so as to start the computation. The value of output for
each layer is computed and error is calculated. The weights are updated for the output
and the hidden layers and is repeated till the all the layers are trained. After training
all the layers, it is checked whether all the splat features are used in training purpose.
If not the process is repeated until the selection of all splat features is performed.
The network is trained τ epochs each time irrespective of whether the network is
convergent or not. When the difference of error between the current training series
and the previous series is smaller than a threshold , then it can be concluded that the
network is convergent and the training is stopped. After the training is completed,
the classifier is validated for its accuracy using the validation set. The validation set
does not change the trained values of the classifier and it is done only to ensure that
overfitting has not occurred. To determine the class of splat sigmoid transfer function
S(x) = 1

1+e−x is used. When S(x) = 1 then it comes under a hemorrhage splat and
when S(x) = 0, it is a non-hemorrhage splat.

6.3 Results and Discussions

Histogram equalization is done using the strategy proposed in [28, 29]. Also each
image is normalized according to its prevailing pixel value at the three colour chan-
nels. The pixel values that occur frequently are shifted to the beginning of RGB
colour space. Among the total of 1500 images obtained from from the publically
available database DIARETDB1 and the clinical images from Dr. Bhejan Singh’s
eye hospital, Nagercoil, 1050 were taken for training, 225 images for testing and
225 for validation. 10,500 splats were created among which 300 are hemorrhage
splats. Images with at least 6 splats are taken for training. After sequential forward
feature selection subset (SFS) only the relevant features were considered whereas
the insignificant and redundant ones were removed from the feature set. The final
feature set consists of 50 features from the 352 features obtained by filter approach
and from this set 19 features were finally obtained by wrapper approach. The details
of the final selected features are given in Table6.1.

6.3.1 Classification of Splats Using kNN and ANN Classifiers

The splats are represented as a 19 dimensional feature vector. The kNN classifier and
the ANN Classifier are trained on these features. Different values of k were tested
whose values are chosen between 15 and 160 that involves both feature selection as
well classification. After repeated iterations, the value of k was fixed at 100 without
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Table 6.1 Details of final selected features

Features Number Description

DoG filter bank s2–s0.5 From Green channel

DoG filter bank s4–s0.5 From db and rg opponency

DoG filter bank s8–s0.5 From db opponency

Gaussian filter bank s = 8 orientation: 2, 3 Mean of second order
Gaussian derivative from green
channel

Gaussian filter bank s = 1, 2, 4 orientation: 1, 2, 3 Mean of second order
Gaussian derivative from green
channel

Schmid filter bank Response = 11 From db opponency

Mean of Gaussian s = 8, 16 From Green channel

compromising the computation time and prediction accuracy. The target class for
the classifier or the output consists of two classes: Hemorrhage or Non-Hemorrhage.
The two classifiers were tested with the equal number of images and the results were
compared. The splat centered Region of Convergence (ROC) curve for the fundus
image given in Fig. 6.2 using the two classifiers are shown in Figs. 6.3 and 6.4. For
a fundus image with 469 splats, the level of accomplishment of these classifiers are
represented in the ROC curve. From the ROC curve for various threshold values, it is
found that, among the two, ANN outperforms kNN classifiers in terms of sensitivity
with an Area Under Curve (AUC) of 0.80 than 0.75 of kNN classifier. The confusion
matrix calculated is given in Figs. 6.5 and 6.6 where n denotes the total number of
splats for 520 images. A total 22574 splats were identified from the 520 images
and they provide different accuracy at a certain threshold. The best classifier that
performed in evaluation which is the ANN is now chosen for implementation in
hardware.

6.3.2 Implementation in Hardware

Image preprocessing, processing and classification was done in MATLAB using
Intel i5 dual-core processor which has 8 GB RAMmemory specification and a clock
speed of 1.6 GHz. The motivation behind this work was to develop an aid to assist
medical practitioners for an early and accurate diagnosis of DR. An easy diagnosis
is accomplished if the whole process of detection was implemented on an integrated
hardware. The tested and successfully executed algorithms were then implemented
in Raspberry-Pi system as seen in Fig. 6.7. The inclination towards Raspberry-Pi
board is the ease of designing a portable convenient handheld device. The Mobile
Industry Processor Interface (MIPI) interface is connected to a fundus camera by
which the real time images can be directly processed to detect hemorrhages which
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Fig. 6.2 Splats identified

Fig. 6.3 ROC for ANN

can predict the possibility of DR. This system can also be used with the help of
a smart-phone camera and an aspheric lens to capture retinal images. Two Fundus
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Fig. 6.4 ROC for kNN

Fig. 6.5 Confusion matrix
for ANN

Fig. 6.6 Confusion matrix
for kNN
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images 1 and 2were taken from standard diabetic retinopathy databaseDIARETDB1
and from clinical database for testing. Figures6.8 and 6.9 shows the various stages
of hemorrhage detection on images obtained from these source.

6.4 Conclusion

The presented work is a novel technique to detect exudates using morphological
operation. The new enhancement method IIHE was used to increase the sensitivity
of our existing algorithm that originally involved enhancement using CLAHE. A
considerable increase in specificity indicates that the algorithm is more accurate
while considering low intensity images. Using the same feature set to the classifier,
the score of evaluation parameters could be increased by changing the enhancement
technique. Further studies can be implicated to increase the PPV and F-Score of this
algorithm. Thus a splat-based feature classification using Raspberry Pi is presented
for the detection of retinal hemorrhage. The proposed classification strategy can
model different lesions with different texture size and appearance. The algorithm is

Fig. 6.7 Raspberry Pi implementation

Fig. 6.8 Hemorrhage detection process applied on DIARTEDB1 fundus image
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Fig. 6.9 Hemorrhage detection process applied on Clinical fundus image

validated on the publically available databaseDIARETDB1 and clinical imagewhich
was captured using a “Remidio Non-Mydriatic Fundus on Phone (FOP-NM10). The
proposed detector can be incorporated into comprehensive DR assisting system for
ophthalmologists.
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Chapter 7
Data Encryption as Security Measure
in IoT-Enabled Healthcare

M. Shankar Lingam, G. S. Raghavendra, Arun Kumar, V. Anand,
and A. M. Sudhakara

Abstract Wearable and implantable IoTmedical devices like glucose meters, blood
pressure cuffs, defibrillators and other sensors and devices are used in today’s patients
monitoring systems as a part of digital health initiative. This is an important measure
taken up by healthcare industries and organizations, and this would go on well as
long as trouble creators called medhackers do not meddle with patients’ data for
disruptive purposes. Information transaction of sensed medical data among patients
and healthcare professionals is usually carried out via wire or wireless media or
via intranet, Internet and dedicated channels. Most of the regular hackers intercept
data transfer in Internet for economic and political gains, whereas medhackers who
are psychos intercept and manipulate medical data for vengeance and possibly for
sadistic self-gratification. In any case, IoT-enabled healthcare system is not exempted
from cyber-attack. A number of people have worked on solving this problem in
order to ensure safe and secured medical data transaction in terms of firewall and
enhancement of security in communication protocols. Not much work has been done
in improving security using robust data encryption and possibly data compression
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techniques. In this context, this paper proposes reliable techniques for data encoding
and compression in order to have considerable security in healthcare systems, which
make use of IoT sensors and devices.

7.1 Introduction

The term ‘Internet of things (IoT)’ refers to networking of physical sensors and
devices that are smart and connected. These sensors and devices are essentially
embedded systems and are IP-enabled. At present, there is a growing concern about
the security aspects of using IoT sensors and devices in healthcare systems. No
doubt, IoT-enabled healthcare is a significant step taken towards improving life
expectancy of global population. The present world population is 7,713,010,247,
and it increases by four every second. (This data was obtained on 24 June 2019
at 1100 h from https://www.worldometers.info/world-population/.) The population
growth increases by 39,057,124, on an average, every year. For the past one year,
till date, the number of births in the global level is 67,314,230 and number of deaths
28,242,900. This means that about 42% of people die of malnutrition, disease, acci-
dent or ill health as against the number of people born every year. This calls for
immediate attention of the government, healthcare professionals and, of course, peo-
ple also to consider various steps to be taken so that the death rate may decrease as
years pass by. One such step is to increase expenditure towards healthcare support
and automation.

With reference to records given in https://ourworldindata.org/health-meta, one
may observe a global trend in healthcare expenditure, which exposes a great amount
of heterogeneity. Figure 7.1 shows how total expenditure on healthcare varies from
country to country resulting in appropriate improvement in life expectancies. In spite
of the fact that there is awareness and efforts taken by people, professionals and gov-
ernments to allocate funds for healthcare systems, one cannot rule out the possibility
of IoT-enabled healthcare system getting affected by cyber-attacks due to intellectual
crooks and psychos. Of course, efforts are on to curb this menace, but most of the

Fig. 7.1 Global expenditure during a year and improvement in life expectancy. Courtesy https://
ourworldindata.org/health-meta

https://www.worldometers.info/world-population/
https://ourworldindata.org/health-meta
https://ourworldindata.org/health-meta
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efforts are made in developing channel coding techniques to increase cryptanalytic
time. Hardly few people have worked on source coding techniques meant for secur-
ing medical data from intercept and disruption. In this context, this paper proposes
certain techniques for sensedmedical data encryption and compression for a safe and
secured information transaction via any medium, aiming at risk-free improvement
of life expectancies.

7.2 IoT Data in Healthcare

Typically, a healthcare system would consist of hospitals, medical colleges, diagnos-
tic centres, drug stores, physicians, radiologists, surgeons, pharmacists, paramedical
staff, administrative staff, mobile medical units, data centres and patients. A health-
care support system would consist of medical instruments manufacturers, pharma-
ceutical companies, call centres, emergency units, medical technologists, insurance
companies and governments. IoT-enabled healthcare system and its support system
play a significant role in monitoring the health condition of patients by sensing sig-
natures due to various organs mostly in the form of transduced electrical signals and
in sending relevant data to potential users, be it a doctor or a patient. Figure 7.2 shows
some of the wireless implantable medical devices.

Data collected from such sensors and devices are of two formats (i) linearly
ordered sequence of measured data samples and (ii) multi-dimensional array of
measured data samples. For example, the data collected by an electrocardiogram
device would be of the form shown in Fig. 7.3. This image was obtained using a
wearable monitor that provides a standardized method of wireless ECG and mobile
ECG measurement (Fig. 7.4).

Fig. 7.2 Implantable medical devices
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Fig. 7.3 ECG waveform from a mobile ECG monitor. Courtesy https://glneurotech.com/bioradio/
physiological-signal-monitoring/wireless-ecg-measurement-analysis-teaching/

Fig. 7.4 Superimposed recordings of the electrooculogram (EOG), electroencephalogram (EEG),
electromyogram (EMG), ECG (EKG), sympathetic nerve activity (SNA), respiration (RESP) and
blood pressure (BP) during REM sleep in a patient with OSA. Courtesy Somers et al. 14 Copyright
© 1995. Journal of Clinical Investigation

https://glneurotech.com/bioradio/physiological-signal-monitoring/wireless-ecg-measurement-analysis-teaching/
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7.3 IoT Data Encryption and Compression

7.3.1 Basic Philosophy

IoT-sensed medical data, be it one-dimensional or multi-dimensional, is encrypted,
compressed and stored using the following steps:

Step #1 Apply discrete Rajan transform (DRT) to the medical data.
Step #2 Sparse the spectral form of the data, compress and store.

IoT-sensed medical data which is encrypted, compressed and stored is uncom-
pressed and decrypted to retrieve original data using the following steps:

Step #1 The compressed data is uncompressed using morphological methods.
Step #2 Uncompressed data is decrypted using inverse discrete Rajan transform

(IDRT) to retrieve original data.

7.3.2 Basic Details DRT and IDRT

Consider a signal x(n). DRT is applied to x(n) and the spectrum X(k) obtained after
n number of stages. At every stage of computation, a unique matrix denoted as
Rk of dimension

(
N

2k−1 × N
2k−1

)
has to be constructed, and it is defined as: Rk =

[
I p I p

−e1k · I p e1k · I p

]
where I is the pth-order identity matrix. For example, at stage

k, the order of the relevant identity matrix is pk = N/2k ; k ∈ {1, 2, . . . , n} and eik
is called ‘auxiliary information’, which indicates the intrinsic relationship between
every equilibrium segment of the corresponding signal spectrum generated during
the ith stage of computation. For instance, let the sequence at a particular stage be
s̄ = {a, b, c, d, e, f, g, h}. Then, the ‘auxiliary information’ ek would have certain
intrinsic phasor relationship between the sample points a and e.

eik =
{−1, xik(pk + 1) < xik(1)
1, otherwise

where i = {
1, 2, . . . , 2k−1

}
. At every stage k, let Y k denote the output sequence

and it is obtained based on the following equation Y k = RkXk = [
y1k y2k . . . y

i
k

]
.

Here Yk has 2k pk elements in every stage. When k = 1, X1 = x (the original input
sequence) and for k > 1, 2k−1 equilibrium segments are considered at every stage.
Now, every segment is associated with relevant ‘auxiliary information’. Vector ek
corresponds to the ‘auxiliary information’ pertaining to equilibrium segments in k
stages. In this context, the following equations are valid: ek = [

e1k e2k . . . eik
]
For

example, if
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sk = [
a b c d e f g h

]
and sk+1 =

⎡

⎢⎢
⎣

a e
b f
c g
d h

⎤

⎥⎥
⎦,

then e1k and e2k are the auxiliary phasor information pertaining to a and e and e
and g, respectively. Note that auxiliary phasor values in ek are derived from above
equation. The operator matrix Rk is constructed at a stage k using values of e1k from
ek . In addition, for k > 1, the output at a stage is restructured into equilibrium
segments, of course, iteratively and it is defined as:

Xk+1 = [
x1k+1 µ

1
k · x2k+1 . . . µ

i−1
k · xik+1

]
where µk = [

µ1
k µ

2
k . . . µ

i−1
k

]

and µi−1
k = e1k × eik for k > 1

Also, Xk+1 =

⎡

⎢
⎢⎢
⎣

yik(1) yik(2) . . . yik(pk)
yik(pk + 1) yik(pk + 2) yik(2pk)

...
...

...

yik
(
2k−1 pk + 1

)
. . . yik

(
2k pk

)

⎤

⎥
⎥⎥
⎦

T

= [
x1k+1 x2k+1 · · · xik+1

]

Xk+1 is a general expression that splits signal spectrum into equilibrium segments.
This procedure is continued till the final DRT spectrum is obtained after n number
of stages. The first value of the final DRT spectrum is known as ‘Cumulative Point
Index (CPI)’. In fact, CPI is a quantitative measure of the cumulative energy of the
input signal. Consider a discrete signal sequence x(n) = {1, 9, 6, 2, 3, 1, 5, 1} of
length N = 8. Then, one would carry out DRT computation in three iterative stages
(n = 3) so that k = {1, 2, 3}. Now, at the initial stage, k = 1, p = 4 and X1 = x.
The operating matrix R1 would be of dimension of (8 × 8). ‘Auxiliary information’
is obtained, and comparison is made between respective equations. The value of e11
is evaluated as 1. Now, the operating matrix R1 takes the form:

R1 =
[

I4 I4
−I4 I4

]

The output of the first stage is computed as

Y 1 = R1X1 = [
4 10 11 3 2 −8 −1 −1

]T
.

The next step is to consider k = 2, p = 2 and R2 of dimension (4 × 4). X2 is
obtained by restructuring Y 1. Thus,
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[
x12 x22

] =

⎡

⎢⎢
⎣

4 2
10 −8
11 −1
3 −1

⎤

⎥⎥
⎦.

One can observe two equilibrium segments at this stage, that is, i = 2 and so,
e2 = [

e12 e22
]
. The values are obtained as e2 = [

1 −1
]
, µ2 = [

µ1
2

]
and µ1

2 =
1 × −1 = −1. Thus, X2 is obtained as

X2 =

⎡

⎢⎢
⎣

4 −2
10 8
11 1
3 1

⎤

⎥⎥
⎦.

To construct operator matrix R2, e12 = 1 is used so that

R1 =

⎡

⎢⎢
⎣

1 0 1 0
0 1 0 1

−1 0 1 0
0 −1 0 1

⎤

⎥⎥
⎦.

The output of the second stage is calculated as

Y2 = R2X2 =

⎡

⎢⎢
⎣

15 −1
13 9
7 3

−7 −7

⎤

⎥⎥
⎦.

Similarly for the last stage, k = 3, p = 1 and R3 is of dimension (2 × 2). Now,

[
x13 x23 x33 x43

] =
[
15 7 −1 3
13 −7 9 −7

]
.

The values of the ‘auxiliary information’ are obtained for four equilibrium seg-
ments (because i = 4) as e3 = [

e13 e23 e33 e43
] = [−1 −1 1 −1

]
and µ3 =[

µ1
3 µ

2
3 µ

3
3

] = [
1 −1 1

]
. The value of X3 is thus calculated as

X3 =
[
15 7 1 3
13 −7 −9 −7

]
.

The final DRT spectrum is:
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Y 3 = R3X3 =
[
28 0 −8 −4
2 14 10 10

]
.

The DRT spectrum in the sequence form is X(k) =
[28, 2, 0, 14, −8, 10, −4, 10]. Note that the CPI of X(k) is 28.

7.3.3 Inverse Discrete Rajan Transform

As explained already, discrete Rajan transform (DRT) is a homomorphic function
and it also exhibits the isomorphism property when the auxiliary phasor information
is preserved. Since DRT is also viewed as an isomorphic function, one should be
able to retry the original signal data from its DRT spectrum by means of its inverse
transform. Indeed, the inverse discrete Rajan transform (IDRT) is used to retrieve the
input data with the help of e1k and µk . Now, the DRT operator Rk is obtained using
the values of e1k and µk . The general expression used to retrieve intermediate signal
data at every stage is:

X̃m = 1

2

[
Rm Ym

] = [
x1m x2m . . . xim

]T

where m = {k, k − 1, …, 1}. As in the case of forward DRT computation wherein
the sequence is split into equilibrium segments, in the case of IDRT computation,
the segments are recombined and input sequence retrieved iteratively. When m =
k,Ym = Y k (the final DRT transformed output) and for m < k,

Ym−1 = [
Ym(1) µ1

k · Ym(2) . . . µ
i−1
k · Ym(i)

]

Ym−1 =

⎡

⎢⎢⎢⎢
⎣

xim(1) xim(2pk + 1) . . . xim
(
2k−1 pk + 1

)

xim(2)
...

...
...

...
...

xim(2pk) xim
(
22 pk

)
xim

(
2k pk

)

⎤

⎥⎥⎥⎥
⎦

The final stage of IDRT computation yields the original input signal.

Example A procedure of obtaining DRT spectrum for a sequence and getting back
original sequence from the spectrum by applying IDRT is given below. Consider a
sample real-time speech data discrete sequence x(n) of length 64.

x(n) = 0.123016357, 0.137512207, 0.163513184, 0.169403076, 0.154754639,

0.151794434, 0.146972656, 0.156585693, 0.148101807, 0.143676758,

0.13269043, 0.125610352, 0.11920166, 0.116485596, 0.11630249,

0.09942627, 0.09197998, 0.091918945, 0.081085205, 0.05847168,
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0.048126221, 0.035888672, 0.028137207, 0.014251709, 0.006439209,

− 0.001617432,−0.034362793,−0.049682617,−0.065917969,

− 0.080383301,−0.110229492,−0.137573242,−0.155883789,

− 0.176696777,−0.194366455,−0.22088623,−0.228210449,

− 0.254638672,−0.269989014,−0.274810791,−0.277496338,

− 0.258209229,−0.270233154,−0.259857178,−0.242462158,

− 0.221923828,−0.206390381,−0.176635742,−0.140960693,

− 0.12878418,−0.109222412,−0.099914551,−0.063812256,

− 0.037109375,−0.00189209, 0.032470703, 0.058349609,

0.06451416, 0.072418213, 0.092376709, 0.099212646,

0.116790771, 0.114685059, 0.119567871.

DRT is applied to x(n) in block-wise manner and corresponding spectral blocks
obtained as X(k) (Fig. 7.5).

X(k) = 1.203552,−0.02704,−0.0694, 0.003967,−0.01666,−0.01373,−0.07538,

− 0.02118, 1.001495, 0.031097, 0.053436,−0.01682, 0.098663,−0.00809,

0.013519, 0.011505, 0.44986, 0.048798, 0.085968,−0.0242, 0.197052,

− 0.00345, 0.002716,−0.0209,−0.47333, 0.065186, 0.190369,

− 0.02014, 0.31488,−0.01843,−0.01263, 0.005615,−1.77548,

0.078583, 0.144623, 0.0159, 0.279816, 0.016083, 0.020721,

− 0.02731,−1.91321,−0.07996,−0.08698, 0.000305,−0.21838,

0.02063, 0.075745,−0.01813,−0.54922,−0.08255,−0.19211,

0.004791,−0.40854, 0.039581, 0.070892,−0.01053, 0.737915,−0.04858,

− 0.06018, 0.001099,−0.1626,−0.00366,−0.02368, 0.026489.

Now, let us carry out sparsification of DRT spectrum and reconstruct sound wave
from the sparsified spectrum using IDRT algorithm.

Fig. 7.5 Plot of x(n) and X(k)



78 M. Shankar Lingam et al.

7.3.4 Sparsing of Data by Retaining CPI Alone

X(k) is sparsed keeping the CPI alone in every block of length 8 and forcing other
elements to 0. Then, the sparsed spectral sequence is Xs1(k).

Xs1(k) = 1.203552246, 0, 0, 0, 0, 0, 0, 0, 1.001495361, 0, 0, 0, 0, 0, 0, 0,

0.449859619, 0, 0, 0, 0, 0, 0, 0,−0.473327637, 0, 0, 0, 0, 0, 0, 0,

− 1.775482178, 0, 0, 0, 0, 0, 0, 0,−1.913208008, 0, 0, 0, 0, 0, 0, 0,

− 0.549224854, 0, 0, 0, 0, 0, 0, 0, 0.737915039, 0, 0, 0, 0, 0, 0, 0.

The sparsed spectral representation in this case has just 8 nonzero samples. The
compressed version of Xs1(k) is obtained as X ′

s1(k).

X ′
s1(k) = 1.203552246, 1.001495361, 0.449859619,−0.473327637,

− 1.775482178,−1.913208008,−0.549224854, 0.737915039.

X ′
s1(k) is stored as a representative biometric vector of a speaker. The degree of

sparsity obtained in this case is 12.5%. The compressed sequence is shown in Fig. 7.6.
During the testing phase, X ′

s1(k) is uncompressed and Xs1(k) obtained. Now, IDRT
is applied to Xs1(k) and the reconstructed form of the original signal is obtained as[
x̃(n)

]
1.

[
x̃(n)

]
1 = 0.150444031, 0.150444031, 0.150444031, 0.150444031, 0.150444031,

0.150444031, 0.150444031, 0.150444031, 0.12518692, 0.12518692,

0.12518692, 0.12518692, 0.12518692, 0.12518692, 0.12518692,

0.12518692, 0.056232452, 0.056232452, 0.056232452, 0.056232452,

0.056232452, 0.056232452, 0.056232452, 0.056232452,−0.059165955,

− 0.059165955,−0.059165955,−0.059165955,−0.059165955,

− 0.059165955,−0.059165955,−0.059165955,−0.221935272,

− 0.221935272,−0.221935272,−0.221935272,−0.221935272,

− 0.221935272, 0.221935272,−0.221935272,−0.239151001,

Fig. 7.6 Plot of Xs1(k) and its compressed form
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− 0.239151001,−0.239151001,−0.239151001,−0.239151001,

− 0.239151001,−0.239151001,−0.239151001,−0.068653107,

− 0.068653107,−0.068653107,−0.068653107,−0.068653107,

− 0.068653107,−0.068653107,−0.068653107, 0.09223938,

0.09223938, 0.09223938, 0.09223938, 0.09223938,

0.09223938, 0.09223938, 0.09223938.

One can sparse the data by retaining CPI and the mid-frequency components.
Then, one can obtain a compression of 25%. Figure 7.7 shows the plots of x(n) and[
x̃(n)

]
1 in the same plot.

This technique has been tried on various sequential data and results studied.
Figure 7.8 shows a real-time voice data. Figure 7.9 shows its 12.5% compressed
form with the reconstructed signals. Figure 7.10 shows its 25% compressed form
with the reconstructed signal.

Fig. 7.7 Plots of x(n) and
[
x̃(n)

]
1 and plots of x(n) and

[
x̃(n)

]
2

Fig. 7.8 A real-time voice data
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Fig. 7.9 Data compressed to 12.5% with the reconstructed signal

Fig. 7.10 Data compressed to 25% with the reconstructed signal

7.4 Summary

1. Any sensed medical data could be encrypted and compressed to a minimum of
12.4% and decrypted to the original form with minimum error.

2. This technique is applicable to multi-dimensional data also.
3. This robust source coding technique could be applied in all IoT-enabled

healthcare system.
4. The application of IoT is growing day by day in each feature of the healthcare

industry.
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Chapter 8
Agents-Based Service Restoration
in Electrical Secondary Distribution
Network

Rukia J. Mwifunyi, Nerey H. Mvungi, and Mussa M. Kissaka

Abstract Service restoration (SR) is one of the fundamental functionalities of dis-
tribution management system during fault management process. Several approaches
have been devised to solve the SR problem on distribution network including cen-
tralized and distributed approaches. Most of the existing studies focused on the
service restoration in the medium voltage network with very few focusing on the
secondary distribution network (SDN). In most countries including Tanzania, the
service restoration is accomplished manually through relying on operational experi-
ences, rated capacity of the transformers and peak hour demand for decision making.
This study aimed at designing distributed algorithm based on multi-agent system for
SR in the SDN. The study has been conducted through intensive literature review
together with focus group discussion with key stakeholders from utility company,
study visits to theTanzania SDN inDar es Salaam region and interviewswith the tech-
nical people. SDN with three transformers rated at 315, 200 and 100 kVA have been
chosen as the pilot site for designing the distributed algorithm. The designed algo-
rithm includes designing of multi-agent system, objective functions to be optimized
and design for the equipment specifications and power system network topology to
support SR. Four agents, namely control agent, grid agent, load agent and switch
agent, have been found to be optimal for the SR process. The designed restoration
process mainly focuses on load transfer to the nearby transformer and load shedding.
The future work will focus on real implementation of the designed algorithm and
consideration of the integration of the renewable distributed generations.
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8.1 Introduction

Demand of power continuously increases due to the rise in the industrialization,
economic growth, expansion of power network and population growth in most of
the developing countries. As a result, the size and complexity of the secondary
distribution networks increases significantly. Occurrence of fault and the size of
areas affected by fault are also increasing [1]. Due to the rise in the need of power
and that industries need stable power supply; power supply should be restored as
quickly as possible after occurrence of fault in order to improve safety, reliability
and overall customer satisfaction [2]. In most SDN including that in Tanzania, the
service restoration is accomplished manually in which the decision making is based
on the operational experience through closing and opening wire jumpers to serve
customers or waiting repairing process of the fault [3]. As a result, the process can
take a number of hours and even days, resulting in losses to both customers and the
utility company.

Various smart grid techniques have been proposed including the integration of
renewable distribution network and demand side management programs in the SDN
to ensure service reliability during normal operation and after occurrence of fault
[4]. These efforts will easily be realizable if the overall network topology is changed
to support network reconfiguration and service restoration, dedicated equipment for
monitoring and controlling and well-planned communication infrastructures. This
study focuses on the design of the service restoration algorithm in the SDN.

Significant work has been done to improve service restoration in the medium
voltage distribution networks [5–9] and very few studies conducted in the sec-
ondary distribution networks [4, 10]. Both centralized and distributed approaches
have been devised to solve the service restoration optimization problem. The cen-
tralized approaches include heuristic approaches [11, 12], mixed integer linear pro-
gramming [13], genetic algorithms [14] and particle swarm optimization [15, 16].
Centralized approaches require high performing computing situated at the central
control center and high-speed communication which have some disadvantages like
the single point of failure. Existing studies in the low voltage focused on the use
of centralized approach during network reconfiguration and service restoration. The
study conducted by Xu et al. in [10] focused on the use of DGs to support service
restoration using heuristic search method, and the study in [4] by Qiao and Yang
focused on network reconfiguration considering penetration of electric vehicles using
branch exchange method and exhaustive search algorithm.

With ever-increasing demand in computing and communication technology
capacity, distributed intelligence applications, as an alternate solution, have
been developed based on multi-agent systems (MAS) [5]. In distributed control
approaches, there is more than one decision-making unit and data processing can
be done in parallel that makes it faster and requires less processing capabilities
which have been realized that can work well in complex networks [7, 17]. This study
aimed at designing distributed algorithms for the service restoration in the SDN.
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The designed distributed algorithm uses multi-agent technology for decision mak-
ing and for sending actuation commands during service restorations. The designed
algorithm includes the designing of multi-agent system, objectives function to be
optimized during restoration and design for the equipment specifications and power
system network topology to support service restoration. Apart from the adoption
of the distributed control approach, the proposed algorithm has also considered the
stochastic nature of load demand and load shedding during service restoration for
improved capacity and avoiding overloading. Intelligent actuators with inbuilt pro-
cessing capabilities have been proposed to be used to enable actuation decisions at the
distribution substation level without relying on the central control center. Tanzanian
secondary distribution network was used as the case study.

The rest of the paper is organized as follows: Sect. 8.2 discusses the study
approach, Sect. 8.3 describes the current status for the Tanzanian secondary dis-
tribution network, Sect. 8.4 highlights the proposed distributed control model for
SR, and Sect. 8.5 concludes the paper.

8.2 Study Approach

The designing process have involved a number of methods including intensive litera-
ture review for gaining the overall knowledge on the SR approaches and technologies
and research directions, focus group discussions and interviews with Tanzanian util-
ity company personnel to discuss the technical viability of the designed algorithm
and lastly, study visits to the real network have also been conducted. Three secondary
distribution transformers with the power rating of 315, 200 and 100 kVA have been
selected to be used during designing of the agent-based service restoration approach.
Selection criteria were based on the network size, network with customers of differ-
ent priorities, mixed three and single-phase customers, and a network with at least
open jumpers for supporting load transfer during restoration. This is an ongoing
work, as the designed algorithm will be implemented and tested in simulation and
on real network.

8.3 Current Status of the Tanzanian Secondary
Distribution Network

The power distribution system is powered through the primary substations and has
two main parts; namely primary distribution network having 33 kV or 11 kV and
SDN having 0.23 kV/0.4 kV [18]. In Tanzanian power utility system, the automation
of the primary distribution networks has partially been done in which fault can be
detected, localized, isolated and restored automatically and visualized in the distri-
bution control center. This is due to the availability of voltage and current sensors,



86 R. J. Mwifunyi et al.

remote terminal units, remote operated switches and communication infrastructures
in the network. The SDNs are invisible in the control center as there is only auto-
mated meter reading (AMR) for transferring data to central databases for analysis
and billing purposes at the distribution transformers, fuses at some parts and wire
jumpers as seen in Fig. 8.1. Fuses are installed at the low voltage side for transformer
protection caused by overloading. There are no sensors, switches and no communi-
cation network at other parts of the network. The Tanzanian, SDN is slightly meshed
in nature but operated radially, with at least one wire jumper used to reconnect during
failure of the SDN. The existing wire jumpers are operated manually. There is no
intelligent controller to decide on the available capacity at a specific time interval
rather than relying on the rated capacity of the transformers.

The load demand in the secondary distribution networks changes with time of
the day as seen in Fig. 8.2. The load also increases frequently as new customers
are installed or new electrical equipment is connected at the customer side. There-
fore, relying on the pre-configured information is no longer valid for the growing
electrical network during service restoration. With rated capacity values, the service
restoration cannot be done in some situation resulting to the loss of important loads
like hospitals, schools and others. Thanks to the advancement of renewable energy
technologies which have shown promising results in supporting service restoration
in many developed countries during power shortage and power failure. Therefore,
this study aims at proposing the design for the capacity-based distributed service

Transformer 1 Transformer 2

FUSE FUSE

Open Jumper

AMR AMR

Fig. 8.1 Existing secondary distribution network topology
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Fig. 8.2 Load profile

restoration algorithm considering the uncertainty nature of load demand which will
further take advantage of the renewable generation sources installed at the customer
sides for increased capacity.

8.4 Proposed Distributed Control Model for Service
Restoration

The SDN is large in size and complex with a number of branches and laterals as seen
in Fig. 8.3. Adding intelligence to this part of the network requires robust algorithms
and may lead to large amount of data as a result, centralized control approaches
may not be appropriate. This is due to the requirements of large processing unit and
may suffer from single point of failure. The aim is to take advantage of computer
technologies which has inverted distributed control approaches with more than one
decision-making units for deploying in complex network. In this study, distributed
control based on multi-agent system is used.

The proposed distributed algorithm for service restoration comprises of four
agents, namely control agent (CA), grid agent (GA), load agent (LA) and switch
agent (SA). The grid agent once resides in the area under fault, becomes the con-
trol agent. Table 8.1 describes the input, actions to be performed, conditions to be
met and output by different agents. Features and capability of these agents will be
implemented in the Raspberry Pi in which all decision making will be done and then
send control commands to the actuators. In built processors for the smart meters



88 R. J. Mwifunyi et al.

Fig. 8.3 Tanzania secondary distribution network

Table 8.1 Agent operation

Control agent Grid agent Load agent Switch
agent

Input • Forecasted load
demand

• Switch status

• Load demand
• Available capacity

Fault information Switching
request

Actions • Receive request for
power supply from
load agent

• Send power request
to the nearby GA

• Run optimization
problem

• Sends switching
request to the SA

• Receive request
for power supply
from nearby GA

• Forecast the
available capacity
based on loading
history

• Request the power
from the CA

• Forecast load for
the estimated fault
duration

Sends
control
command
to the
circuit
breakers
and smart
isolators

Condition Pgrid ≥ Pload Pavailable ≥ Pload Psupply ≥ Pload Pre-fault
status

Output • Load to be restored
• Voltage levels
• Load to shed

Remaining capacity • Forecasted load
• Shedding load

Switch
status
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SENSORS

Raspberry Pi

Contactor

Transformer

Communication 
Infrastructure

Fig. 8.4 Actuation node

throughout the secondary distribution network will be used as the load agents, and
microprocessors connected to intelligent switches as the switch agents. The system
design architecture for the actuators to be used in the secondary distribution network
is shown in Fig. 8.4 in which sensors sense voltage and current levels and then send
information to the Raspberry Pi which processes and sends the control commands
to the contactors or relays which performs actuation during service restoration.

8.4.1 Objective Functions

Service restoration problem in power distribution system is a multi-objective, multi-
constraint and nonlinear optimization problem. Among others, three objective func-
tions have been found to be key for the service restoration in the secondary distri-
bution network due to the overall physical nature of the network and overall needs
for the service reliability. These objectives are maximizing the number of restored
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customers [10, 19], minimizing power losses [4] and minimization of the cost asso-
ciated with load shedding [12] as stated in (8.1–8.3). Together with the mentioned
objective functions, voltage limits, line current limits and available capacity limits
for the load transfer constraints need to be satisfied. The cost associated with load
shedding will merely be attributed by the amount of load demand and/or the priority
of load in which high priority customers will have higher cost as compared to lower
priority customers.
Maximizing the number of restored loads based on their priorities.

max f (x) =
N∑

i=1

wi × Li × yi (8.1)

where Li : the load at bus i, yi : status of the load at the bus i, wi : priority level of the
load at bus i, x: network configuration undergoing service restoration represented by
status of switches and N: total number of branches.
Minimization of power loss.

Ploss =
N∑

i=1

I 2i Ri (8.2)

where Ploss is the total power loss, Ii is the current through branch i and Ri is the
resistance of branch i.
Minimizing cost (C) associated with Load Shedding (LS). The cost associated
with load shedding is directly related to the amount of load shed and the criticality
of the shedding load.

min
∑

i∈ΓLS

CLS
i × LSi (8.3)

where CLS
i is the cost associated with shedding load at bus i and LSi is the amount

of load to be shed at bus i.

8.4.2 Recommendations for the Improvement of the SDN

For realization of the self-healing in the Tanzanian secondary distribution networks,
the following issues need to be taken into consideration:

• Motorized air circuit breakers should be installed at the distribution transformers to
allow the protection of the transformers as shown in Fig. 8.5. The circuit breakers
will comprise of the contactors for making and breaking purposes, as well as
microcontrollers with decision-making capabilities.
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MCB MCB

ATS

Smart Isolator Switch

Transformer 1 Transformer 2

Fig. 8.5 Proposed network topology to support SR

• Smart switches along the branches also need to be installed to facilitate the load
shedding in case the power supply is not sufficient enough to supply all loads in
the network.

• Making use of the renewable energy sources to allow restoration of more loads
apart from high priority loads.

• Open wire jumpers at the point of interconnection between two secondary
distribution networks can be replaced with the automatic load transfer switches.

8.4.3 Design for the Equipment Specifications to Be Installed
to Support Service Restoration in the Pilot Site

Specifications for the low voltage automation equipment are mainly based on IEC-
60947 standard. General specifications for the equipment to be used in Tanzanian
electrical SDN are as follows: AC electrical properties, applicable at electrical dis-
tribution level, support remote control operation, 400 V rated voltage and operate
at 50 Hz frequency. Moreover, other parameters like the rated current in (8.4) and
short circuit current in (8.5) varywith transformer capacity. Table 8.2 summarizes the
design specifications for three distribution transformers in terms of breaker ratings.
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Table 8.2 Circuit breaker
specifications

Item Application Specifications

Motorized circuit
breaker

315 kVA
transformer

Rated current: 455
Short circuit
current: 12 kA

200 kVA
transformer

Rated current: 289
Short circuit
current: 7.2 kA

100 kVA
transformer

Rated current:
144 A
Short circuit
current: 3.6 kA

Rated_Current = S√
3 × V

(8.4)

Isc = Rated_Current

Z%
(8.5)

where S is the rated transformer capacity,V is the rated voltage andZ is the impedance
of the transformer.

8.5 Conclusion

In this paper, we have proposed the design of the distributed algorithm for the service
restoration in secondary distribution networks. Four agents have been designed to
support the service restoration process, namely control agent, grid agent, load agent
and switch agent. Realization of the service restoration process requires the installa-
tion of smart meters and smart switches across the secondary distribution network.
Proposed changes for the network topology have also been highlighted. Integration of
the renewable energy resources to the secondary distribution network is also crucial
for increased capacity. The future work will be the implementation of the designed
distributed algorithm for service restoration considering the integration of renewable
energy sources.
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Chapter 9
Packet-Level and Physical-Level
Cross-Technology Communications:
A Brief Introduction

Liwen Qiu, Qinglin Zhao, Lianbo Zhang, Shumin Yao, Jing Zhao,
and Li Feng

Abstract In the Internet of things, cross-technology communication (CTC) enables
direct communication between heterogeneous devices without a gateway. CTC is
receiving growing attention, because it can significantly reduce the hardware cost and
the complexity of network deployment for communication between heterogeneous
devices, as well as improve the network performance. At present, there are two
types of CTC techniques, namely packet-level CTC and physical-level CTC. In this
paper, we first provide an overview of the two types of techniques. Then, we detail the
packet-level CTCvia two typical protocols: Freebee andZigFi, and the physical-level
CTC via a typical protocol: WeBee. Finally, we compare the two CTC techniques in
terms of hardware cost, communication direction, throughput, spectrum efficiency,
and parallelism.

9.1 Introduction

In recent years, the extensive application of the Internet of things (IoT) has led to
the widespread deployment of dense heterogeneous networks (e.g., Wi-Fi, ZigBee,
and Bluetooth). In this scenario, since the devices use the same SIM band, inter-
device interference is becoming more and more serious. But it also provides an
opportunity for communication between the devices with different protocols. Recent
research shows that cross-technology communication (CTC) has many benefits such
as reducing hardware overhead, reducing the complexity of network deployment, and
improving network performance. Traditionally, we use a gateway to build communi-
cation among heterogeneous devices by converting the protocols in high layer. How-
ever, this will introduce additional hardware overhead, increase network deployment
complexity, and decrease network performance. In addition, if heterogeneous devices
want to communicate with each other, we need to deploy gateways in advance. To
overcome these drawbacks, some researchers propose packet-level CTC technique
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which utilizes some features like packet energy, packet interval, and packet dura-
tion to transmit information to other heterogeneous devices. For example in [1], a
sender transmits a sequence of Wi-Fi packets by shifting the beacon frame position
to emulate symbol message. These packets can be decoded by the ZigBee receiver
through sensing the energy of emulated signal. In [2], the transmitter encodes CTC
bits by mapping them to a unique packet duration which is different from the nor-
mal communication packet length. In [3], the sender will encode CTC bits in two
different packet energy levels to transmit CTC information. Packet-level CTC only
can carry limited bits in one packet and therefore obtain limited system throughput.
Because of its low throughput, it is not suitable for deployment in high-speed and
dense networks.

In recent years, some researchers proposed physical-level CTC techniques which
embed CTC bits in the payload to communicate among heterogeneous devices by
emulating the signal of heterogeneous devices. The receiver will consider the emu-
lated signals as a legal signal and demodulate it correctly. For example, in [4], the
Wi-Fi sender will emulate ZigBee signals by selecting payload bit pattern carefully.
ZigBee receiver cannot identify the difference between the emulated signals and nor-
mal ZigBee signals. Since a packet can transmit thousands of bits, the physical-level
CTC can achieve high throughput.

In this survey paper, we focus on packet-level CTC and physical-level CTC tech-
niques. And we also consider some common features like cost, communication
direction, throughput, data rate, spectrum efficiency, and parallelism.

The rest of the paper is organized as follows. First, we introduce two packet-
level CTC techniques named FreeBee and ZigFi, respectively, in Sect. 9.2. Next,
we present one representative physical-level CTC WeBee in Sect. 9.3. Finally, we
summarize the common features of these two kinds of CTC in Sect. 9.4.

9.2 Packet-Level CTC

In this section, we introduce FreeBee and ZigFi in details. FreeBee realizes com-
munication from Wi-Fi to ZigBee by utilizing the beacon position to encode CTC
bits. ZigFi can make ZigBee communicate to Wi-Fi through different CSI in Wi-Fi
packet.

9.2.1 FreeBee

FreeBee modulates the messages by shifting beacon position which is different from
normal beacon position in wireless standard to encode CTC bits. In Fig. 9.1, we
consider a standard beacon position is at t position where the modulating range of
beacon interval is t. According to FreeBee, we shift the beacon from its standard
position to another position that in the range of [−T/2, T/2] to show the symbol is
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Timet (standard position)

T

Fig. 9.1 The beacon position

encoded. As we know, the number of bits that can be embedded is determined by the
shift unit �. According to the 802.11 standard, we can set the shift unit as 1.024 ms.
And the range of intervals is equal to 100�. So the beacon shift can express 6 bits.
If we want to transmit 0 bit and 1 bit, we set t − 2� as 0 bit and t − 2� as 1 bit.
To promise the realizable of communication, FreeBee needs to retransmit the same
beacon pattern many times which is depended on the channel noise.

Because of the incompatible physical protocol between Wi-Fi and ZigBee, the
ZigBee receiver needs to adopt a folding algorithm to get the beacon position from
collected RSSI samples. Next, we need to compare the collected beacon position
with the standard beacon position. If it is in front of the standard beacon position,
we decode it into 1 bit, otherwise, we decode it as 0 bit.

9.2.2 ZigFi

In [5], ZigFi realizes ZigBee communicates to Wi-Fi by different channel state
information (CSI) values to encode CTC bits with 1 or 0. At the receiver, it pro-
posed a receiver-initiated protocol which translates the decoding problem into CSI
classification problem with support vector machine (SVM).

As shown in Fig. 9.2, when the Wi-Fi sender is transmitting Wi-Fi packets, we
control the ZigBee packet to overlap with the Wi-Fi packet. It will make different
CSI value that is overlapped by ZigBee packet from normal CSI value. We set the
interfered CSI as 0 bit and the non-interfered CSI as 1 bit. As we can see in Fig. 9.2,
the packet length will interfere the CTC communication. If the ZigBee packet is too
short, the collision probability of ZigBee and Wi-Fi is low and the variation of CSI
value is so small that the receiver cannot identify the overlapped CSI from normal
CSI.

TDZ > 2TDW + TIW (9.1)

Wi-Fi packet length and ZigBee packet length must satisfy Eq. (9.1) to ensure
discriminative CSI value. Where TDZ is the transmission time of the ZigBee packet.
TDW is the transmission time of the Wi-Fi packet and TIW is the transmission interval
between two adjacent Wi-Fi packets.
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ZigBee TX

WiFi TX

WiFi RX

1 0 1

CSI sample not interfered by ZigBee CSI sample interfered by ZigBee

Fig. 9.2 Illustration of ZigFi

The Wi-Fi receiver will receive Wi-Fi packets and collect CSI values in each
packet. Then, CSI classifier will classify CSI values by trained SVM classifiers.
Next, the receiver demodulates the CSI values into 1 bit or 0 bit according to the
decoding rule.

9.3 Physical-Level CTC

In this section, we introduce a representative physical-level CTC named WeBee in
details. Because of the low throughput of packet-level CTC, the researcher pro-
posed physical-level CTC to greatly improve throughput. WeBee makes Wi-Fi
communicate to ZigBee by emulating ZigBee signals in Wi-Fi device.

As shows in Fig. 9.3, Wi-Fi sender will embed the ZigBee message in the payload
portion and send emulated ZigBee signals to the receiver. ZigBee receiver considers

ZigBee DeviceWiFi Device

CTC

WiFi Frame

Emulated ZigBee Signals

Ignore

ZigBee Preamble 
Detection

ZigBee 
Demodulation

Fig. 9.3 Process of WeBee
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the emulated signal as a normal ZigBee signal and ignores the Wi-Fi header and
trailer. If the receiver detects the ZigBee preamble, it will demodulate emulated
ZigBee signals.

However, we need to modify some Wi-Fi processes to emulate ZigBee signal
perfectly. The sender sends an emulated ZigBee signal followed by follow steps.
First, get the constellation points of the emulated ZigBee signal by reversing the Wi-
Fi transmission procedure. Then, we quantify constellation points of the emulated
ZigBee signal into predefined points according to the minimum Euclidean distance.
Since the pilot signal affects the emulated ZigBee signal, we need to carefully select
the transmitter central frequency to avoid overlapping the pilot frequency position
with the emulated ZigBee signal frequency range. Because of the interfered by cyclic
prefix (CP) which only exists in Wi-Fi transmission process, the sender will flip the
packet header and trailer to reduce error. Finally, Wi-Fi sender sends the emulated
signals.

When the ZigBee receiver detects the preamble of emulated ZigBee signal, it
first converts the analog signal into the digital signal. Then, the receiver will get the
phrase shift according to ar tan(s(n) ∗ s ∗ (n − 1)). ZigBee outputs the chip value
“1” if the phase shift is bigger than 0 and otherwise outputs the chip value “0”. After
collecting 32 chips, the receiver will map these chips into four bits symbol according
to the predefined symbol-to-chips table.

9.4 Conclusion

In this section, we compare three CTC techniques in Table 9.1.
From Table 9.1, CTC realizes direct communication among heterogeneous

devices without a gateway. So it has a low-cost feature. The physical-level CTC
can transmit more bits than the packet-level CTC depending on the number of bits
transmitted by a single packet. So the former has the characteristics of high through-
put. Because the Wi-Fi band is larger than the ZigBee band, WeBee can embed
two different CTC messages at different Wi-Fi frequencies. WeBee has higher spec-
trum utilization than the other two packet-level CTC techniques and supports parallel

Table 9.1 Comparison of three CTC techniques

Cost Communication
direction

Throughput Spectrum
efficiency

Data
rate

Parallelism

Packet
layer
CTC

FreeBee Low Wi-Fi to
ZigBee

Low Medium Low Not
support

ZigFi Low ZigBee to
Wi-Fi

Low Low Low Not
support

Physical
layer
CTC

WeBee Low Wi-Fi to
ZigBee

High High High Support
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CTC. Compared with ZigFi that can only transmit one bit in one packet, FreeBee can
transmit more bits in one packet. In addition, FreeBee has higher spectrum efficiency
than ZigFi.
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Chapter 10
Smart Traffic Navigation System (STNS)
to Reduce Travel Time by Integrating
Signals from Navigation and Traffic
Systems

S. Sripranav, Akshay Ravi, K. Gautham, and R. Leela Velusamy

Abstract The status quo in navigation systems is to use real-time traffic detection
to determine congestion-free paths and routes vehicles accordingly. However, such a
service does not communicate with the traffic signals to regulate the traffic flow. As
a result, there is a potential for reducing travel time that is not being leveraged. If the
navigation systemand the traffic systemcould communicate andwere part of the same
feedback loop, traffic systems can take decisions based on the destinations of vehicles
queued. Furthermore, traffic signals can detect when certain roads are blocked with
vehicles, and prioritize clearing of the blocked roads. Yet another benefit of such a
system is that ambulances and government vehicles can be given a higher priority.
In this paper, such a feedback loop is implemented on a custom-built simulator to
analyze if the average travel time of all the vehicles reduces in the system under
various traffic conditions.

10.1 Introduction

In the current society, the quick transport is one of the basic needs. With increase
in population, the number of automobiles will increase faster than transportation
infrastructure due to which traffic congestion will become a pressing issue.
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Most of the past studies were based on prediction of traffic flows [1–3]. These
models would be effective in handling recurring traffic congestions, but would fail
in the case of congestions caused due to unprecedented events. Therefore, compared
to solutions based on prediction models, solutions which route traffic dynamically
would be better [4–6].

The most advanced solutions use satellite feedback to identify congested roads
in the city. This information is then used to control traffic signals in real time. This
approach has the potential to be much more effective. If it is possible for the traffic
signal to know the vehicle’s position and destination, then the traffic management
system could ensure that the vehicle reaches its destination in the least possible time
as it has both the congestion information and the destination information. Certain
vehicles such as ambulances and fire engines could also be given a higher priority
so that they can reach their destination quickly. These are the features that have been
incorporated in the proposed model.

The proposed model (STNS) aims to decrease the average travel time of the entire
grid network. In order to effectively remove congestion at every junction, the lane
with the highest idle time at a particular junction would be given a green light. Using
concepts from Internet of things, the real-time data from the traffic system is used
for decision making.

10.2 Related Work

The existing literature on traffic management is given in Table10.1. As can be
observed from Table 10.1, the solution suggested in “Large-Scale Traffic Congestion
Prediction Based on the Symmetric Extreme Learning Machine Cluster Fast Learn-
ing Method” [1], “A Hybrid Method for Short-Term Traffic Congestion Forecasting
UsingGeneticAlgorithms andCross Entropy” [2] and “AnUrbanTraffic FlowModel
integrating Neural Networks” [3] only predict congestion but do not take the neces-
sary steps to avoid it. Moreover, there could be unpredictable congestion scenarios
that are not detected.

The solution suggested in “Shortest ProcessingTimeScheduling toReduceTraffic
Congestion in Dense Urban Areas” [4] does focus on reducing congestion in an area
but it does not take an added effort to reduce travel time by considering navigation.
Although, the solution proposed in “On a Hopfield Net Arising in the Modeling and
Control of Oversaturated Signalized Intersections” [5] which uses Hopfield neural
network is highly optimized, it has been implemented only with two light phases
and tries to reduce travel time only by reducing parameters like waiting time and
not through navigation itself. Lastly, even though the solution proposed in “Deep
Learning System for Vehicular Re-Routing and Congestion Avoidance” [6] reduces
congestion and focuses on re-routing the vehicles, it requires probe cars at all points
of time to get information on congestion.
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Table 10.1 Existing solutions

Paper title Concepts Problems solved Advantages Limitations

Large-Scale
Traffic
Congestion
Prediction Based
on the Symmetric
Extreme Learning
Machine Cluster
Fast Learning
Method [1]
(2019)

S-ELM-cluster
fast learning
methodology

Large-scale
traffic congestion
data learning

Accuracy over
smaller subsets,
high training
speed

Predicts
congestions but
does not help to
avoid it

A Hybrid Method
for Short-Term
Traffic
Congestion
Forecasting
Using Genetic
Algorithms and
Cross Entropy [2]
(2016)

Genetic algorithm
(GA) and Cross
entropy (CE)

Predicts
congestion for
specific time
horizons

Optimizes the
hierarchical
rule-based
systems further

Predicts
congestions but
does not help to
avoid it

An Urban Traffic
Flow Model
integrating
Neural Networks
[3] (1997)

Neural networks Prediction of
traffic flow

Good accuracy Predicts
congestions but
does not help to
avoid it

Shortest
Processing Time
Scheduling to
Reduce Traffic
Congestion in
Dense Urban
Areas [4] (2017)

MDDF and
MADDF

Traffic congestion
in dense urban
areas

Reduce the traffic
congestion at
intersections by
up to 80%

Reduces
congestion but
not travel time

On a Hopfield
Net Arising in the
Modeling and
Control of
Oversaturated
Signalized
Intersections [5]
(1999)

Hopfield neural
network (RNN)

Dynamic control
of oversaturated
signalized
intersections

Highly optimized
and fast
computation

Considers only
two light phases

Deep Learning
System for
Vehicular
Re-Routing and
Congestion
Avoidance [6]
(2019)

Alternate routes
are generated
using EBkSP
algorithm

Detect congested
areas and redirect
vehicles

Inexpensive, easy
to implement and
no new
infrastructure

Requires vehicles
acting as probe
cars at all points
of time
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Fig. 10.1 STNS simulator flow diagram

10.3 Design of the Proposed Model

An infrastructure has to be designed to allow the vehicles and traffic signals to
interact with each other. The goal of this infrastructure is to minimize the latency
in communication between the vehicles and traffic signals. There are two possible
architectureswhen designing such a system.One is a typical client-servermodel and
the other is a decentralized system, with peer-to-peer communication, processing
will be split among all the nodes of this decentralized network.

While the client-server model may seem simpler to implement, and more enticing
from a cost perspective, there are plenty of disadvantages in this model such as high
latency and the risk of single point of failure. For this reason, the decentralizedmodel,
despite its increased cost of implementation, is preferred. Keeping this in mind, each
vehicle and each traffic signal will be processing the set of properties mentioned in
Fig. 10.1, according to the algorithm of the STNS model. The data can be stored
and processed on the cloud so that the traffic signal itself would require minimum
infrastructure.

The evaluation metric used to analyze the performance of STNS is the average
travel time where

Average Travel Time =
∑

Travel Time ∀ vehicles

Total Number of vehicles
(10.1)

Travel Time = (Vehicle destination reached time) − (Vehicle start time) (10.2)
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10.4 Experimental Setup

The proposed model was tested for various test cases in order to measure the average
travel time for all the vehicles in the system using a simulator with a grid layout con-
sisting of six traffic junctions, each with four roads leading to and away from it. The
grid layout was chosen to simulate the downtown metropolitan areas, thus widening
the scope for which this proposed model can be implemented. For simplicity’s sake,
each road consists of a single lane.

10.5 Implementation

The two models incorporated in the simulator were the vehicle and the traffic signal.

10.5.1 Vehicle

Each vehicle maintains the following major properties:

1. nextTurn: This determines which direction the vehicle should travel to reach its
destination as quickly as possible.

2. idleTime: Maintains the time the vehicle has spent waiting at traffic signals. This
data is used by each traffic signal to assign priorities to its four edges. (Vehicles
that have been idle longer are given higher priority)

3. isPriority: A simple Boolean that tells the traffic signals if the vehicle is a priority
vehicle (like an ambulance/police vehicle) or a regular vehicle.

4. startTime, endTime: This is set when the vehicle reaches its destination and is
used to determine the average travel time of all vehicles in order to tabulate the
results of this proposed model against the existing timed signal model.

The navigation system determines the direction the vehicle should turn at the next
traffic signal in order to reach its destination as quickly as possible. This navigation
system uses Dijkstra’s algorithm to do so.

The city’s roads are converted into a graph representation, where each road is an
edge, and the traffic junctions are nodes. Since Dijkstra’s is a relatively expensive
algorithm, this functionality is called only when it has to be, i.e., when a vehicle
reaches the end of the road must know which direction it should turn.

Time Complexity = O(E log V ) (10.3)

E number of edges (roads),
V number of vertices (traffic junctions + endpoints).

Dijkstra’s algorithm also requires a weight to be assigned to each edge. In order
to find the quickest path to the destination, this weight has to take into account two
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factors—the length of the road and the traffic on the road. To account for both of
these factors, the weight of an edge is defined as

Weight = a + (b ∗ number Of Vehicles On Road) (10.4)

a constant accounting for the length of the road,
b constant accounting for the number of vehicles on the road.

A collision proof move function that enables the vehicle to move to the end of the
road or until it detects a vehicle in front of it as shown in Algorithm 1.

A function that is called when the vehicle’s next turn matches the direction the
traffic signal indicates. This enables the vehicle to make a collision proof turn to the
next road.

10.5.2 Traffic Signal

Each traffic signal consists of the following major properties:

1. edges: An array of the four edges surrounding the signal. Each edge contains a
list of all the vehicles on it. This gives the traffic signal a view of the vehicles on
all of its sides, where each vehicle needs to go, as well as the idleTime of each
vehicle (how long each vehicle has been waiting at traffic signals).

2. priorityOrder: A property that defines what priority each of the four edges sur-
rounding the traffic signal has with respect to each other. For example, if any
of the edges contains a priority vehicle, that edge is automatically assigned the
highest priority.
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Table 10.2 Traffic states

North East South West

Straight Stop Straight Stop

Straight Stop Left Left

Left Left Straight Stop

Left Right Left Stop

Left Stop Left Right

Left Straight Stop Left

Left Left Left Left

Right Left Stop Left

Stop Left Left Straight

Stop Left Right Left

Stop Straight Stop Straight

Now that the each traffic signal has access to the state of the vehicles on its
surrounding edges, it uses this data to determine which side gets a green light.

Each traffic signal assigns a priority order to its four surrounding edges based on
each edge’s Total Idle Time:

Total Idle Time = � Idle Time ∀ vehicles on that edge (10.5)

The priorities are assigned in ascending order of total idle time, i.e., an edge with
a higher total idle time will have a higher priority.

There are two exceptions to the above explained priority order assignmentmethod,
wherein a road is automatically assigned the highest priority:

1. Blocked Roads: If any road is entirely filled with vehicles such that no new
vehicle will be able to turn onto this road

2. Priority Vehicles: If any road consists of a priority vehicle.

Note: Roads with priority vehicles are given preference over blocked roads.
Now that a priority order has been assigned, the traffic signal has to assign lights

to each of its four sides. Table10.2 gives all possible turn directions for vehicles in
each edge. These are all the state combinations that are possible such that no collision
occurs in the traffic junction. The traffic signal will determine which of these states
to use based on the priority order as shown in Algorithm 2.

With the change in the traffic signal’s operation algorithm, a starvation could occur
where any single edge does not get a green light for an extended period of time. This
problem was eliminated by using idle time as a measure of priority. The longer a
vehicle waits at a signal, the more its idle time increases and so does its priority and
its chance of getting a green light.
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10.6 Experiments and Results

Experiments were run on the simulator that was built. In order to test the potential
benefits of the STNSmodel, the results of the evaluation metric (average travel time)
was compared to that of a timed signal model that has a predetermined time assigned
to each edge.

10.6.1 Test Cases

The cases mentioned below are tested multiple times and the average time taken for
all the tries is considered. The results were plotted against the same situation, with a
timed signal model and are shown in Tables10.3 and 10.4.

• Shortest Distance: This is a study of the time required for a vehicle to travel from
a source to its closest destination.

• Longest Distance: This is a study of the time required for a vehicle to travel from
a source to its furthest destination.

• All sources to all destinations: This is a test meant to replicate a real life scenario
where amultitude of vehicles are on the streets, each heading to its own destination.

• Congestion Case: This is a test which concentrates traffic around one signal, to
test how the proposedmodel deals with a situationwhere there are vehicles waiting
on all sides.

• Priority Analysis: In this test, preference was given to priority vehicles such as
ambulances, to see how much faster they could reach their destinations when the
roads were congested. In Fig. 10.2, the blue vehicle is a priority vehicle.
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Table 10.3 Test cases results

Test case Average travel time (s)

Timed signal (s) Proposed model (s)

Shortest distance 9.182 6.709

Longest distance 28.822 22.781

All sources to all destinations 27.502 22.004

Congestion case 25.364 22.921

Table 10.4 Priority vehicle result

Travel time of priority vehicle (s)

Timed signal (s) Proposed model (s)

25.697 14.01

Fig. 10.2 Priority vehicle simulation

10.6.2 Test System Specifications

The experiments are performed on a Lenovo G50, which uses an Intel Core i7 pro-
cessor with a 2.0GHz clock speed and 8 GB of DDR3 main memory. The graphics
card used is a 2 GB AMD Radeon Card.
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Table 10.5 Travel time improvement

Test case Travel time improvement (%)

Shortest distance 26.93

Longest distance 20.95

All sources to all destinations 19.99

Congestion case 9.63

Priority vehicle 45.48

10.6.3 Results

• Average Travel Time Test Cases: A comparison of the average travel times for
all test cases between the existing timed signal model and the proposed model can
be observed in Table10.3. It can be inferred that the average travel time of vehicles
is lesser when using STNS compared to the timed signal model.

• Priority Vehicle Observation: The test was run and the average result is tabulated
in Table10.4. In this case, the evaluation metric is the travel time of the priority
vehicle. From Table10.4, it can be seen that the STNS model performs very well
in the case of priority vehicles when compared to the conventional timed signal
modal.

• Travel Time Improvement: Finally, the travel time improvement of all test cases
was calculated and tabulated in Table10.5 using Formula 10.6. From Table10.5,
it can be inferred that in the crucial cases where there is a congestion, the STNS
model results in a roughly 10% improvement in the average travel time when
compared to the timed signal model, and in the case of clearing the road for a
priority vehicle, the average travel time improvement is 45% when compared to
the conventional model.

Travel Time Improvement = Timed Signal Time − STNS Model Time

Timed Signal Time
∗ 100

(10.6)

10.7 Conclusion

In the STNSmodel that has been proposed, the traffic signals and navigation systems
are a part of the same feedback loop, thus communicating to each other in order to
reduce the average travel time of vehicles. The current implementation is limited
to grid systems in downtown metropolitan areas and will face issues if it has to be
implemented for any other road systems. Also, the fact that the STNS model has
been proposed only for single lane roads is another limitation.
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Currently, only the average travel time is beingmeasured. An additional data point
that can be analyzed in the future is the variance of the travel time, to see how the
proposed model distributes travel time among all the cars. Also, while the proposed
system proves effective in a small city consisting of six traffic junctions, future work
could include increasing the size of the city to get a better understanding of how this
system will perform with respect to scalability.
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Chapter 11
Selective Sensor Control via Cauchy
Schwarz Divergence

Nida Ishtiaq, Sabita Panicker, Amirali K. Gostar, Alireza Bab-Hadiashar,
and Reza Hoseinnezhad

Abstract A novel information theoretic objective function is introduced for optimal
control of sensors in multi-object systems (e.g., multi-target tracking solutions) in
which the sensors need to be controlled toward acquiring the most accurate measure-
ments relative to a selected subset of objects (not all of them). This is continuation of
our previous works where we tackled the same problem by devising task-driven cost
functions to be optimized within the sensor control solution. In this paper, a novel
objective function is presented. It is formulated using an information divergence that
presents the difference in information contents between prior density and posterior
density. Numerical experiments are presented for a multi-target tracking application.
The tracking results show the proposed method adequately works in principle, and
the tracking MSE error for the targets of interest is similar or better than the state of
art in most of the times.

11.1 Introduction

In multi-object multisensor tracking scenarios, sensor control (SC) solutions are
commonly used to control sensor(s)with the objective of gaining themost informative
measurements for the purpose of object state estimation and tracking [1–4]. The
common approaches for defining themost informativemeasurement are information-
driven methods and task-driven methods. In the former approach, the difference in
the information content of the prior and posterior is considered to measure the utility
of the received measurement/information. This difference is usually measured by an
information divergence function such as Cauchy-Schwarz (CSD), Kullback-Leibler
(KLD) or Rényi divergence [5–7].

An alternative approach is using task-driven objective functions. Here, the
expected state estimation or tracking error is taken as a cost function and minimized
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via choosing the right control action for the sensor(s). Examples of task-driven objec-
tive functions are: estimated object cardinality variance [7] and “posterior expected
error of cardinality and states” (PEECS) [8, 9].

Apart from the above-mentioned approaches, a new family of methods has
emerged that depends on the purpose of tracking [2]. The common sensor con-
trol solutions are designed for improved tracking of all targets regardless of their
identity. The aim of the new method, selective sensor control, is just better tracking
of specific targets. Consequently, the goodness of measurements received by sensors
is defined in terms of how accurately the targets of interest (ToIs) are being tracked.

A natural framework for SC implementation is “partially observed Markov deci-
sion processes” (POMDPs). POMDP framework for systems with one sensor is
described in [10, 11]. These solutions have employed “random finite set” (RFS)
theory [12] to find a solution for the SC problem. The idea of RFS theory is to
model each object state and each measurement returned by a sensor as an RFS. Using
RFS framework, various multi-target tracking solutions have been developed. Some
examples of these solutions are included but not limited to “probability hypothesis
density (PHD)” [13], “cardinalized probability hypothesis density (CPHD)” [14],
“multi-Bernoulli” filters [13, 15], and “labeled RFS filters” [12, 16].

This paper proposes a SC solution via formulating a novel objective function
that follows the information-driven methodology to tackle the selective SC prob-
lem. The proposed objective function is based on Cauchy-Schwarz divergence (CS-
Divergence) [17]. We formulate and utilize this objective function in a labeled RFS-
based multi-object system (MOS) within an “labeled multi-Bernoulli (Labeled-MB)”
filter. In a challenging scenario, the tracking performance of our approach is also
evaluated.

11.2 Background and Problem Statement

11.2.1 Sensor Control Framework

In this work, the problem of SC is formulated based on the “partially observed
Markov decision process” (POMDP) framework. The POMDP framework is suitable
for sensormovement planningwhich is based on a series of action commands.Within
this approach, the action command that maximizes/minimizes a reward/cost function
is defined to be the optimal one.

In POMDP framework, the true states are not accessible. Thus, measurements are
used and they contain clutter and miss-detection. Commonly POMDP formulation is
defined by:

ω = {Xk,U, fk|k−1(xk |xk−1), Zk, gk(z|x),ϑ(π+, u,π)}. (11.1)
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Table 11.1 Variable description in Eq. (11.1)

Variable Description

Xk The set of single-object states

U The space of all admissible sensor actions

fk|k−1(xk |xk−1) State transition density for a single-object

Zk A set of point measurements

gk(z|x) Likelihood function

ϑ(π+, u,π) Objective (cost or reward) function

The variables in Eq. (11.1) are defined in Table11.1. For each sensor command
u ∈ U applied, a reward/cost is returned by the objective function.

The objective of SC solution is to find the sensor action u∗ that optimizes
ϑ(π+, u,π). An information theoretic objective function is the divergence from time-
updated multi-object density to the posterior. Let us denote the time-updated and
measurement-updated multi-object densities by π+ and π, respectively. Also, � at
time k depends on the measurements at time k|k + 1 which are the function of the
applied sensor command. The sensor command u∗ is chosen such that the expectation
of the objective function is maximized over all future measurements.

u∗ = argmaxu∈U
{
EZk

[
ϑ(π+, u,π)

] }
. (11.2)

11.2.2 Labeled MB Filter

A review of notation and formulation of the “labeled-MB filter” [16] is presented in
this section.

11.2.3 Notation

In this paper, the following notation has been used:

Notation Description Example
Lower-case A single-object state x , x
Upper-case A multi-object state X , X
Bold A labeled state x, X
Blackboard bold A space X, L, C

In addition,F(X) denotes the ensemble of all finite subsets ofX. The standard “inner
product” is denoted by
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〈u, v〉 �
∫

u(x)v(x)dx,

and “generalized Kronecker delta” is defined as

δY (X) �
{
1, if X = Y
0. otherwise

Finally, the “inclusion function” is shown by

1Y (X) �
{
1, if X ⊆ Y
0, otherwise

.

11.2.4 Labeled-MB RFS

A “labeled multi-Bernoulli (Labeled-MB)” RFS is completely described by its com-
ponents: π = {(r (�), p(�)) : � ∈ L}. The parameter � denotes an object label in the
spaceL. Each object label� exists with a probability of r (�) and its state is distributed
according to the density p(�)(·). The multi-object density of an Labeled-MB RFS is
derived by Reuter et al. [16] as follows:

π(X) = Δ(X)w(L(X)) [p]X , (11.3)

where

p(x,�) = p(�)(x) (11.4)

w(L) =
∏
i∈L

(
1 − r (i)

) ∏
�∈L

1L(�)r (�)

(1 − r (�))
(11.5)

Note that:

pX �
∏

x∈X p(x)
L : X×L → F(L) is the label function that returns all the object labels in a set.

11.2.5 Labeled-MB Filter

The labeled-MB filter is a Bayesian filter with a prediction and an update step. It
propagates an Labeled-MB RFS as prior through those steps and returns an Labeled-MB

RFS as posterior. Assume that the Labeled-MB prior at time step k − 1, is:

π−(X) = Δ(X)w−(L(X))
[
p−

]X
. (11.6)
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where

w−(L) =
∏
i∈L−

(
1 − r (i)

−
) ∏

�∈L

1L−(�)r (�)
−

1 − r (�)
−

, (11.7)

p−(x,�) = p(�)
− (x). (11.8)

Note that in above equations, the space of labels at time k − 1 is denoted by L−. The
time-updated multi-object density is:

w+(L) =
∏
i∈L+

(
1 − r (i)

+
) ∏

�∈L

1L+(�)r (�)
+

1 − r (�)
+

, (11.9)

p+(x,�) = p(�)
+ (x), (11.10)

with the time-updated existence probability r (�)
+ and spatial density p(�)

+ (·)). Note
that the time-updated Labeled-MB includes a birth process modeled which is a Labeled-

MB with following parameters:
(
r�B
B , p�B

B (·)
)

�B∈B
. The time-updated space of labels

is given by L+ = L− ∪ B. Given the time-updated Labeled-MB multi-object density,
the measurement-updated multi-object posterior is given by

π(·|Z) = {(r (�), p(�)(·) : � ∈ Lk} (11.11)

where Z denotes the measurement set acquired by the sensor(s). Note that the space
of measurement-updated labels is the same as the space of time-updated labels. The
measurement-updated parameters are computed according to equations given in [16].

11.3 Selective Sensor Control via CS-Divergence

Assume that LToI is the space of labels of targets of interest (ToI), then the time-
updated labeled-MB density is:

{(r (�)
+ , p(�)

+ (·))}�∈L+

where the space of all object labels is denoted by L+. Figure 11.1 demonstrates the
general operation of SC solution implemented in POMDP framework. The procedure
of the solution is as follows:

• Multi-object state is estimated via the time-updated density,
• For each sensor action ui ∈ U a “predicted ideal measurement set (PIMS)” [18] is
calculated for only for target of interests,
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Fig. 11.1 Generalized block
diagram for a multi-SC
application

• For each sensor action a pseudo-update is computed. Note that in this step, the
PIMS is used as measurement,

• The objective function is computed and optimized, leading to the best sensor action
u∗.

In this paper, we employ an analytical form of the CS-divergence for time-updated
and measurement-updated Labeled-MB posteriors to compute the objective function.
Note that the first moment of a multi-object density determines the intensity func-
tion of the “best” Poisson process approximation to that multi-object density, where
the “best” approximation means the one that returns the smallest Kullback-Leibler
divergence between the original density and the approximate [13].
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We approximate the time-updated and measurement-updated posterior of the
Labeled-MB density, computed in Labeled-MB filter [16], by their first moments. Using
this approximation, the CS-divergence between the time-updated and measurement-
updated Labeled-MB posterior could be derived analytically.

11.3.1 CS-Divergence

TheCS-divergence for two random vectors with probability densities u and v is given
by [19]:

DCS(u, v) = − ln
〈u, v〉

‖u‖ ‖v‖ . (11.12)

In general, the computation of the CS-divergence, using Eq. (11.12), for two labeled-
MB density does not accept any closed-form and needs expensive numerical approx-
imation. However, for Poisson point processes (PPP) it accepts the closed-form for-
mulation. Hoang et al. [17] showed that the CS-divergence for two PPP is half the
squared distance between their intensity functions. Indeed, if π+(·) and πk(·) are
densities of two Poisson RFSs with intensity functions D+(·) and Dk(·), then their
CSD is given by

DCS(π+,π) = K

2

∫

x∈X
‖D+(x) − D(x)‖2 dx . (11.13)

Suppose that in the time-updated Labeled-MB density each p(�)
+ (·) is approximated

by a set of particles:

p(�)
+ (x) =

J (�)∑
j=1

w
(�)
+, jδ(x − x (�)

+, j ).

Similarly, the pseudo-measurement-updated Labeled-MB density (derived by running
the update step using PIMS measurements for each hypothesized action command
u ∈ U) is also represented by:

p(�)(x; u) =
J (�)∑
j=1

w
(�)
j (u)δ(x − x (�)

+, j ).

Note that through the update step, the particles themselves do not change but their
weights are actually measurement-updated and the pseudo-measurement-updated
weights w

(�)
j (u) depend on the chosen action command, u.

The PHDs of the time-updated and pseudo-measurement-updated Labeled-MB den-
sities are then given by:
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DCS(π+,π) =
∑
�∈L

J (�)∑
j=1

r (�)
+ w

(�)
+, jδ(x − x (�)

+, j ), (11.14)

and,

D(x) =
∑
�∈L

J (�)∑
j=1

r (�)(u)w
(�)
j (u)δ(x − x (�)

+, j ). (11.15)

Substituting the above in Eq. (11.13) leads to the following divergence between
the prior and pseudo-posterior multi-object densities:

DCS(π+(·),π(·; u)) = K/2 ×
∑
�∈L

J (�)∑
j=1

[
r (�)
+ w

(�)
+, j − r (�)(u)w

(�)
j (u)

]2
. (11.16)

For selective SC, we choose the above divergence as the reward function, but
computed only over the labels of the targets of interest, denoted by LToI . Thus, the
following objective function is used in Eq. (11.2) to find the right sensor action:

EZ
[
ϑ(π+, u,π)

]
�

∑
�∈LToI

J (�)∑
j=1

[
r (�)
+ w

(�)
+, j − r (�)(u)w

(�)
j (u)

]2
. (11.17)

11.4 Numerical Results

In the simulation conducted for the verification of the proposed method, four targets
are considered to maneuver along straight lines. The motion model is based on the
nearly constant velocity. The surveillance region is of set to [−400, 1000]m × [0,
1000]m. Two targets are selected as targets of interest, the labels of these targets are
2 and 3. Each target state consists of a label and its unlabeled state vector which is
comprised of the position and velocity components.

x = [px ṗx py ṗy]� (11.18)

The transition density is:

f (xk |xk−1,�) = N (xk; Fxk−1, Q) (11.19)

where F, Q are:
F = diag (A, A) Q = diag (B, B) (11.20)

in which
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A =
[
1 T
0 1

]
B = σ2

motion

[
T 3/3 T 2/2
T 2/2 T

]
. (11.21)

T is the sampling interval which is taken as 1s and the variance parameter σ2
motion

= 5 m2/s3. The birth components are considered uniform over the entire region of
surveillance and Ps = 0.99. Pd is distance dependent and is similar to Pd used in [2,
3, 9, 20] where the probability of detection increases as the distance between the
sensor and target decreases. Thus, in amulti-target tracking scenario, amoving sensor
always tries to position itself in a way to minimize the distance from all targets. The
sensor returns a range and bearing measurement for each target. Measurement noise
is modeled by multi-variate Gaussian density in which

N (·; [0 0]�, R)

where
R = diag(σ2

θ ,σ
2
r )

The noise scales for bearing and range are set as σ2
θ = π/60 rad and σ2

r =5 m2. The
false alarms have been modeled as Poisson RFSwith a constant clutter rate of λc =5.

Our experimental setup includes nine action commands for sensor movement.
Four of these commands are for horizontal and vertical sensor movements, four are
for diagonal motions and one for zero movement. The experiment was run with
hundred time steps, repeated for fifty times, i.e., fifty Monte Carlo runs of hundred
time steps each. Figure11.2 shows the result of our selective SC method. The sensor
trajectory depicts that our proposed algorithm compels the sensor to follow the ToIs,
i.e., targets 2 and 3. The sensor always stays as close as possible to these targets
ensuringminimumdistance from theToIs and acquiringmost accuratemeasurements
for detecting and tracking them.

Fig. 11.2 Sensor trajectory for CS-divergence-based SC
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The performance of our proposed CS-divergence-basedmethod is evaluated using
the mean square error (MSE) of the ToIs’ state estimates (of ToIs) averaged over 50
Monte Carlo trials. A comparison of the MSE plots of our new method and the
selective-PEECS method proposed in [2] is shown in Fig. 11.3. It can be observed
that the MSE of our proposed method is less than the state-of-art method for most
of the times.

11.5 Discussion and Conclusion

SelectiveSC is a relatively newavenue in theMOS-SCfield.Earlierworks in selective
tracking [11, 21] use task-driven approach. This paper proposes a novel information-
driven approach using an objective function based on Cauchy-Schwarz divergence,
which performs better than the task-driven method for most instances, as seen in
Fig. 11.3.

Our information theoretic reward function has the mathematical form of CS-
divergence, derived for applications where the core of the MOS is an Labeled-MB

filter. This work is an extension of our recent works on selective target tracking in
which we devised new cost functions in a task-driven approach. The main difference
is that in this work, we follow an information-driven approach.

In a challenging multi-target tracking application context, we ran 50Monte Carlo
repetitions of numerical experiments and visualized the sensor trajectories. In our
application, the detection profile improves when sensor is close to targets. Hence, the

Fig. 11.3 Mean square error (MSE) for Cauchy-Schwarz divergence and selective-PEECS-based
SC
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SC solution was expected to move the sensor in vicinity of the targets of interest. Our
observations confirmed this, and demonstrated that our solution works in principle.
Furthermore, we computed the MSE of tracking for ToIs, and compared the results
when the sensor is controlled using a recently published solution. The comparative
tracking errors show that our method outperforms the state of art in most of the times
during the numerical experiment scenario.

This work will be extended to include multi-SC and the objective function will be
reformulated to include more challenging scenarios where the sensors have limited
fields of view and the targets of interest can intermittently hide from the sensors.
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Chapter 12
Step-Factor Resampling Technique for
Imbalanced Sequence Data Classification

Iroshan Aberathne, Chamila Walgampaya, and Udara Rathnayake

Abstract The mobile ad fraud detection plays a vital role in research community
nowadays since a large sum of money is being circulated in this industry. The fraud-
sters who generate illegal revenue by executing various types of fraudulent activities
are difficult to be detected. Various researches are being conducted by academics
and industry experts to find optimum solutions to tackle these fraudulent activities.
One of the barriers they face is the class imbalance problem in the datasets. In an
imbalance dataset, the frequency of the states of the target class varies significantly.
A particular dataset which is suffered with class imbalance problem will mislead
the final results of the predictive model. The researchers have proposed a number of
methods to address this class imbalance problem. A novel technique which is com-
posed with smoothing and resampling techniques has been proposed in this study
to solve the class imbalance problem in the context of sequence data. The proposed
technique is evaluated with a hidden Markov scoring model—HMSM. The model
shows significant improvement in accuracy, recall, precision and F-score with this
novel resampling technique and smoothing approach. Moreover, the model becomes
more sensitive towards the specificity which is the key factor of any kind of fraud
detection methods.
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12.1 Introduction

Smartphones and tablets become more popular nowadays because they are smaller,
affordable and portable compared with desktops or laptops. This popularity and huge
usage of smartphones and tablets lead to dramatic increase of the mobile advertising
industry all over the world. Since a large amount of money is being circulated in this
industry, fraudsters are trying to take advantage of this ecosystem [9].

Various types of techniques and tools have been studied and implemented to
address this threat in the context of click fraud detection and prevention [1, 3]. Any
kind of dataset that is related to fraud detection including the click fraud suffers with
Class Imbalance problem [5, 7]. The class imbalance occurs when the dataset carries
only a small number of data points representing theminor class compared to themajor
class in a particular dataset [2]. Generally, a small percentage of the total number of
data points is actually fraud and the majority of the data are in the not-fraud class
which leads to an imbalance in click fraud datasets. The general machine learning
algorithms do not consider the distribution of the data and whether it is balanced
or imbalanced. In this situation, class imbalance could produce a prediction bias in
favour of the majority class [10].

In their paper, Aberathne et al. have implemented a supervised learning algorithm
called hidden Markov scoring model—HMSM to classify fraudulent clicks [1]. The
dataset which was used to evaluate the HMSM also suffers from class imbalance
problem. Thus, we are addressing this class imbalance problem and proposing a
novel solution to overcome the barriers in supervised learning algorithms which can
be used in the HMSM as well. The remainder of this paper is organized as follows. In
Sect. 12.2, we discuss related work with existing smoothing methods and resampling
techniques to address the class imbalance problem. Proposed approach to resolve the
class imbalance problem is discussed in detail under Sect. 12.3. The experimental
results of the proposed approach are available in Sect. 12.4. Conclusions are given
in Sect. 12.5.

12.2 Related Work

There is a high possibility to arise zero probabilities in sequence data for some sce-
narios due to the unseen emission-state combinations [12]. This does not imply that
occurring that event is impossible; hence, smoothing techniques can be introduced to
the model which flattering the probability distribution by giving a valid probability
without any zero values. There are various types of smoothing techniques such as
absolute discounting, Good–Turing estimation, additive smoothing, shrinkage which
can be found in the literature [4]. Studies showed that using a smoothing technique
as a pre-processing step leads to a significant improvement in the performance of the
model [6, 8]. Ojokoh et al. [12] showed the effectiveness of smoothing techniques
in hidden Markov models where Nivre [11] proposed that Good–Turing estimation
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and the additive smoothing are good techniques to use to avoid zero probabilities by
achieving efficient results for his study.

Some of the existing methods to overcome this class imbalance issue are resam-
pling, hybrid sampling, Synthetic Minority Oversampling Technique (SMOTE),
boosting, cluster-based resampling, etc. [2, 5]. Brennan [5] has investigated different
methods to overcome the class imbalance problem using two fraudulent datasets and
found that applying data methods are more successful to attain a balanced dataset
than algorithmic methods. Leevy et al. [10] also have done a survey to address class
imbalance problem in big data and showed that data sampling methods generally
give better results over algorithmic methods. Perera [13] applied different types of
methods to remove class imbalance in an online advertising dataset with fraudulent
events and proposed a novel method using ensemble learning to have better results
on training, validation and test datasets.

12.3 Methodology

The proposed approach of this study has introduced a novel methodology to solve
the class imbalance problem in a sequence data via a resampling technique and
smoothing approach. A number of parameters are being introduced to the proposed
approach as tuning parameters so that the best performing model can be identified.

12.3.1 Smoothing Technique

One of the major smoothing techniques called additive smoothing is used in this
study to upturn the zero probabilities for unseen data using ε as a tuning parameter
since it provides better estimates compared to the other methods. Here, ε is referred
to as the smoothing factor in additive smoothing. Estimated probabilities pε based
on the actual counts can be calculated as follows for each value x of a variable X in
a sample of N observations [11].

pε = (x + ε)

(N + ε ∗ Nx )
(12.1)

where Nx is the number of possible values contained in the sample space.

12.3.2 Resampling Technique

The proposed resampling technique identifies the major and minor classes from a
dataset and then calculates the optimum number of records to be converted so-called
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conversion factor-Z frommajor class in tominor class in order to balance the dataset.
The derivation of the proposed resampling technique is illustrated as follows.

Ci
major number of major class instances before resample

Ci
minor number of minor class instances before resample

C f
major number of major class instances after resample

C f
minor number of minor class instances after resample

Z number of instances to be converted from major to minor class

Ri = Ci
major

Ci
minor

(12.2)

Rf = C f
major

C f
minor

(12.3)

SinceC f
major < Ci

major andC
f
minor > Ci

minor , the relationship among the major and
minor classes before and after the resampling can be expressed with Z as shown in
Eqs. (12.4) and (12.5).

C f
major = Ci

major − Z (12.4)

C f
minor = Ci

minor + Z (12.5)

Equation (12.3) is rearranged according to Eqs. (12.4) and (12.5) as shown in
Equation(12.6).

Rf = Ci
major − Z

Ci
minor + Z

(12.6)

The formula to calculate conversion factor - Z is derived with Equations (12.2)
and (12.6).

Z =
(
Ri − Rf

Rf + 1

)
Ci
minor (12.7)

The Rf is considered as a tuning parameter to the algorithmwhere different values
from 1 to Ri − Rf = 1 are assigned to Rf so that a set of Z values can be calculated.

Once the conversion factors are calculated, the respective number of records
should be converted from major to minor class in order to overcome the class imbal-
ance problem. There should be a consistent procedure to perform this conversion.
The proposed method calculates the index distance of adjacent minor class instances
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Fig. 12.1 Index distance of minor class instances

and arrange them in three different ways called ASC, DESC andMID to perform the
conversion so that the consistency is guaranteed. The term Step-Factor is used to
refer to these minor class instances arrangement methods.

The target class of the dataset contains two states called OK and Fraud where
OK is genuine and Fraud means not genuine records [1]. The target class sequence
is arranged as a list so that the index distance of adjacent minor class instances can
be calculated. The graphical representation of this process is shown in Fig. 12.1.

The implementation of the first two step-factors is straightforward. The index
distances are arranged in ascending order in ASC and descending order in DESC
method. The index distances are arranged by the MID step-factor following a shuf-
fling mechanism. TheMID step-factor algorithm first calculates the number of index
distances available in the list. If the number of indexes is odd, the last index value
of the list is omitted and then index distance list so-called initial index distance list
is divided into two sublists named left and right index distance sub-lists. Then the
shuffling starts at the last index value of the left index distance sub-list and then first
index value of the right index distance sub-list and so on. The shuffling process of
the indexes based on the MID step-factor is illustrated in Fig. 12.2.

The algorithm performs conversion of major to minor class instance with respect
to selected step-factor. The pseudocode of the algorithm can be written as follows.

T target class sequence as a list, containing OK and Fraud labels
Ri initial balance factor, calculated by equation (12.2)

Fig. 12.2 MID step-factor index shuffling process
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Rf final balance factor as a tuning parameter
Sf one of the step-factors out of ASC, DESC and MID
Slf list of index distances based on Sf
Sif current index of respective Slf
Sv
f value of the Sif

Zc current converted count

for Rf in range(start=1, end=Ri-1, step=1):
convertedTargetInstances = majorToMinorConversion

(T ,Ri ,Rf ,Sf )

function majorToMinorConversion(T ,Ri ,Rf ,Sf ):
fraudList = filterFraudInstancesFrom T
okList = filterFraudInstancesFrom T
majorClass = "Fraud", minorClass = "OK"
if length(okList) > length(fraudList):

majorClass = "OK"
minorClass = "Fraud"

if Ri > Rf :
Z = calculated by equation(12.7)
Zc = 0
Sif = -1
while Z > Zc:

Sif += 1

Sv
f = Slf [S

i
f ]

for x in range(start=0, end=length(T), step=Sv
f ):

if Z == Zc:
break

if T [x] == majorClass:
T [x] = minorClass
Zc += 1

return T

12.4 Experimental Results

Proposed performance enhancement techniques called smoothing factor and resam-
pling were applied to 20 different datasets with HMSM algorithm [1]. The experi-
mental results show significant improvement of all the performance measures with
respect to both techniques.
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Table 12.1 Model performance with smoothing factor

Dataset Factor Acurracy Recall Precision Specificity F-Score

μ σ μ σ μ σ μ σ μ σ

3000 0 0.82 0.06 0.83 0.06 0.96 0.02 0.53 0.40 0.90 0.03

0.06 0.84 0.05 0.85 0.06 0.98 0.02 0.58 0.39 0.91 0.03
0.09 0.82 0.08 0.84 0.06 0.98 0.02 0.58 0.39 0.90 0.04

5000 0 0.84 0.05 0.85 0.05 0.99 0.01 0.79 0.23 0.91 0.03

0.06 0.88 0.04 0.88 0.04 0.99 0.01 0.82 0.26 0.93 0.02
0.09 0.87 0.04 0.87 0.04 0.99 0.01 0.82 0.26 0.93 0.02

8000 0 0.80 0.08 0.80 0.08 0.96 0.03 0.61 0.50 0.87 0.05

0.06 0.81 0.07 0.81 0.07 0.98 0.02 0.65 0.40 0.89 0.04
0.09 0.80 0.07 0.81 0.07 0.98 0.02 0.68 0.41 0.89 0.04

12,000 0 0.73 0.16 0.74 0.15 0.96 0.03 0.53 0.44 0.83 0.01

0.06 0.75 0.14 0.76 0.14 0.98 0.02 0.55 0.43 0.84 0.01
0.09 0.74 0.14 0.75 0.14 0.98 0.02 0.55 0.43 0.84 0.01

12.4.1 Model Tuning with Smoothing Factor

The HMSM was enhanced with smoothing factor—ε as a tuning parameter to the
model in order to scale the performanceof themodel. Themajor advantage of smooth-
ing factor is that, it ensures the first priority objective of HMSM by increasing speci-
ficity while keeping almost constant values for all other performance measures. The
experimental results in Table12.1 show that there is a significant effect on the model
performance and stability for all training sets with the smoothing factor. Moreover,
it is clear that specificity is much more sensitive to the smoothing factor than all the
other performance measures where a slight change in the smoothing factor produce
significant performance change in specificity.

12.4.2 Model Tuning with Resampling Technique

The resampling technique was applied to all 20 sample training datasets and then
evaluated the HMSM model with the smoothing factor as 0.06. The experimental
results show that step-factor plays a vital role in classifying test data. Each step-
factors equally contribute to enhance the performance of the model where 7 samples
with DESC, 8 samples with ASC and 5 samples with MID step-factor to enhance
the performance of the model. Moreover, 17 samples show highest performance
when the sample size equals or less than 6000 records. The maximum percentage of
conversion factor-Z out of the training size is 25% and the rest of the samples are
below 20%. The experimental results are visualized in Fig. 12.3.
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Fig. 12.3 Model performance with resampling

12.4.3 Performance Evaluation of Models

There are three models for HMSM. The first model is identified as the initial model
where neither smoothing factor nor resampling technique is applied. The second
and third models are incorporated with smoothing factor and resampling technique,
respectively. The experimental results in Table12.2 shows a significant improve-
ment of all performance measures after applying smoothing factor and resampling
technique to HMSM. The lower standard deviation of all the models reflects the
consistency of each model.

Table 12.2 Performance evaluation of the models

Initial Smoothing Resampling

μ σ μ σ μ σ

Accuracy 0.84 0.05 0.88 0.04 0.94 0.03

Recall 0.85 0.05 0.88 0.04 0.95 0.03

Precision 0.99 0.01 0.99 0.01 0.99 0.01

Specificity 0.79 0.26 0.82 0.23 0.91 0.17

F-Score 0.91 0.03 0.93 0.02 0.97 0.01
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Fig. 12.4 Best performing model

12.4.4 Best Performing Model

Experimental results show that HMSM model performs better after enhancing the
model with smoothing factor and resampling technique. Figure12.4 illustrates the
HMSM performance across 20 different samples after applying the resampling and
smoothing factor. There are only four instances with specificity less than 70% and
the lowest is 50%. All other performance measures are above 90% for all samples.

12.5 Conclusions

In this paper, we proposed a new resampling technique to address the class imbalance
problem in sequence data. The proposed resampling approach applies to the HMSM
model alongwith smoothing factor in order to enhance the performance of themodel.
The model performs with resampling and smoothing factor show dramatic increase
of all performance measures. The model has increased the accuracy and recall by
10% , F-Score by 6% and specificity by 12% from the initial model. Moreover, the
consistency of the model is also enhanced by reducing the standard deviation of
performance measures. The findings of this study proof that proposed resampling
and smoothing techniques perform well with HMSM in sequence data.

The smoothing factor can be introduced as a tuning parameter to this algorithm
since it shows significant improvement in all performance measures with each train-
ing dataset. Furthermore, specificity is much more sensitive to the smoothing factor
than all the other performance measures where a slight change in the smoothing fac-
tor causes significant performance change in specificity. This is an important finding
of the study since specificity is the top priority performance measurement in the
context of fraud detection.

The proposed resampling technique performs well with HMSM by showing sig-
nificant improvement of all the performance measures. There are a number of inter-
esting features in this resampling technique. No synthetic data are introduced to the
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dataset insteadwe have converted existingmajor class instances that are identified via
step-factors tominor.Adjacent index distance ofminor class instances and step-factor
enables the random but consistent distribution of minor class instances in the target
sequence. Since the number of conversions from major to minor instances are very
low, the patterns and the characteristics of the initial dataset are narrowly affected.
The training dataset size can be reduced while increasing the model performance
after applying the resampling technique.
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Chapter 13
Rice Disease Detection Based on Image
Processing Technique

Md. Asfaqur Rahman, Md. Shahriar Nawal Shoumik,
Md. Mahbubur Rahman, and Most. Hasna Hena

Abstract Rice plant diseases are major problems in Bangladesh. Detection and
monitoring of these rice plant diseases is a critical issue. Rice plants are affected in
various kind of disease like hispa, brown spot, and leaf blast and show the syndrome
in the leaf of these diseases. If these diseases are detected early and take appropriate
action, it will restrain extensive economic loss for the farmer. In this research paper,
the proposed model will successfully classify and find out the rice leaf diseases
based on image processing techniques. Machine learning algorithm CNN is used to
implement this model. Healthy and disease-affected leaves are taken for the proposed
method and separated healthy and unhealthy characteristics of rice plant leaves. After
that, these images are being processedwith the proposedmodel and classified the leaf
as either infected by disease or healthy. This proposed model provided the accuracy
of 90%. This model successfully identifies the infected and healthy rice plant.

13.1 Introduction

Bangladesh is mainly known as an agricultural country. Our agriculture depends on
rice. About 75% cultivated land is being used for rice cultivation. Rice farming plays
a vital role on agricultural economy; it contributes one half of the agricultural GDP.
As the population is increasing, demand of rice is also increasing and it is a major
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challenge to producing more crops to encounter the increasing demand. For the past
few years, its production level decreases due to some unexpected disease. But in
our agriculture, rice plants are often affected with serious disease like hispa, brown
spot, and leaf blast, which causes serious damage of rice plant and also decrease the
production of rice [1]. When rice plants are affected in disease, some syndromes are
seen on their leaves. There emerges some spot on the leaf of the plant. Leaf blast and
brown spots are viewed in many shapes on the leaf. From these spots, disease can be
identified and can take an appropriate action. This paper proposed amachine learning
method to identify these diseases from rice plant leaves. Huge numbers of images of
paddy’s leaves are needed for this research because the research is based on images.
Hispa, healthy, brown spot, and leaf blast these four types of images are collected.
Total images divided into two parts for training and testing purpose. Almost 70% of
images are in training folder, and the rest will be in the testing folder. The proposed
model can identify the healthy and infected rice leaves. In a result of that, farmer can
easily identify the infected leaves and will take appropriate action and increase their
productivity.

13.2 Literature Review

Mango tree is the national tree of Bangladesh. It also has a great effect on the
economy of Bangladesh. Hena et al. [2]. Published RGB (Red, Green Blue), binary,
and grayscale image dataset of different mango species leaves consist of about 8000
images from 54 different trees. In their dataset, they had only 1.5% noise and blur
images.

Orillo et al. [3] described a model in plant disease identification using back propa-
gation where at first the entire image is transferred to binary image and differentiates
spot and then extracting all the spot using back propagation. But the limitation of
using back propagation is once a network teaches one sets of weights, any new
learning causes catastrophic forgetting.

Orillo et al. [4] described a model on rice plant disease identification using fuzzy
neural network. They describe a method of identification of rice disease using sound
signal processing system. The classification is done byMATLAB function and fuzzy
neural network. But the disadvantages of fuzzy network are if the model is nonlinear
with a disturbance term, the testing error is very large.

Arivazhagan et al. [5] used texture features to classify unhealthy plant leaves in
their model. Color transformation structure is created for the inputted RGB images.
Creating a color transformation structure for input RGB images using support vector
machines is very difficult task.

Phadikar and Sil [6] described a method for rice disease using software prototype
system based on pattern recognition technique. Their prototype works based on the
infected rice leaf’s images. Classification of the infected parts is done by neural
network. It only identified the infected part from an infected image, but it could not
differentiate the leaf into healthy and infected.
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Fig. 13.1 Block diagram

13.3 Methodology

13.3.1 Working Diagram

For detecting rice leaf’s disease, there are couple of successful steps that have to
finish. Block diagram of the model is given in Fig. 13.1.

13.3.2 Dataset Collection

Data is the main assets of this project. Images are collected from Kaggle and
Dataquest, and some images are captured manually. Almost 3000 images are col-
lected, but all these were not useful for us. Some pictures’ resolution is very poor;
some are hardly classified as healthy and unhealthy. That’s why, 300 images are
selected for brown spot, healthy, and leaf blight, hispa for the training purposes.
Similarly, 110 images are selected per folder for the validation. The dataset which is
used for this research is not relatively clean. We have to perform data processing to
get ready our data for modeling.

13.3.3 Neural Network

CNN is both supervised and unsupervised learning architecture. They can used for
predict something or classification. But mostly CNN is used for supervised method.
CNN classify images based on their attributes [7]. By using activation function, CNN
computes future maps. The function was

ylj = f
(
zlj

)
(13.1)

where ylj is the future map and f
(
zlj

)
is the activation function. Datasets are stored

in 2-dimensional convolution operation in convolutional neural network (CNN).

O = (W − F + 2P)

(S + 1)
(13.2)
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Fig. 13.2 Convolutional neural network (CNN)

where O refers to length of output,W refers to length of input, K refers to filter size,
S refers to stride, and P refers to padding.

Figure 13.2 shows the basic structure of CNN of the model using the layer,
padding, height, width, and dense that used on the model.

13.3.4 Building Model

The sequentialmodel is built up by usingCNNalgorithm [8]. Keras helps to build this
model as layer by layer [9]. For adding layers, add ( ) function is used. Convolutional
2D layer is used for input images as 2-dimensional matrices, and dense layer is used
for output images. The kernel size was 3× 3 as a filter matrix. ReLU [10] or rectified
linear activation was used as an activation function for this model [11]. Images must
be inputted in this model. The input size of the images is (256,256). That means
height and weight of the images should be 256. Between the convolutional 2D layer
and dense layer, there was a flatten layer which serves as a connection between them.
For prediction based on the highest probability, SoftMax is added as activation in
the model. SoftMax function equation is given below:

P(y = j |x) = eX
T Wl

∑k
k=1 e

XT Wl
(13.3)

Here, XTW denotes the inner product of X and W.
Pictorial view of the sequential model is given in Fig. 13.3.



13 Rice Disease Detection Based on Image Processing Technique 139

Fig. 13.3 Pictorial view of the sequential model

13.3.5 Compiling the Model

Optimizer, loss, and metrics these parameters are used for compiling the model.
‘adam’ was used as an optimizer. It is actually a good optimizer for adjusting the
learning rate throughout training. ‘Categorical cross entropy’ is used for the loss
function. To make things even easier to interpret, ‘accuracy’ metric is used to see the
accuracy score on the validation set during training the model.

13.3.6 Training and Testing the Model

To train, ‘fit ( )’ function is used on the model. Testing dataset is used as validation
data. In the fit function, we set the epochs number whichwill cycle themodel through
the data. After finishing the training process, the testing process is processed. It
verifies the effectiveness of the trained CNN.

13.4 Result and Outcome

13.4.1 Learning Rate

With respect to the loss gradient learning rate shows a visual graph of adjusting the
weights of our network. Relationship between weight, gradient, and learning is given
below:

New weight = existing weight−learning rate× gradient (13.4)

Figure 13.4 displays the accuracy function graph of the model. From the graph, it
is seen that at the beginning, training accuracy is very low; however, with increasing
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Fig. 13.4 Accuracy graph

the no of epochs, the accuracy is increased. On the other hand, initially the validation
loss is very high, but after time being, validation loss is reduced, which is shown in
Fig. 13.5.

Fig. 13.5 Loss graph
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13.4.2 Confusion Matrix

Confusionmatrix visually shows theperformanceof an algorithm. It counts the values
of correct and incorrect predictions [12]. Accuracy or classification rate formula and
error of the model formula are given below:

Accuracy = TP+ TN

TP+ TN+ FN+ FP
(13.5)

Error = 1− accuracy (13.6)

Figure 13.6 shows the confusionmatrix of the classificationmodel of this research.
It shows that the diagonal value in each row is the highest value. These conclude that
the proposed algorithm will give a good accuracy.

Fig. 13.6 Confusion matrix
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Fig. 13.7 BrownSpot classified

13.4.3 Classification

In Jupyter notebook, the entire process is implemented. In the first phase, different
infected rice leaf image was inputted for classify those. The images are selected from
the dataset folder. At the end, expected classified outcome is founded.

Figures 13.7, 13.8, 13.9, and 13.10 illustrate the output result of this model. When
brown spot image is inputted, it shows 76.6% for brown spot and for other types it
shows rest of them. From the result, it easily shows that the leaf is infected by brown
spot. Similarly, Figs. 13.8, 13.9, and 13.10 indicate highest percentage for healthy
leaf, hispa, and leaf blast-infected leaf, respectively. Thus, we can conclude that this
model successfully works and can detect all diseases and healthy images.

13.5 Conclusions

For real-time rice disease detection, we have proposed convolutional neural network
(CNN) based on classifier model named as sequential. For achieving desired accu-
racy, two-stage training has also introduced. Comprehensive studies on various kinds
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Fig. 13.8 Healthy classified

Fig. 13.9 Hispa classified
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Fig. 13.10 LeafBlast classified

of rice disease are conducted. Lots of images of rice plants are collected from the rice
field. Different types of algorithm based on the CNN architecture implemented for
finding the best result. The model has successfully been able to classify the disease
affected plant and healthy plant. This model also helps the farmer in detecting the
diseases while farming. It will give more accurate result when the dataset will be
larger. Processed dataset is valuable in the prediction, whereas raw data affects in
the efficiency of the model. Because of well classification of the training, validation
as well as test set, the validation and test accuracy of this model is very high. We
plan to work with memory efficient non-sequential CNN models in order to achieve
higher accuracy in plant disease classification in future.
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Chapter 14
Electromagnetic Radiation from Cell
Phones Used in Dhaka City

M. Quamruzzaman, Munima Haque, Shahina Haque,
and Utpal Chandra Das

Abstract Substantial anxieties has been presented regarding probable health effects
from exposure to radiofrequency Electromagnetic Fields (EMF) particularly after
the speedy ushering in of contemporary amenities like the mobile telecommunica-
tion practices. Several epidemiological surveys on the probable unfavorable health
consequences linked to environmental contact to extremely low frequency (ELF)
(0–300 Hz) non-ionizing radiation (NIR) similar to that produced by electrical sub-
stations and power cables associating such contact to brain cancer, leukemia, skin
cancer, eye melanoma, etc. Extensive, well conducted epidemiological and labora-
tory studies need to be performed extensively. Cell phones are being used everywhere
on earth due to its success inmaking one’s life comfortable for all walks of life includ-
ing academic, office, and business. Millions of cell phones are also being consumed
in Bangladesh, EMF is emitted by these phones too. There have not been more stud-
ies done in Bangladesh. The study was performed from multiple locations in Dhaka
city, Bangladesh. Epidemiological surveys were performed on the users of these
cell phones. Also power radiated for normal data (on but not talking), with mobile
data, with Wi-fi, and with signals (on and talking) were measured for these phones.
These outcomes indicated that in many instances the magnetic field emitted from
the various sources are higher than the threshold value and cell phone users under-
went different sorts of ailments, e.g., headaches, pain in hands, insomnia, etc., due to
extended exposure to EMF. Smoking further added to their usual health difficulties.
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14.1 Introduction

Energy of NIR is comparatively low (<10 eV) and it simply succeeds Instigate vibrat-
ing molecules and cause heating effects. Biological effects result from exposure to
ELF magnetic and electrical fields. Nevertheless, excluding for areas that are large
enough stimulate existing densities higher than the edge for stimulating of nerve
tissue, there is no agreement if these influences establish a risk to human health.
Since the magnetic field is more destructive than the electrical field, a limit of 0.2–
0.3µT or 2.5 mG, which is worldwide acknowledged as a benchmark level in several
countries, must be defined at both the occupational and residential levels. For elec-
tric field 25 V/m is the accepted value. Body radiation level must not surpass the
endorsed highest limit (10 mW/cm2, 195 V/m in U.S.A. and 0.1 mW/cm2, 20 V/m
in CIS). Human made electric and magnetic fields (usually 25 V/m and 2.5 mG or
0.25 µT) are significantly higher than natural environmental electric and magnetic
fields of 10−4 V/m and 10−13 T respectively [1]. For high frequency radio waves, the
radiated power limit from high frequency sources different values as suggested by
International Commission on Non-Ionizing Radiation Protection (ICNIRP): April
1998/IEEE C95.1/Council Recommendation 1995/519/EC. These values vary for
different ranges. For example for 950 MHz (42 V/m, 4.75 W/m2) and for 1850 MHz
(59 V/m, 9.25 W/m2). There were measurements and software simulations that the
basic absorption rate (SAR) decreases by 10–15% for each millimeter cell phone
separation due to rapidly decreasing EM fields in the cell phone antenna near-field
area [2].

It is found that lower animals are extremely sensitive to EMFs. Animals such as
rats and bees have been found to defend themselves and their young people with
NIR/EMF in the prolonged nature. As a result, health physicians and scientists in
developed countries are now alert of the outcomes of NIR [3]. Some amazing results
were found from these study and inspections associating low dose alternating elec-
tromagnetic fields with severe health risks. Further proof has biological effects such
as reactive lymphocytes, immune deficiency, cell breakdown, and DNA destruction
have been found to be affected by NIR [4].

Much research has been implemented in this area. Of late, epidemiological studies
of personals employed in the presence of EMF field subjected to high frequency
were explored [5]. Moreover, epidemiological studies on effect of EMF emitted by
photocopy machines normally utilized in Dhaka were investigated [5]. Research
was performed on EMF released by laboratory appliances in several laboratories of
a private University in Bangladesh for probable health risks [6]. There was a case
study on the EMF parallel to the high-voltage transmission-line [7]. Further, a review
was performed on NIR, detrimental outcomes of NIR from cell or mobile phone
and towers [8]. An epidemiological survey was done on CRT monitor switch the
users [9]. Investigations showing the magnetic fields produced by different sources
laboratory electronic and electrical equipments and appliances (textile and pharmacy
laboratories, EEE and CSE laboratory and classrooms) in Southeast University, also
Laboratory facilities and electrical equipment in Daffodil International University’s
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ETE laboratories, Bangladesh were performed [7, 10–14]. EMF health effects due
to usage of cell phones by University students were also examined [15].

Many mobile devices are all equipped with Wi-fi, such as cell phones, laptops,
audio players, video cameras, and have become an important part of our everyday life.
Seven trillion wireless devices were reported to serve 7 billion people in 2017–2022
[16]. Several research have been conducted and published of EMF on television,
radio, etc., but not much on cell phones. Since the discovery of contemporary cell
phones there has been incredible upsurge in usage of mobile phone globally. Phone
calls, texting, video conference, internet, etc., are all various common features of
cell phones. The use of mobile phone is increasing every day numbering more than
8 billion according to International Telecommunication Union (ITU, 2018) [17]. Due
to increase in use, many health symptoms due to cell phone radiation are observed
earlier and pave the way to further severe illnesses. The International Agency for
Research on Cancer in 2011 identified electrical radiofrequency fields from cell
phones as potentially carcinogenic to humans [18]. These comprise of chronic cold
and flu, chronic pain, headache and mind fog, digestive problems, sleep interruption,
anxiety or depression, dizziness, memory loss, child behavioral problem, etc. [19–
21].A case-control study on 292womenhaving an unexplained spontaneous abortion
at less than 14 weeks development and 308 female >14 weeks growth show that the
usage of cell phones can be linked to the premature unplanned abortions [22]. A
study involving 7720 middle school Chinese teenager students shows that reducing
cell phone handling to below60min per daymight assist teenagers to remain attentive
[23]. Intensity of radiation Maximum Permissible Dose (MPD) should not exceed:
10 mW/cm2, 195 V/m in USA and 0.1 mW/cm2, 20 V/m in CIS.WHO recommends:
2.5 mT MF, 0.2–0.3 µT and 25 V/m EF, 200–300 nT [1]. A cell phone base station
is planned in such a way that cell phone has range for few kilometers. Such phone
towers emit radiation 24× 7, so the full grounded flag will be given to people living
near the tower [24]. There were various impact of mobile phone battery charging on
electromagnetic wave emissions [25].

Bright screens and smaller texts can strain the eyes of the mobile phone users.
Since tablet computers, smartphones, and other hand-held appliances are intended
for reading at close scale, eyes of the users need to constantly reposition and refocus
to process the graphics and text on screen. With increase of digital usage, potential
vision difficulty, also eye strain increase. Various symptoms of digital eye strain
involve eye redness or irritation, blurred vision, dry eyes, neck pain, back pain,
and headaches. A study conducted discussed about cell phone and cataract [26]. In
May 31, 2011, the World Health Organization (WHO) labeled mobile phones as a
“carcinogenic hazard” for human health [27].

With the efficiency increase of the cell phones and the appealing reduction in
its price, most adult persons in Bangladesh have their own cell phones. The mobile
phone subscribers in Bangladesh has reached 162.583 million by August, 2019 [28]
and according to the telecoms regulators, The total number of internet subscribers
has reached 98.136 million by August, 2019 [29]. The objective of this study is to
explore if the EMF emission from these mobile/cell phones are within threshold
levels and further whether the users are harmless from these devices.
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14.1.1 Motivation

The main object of this survey was to measure whether the radiation from a device
was above or below or as per the recommended value from ICNIRP/ITU. Another
objective was to motivate people to use the devices with precautions distance, degree
and duration (DDD). This will develop awareness among the people of all ages in
the society.

14.1.2 Novelty and Contribution

Though the research was conducted in Dhaka city but the findings of the research
will be helpful for others as well, especially for younger generation.

14.2 Materials and Methods

A Power density meter named Electrosmog meter, Model no. CORNET®ED-
78SPlus was used for measuring Electromagnetic wave field strength, power density
level and low frequency Magnetic field (Gauss, Tesla) for living environment [30].
It has RF bandwidth of 100 MHz to 8 GHz with high sensitivity (0.5 µW/m2 to
1.8W/m2) and LF bandwidth of 50Hz to 10 kHz (for 50 Hz to 1 kHz) with sensitivity
of 0.1–60 µT (1–600 mG). Data logging Function is also included.

14.2.1 Experimental Setup

Readings were taken for normal data (mobile ON but no talking) with mobile data,
withWi-fi, and with signal (mobile on and talking). Epidemiological data taken from
the cell phone users were analyzed. The cell phone users ages are given, along with
number of years using cell phone, hours per day usage, smoker or non-smoker, cell
phone usage symptoms, and any other observations. The data for this epidemiology
survey was performed direct contact with the users (field data collection). Measure-
ment of radiation was done in three steps: (1) device on but not in use, (2) during
conversation, (3) withWi-fi connected, (4) while internet using through mobile data.
Themeasurementwas taken around the device and themaximumvaluewas recorded.
The date, time and location, user age, any symptoms,model no., operator and duration
of use recorded.
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14.3 Results

All the epidemiological survey andmeter readings were taken from various locations
of Dhaka city. Readings were taken from various cell phones owned by students,
general public of different ages.

14.3.1 Epidemiological Data from Cell Phones

Epidemiological datawere taken from theusers of the cell phones under investigation.
The cell phone users’ ages are given, along with number of years using cell phone,
hours per day usage, smoker or non-smoker, cell phones usage symptoms, and any
other observations. Figure 14.1 gives the symptoms of the users of the cell phones
are: can feel ear pain (13%), feel ear heated (17%), headache (34%), eye blear (7%),
listening left ear comparatively low (2%), sweating (1%), and irritation (1%). Age
ranges for cell phone users are distributed from 15 years to 65 years old (Fig. 14.2).

Fig. 14.1 Symptoms for cell phone users

Fig. 14.2 Age ranges for cell phone users
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Fig. 14.3 Year of usages of cell phones by the users

Fig. 14.4 Daily hourly usage of cell phones

Most of the users here under investigation resides in 20–24 year range. Number of
years of usage include 1–5 years (20%), 6–10 years (56%), 11–15 years (23%), and
16–20 years (1%) duration (Fig. 14.3). Figure 14.4 shows the daily hours of usage
of cell phone which falls in the ranges from 0–2.0 h (15%), 2.1–4.0 h (18%), 4.1–
6.0 h (29%), 6.1–8.0 h (21%), 8.1–10.0 h (5%), 10.1–12.0 h (2%), 12.1–14.0 h (4%),
14.1–16.0 h (5%), 16.1–18.0 h(1%). Figure 14.5 gives number of users of various
cell phone brands. The brands are Samsung (28%), Xiaomi (18%), Huawei (15%),
I-phone 6s (12%), Symphony V85 (8%), Walton H4 (3%), Nokia (1%), Lava (2%),
Motorola (1%), and other brands (12%).

Among the users, 64% of cell phone users have smoking habits. Internet data was
available for 95% of cell phone users.
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Fig. 14.5 Number of users of various cell phone brands

14.3.2 Radiated Power Measurement from Cell Phones

The cell phones described in Table 14.1 were also checked for Radiated power
readings. Radiated power value (in mW/cm2) were measured for each cell phones
for normal data, with mobile data, with Wi-fi, and with signal.

Table 14.1 gives radiated power (mW/cm2) for normal data, withmobile data, with
Wi-fi, and with signal. Normal data (ON but no signal/no Talking) given as 0.01–
0.09 mW/cm2 to be 28%, 0.1–0.99 mW/cm2 of 48%, 1.0–9.99 mW/cm2 of 19%,
10–19 mW/cm2 of 2%, while 20–29 mW/cm2, 40–49 mW/cm2 and 60–69 mW/cm2

each of these ranges to be 1%. With mobile data: 1–500 is 47%, 501–1000 range
is 10%, 1001–1500 to be 4%, 1501–2000 is 27%, while no data was available from
12% of cell phones. With Wi-fi 1–500 radiated power (mW/cm2) is emitted from
66% of cell phones used, 501–1000 mW/cm2 range is 5%, 1001–1500 to be 3%,
1501–2000 is 4%, while no data was available from 12% of cell phones. With signal
(while talking): 1–500 radiated power (mW/cm2) is found in 38% of cell phones
under study, 501–1000 range is 3%, 1001–1500 to be 11%, while 1501–2000 was
available from 48% of cell phones. One mW/cm2 equals 10 W/m2 or 1 W/m2 equals
0.1 mW/cm2.

14.4 Discussions

The obtained results of radiated power/magnetic field show that these are higher
in some cases than the threshold value. Nearly all of the cell phones studied were
manufactured recently (starting from 2014 to 2019), i.e., the users used it for a short
duration of time, also there were not many cell phones involved in this research of
several brands. Most of the users were in the age ranges from 19 to 26 years. It is
also in mind to include more cell phones of various brands, phones with long time
usage by the same user, user with higher age range, and cell phones manufactured
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Table 14.1 Radiated power
from the cell phones in
mW/cm2

Ranges (n)

Normal data (ON but no signal/no talking)

0.01–0.09 28

0.1–0.99 48

1.0–9.99 19

10–19 2

20–29 1

30–39

40–49 1

50–59

60–69 1

With mobile data (internet browsing)

1–500 47

501–1000 10

1001–1500 4

1501–2000 27

No data 12

With Wi-fi

1–500 66

501–1000 5

1001–1500 3

1501–2000 4

No data 12

With signal (while talking)

1–500 38

501–1000 3

1001–1500 11

1501–2000 48

No data

and used for a long duration of time period, and also other regions of Bangladesh for
the continuation of the study.

Recently the usage of mobile phones in Bangladesh has risen both in urban and
rural areas to elevate the working productivity of the people. People of all age ranges
and economic backgrounds are using cell phones without knowing the adverse side
effects due to EMF.

The European Society delivered universal strategies in its Council Recommen-
dation of July 1999. ICNIRP issued analogous rules in April 1998. A selection of
the international and national field strength limits for the overall community and
continuous exposure are given below.
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(a) Internationally, bothCouncil (recommendation 1999/519/EC), ICNIRP (Guide-
lines April 1998) and Germany (26 Deutsche Verordnung) for 950 MHz as
4.75 W/m2 and for 1850 MHz as 9.25 W/m2,

(b) United states, IEEE C95.1 for 950 MHz as 6.33 W/m2 and for 1850 MHz as
12 W/m2,

(c) China (Draft: National Quality Technology Monitoring Bureau), Japan (Radio-
Radiation Protection Guidelines, 1990) and Austria (ONORM S1120) recom-
mend for 950 MHz as 6.33 W/m2 and for 1850 MHz as 10 W/m2,

(d) Switzerland (Verordnung 1999) recommends for 950 MHz as 0.04 W/m2 and
for 1850 MHz as 0.1 W/m2.

ICNIRP guideline 1998, is mostly used around the world. In our neighbor country
India has adopted 1998 guideline, but they havemodified the value to 1/10 of ICNIRP
limits [31]. In Bangladesh, the ICNIRP 1998 guidelines has been fully implemented
without any modifications. Unfortunately although the proper guidelines are there,
the cell phone provider are not following the rules properly. Cell phones available in
localmarket are imported illegally andwithout consent, none of these are checked for
ICNIRP guidelines compliance. Using the recommended ICNIRP guidelines limits
for radiated power (for 950 MHz as 4.75 W/m2 and for 1850 MHz as 9.25 W/m2) in
Bangladesh it is 0.475mW/cm2 and 0.925mW/cm2. Except for Normal data (ON but
no signal/no talking) for 0.01–0.09 mW/cm2 (28%) and 0.1–0.99 mW/cm2 (48%),
all other cases are above the threshold limit. This shows that in Bangladesh, cell
phones are not being marketed checking the ICNIRP guidelines for safe using.

14.5 Conclusion

It was obtained from the cell phone data that in some instances the radiated power has
gone over the edge value. In some of the cases, the threshold of both electric field and
magnetic field was higher in appliances. Cell phone categories had different power
density/magnetic field/electric field values and also their date of manufacturing was
not the same raging from few months to few years.

The safe distance for use of cell phone is “1” or 2.54 cm. Users are advised to use
a hand free device which places more space involving the phone and the head of the
user. People should try to use their cell phones a bit far from their heads (ear) beyond
the threshold values, it is preferable to use hand free device, decrease the duration of
talking, as well as using a well coverage area by towers. Also, texting can be done
wherever necessary instead of talking. If someone follow the 3D’s (Distance, Degree
and Duration), he/she may be free from risk of the EMR from mobile/cell phone. It
is expected that this survey would be beneficial as a precautionary health measure
for people using cell phones in Dhaka city which may be applicable for other parts
of Bangladesh.
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14.5.1 Limitations

During data collection many users did not show interest, some could not give exact
answer, device manufacturing date was not available, regarding symptoms most of
the user could not say (point out) what was his or her real problem/sufferings. Due
to shortage of time many users could not reply properly.
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Chapter 15
Expressing Opinions Application: A Case
Study at Rajamangala University
of Technology, Isan, Khon Kaen Campus

Ekaphong Tangtrakul , Jatupol Nampromma ,
and Phoemporn Lakkhanawannakun

Abstract This research study presents an application for expressing opinions by
addressing the problems and expressing opinions. To find the solutions to these
problems that usually occur quickly, by using the application, the document format
makes it convenient to follow up and check. This research has been presented through
the application system to listen to the problems andmake comments. The application
system is developed with Dart, Flutter, and database management, and withMySQL.
The test results show that the system can work correctly.

15.1 Introduction

Becausewithin theRajamangalaUniversity ofTechnology Isan,KhonKaenCampus,
there are many staff and students, and there is a spacious area within the university,
when people cause problems or need improvement, they have to wait for a long
time to proceed the problems in overlapping areas, and this may cause danger to
surrounding people. Therefore, this research has been prepared to listen to problems
and express opinions. This system is like a database that opens the topic of the
problem to people of all levels to express their opinions and solutions as a way to
facilitate the concerned parties to view and solve the problem quickly and precisely
in order to prevent the danger that may occur.
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15.2 Tools and Theories

15.2.1 Flutter

Flutter [1] is a framework for creating UI for mobile application. It can work across
platforms for both iOS and Android at the same time. The language used in Flutter
is Dart, which was developed by Google, and, most importantly, it is an open source
that can be used for free. The highlight of Flutter is the hot reload system. When
testing, creating, or editing, the system shows the changes in the UI immediately
and helps the development easier. The more beautiful UI design such as Material
Design and Cupertino (iOS-flavor), and compatible with both Android Studio and
VSCode IDE, can be used with existing programming languages such as Java, Swift,
or Objective-C.

The disadvantage of Flutter is that it was launched in May 2017, so it is not
familiar with the syntax that uses Dart writing [2] as in Fig. 15.1, and compared to
other frameworks like React Native, the library selection is available for use less.

Flutter has two types of widgets: StatelessWidget and StatefulWidget. Stateless-
Widget is used to create widgets that do not handle any working state, such as
displaying text, icons, or images without animation involved, etc. StatefulWidget is
used to create widgets that manage various status operations such as creating an icon
with animation to be able to move and buttons on the UI.

Fig. 15.1 Dart language
syntax
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15.2.2 Spring Framework

Spring Framework [3] is a tool that is used to createAPIs for communication between
applications and servers. It is a framework suitable for use with Java Enterprise
Application because it helps to manage objects automatically. It consists of many
modules which have separate names such as Spring MVC and Spring AOT, and
currently, there are Spring Boots which help to develop and write programs more
easily than Spring. The structure is shown in Fig. 15.2. The most important module
is the Spring Core Container that consists of Core, Beans, Context, and Expression
Language modules (SpEL). It is a part of preparation for Spring containers such as
BeanFactory and ApplicationContext. Next, the Data Access/Integration comprises
of five parts: JDBC, Data access, OXM, JMS, and Transactions modules.Web layer
is the providing service in terms of Web development, whether connecting or
uploading files consisting of Web modules, Web-MVC, Web-Socket, and Web-
Portlet modules.

SpringBoot [4] allows for fast application developmentwithAuto-Configuration.
This eliminates the need to waste time configuring, including the ability to create a
stand-alone application that is exported as .jar or .war and can be deployed at the
application server as well. Spring Boot has the following features:

• It is built as a stand-alone Spring application with main methods.
• It has an embedWeb Server, usually a tomcat, but can be chosen as another option.
• There is a POM “starter” that is prepared for use. No need to worry about

dependency.
• It provides features for monitoring to see memory, thread, and metrics.
• It does not require XML configuration anymore because everything is written as

Java-based configuration.

Researches in application have been developed in many ways. The most related
research uses the Spring Framework [5–7]. Gajewski et al. [5] have analyzed and

Fig. 15.2 Structure of the
Spring Framework [3]
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compared the performance of the Spring framework and the Play framework. Both
application frameworks let the creation of efficient servers that supported in the large
platform and popular website. The Spring framework was adapted on the cross-
platform application to support the front end [6].

15.2.3 Java Script Object Notation (JSON)

JSON[8] is a data format used for exchanging small data. Itmakes the user understand
easily and can be created and read. The JSON tool is actually a standard format that
is text and can be read with the naked eye. It is used to create objects, to send data
between applications or as application program interface (API). The format is in the
form of Key-Value pairs or Arrays and can be used instead of the XML format’s two
types:

Object. That is a set of data which will begin with a “{” and end with a “}”. Each
value will have a symbol “:” between the data name and the value of the data. And
each data is separated by a symbol “,” such as {“phone”: 0868594516}.

Array. That is the sequence of data that begins with the symbol “[” and ends with
the symbol “]”. Each value of the data is separated by a symbol “,” such as {“phone”:
[0868594516, 0868668505]}.

15.2.4 SQL

Structured Query Language (SQL) [9] is the standard language for accessing the
database.Wecanuse theSQL language fromvarious programs todowith the database
system, such as using SQL to retrieve data (Retrieve Data) from the database, and
it is the standard used in the system. Various databases are an American National
Standard Institute (ANSI) standard designed tomanage data in the relational database
management system (RDBMS) for searching, changing, adding, and reducing data
or to create new tables (create) and delete (drop) and alter (alter) the table that is
stored in the database in a tabular format.

SQL Syntax. The SQL language is divided into the following components, as
shown in Fig. 15.3:

• Clauses are components of statements and query.
• Expressions are the creation of results in the form of a table consisting of columns

and rows from the data.
• Predicates are conditional forms in which results are true/false/or Boolean.
• Queries are important clauses in SQL.
• Statements are things that affect data structures, manage data, transactions, pro-

gram flow, and sessions, or even analyze problems. It is necessary to end with
semicolon (;) which is a must every time for SQL.
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Fig. 15.3 Structure of SQL

• Insignificant whitespace or spaces for SQL statements and query are ignored.

15.3 Procedure

Analyze the requirement of user needs at each level where users can set topics for
listening to their opinions including comments to solve problems, and in order to be
clear of the place and problems that occur, it can be necessary to add pictures.

System usage is shown in Fig. 15.4.

1. Users who encounter a problem or want to ask a question add the desired topic.
2. Users who want to comment on each topic should make their own comments.
3. The department is responsible for planning and solving problems according to

comments by users.

15.3.1 The Operation of the System

The system design operation is divided into two parts: (1) mobile, users will use the
application on the smartphone, and (2) server will have an API to communicate to
manage the data in the database. When users use the system via mobile applications,
the application sends information over the Internet to the API to store topics, com-
ments, and users in the database, and then the API will send results to the application
on mobile phone as shown in Fig. 15.5.

Users who encounter 
the problem add 

topics
User commented

Proceed to solve the 
problems that occur 

according to comments.

Fig. 15.4 Procedure of system
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Fig. 15.5 An overview of system operations

15.3.2 System Design and Development

The researchers have analyzed, designed, and developed the system with Dart, Flut-
ter, and MySQL in order to operate correctly and achieve the target set. We have
designed and presented it as an application on a smartphone in order to make the
application easily accessible and responsive to users conveniently and quickly con-
sidering that mobile phones are more involved in human daily life, allowing easy
access to applications. The details are as follows:

15.4 Login Page

When accessing the login page, users must log in. If there is no username, they must
first register by pressing the “Register” button and complete the information. Then,
the system returns to the login page again to use the registered code to log in as in
Fig. 15.6.

If the login is correct, the systemwill enter the category page, as shown inFig. 15.7.
If data is not correct, the userwill have to correct the information and click the “Login”
button again to access.

Figure 15.7 shows themain page once users are logged successfully. The pagewill
show each category, such as building, Internet, and electricity. In each category, there
will be related topics, as posted in Fig. 15.8, showing each topic posted, including
the username of the person who posted it and the date of posting the topic.

15.4.1 Adding Topics and Comments

When entering the topic page shown in Fig. 15.7, users can add topics by clicking
the “+” button and then go to the topic page to fill out additional topics and details, as
shown in Fig. 15.9. To add an image, they click on the camera image to take a picture.
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Fig. 15.6 Login page

Fig. 15.7 Main application
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Fig. 15.8 Topics in
application

When finished, click “OK” and the system will save the image to the database. Then,
it will return to the topic display page again.

When entering the topic display page, as in Fig. 15.9, users will click to see the
topic and then enter the comment page as shown in Fig. 15.10, where Number 1 is
information about the selected topic, and Number 2 is a comment from users. In this
section, the relevant staff accounts in each section look at user comments on this
page, analyze and lead to the best edits. When users want to post a comment, they
press the “+” sign, which will display the add comment page as in Fig. 15.11, and
fill in the text. To add a picture, press the camera image to take a picture and then
press OK to add a comment.

15.4.2 Tools for System Development

In developing this application for listening to problems and comments, the developer
has used the Hybrid-Native Flutter Framework tool. The one-time development will
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Fig. 15.9 Inserting the topic

work on both iOS and Android, including Flutter. There are basic components to
be used successfully, without having to manually build it all, resulting in increased
speed in development. To connect to the database, the developer uses the Spring
Framework, one of the basic frameworks based on the highly popular Java language.

15.5 Experimental Results

To evaluate the use of the application, whether it works correctly and is objective or
not, we have prepared an online satisfaction evaluation form by collecting data from
a total of ten real users and having the scoring criteria as shown in Table 15.1 and
then perform satisfaction testing in various aspects as follows:

1. Evaluation of design satisfaction.
2. Evaluation of processing satisfaction.
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Fig. 15.10 Expressing
opinion

After collecting evaluation results from users, the developers have analyzed the
data as shown in Table 15.2.

Table 15.2 shows the results of satisfaction evaluation. It can be seen that the
assessors have given the design evaluation an average of 4.1 and a standard deviation
of 0.69. For the processing side, the assessors gave an average of 3.9 and a standard
deviation of 0.81, which is considered to be in a good level. The application listens
and comments, also meets the needs of users by helping them to enhance the repair
and maintenance work as well.

15.6 Conclusion

This is an application on a smartphone that listens to problems and comments in
order to help the staff in solving problems quickly. And, the solution to the problem
is fast and appropriate. Problems arising from system development, since Flutter is
a Hybrid Native whose operating speed may not be equal to Native, include a new
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Fig. 15.11 Inserting new
opinions

Table 15.1 Evaluation
criteria scores

Score Meaning

4.51–5.00 Very good

3.51–4.50 Good

2.51–3.50 Medium

1.51–2.50 Low

1.00–1.50 Very low

Table 15.2 Overall
satisfaction assessment results

List Satisfaction level

X SD Result

Design 4.1 0.69 Good

Processing 3.9 0.81 Good

Overall result 4.0 0.75 Good
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framework and limited library support. Flutter is the Google’s UI toolkit that built
the beautiful and the single codebase was naively compiled for mobile (both iOS
and Android). The Spring Boot application is connected to the MySQL database
including the data transmission in the JSON format, which reduced the confusion of
developers. Therefore, the data exchange is correct because the JSON data format is
clear.

Further development in the operational status tracking is a section that will help
the application to better respond to users. Also, it will make it more convenient to
manage the problem due to the process of reporting the problem. Finally, GPS point
assignments may be added to accurately tell the problem location.

Acknowledgements This research was supported by Department of Computer Engineering,
Faculty of Engineering, RajamangalaUniversity of Technology Isan,KhonKaenCampus, Thailand.

References

1. Flutter Documentation. https://flutter.dev/docs. Last accessed 10 Apr 2019
2. Dart Tutorials. https://dart.dev/tutorials. Last accessed 10 Apr 2019
3. Introduction to Spring Framework Part I. Overview of Spring Framework. https://docs.spring.io/

spring/docs/3.0.x/spring-framework-reference/html/overview.html. Last accessed 10 Apr 2019
4. Spring Boot. https://spring.io/projects/spring-boot. Last accessed 10 Apr 2019
5. Gajewski, M., Zabierowski, W.: Analysis and comparison of the Spring framework and play

framework performance, used to create web applications in Java. In: 2019 IEEE XVth Interna-
tional Conference on the Perspective Technologies and Methods in MEMS Design (MEM-
STECH), Polyana, Ukraine, pp. 170–173. https://doi.org/10.1109/memstech.2019.8817390
(2019)

6. Nik Ahmad, N. A., Syed Zamri, S.A.: The cross platform application development adapted
Spring framework to support front-end tendering services. In: 2014 International Conference
on Computer, Communications, and Control Technology (I4CT), Langkawi, pp. 58–62. https://
doi.org/10.1109/i4ct.2014.6914145 (2014)

7. Guntupally, K., Devarakonda, R., Kehoe K.: Spring Boot based REST API to improve data
quality report generation for big scientific data: ARM data center example. In: 2018 IEEE
International Conference on Big Data (Big Data), Seattle, WA, USA, pp. 5328–5329. https://
doi.org/10.1109/bigdata.2018.862192 (2018)

8. Introducing JSON. http://www.json.org/. Last accessed 10 Apr 2019
9. SQL Tutorial. www.tutorialspoint.com/sql/index.htm. Last accessed 10 Apr 2019

https://flutter.dev/docs
https://dart.dev/tutorials
https://docs.spring.io/spring/docs/3.0.x/spring-framework-reference/html/overview.html
https://spring.io/projects/spring-boot
https://doi.org/10.1109/memstech.2019.8817390
https://doi.org/10.1109/i4ct.2014.6914145
https://doi.org/10.1109/bigdata.2018.862192
http://www.json.org/
http://www.tutorialspoint.com/sql/index.htm


Chapter 16
Toward Clarifying Human Information
Processing by Analyzing Big Data:
Comparing Response Time
to Questionnaires Included Heteronym
Word for Problem Solving Between
Visually and Auditory Types

Keiko Tsujioka

Abstract I have developed the system which measures response time to 120 ques-
tionnaires of psychological testing (YGPI) by presenting two ways (letters or sound
voice) in order to clarify human information processing and have standardized the
method of the measurement and criteria of individual differences. From the results
of analyzing Big Data which have been gathered with this measuring system, I
have found two types of cognitive traits, Visually and Auditory types. It has been
presumed that they might have processed information by different means. There
are some heteronym words in those questionnaires, and it was supposed to make
their different ways or patterns of information processing between two types more
clear. Then, I have compared response time to questionnaires including heteronym of
�は�/ha/or/wa/ in Japanese (21/120), like lead or minute in English. This word (/wa/)
has grammatically important meaning in the sentences. The result has been shown
that the average of response time to those sentences was significantly longer than
those of non-heteronym /wa/ (over 12 letters; 42/120) for both types, however, t-value
of Auditory type (t = −9.7) was larger than those of Visually type (t = −6.6). On the
other hand, the dispersion in a scatter diagram of the latter ones which was shown
in the correlations of response time between presented by letters and sound voice
has been shown larger than the former ones. Those results might be able to find the
different patterns of information processing depending on types and suggest making
the rules or criteria for interactive communication between human and computers.
The abstract should summarize the contents of the paper in short terms, i.e., 150–250
words.
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16.1 Introduction

When I seek for interactive communication, it would be needed to clarify language
information processing. From this reason, I have developed the measuring system
of response time to find cognitive traits and clarify its processing, comparing them
between sound voice and letters. Almost of all people can speak and read their
language easily, however, it must be difficult for computers or robots now, because
each language has not only regular rules but also irregular one, such as homonym,
homophone and heteronym; in sequences, run or change, wright and write, lead or
minute and so on.

In this paper, I have marked Japanese heteronym �は�, which is a very important
word grammatically, �は� is pronounced /ha/ or /wa/, however, both have also other
meanings. In the case of nouns, for instance, the meaning of /ha/ is teeth (tooth) or
leave(s), and /wa/�わ� is link or sum and so on. Grammatically in the sentences,
the role of �は�/wa/ is an adverbial particle, whose meanings are a topic or a theme
(focus marker or contrastive), a condition (case marker or emphasis) and so on.

Figure 16.1 shows the example of an adverbial particle �は�/wa/ in a sentence.
When I speak Japanese, I pronounce a sentence with mora timing which is a single
prosodic system, comparing with a syllable language such as English. For instance,
the Japanese formant structure is shown in Fig. 16.1, “/Hito ni/ /taishite wa/ /itsu mo/
/kigaru ni/ /henji ga/ /dekiru/” (I can always response casually to anyone), �に�/ni/,
�も�/mo/, �が�/ga/ are the similar particle to wa.

They are written by “Kana” letters which are phonogram and have their own
grammatical meanings, comparing with ideographic letters of Kanji which have
their meanings with shapes. In the case of the example, wa is not only indicated as
the word which has a grammatical meaning of a condition or topics in a sentence, but
also has a meaning of pronunciation, the short pause, in order to emphasize (sound
voice) or highlight (letters) points. This rule of Japanese grammar or writing system,

Fig. 16.1 Japanese formant structure
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in which an adverbial particle wa is not written with �わ�, but �は� has been decided
by Agency for Cultural Affairs, Government of Japan in 1946 [1].

From those of reasons, I have formulated a hypothesis that there might be another
pattern of information processing for sentences which are included heteronyms
�は�/wa/, comparing with them which are not included ones.

I will show the results of experiments in order to verify of these hypotheses
visually to find out the patterns depending on cognitive traits.

16.2 Problems

It is considered that the Japanese language writing system has been established by
borrowing Kanji (Chinese characters) and Kana (modified a part of Kanji) during
Heian Period (around tenth century). The former one has meanings called ideograph
and multiple reading (Japanese pronunciation), and the latter one is the Japanese
syllabaries. Usually, I write sentences with utilizing a mixture of those Chinese
characters (Kanji) and Japanese phonetic characters (Kana). Kanji has beenmodified
by transforming from Chinese into ideograms; both pronouncing and writing ways
are adjusting Japanese culture and language.

There are two ways of this mixture writing system: the literary style and the
colloquial style. Former one had been used when people had written sentences, but
they were not the same way or style as sound voice or speaking. The usage of this
literary style was compiled for a handbook as a model in 1889 (Meiji era) which
had been gathered by the examples of archaism in all districts in Japan from ninth to
eleventh century [2].

On the other hand, the colloquial style is spelled speaking or sound voice. It has
begun to be established in Meiji era after increasing the number of people who had
been educated and then the requirements of establishing the rule of usage, which
would be unified and consisted between speaking and writing, had been launched.
Tokieda [3] has proposed “Theprinciple of JapaneseLanguage,”whichwas explained
about his idea or model of language system so that people can keep their culture and
know how to educate Japanese language to children. It was the controversial issue
of the writing system at that time, and provisional examination committee for Kana
was launched in 1921 [4]. After that, the Japanese language committee of regulation
for governmental organization has been set up from 1935, and then the criteria of
Japanese writing system, “the contemporary usage of Kana,” was established in 1946
[5].

Moreover, Kindaichi [6] and other researchers have been investigating and exam-
ining closely for the reform of the writing system from various aspects. For instance,
in the case of the ha �は� column of the Kana syllabary, it has been found that
pronounced /fa, if, fu, fe, fo/ for word-initial have been remained, but differentiated
into /wa, wi, u, we, wo/ for the medial or ending of word in histrionic literature [7].
From those facts, at first, “I”, [わたしわ�/watashi wa/、“Good afternoon”, �こん
にちわ�/konnichi wa/, were allowed as the right writing. After established writing
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system, pronounced /wa/ for adverbial particles as the ending of word has been
decided the exception of �は� as a written letter (�わたしは� �こんにちは�) [8].

Those has been ruled by referring the usage of adults and children would be
able to acquire the language usage by imitating them aurally [9, 10]. Hatano [11]
has proposed the problems concerning with the usage of the particle /wa/ from the
aspect of child developments regarding speaking or listening. She has planned the
comparative experiments of case marker between /wa/ and /ga/. Those particles are
important grammatical concepts of hierarchical relations, for instance they are an
attached nominal phrase and related to a predictive verb. She has reported that the
timing of the acquisition for particle wa had late comparing with particle ga. They
are able to use particle wa after entering school.

In addition to this, Ishi has reported about the importance of Kana role from gram-
matical aspects by investigating the ratio of appearances in the popular newspaper
(Asahi) in Japan for one year in 2000 [12]. The ranking of emergency ratio of �は�
was seventh, but the rate of particle in Kana �は� was 95.9%. In addition to this, the
ranking of gawas tenth, and the rate of particle in Kana �が�was 90.1%. Form those
results, it was proved how the usage of wa during child developments is important
grammatically comparing with ga.

Along with gathering those literature reviews, it is getting predictable that there
might be caused individual differences in human language information processing
with particle wa, comparing with other written Kana letters. In this research, it might
find the cues so that I can clarify human information processing by finding patterns
or features, regarding particle wa.

16.3 Design

I have conducted experiments presented 120 questionnaires of psychological testing
(Yatabe-Guilford Personality Inventory) [13], which consisted of short one sentence
each (Fig. 16.2). Participants are required to decide the answer from “Yes,” “No,”
“either” for each item. Questionnaires are presented by sound voice or letters. Their
response time from starting to present a sentence to the timing of selecting the bottom
of answer on the displaywill bemeasured. The same120 questionnaires are presented
by sound voice (listening) or letters (silent reading) for each participant.

Our study done thus far is the standardization which is the method of measuring
response time (or decision time) and proposal of criteria of cognitive traits, Audi-
tory or Visually types, depending on the strength of correlation coefficient between
response time of letters and the period of presenting sound voice (standardization)
[Auditory type; r > 0.5 [AT], Visually type; r < 0.3 [VT] [14].

After calibrating the measurement system, I have examined its reproducibility by
implementing experiments twice (January and March in 2015) as far as under the
same quality and conclusion, for instance, participants (twenty-eight participants),
procedures, environments and soon [15].The results of comparative analysis between
ATandVT for the first and the second timewere not significantly difficult, concerning
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Fig. 16.2 Methods of comparative experiment between sound voice and letters

Table 16.1 Results of representative experiment regarding correlation coefficient between response
time (Silent Reading) and sound voice (Duration of Reading)

R

Visually Auditory

First 2.15 2.82

Second 2.04 2.63

Table 16.2 Significant differences of response time between Auditory and Visually type

n X̄ (sec) S.D. Test

Visually Auditory Visually Auditory Visually Auditory t level

First 720 720 2.15 2.82 0.91 1.02 −13.2 ***

Second 720 720 2.04 2.63 0.84 0.84 −13.4 ***

***p < 0.01

with correlation coefficient (Table 16.1) and differences of response time between
AT and VT (Table 16.2; Fig. 16.3).

Next, I have planned the practical experiments from April in 2015 to March in
2016. Participants were 98 students at the same university as previous verification
experiments. Measurement procedures of YGPI have been preserved below:

1. Obtaining acceptance from the ethics boards both the university and authors’
affliction (Osaka University).

2. Preparing for environments of experiments.
3. Getting consensuses from the participants after explanation about practical

experiments (Fig. 16.4).
4. Instructing how to take a test (Fig. 16.5).
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Fig. 16.3 Comparisons of response time between Auditory and Visually type

Fig. 16.4 Scenery of informed consent

5. Conducting tests and measuring each response time presented each sentence of
120 items by sound voice or letters (listing or silent reading); (counter balanced
order) (Fig. 16.2).

6. Gathering students’ various data, for instance, response time, decision making
(chosen repayments), performances in class, results of learning, tracking record,
attendance rate and so on.

7. Analyzing and examining those data.

In this paper, I will examine the hypothesis, concerning with information
processing patterns of heteronyms wa.

Data of their response time are gathered for each subject, totally 240 data per
set of experiments. Adverbial particle wa, which is heteronym, included twenty-
one questionnaires in 120 [c]. The length of sentence included wa is over twelve
letters (about three words). From this reason, when I compare the response time with
those of non-wa which are not included wa, sentences of under twelve letters will be
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Fig. 16.5 Scenery of measuring response time

Table 16.3 Comparisons of response time between non-wa andwa of each cognitive type;Auditory
and Visually depending on presentation of media: sound voice and letters

Second voice [S] Letters

Under 12 letters Over 12
letters

Under 12 letters Over 12
letters

Non-/wa/�は� /wa/�は� Non-/wa/�は� /wa/�は�
[a] [b] [c] [a] [b] [c]

Visually type
(VT)

df. 377 911 272 377 910 273

X̄ 1.92 2.82 3.15 1.83 2.03 2.46

S.D. 0.60 0.71 0.76 0.81 0.89 1.06

t-value 6.6 *** −6.6 ***

Auditory type
(AT)

df. 899 2169 651 897 2169 651

X̄ 1.94 2.79 3.12 1.94 2.78 3.18

S.D. 0.67 0.81 0.87 0.73 0.90 1.00

t-value −9.0 *** −9.7 ***

eliminated (29/120) [a]. The number of sentences with over twelve letters without
wa (Non-wa) is seventy per one hundred and twenty (70/120) [b] [categorization; a,
b, c] (Table 16.3).

Themethodof analysis is basedon the comparisonbetweenATandVTof response
time for sentences included heteronymwa or non-wa. After testing for the hypothesis,
I will make scattering graphs which compared response time between sound voice
and letters. From comparisons between two graphs, I will check whether different
patterns existed or not by visualizing Big Data [16].
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16.4 Results

Ninety-eight students participated in 2015. The results of comparisons of response
time between categories of wa [c] and non-wa over 12 letters [b] in both types and
media those of wa were significantly longer than those of Non-wa (Table 16.1). In
the case of presented by sound voice, there is no difference between types among all
categories [a, b, c] (Fig. 16.6, downward). On the other hand, in the case of presented
by letters [L], at all the categories they are significantly different between two types;
the response time ofAuditory type [AT] ([b]= 2.78, [c]= 3.18) is significantly longer
than those of Visually type [VT], ([b] = 2.02, [c] = 2.46), especially regarding the
category of over 12 letters [b, c] (Fig. 16.6, upward).

Both types of correlation coefficient between response time presented by sound
voice and the duration of presented by it were strong (0.40 < r). Comparing plots
between two types of scatter grams (Fig. 16.7), however, their patters of points,
which are represented by response time of correlations between media, are observed
different from each other.

Fig. 16.6 Comparisons of response time between Auditory and Visually types (upward: presented
by sound voice, downward: presented by letters)
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Fig. 16.7 Scatter diagrams of response time which are pointed to show the degree of correlation
between two media (sound voice and letters) depending on cognitive types (upward: Visually type,
downward: Auditory type)

The average of correlation coefficient between them in category non-/wa/ [b]
for Auditory type [AT] (r = 0.43) (Fig. 16.7, downward) is higher than those of
Visually type [VT] (r = 0.14) (Fig. 16.3, upward). On the other hand, the average of
correlation coefficient between them in category /wa/ [c] for Auditory type [AT] (r
= 0.48) (Fig. 16.3, downward) is the higher than those of Visually type [VT] (r =
0.20) (Fig. 16.3, upward). Both types of correlation coefficient of wa are higher than
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non-wa. However, those of five subjects, in thirteen Visually types, are more than
R = 0.30 (0.30 < r < 0.65) regarding questionnaire including wa [c]. On the other
hand, those of four subjects in thirty-one Auditory types are under R = 0.25 (0.08 <
r < 0.25) concerning with wa [c].

16.5 Discussion

In the case of sound voice, there is a pose after wa which is shown as the formant
structure in Fig. 16.1. This prosodic feature might make listeners wake up that wa
is not �わ� but �は� which has grammatical meaning of adverbial particles, topics
of focus marker (contrastive) [17] or condition of case marker (emphasis) which has
the concept of relationship between nominal phrase and predictive verb.

In contrast, written Japanese language system has two types of letters, Kanji
and Kana, and they are mostly written continuously with no space. Obviously, it
is controversial issues why letters are not written separately by each one word and
how Japanese written language would be comprehended or understood by people, in
spite of such an ambiguous appearance. As Ishii [12] has examined about Kana how
important grammatically by investigating the rate of emergence in one popular news-
paper for one year (Sect. 2), Kana has an obvious role, especially an adverbial particle
wa which was appeared with the high ratio. From this viewpoint, written Japanese
language Kana might be read silently and understood cognitively as grammatical
markers by sets of Kanji and Kana.

Therefore, Japanese Government might have decided the system of writing of
�は� by way of exception [8]. Though it might be convenient to distinguish the word
is noun or particle, the results of experiments have shown that it takes significantly
longer to respond to sentences included wa comparing non-wa (not included wa in
a sentence) (Table 16.3). This means that it is so complicated to process the word
“wa” that the interactive communication might be interrupted between human and
computers. From this viewpoint, it might be made criteria for the writing system
regarding carriage control, for instance non-breaking space before wa.

16.6 Conclusion

The result of t-test which varies the difference of average response time between wa
and non-wa for Auditory type (AT) was larger than Visually type (VT). In contrast,
the scatter diagramwhich described the correlations of response time between sound
voice and letters for VT shows larger dispersion than AT. In addition to this, the
average of response time to sound voice for AT was similar to those of letters. This
means that AT might process characters or written words by phonologization. On
the other hand, VT might process them directly without changing sound. Those
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phenomena have been shown by visualizing Big Data which are various data, for
instance response time, types, different media and so on.
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Chapter 17
Mango Species Detection from Raw
Leaves Using Image Processing System

Most. Hasna Hena, Md. Helal Sheikh, Md. Shamim Reza,
and Ahmed Al Marouf

Abstract Mango is the national tree of Bangladesh which is one of the most popular
fruits here during the hot summer enriching the highest quality of nutrition. Various
species of mango cover the fruit market making the summer festivities. In recent
times, different species of mango are also being exported to different countries of the
world. So more and more people are entering into the commercial mango cultivation
nowadays as new farmers. It is necessary for them to know which mango species
they are cultivating and what is the market demand of that species. It is hard for the
new farmers to find out the species just by asking and trusting the sapling seller. So,
we plan to establish a system that can accurately ensure the species of the mango
sapling. This research used convolutional neural network (CNN) and deep learning
for training the dataset. This method can showcase the species of the mango sapling
only by observing the image of a leaf holding an accuracy of 78.65%.

17.1 Introduction

Bangladesh is greatly known through the world for her diversity among various
sectors. Having six seasons and their own specialities is one of them. Summer is
considered the most disparate season when it comes to fruits [1]. It is the season of
more than twelve different fruits. Butmango is themost demanding one among all. In
Bangladesh, mango is known as the king of fruits. Green mangoes are sour wherein
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ripe mangoes are sweet as well as sour in taste. So the mango species which are
sweet in taste have the highest demand among the customers such as Fazli, Langra,
Gopalvog, and Amrapali.

Mango has been declared as the national tree of Bangladesh by considering its
demand and availability in 2010. Mangoes do not only taste good but also are rich
in vitamins. Lashings vitamins A, C, and E are found in a mango and considered as
one of the most low-calorie fruits. A maximum number of mangoes are cultivated
in south Asian countries, and about 50 species of mango are found in Bangladesh
only. They can be differentiated by structure and texture of leaves [2], shape of the
tree, sizes of the fruit, color, unique fragrance and taste of the fruits, etc. Weather,
geographical balance, soil quality, and texture vary to grow different mango species.

Every species of mango has its own species name, though they all share the same
scientific or genetic name ruled by International Code of Botanical Nomenclature
(ICBN). Since every species has its own distinctive fragrance, taste, and admirers,
it becomes more confusing for the people having less knowledge in this sector and
often suffer for the correct species when the tree is only a sapling. So, the mango
cultivators who cultivate commercially and also personally emphasize upon those
particular species of mango seeds or sapling. So, it is much needed to find out the
exact species.

Image processing is becoming the most trustable method for image researching
in recent times. It is becoming more and more popular among the researchers for
higher accuracy and easy to expose model. For this research work, we are using con-
volutional neural network (CNN) [3] deep learning algorithm where we can input an
image for further calculation and assign that image into filters for an accurate output.
Here, about six species of mango are being detected with the help of deep learn-
ing algorithms and image processing methods. They are Ashina, Fazli, Gopalvog,
Khirsa, Langra, and Lokhna.

17.2 Literature Review

The background studies for this research work are presented in this portion. The
previous research work was with fruits, but species detection of mango from the
image leaves with the help of CNN is done in this research work. We have taken
all kind of necessary ideas, inspiration, and knowledge from this explained work to
create an outstanding and unique system. Hena et al. [4] have published an image
dataset of six different species of mango leaves concluding about 7900 images from
54 different trees. They have kept the minimal noises and blur in the dataset about
1.5% considering all three versions of images such as red, green, and blue (RGB),
binary, and grayscale.

Sutrodhor et al. [5] have presented a neural network ensemble (NNE) for detecting
the mango leaf ailment named as mango leaf ailment detection using neural network
ensemble and support vector. They have achieved an average accuracy of 80% for the
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ailment detection of mango leaves. Arivazhagan et al. [6] have detected the leaf dis-
eases of mangoes using CNN and image processing features on 1200 image dataset.
Their proposedmodel has achieved 96.67% accuracy considering five disease classes
of mango. Their work was presented as Mango Leaf Diseases Identification Using
Convolutional Neural Network. Sahu and Potdar [7] have found out the defected
mango fruits as well as their maturity considering human recognition level and pre-
sented their work as Defect Identification and Maturity Detection of Mango Fruits
Using Image. MATLAB programming tool and image processing toolbox have been
used thoroughly for the project.

Abbas et al. [8] have classified mango fruits depending on their texture and shape
features in Pakistan. MaZda and B11 image classification,MRI andMATLABmeth-
ods have been used to differentiate various mango classes ensuring 70% accuracy.
Sriram et al. [9] have used convolutional neural network (CNN) to classify themango
species from the mango fruit images achieving 99% system accuracy and presented
theworkofMangoClassificationusingConvolutionalNeuralNetworks.Even though
classification of mango fruits is done by using various methods and processes, CNN
as the latest technology ensures the highest accuracy among all. Since detection of
mango species has not been applied on leaf images mangoes, we are confident that
our research will open more doors for further opportunities in this sector.

17.3 Proposed Methodology

We have used convolutional neural network (CNN) and image processing techniques
to train the system with the collected mango dataset as an input. After inputting
an image to the system, it processes the image and provides an expected accurate
outcome. Since the rural farmers of our country have little knowledge on detection
of taxonomy of any kind of plant species and most of them are unaware of the latest
technology, we have decided to mobilize that in this research so that they can also
use it without facing any complexity.

17.3.1 Primary Steps for Mango Species Detection

The primary steps for mango species detection are shown in Fig. 17.1.

Image 
Acquisi on

Image Pre-
processing

Dataset 
Classifica on

Architechture 
Model

Image 
Augmenta on Output

Fig. 17.1 Primary steps for mango species detection
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Fig. 17.2 Collected samples of images in dataset

17.3.2 Image Acquisition

Dataset plays a vital role in any research to find the highest accuracy and better
outcome. In this research, we have collected more than 4000 images. We collected
all images ourselves by capturing them with the help of a camera. These images are
red, green, and blue (RGB) standards. The system can get hold of the images like
.jpg, .gif, .NEF, .bmp as input.

17.3.3 Image Pre-processing and Classification

In this research, we have assembled 3500 images from the total collected dataset
where all the images are 256 × 256 pixels. We have divided the pre-trained dataset
for the train and test folderswith the ratio of 80 and 20%. Percentage of sample classes
of each breed of mango is as follows: Gopalvog—24%, Fazli—19%, Ashina—17%,
Khirsha—15%, Langra—13%, and Lokkha—12%. Some types of collected dataset
samples are shown in Fig. 17.2.

17.3.4 Architecture Model

This proposed model has multiple layers of CNN. The first CNN layer of this pro-
posed model is input layer which has used input shaped (256, 256, 3), filters 64,
kernel size (8 × 8), padding “same,” strides (1 × 1). Convolutional layer two used
filters 64, kernel size (8 × 8), padding “same,” strides (1 × 1). And the last layer
used filters 8, kernel size (3 × 3), padding “same,” strides (1 × 1). Every layer has
followed the activation ReLU “(1)” and batch normalization.

ReLU(X) = MAX(0, X) (17.1)

This model used dense layers 512 for 50% dropout and 6 units with activation
softmax “(2)” and sigmoid “(3)”.
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σ = ez j
∑k

k=1 ezk
for j = 1, . . . , k (17.2)

ϕ(z) = 1

1+ e−z
(17.3)

The proposed model of this research is given in Table 17.1.

Table 17.1 Proposed layers and output

Layer (type) Output Param # Layer (type) Output Param #

conv2d_9 (Conv2D) (None,
256,
256,
64)

12,352 conv2d_15 (Conv2D) (None,
64, 64,
8)

1160

conv2d_10 (Conv2D) (None,
256,
256,
64)

262,208 conv2d_16 (Conv2D) (None,
64, 64,
8)

584

max_pooling2d_4
(MaxPooling2)

(None,
128,
128,
64)

0 max_pooling2d_6
(MaxPooling2)

(None,
32, 32,
8)

0

conv2d_11 (Conv2D) (None,
128,
128,
32)

51,232 batch_normalization_4
(Batch)

(None,
32, 32,
8)

32

conv2d_12 (Conv2D) (None,
128,
128,
32)

25,632 flatten_2 (Flatten) (None,
819 2)

0

batch_normalization_3
(Batch)

(None,
128,
128,
32)

128 dense_3 (Dense) (None,
512)

4,194,816

conv2d_13 (Conv2D) (None,
128,
128,
16)

12,816 dropout_2 (Dropout) (None,
512)

0

conv2d_14 (Conv2D) (None,
128,
128,
16)

6416 dense_4 (Dense) (None,
6)

3078

max_pooling2d_5
(MaxPooling2

(None,
64, 64,
16)

0
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Fig. 17.3 Architecture of this proposed model

The Adam algorithm has been used for reducing the learning rate and value loss
after completing every successful epoch. This model has used Adam value (0.0001).
The proposed model is shown in Fig. 17.3.

17.4 Result

Basically, result section of any research is the report of the outcome of the proposed
method used in the research work. The result of this research states every findings
related to this research study without any interpretation or biasness. The brief expla-
nations of the gathered findings and information of this study are going to offer here
for further evaluation.

17.4.1 Statistical Analysis

Statistical analysis gives meaning to lifeless numeric values. In this research, how
the proposed model worked is briefly explained using numeric values. After every
successful run of the model, an accuracy and an error rate have popped out which
numerically exhibit how well the proposed model is working and where to alter to
achieve the highest accuracy.

In this research, 0.1% training accuracy has been obtained wherein the learning
rate found is 0.011 succeeding first epoch. Tailing the first epoch 30.34% training
accuracy has been achieved after fifth successful run, and an error rate of 0.0011 has
been found. Maintaining the corresponding process the training and testing accuracy
after ten epoch 75.08% and 77.79%. After thirty successful runs epoch it has been
achieved 78.65% training and 78.02% testing accuracy and 0.001 learning rate have
been obtained succeeding the concluding epoch.
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Fig. 17.4 Accuracy graph

17.4.2 Accuracy Graph

In this research, the representation of graphical outcome of the proposed model
by using CNN and image processing techniques is shown below in Fig. 17.4 and
explained briefly. From the following figure, the performance of the model can be
measured. Whether a model is overfitted or underfitted can be ensured through accu-
racy graph of a research study.Our proposedmodel isworkingwell since the accuracy
graph is justifying the statistical outcome of the model, and we obtained an accuracy
of 78.65% at the end. Even if the first accuracy graph retains a matter of contention
of underfitting, then that has been found fitting in the tailing graph having no issues
of overfitting or underfitting.

17.4.3 Confusion Matrix

In this research, a two-dimensionalmatrix summarizes the classification performance
reciprocal to deep learning classifier of the collected mango image test dataset. All
the true positive, true negative, false positive, and false negative outcomes can be
obtained from this confusionmatrix. Confusionmatrix interprets the precision of any
research study and illustrates how satisfying the proposed model is. In this matrix
(6 * 6), all the diagonal values are larger than others and much more darker in color
which illustrates our research study provides a exceptionally favorable outcome. The
confusion matrix of this research is shown in Fig. 17.5.
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Fig. 17.5 Confusion matrix

17.4.4 Layer Visualization

Impressive classification outcome of the CNN and image processing techniques of
this research are shown in Fig. 17.6 by segregating an image in numerous portions
through matrixes. Layer visualization satisfies the accuracy of this research study by
delving into the input image and helps the system to arrive at a decision.

The layer visualization output of the first four layers of this model is shown in
Fig. 6(a), (b), (c), (d) where as the matrix size (2 × 2).

Fig. 17.6 Layer visualization



17 Mango Species Detection from Raw Leaves Using Image … 191

Fig. 17.7 Repercussion

17.4.5 Species Detection

Some fruit class has its own taxonomy species, and mango is one of them. It has one
of the largest varieties among the fruit classes. So detecting the species of mango
following the manual process can be bothersome, time consuming, and inaccurate at
times. In this research, we have used the latest technology of image processing and
CNN algorithm to detect the mango species from the image of mango leaf only. If a
similar random image is inputted to the pre-trained system, it will disclose the species
name and its immediate parent class along with some other knowledge that might be
needed to have a glimpse of this species without any help of the expert personnel.
Since most of the rural farmers of our country are mostly uneducated, the repercus-
sion is provided in Bengali and English language for their better understanding in
Fig. 17.7.

17.5 Conclusion

In this research, we have established a model that can detect the species of a mango
tree or sapling from the leaf images only along with a detail of that species as an
output. Since every species has own arguments and specialities, they all need different
nourishment. So this research can really be helpful for the cultivators if the species is
known to thembefore the blossoms. The new farmers aswell as all themango growers
can have potential assistance from ourwork and fulfill their necessary need according
to the detected species. This method can be applied for the disease detection, and we
plan to do that later on.
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Chapter 18
Frequency Reconfigurable Planner
Antennas for Wireless Applications:
A Review

Dinesh Yadav and Vivekanand Tiwari

Abstract Reconfigurable antennas are gaining greater attention in this scenario
because of its diverse features in different fields. Reconfigurable antennas have an
upper hand on the conventional antennas because of its versatility. They can be
utilized inmuchwider domains than smart antennas. The reconfigurable antennas are
capable to utilize available spectrumwithout varying physical structure of the antenna
by using switches, RF-chock inductors and biasing networks. Different multi-band
and ultra-wide band-notched antennas with frequency reconfigurable characteristic
are analyzed, compared and summarized in this paper.

18.1 Introduction

18.1.1 Reconfigurable Antennas

Reconfigurable antennas are those which can adjust their different characteristics
such as frequency, polarization, radiation pattern and gain according to user’s need.
These antennas work on the principle of the positioning of RF switch which affects
the distribution of current in the antennas. For switching, fundamental components
such as varactor diodes, pin diodes and MEMs switches are used. These recon-
figurable antennas can be divided into subcategories based on their rehabilitation
features. Antennas which can work on multiple frequencies are called frequency
reconfigurable antennas. Those antennas whose radiating structures can change its
polarization such as horizontal, vertical, right hand and left hand polarization are
called polarization reconfigurable antennas. If the radiating structure is able to tune
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the radiating pattern, then those antennas are called radiation reconfigurable anten-
nas. Lastly, if the radiation structures are able to intensify the gain, they are called
gain reconfigurable antennas. Pin diodes have low levels of capacitance. They also
have switching and variable resistances which make them efficient for switching in
RF devices. Their main drawback is that they have high DC bias current. In varactor
diodes, capacitance can be varied by changing voltage in the circuit which makes
them coherent for tuning circuits like radio frequency oscillators and filters. Their
main drawback is that they are non-uniform and a have a low dynamic range.

18.1.2 Multiple Frequency Reconfigurable Antennas

Antennas chassis Fig. 18.1 containing four different circuits were designed and fabri-
cated to bespeak frequency swiftness and potential of the system. The authors tested
this system to be utilized as a penta-band antenna for cellular phones. It prolongs
input return loss aloft 6 db throughout a tuning range of 800–2900 MHz. It has
dual-band characteristics and is able to envelope services like GSM900, GPS1575,
PCS1900, GSM1800 bands [1]. In 2010, a square slot reconfigurable antennas was
proposed by researchers, in which re-configurability between single band UWB
including band notch function and multi-resonance characteristic have been investi-
gated. In Fig. 18.2, it is clearly visible that H-shaped slots are cut on the ground plane
to lower the coupling and make it switch between frequencies. Pin diodes are also
inserted between the slots to make it switchable between multi-resonance and single

Fig. 18.1 Wide tunable
dual-band reconfigurable
antenna for future wireless
devices [1]
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Fig. 18.2 Reconfigurable square slot antenna with switchable single band, UWB and UWB with
band notch function performances [2]

band UWB characteristics. By cutting gamma-shaped slots in the radiating stub, it
makes the antenna generate an additional resonance at 9.25 GHz. Two notches on
the feed line let the antenna to generate additional resonance at 10.2 GHz. When the
current flows in the pie-shaped structure, the antenna works on 4.8 GHz frequency
[2] (Fig. 18.3).

18.2 Ultra-Wide Band Reconfigurable Antennas

In 2015, the researchers proposed a monopole micro strip antenna with reconfig-
urable frequency characteristics for WLAN/Wi-Max applications. In this antenna,
three pin diodes were used, and the antenna was proficient to operate at four dif-
ferent frequencies depending on the status of the diodes (ON or OFF). The center
resonant frequencies are 2.4, 3.3, 5.1 and 5.6 GHz [3]. In 2017, the authors proposed
a monopole UWB antenna which has reconfigurable notched characteristics. It is
capable of switching its resonance from 5 to 8.2 GHz center frequency bands by two
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Fig. 18.3 Novel frequency reconfigurable monopole antenna using pin diode for WLAN/Wi-Max
applications [3]

Pin diodes. This antenna has a H-shaped parasitic resonator to make it capable for
switchable notch characteristics, and a rectangular slot is pushed at metallic ground
plate to maximize impedance bandwidth [4]. Figure 18.4 clearly states the shape of
the antenna.

In [5], researchers have reported a frequency reconfigurable monopole antenna
which is proficient in switching between band-notched ultra-wide band and WLAN
applications. The structure shown in Fig. 18.5 consists of five pin diodes and bias-

Fig. 18.4 Monopole antenna with reconfigurable notched characteristics from WLAN band-
notched UWB to ITU band-notched UWB [4]
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Fig. 18.5 Novel frequency reconfigurable monopole antenna with switchable characteristics
between band-notched UBW and WLAN application [5]

ing network in ground to achieve switchable notch in diodes ON/OFF states. The
antenna has a defective ground structure to intensify the impedance bandwidth from
initial frequency 3.17 GHz to final frequency of 13 GHz. At the back side of the
radiating patch, there is a F-shaped parasitic component which connects or discon-
nects to the stubs by pin diodes. This parasitic component is used for band rejection
characteristics in the range of frequency from 4.9 to 5.7 GHz. When all the diodes
are in the OFF stage, this antenna works as an ultra-wide band antenna, and when
all the diodes are in the ON stage, it works as WLAN [5].

Few researchers have also designed a hexagonal monopole antenna, shown in
Fig. 18.6, which can be reconfigured between full ultra-wide band (3.1–10.6 GHz)
and single band notched UWB. There are three frequencies in single band UWB
5.15–5.35 GHz, 5.725–5.825 GHz and 5.45–5.725 GHz. The designed antenna has
band suspension. The circuitry consists of two biasing pads, two inductors and a pin
diode. The biasing pads provide DC supply to the pin diode. The fabrication was

Fig. 18.6 Hexagonal
monopole antenna with
re-configurability between
UBW and band-notched
UWB [6]
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done on RT/Duroid 5880 substrate. The switching between the operating frequencies
is done using the pin diode. When the diode is in ON state, the antenna operates in
full UWB. The notched band is achieved when the diode is in OFF state [6]. The
comparison of multiple reconfigurable antenna is shown in Table 18.1. It can be
observed that the proposed design in [2] is more efficient since it is able to switch
between three operating frequency bands with only two pin diodes, whereas in [3],
three pin diodes are used to switch between four operating frequencies (Figs. 18.7
and 18.8).

The comparison of different band-notched antennas is shown in Table 18.2. It is
found that antenna reported in [4] is capable to resonate between 3.2–13 GHz and
is switchable to two band notches, i.e., between 5–5.35 GHz and 8–8.45 GHz with

Table 18.1 Comparison of multi-band reconfigurable antennas

References Operating
frequency
bands (GHz)

Components
used for
re-configurability

Substrate used Remarks

Badamchi et al.
[2]

9.25, 10.2 and
4.8

Two pin diodes
and three
capacitors

FR4 Only two diodes
are used to
switch between
three frequencies

Thao et al. [3] 2.4, 3.3, 5.1 and
5.6

Three pin diodes
and 4 inductors

FR4 Three diodes are
used to switch
between 4
frequencies

Fig. 18.7 Frequency
reconfigurable monopole
antenna with switchable
band reconfigurable
characteristics from UWB to
band-notched UWB to
dual-band radiator [7]
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Fig. 18.8 Novel frequency
and radiation pattern antenna
portable device applications
[8]

Table 18.2 Comparison of reconfigurable UWB band-notched antennas

References Operating
frequency
bands
(GHz)

Components
used for
re-configurability

Substrate used Band notch
frequency

Remarks

Yadav et al.
[4]

3.2–13 Two pin diodes
and three
inductors

RO3003 Between
(5–5.35 GHz
and
8–8.45 GHz)

Two
notch
bands are
obtained
using two
pin
diodes

Yadav et al.
[6]

3.2–13 One pin diode
and two
inductors

RT/DUROID
5880

Between (4.6
and 6.4 GHz)

One band
notch is
obtained
using one
pin diode
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the help of two pin siodes, whereas the antenna in [6] is capable to resonate between
3.2–13 GHz and is switchable to only one band notch of 1.8 GHz, i.e., between 4.6
and 6.4 GHz with the help of one pin diode.

18.3 Conclusion

This paper gives a succinct review of some of the most prominent works published
in the field of reconfigurable antennas in the past few years. It is purely based on fre-
quency reconfigurable antennas. There can be more reconfigurations such as polar-
ization, radiation pattern and gain which are also under research. These antennas
are used in various wireless applications like cognitive radio, satellite communi-
cation, medical applications and mobile radio. They are cost effective, have fewer
complexities and provide efficient communication.
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Chapter 19
Room Temperature Pt-Modified
WO3/p–Si Film Gas Sensor for Detection
of Methanol

Anup Dey , Komal Kumari, Abir Jana, Bijoy Goswami, Poushali Nandi,
and S. K. Sarkar

Abstract In this proposed work, room temperature fast response and recovery Pt-
modified WO3/p–Si and WO3 device sensors were fabricated using sol–gel method
for the influence of methanol gas concentrations. Two different types of sensors have
been fabricated for sensing of methanol concentration in the temperature range of
25–45 °C. TEM, XRD, and FESEM are useful for exploring the structural property
and the surface property of Pt–WO3 and WO3 thin film. Gas-sensing response is
observed at the room temperature range. It was observed that Pt-modifiedWO3/p–Si
thin film with Al presents higher response as compared to unmodified WO3/p–Si
thin film.

19.1 Introduction

WO3-basedmethanol sensor plays an important role in industrial and domestic appli-
cations. Therefore, development of methanol sensor is required to detect the con-
centration of methanol vapor. CH3OH is a beneficial volatile organic compound
(VOC) toxic solution having extensive application in various areas like perfumes,
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wine industry, detection of colors, etc. Gas sensor is mainly used to detect the various
toxic, flammable, and VOC gases like acetone, ethanol, butanol, methanol, etc.

Among several metal oxide semiconductors (TiO2, SnO2, CuO, ZnO, etc.), WO3

is highly recommended as a gas-sensing materials because of its high selectivity and
sensitivity toward the volatile organic compound gases [1]. It is also observed that
WO3 films have likely optical and electrical properties toward different gases [2].
Various methods were used to synthesis WO3 film [3]. In recent years, metal oxide
thin film has been used as the suitable materials for enhancing gases like CH4, NOx,
CO2, and H2S [4, 5]. The sensing properties of tin oxide were produced by sol–gel
techniques toward alcohol vapor have proposed byMishra et al. [4] and the electrical
response of mixed metal-based thin film sensor to CH4 gas has been depicted by Dey
et al. [5]. Roy et al. [6] have described C2H5OH and CH3OH properties of WO3 and
ZnO films deposited via spin coating method. The response features of SnO2 films
are placed by thermal process toward different vapors (C2H5OH, C3H6O, CH3OH,
C3H8O, and CH3COOH) have proposed by Gong et al. [7]. WO3 thin film-based
methanol sensor is not much reported earlier. Main intention of our present work
is to fabricate Pt–WO3 and WO3 device sensor for exposure of methanol vapors.
Sensing features of metal oxide-based film are influenced by noble metal. Many
noble metals depositions like Pt, Pd, Al, and Au are used for not only increasing the
response magnitude but also decreasing the operating temperature ofWO3 thin films
[8–10].

In this paper, two different sensors have been fabricated on P–Si substrate using
dip-coating method to detect methanol vapor at room temperature range from 25
to 45 °C. The sensing characteristics of different sensors are investigated at the
different concentrations of methanol vapor. It has been observed, Pt–WO3 sensor
with Al contact ensures better response compare to the unmodified tungsten thin
film sensor.

19.2 Preparation of Thin Film

WO3 films were fabricated by choosing of sol–gel process using WCl6 chemical
compound [10]. Initially, isopropanol is mixed with WCl6 at a ratio of 100 ml/5 g.
The solutions are kept in dry for 48 h. Dip-coating method is obtained for dropping
the prepared sol on the substrate. Then, the sample is kept in the oven for next 10 min
at 120 °C and next the sample was calcined at 500 °C for 2 h to obtain crystalline
film less than 100 nm. The detailed structures of sensors are depicted on Fig. 19.1.
The surface structure (FESEM) image (WO3) films are depicted in Fig. 19.2.
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Fig. 19.1 a Structures of unmodified WO3 thin film sensors with Al contacts, b Structures of
Pt-modified WO3 thin film sensors with Al contacts

Fig. 19.2 FESEM image of
Pt–WO3 sensor
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19.3 Results and Discussions

Figure 19.2 FESEM (Model:S-4800) investigation showed that Pt–WO3 thin film
is dropped on the surface of the substrate. Average grain sizes are small whose
dimension around 42–68 nm. For analysis of TEM image (model:JSM-6360) Pt–
WO3 based film by consuming copper grid. Figure 19.3 shows low-magnification
TEMimagewhich consists of large number of crystalline particles havingdistribution
size between 45 and 70 nm.

Response of the sensor is calculated by,
Ia and Ig represent current for gas concentration in air and current for sample

sensor at a given concentration of methanol vapor. The whole measurement details
are shown in Fig. 19.4

XRD peaks of WO3 sensor are depicted in Fig. 19.5. The peaks observed at 2-
theta: 26.8°, 31.1°, 43.8°, 58.1°, 59.3°, 80.4°, 94.2°, and 97.2° correspond to (020),
(101), (210), (022), (202), (221), (401), and (302) plane of WO3, respectively, and
which checking the monoclinic phase (JCPDS no. 83-0961).

For gas sensing measurement of the prepared sensors, CH3OH is taken as a pri-
mary gas and N2 gas is taken as a carrier gas. Developed sensor is placed in sensing
chamber under normal air-free condition. Gas mixture chamber is monitored via
MFM and MFC meter, respectively. Multimeter connection is taken for determining
the current and resistance of the device. The whole system is presented in Fig. 19.4.

Figure 19.6 showed the response versus operating temperature plot of Pt–WO3 and
WO3 thin film device. The sensing characteristic of different devices has considered
at their room temperatures. The response of Pt–WO3 with Al contacts reaches the
highest value at the working temperature of 35 °C and after that, enhancing the
temperature, sensor response decreases. Pt-noble metal is used for enhancing the
response characteristics of the prepared sensors.

Fig. 19.3 TEM image of
Pt–WO3 sensor
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Fig. 19.4 Gas sensing chamber set up diagram

Fig. 19.5 XRD peaks of
WO3 and Pt–WO3 device

Figure 19.7 shows the two different sensors response magnitude versus different
concentrations ofmethanol vapors curve. The sensitivity of Pt–WO3 proposed device
with Al is significantly higher compared to unmodified thin film WO3/p–Si sensors.

Sensor response versus time plot of Pt-modified WO3/p–Si and unmodified
WO3/p–Si sensors is depicted in Fig. 19.8. From curve, it is shown that both response
and recovery time have improved because of the modification of noble metal Pt as
compared to the modification of sensing material by the WO3/p–Si thin film sen-
sors. The T res and T rec of thin film proposed devices purely depend on deposition of
the metals and the interactions between chemisorbed oxygen species of target gas
molecules.
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Fig. 19.6 Sensitivity versus
temperature plot (0.01%
methanol)
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Fig. 19.7 Sensitivity versus
different concentrations of
methanol vapors
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Stability plot of Pt-modifiedWO3/p–Si and unmodifiedWO3/p–Si heterojunction
thin film gas sensors is depicted in Fig. 19.9. It is shown that prepared Pt-modified
WO3/p–Si thin film device produced much better stable current compared to the
unmodified WO3/p–Si thin film sensors for detection of room temperature methanol
concentration. The stability is measured up to 15 days at room temperature 35 °C in
presence of methanol gas concentrations.
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Fig. 19.8 Sensor response
versus time plot of
Pt-/WO3/p–Si and
WO3/p–Si sensors with
various target gases (room
temperature of 35 °C)
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Fig. 19.9 Stability plot of
Pt/WO3/p–Si thin film
sensors at room temperature
35 °C
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Selectivity analysis is important parameter which needs to be detected under vari-
ous gases under same operating and same gas concentrations. Figure 19.10 represents
the selectivity plot which tested four different gases like methanol, ethanol, butanol,
and propanol. It is observed that prepared Pt/WO3/p–Si sensor takes maximum
selectivity associated with others gases.
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Fig. 19.10 Selectivity plot
of Pt/WO3/p–Si sensors with
different target gases (room
temperature of 35 °C)
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19.4 Conclusions

In the present work, two different types of sensors Pt–WO3 and unmodified WO3

have been developed and fabricated for detecting methanol concentrations. WCl6
has utilized for the preparation of tungsten thin film. The gas sensing behaviors
of tungsten film have been observed in the room temperature ranges from 25 to
45 °C. It is observed that Pt-modified WO3 thin film with Al contact has better
response than the unmodified thin film sensor. In addition, Pt-modified WO3/p–Si
thin film sensor has better response and recovery time as compare to the unmodified
WO3/p–Si thin film sensor. Therefore, Pt-modified WO3 film-modified Al contact
is highly appropriate for the detection of room temperature CH3OH concentration.
The limitation of the proposed sensor is to investigate an indoor air quality under
low gas concentration flow.
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Chapter 20
Graph Degree Linkage Clustering
for Identify Student’s Performance
on Kompetisi Sains Madrasah
in Indonesia
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Noor Wahyudi , Ahmad Yusuf , Ali Mustofa , and Zakiyatul Ulya

Abstract Graph degree linkage (GDL) algorithm is a development of agglomerative
clustering and graph. The clustering algorithm can be applied to various problems,
such as student performance. Kompetisi Sains Madrasah (KSM) is one of the com-
petitions by integrating science and Islam held in Indonesia. The final score of the
competition will be used in this study to identify the students’ performance who
participate in the competition. The main goal of the study is obtaining the results of
the participant’s performance clusters based on the final score of KSM and obtain
the information about the quality of students in schools that are participating in the
competition. Based on the research, we obtain the bestK-neighborhood value of three
clusters is equal to 25. The research obtains the silhouette coefficient value for clus-
tering evaluation. They are 0.5104, 0.4838, 0.6853, 0.5943, 0.6605, 0.8037, 0.6455,
0.6723, 0.6996, 0.5767, and 0.6695 in mathematics, natural science, mathematics,
natural science, social science, mathematics, biology, physic, chemistry, economics,
and geography subjects. The identification of school student performance in each
subject tested shows that State Islamic School student performance in KSM has the
best performance in elementary and middle-high grade. In senior grade, the best
students’ performance in KSM is from Private Islamic School.
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20.1 Introduction

Clustering is one of the analysismethods in datamining to grouping data sets based on
similar characteristics of data. Two common techniques used in clustering algorithms
are agglomerative hierarchical and partial clusters [1]. Agglomerative clustering also
known as linkage method has several types, they are complete linkage, average
linkage, etc. [2]. Agglomerative clustering algorithm has some disadvantages to
solving high-dimensional space clustering problem because the neighborhood of
the characteristics of the data is calculated based on pairwise distances between the
data [3]. Therefore, Zhang et al. [4] proposes an agglomerative clustering algorithm
based on the graph and it is called as graph degree linkage (GDL) algorithm. The
algorithm proposed based on several studies on graph data representations that have
been developed widely in various machine learning topics [5–9], but it rarely applied
in agglomerative clustering. Furthermore, Zhang et al. [4] made improvements from
[10–12] who did research before and tried to use agglomerative clustering on graph
data representations. The algorithm has three main advantages. First, the algorithm
has good performance even though it was applied to noisy and multiscale data.
Second, the algorithm is a simple algorithm to implement. Then, last, the calculation
time of the algorithm is very fast. In the algorithm, pairwise distances between sample
data are used to construct K-nearest neighbors (K-NN) graphs, where indegree and
outdegree become the similar characteristic of two clusters [4].

Clustering can be applied to solve various types of problems, such as data analysis,
pattern recognition, image processing, market research, and student performance
[13, 14]. The application of clustering algorithms to student performance problems
is used to monitor the quality of education in a country [15]. The results of the
monitoring can be used as evaluations to further improve the learning process [16],
especially for schools and educational institutions. Student performance evaluations
between schools are not the same as others, so the wide evaluation is needed. One of
the methods to determine students’ performance is school competition. One of the
competitions held in Indonesia to appraise student performance is Kompetisi Sains
Madrasah (KSM). The competition measures students’ knowledge at various grades
by integrating science and Islam. The final score of the competition will be used in
this study to identify the students’ performance who participate in the competition.

The main goal of the study is to obtain the results of the participant’s performance
clusters based on the final score of KSM and obtain the information about the quality
of students in schools that are participating in the competition. In addition, the result
of clustering the students’ performance can be used as an evaluation of the committee
and it can be used to plan for future activities for the better.
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Fig. 20.1 Illustration of
indegree and outdegree of
graph degree linkage [4]

20.2 Graph Degree Linkage

20.2.1 Algorithm Overview

Graph degree linkage (GDL) algorithm is part of the agglomerative clustering, and
the algorithm starts by initializing several small clusters. Then, in every two clusters
which have the similarity, they are chosen to be merged. To determine the neigh-
borhood among data, it was calculated based on the indegree and outdegree of the
vertex using K-NN graphs. The small clusters initialization are simply constructed
as a weakly connected component of theK0-NN graph, where the neighborhood size
of K0 is small [4] (Fig. 20.1).

20.2.2 Neighborhood Graph

In graph theory, a vertex called adjacent to the vertex v in a graph if the vertex is
connected to v with an edge. The neighborhood of vertex v in graph G is subgraphs
of G consist of vertices adjacent to v with each edge connected to v [17].

Given a set of data X = {x1, x2, x3,…, xn} and directed graph G = (V, E), where V
is a set of vertices that correspond to the sample in X, and E is a set of vertices that
connecting vertices. In the algorithm, the graph is connected with adjacency weight
matrix W = [wij], where wij is the weight of the edge at the vertex i to vertex j.
In the problem of high-dimensional space, K-NN graphs are used to determine the
neighborhood, where the weight of the edge is defined as follows [4].

wi j =

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

exp

⎛

⎜
⎝

−distance(i, j)2

a
nk

[
∑n

i

∑
x
j∈NK

i

distance(i, j)2
]

⎞

⎟
⎠ ifx j ∈ NK

i

0 otherwise

(20.1)

where K and a are the parameters that free to be set, with distance (i, j) are distances
between xi and xj, and NK

i is a set of K-NN from xi.
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20.2.3 Adjacency Measure

The important element of the agglomerative clustering algorithm is the adjacency
measure between two clusters. In [4], the adjacency measure is calculated based on
indegree and outdegree of the graph. Indegree measures the density near the sample
i and outdegree characterizes similarity of K-NN from vertex i to cluster C. Average
indegree is defined in Eq. (20.2) and average outdegree is defined in Eq. (20.3), where
|C | is the cardinality of the set C.

deg−
i (C) = 1

|C |
∑

j∈C wi j (20.2)

deg+
i (C) = 1

|C |
∑

j∈C wi j (20.3)

Furthermore, adjacency is defined as the product of the average indegree and
average outdegree in Eq. (20.4). So, the adjacency of cluster Cb to cluster Ca by
summing all vertices in Cb.

Ai→C = deg−
i (C) deg+

i (C) (20.4)

ACb→Ca =
∑

i∈Cb

Ai→Ca =
∑

i∈b deg
−
i (Ca) deg

+
i (Ca) (20.5)

ACa ,Cb = ACb→Ca + ACa→Cb (20.6)

The following is an algorithm of Graph Degree Linkage (GDL).

1. Initialize a set of n small cluster data X = {x1, x2, x3,…, xn} with nT as the target
number of clusters

2. Build theK-NN graph by initializing the number of clusters andK-neighborhood
value, and get the weighted adjacency matrix W. A set of initial clusters define
as Vc = {C1,…, Cn}, where nc is the number of clusters

3. Search two clusters Ca and Cb to be merged if has a similar character such
{Ca,Cb} = argmaxca ,cb∈V cAca ,cb . Then, update V

c and nc
4. Do step 3 repeatedly until nc ≤ nT .

20.3 Clustering Evaluation: Silhouette

Silhouette is one method to evaluate the system of clustering. The value of the
silhouette coefficient (sc) can show the quality of a cluster system based on how
the algorithm placed the objects on a cluster. The method is used to validate data, a
single cluster, and the whole cluster [18]. In [19], the calculation of sc value starts
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by calculating the average distance of an object i with each object in one cluster
and calculates the average distance from object i with all objects in other clusters to
obtain the smallest value. Then, calculate s(i) value of each data, and the average of
the result s(i) value is the value of sc. The results of the calculation of sc value are in
the range −1 to 1. Cluster results are called as good if the value of sc is positive. If
s(i) = 1 means that the object i is already in the right cluster. If s(i) = 0 means that
the object i is between two clusters. However, If the value of s(i) = −1 means that
the result of the cluster structure is overlapping. The criteria of sc value by Kaufman
table [20].

20.4 Result and Discussion

The dataset processed in this study is the final score of KSM. The competition
participated by students of public schools, Islamic schools, private schools, and state
schools in various grade, they are Madrasah Ibtidaiyah (MI) or Islamic Elementary
School, Madrasah Tsanawiyah (MTs) or Islamic Junior High School, and Madrasah
Aliyah (MA) or Islamic Senior High School. Based on 540 data, it consists of scoring
on multiple-choice questions and exploration of 11 subjects tested.

Based on the proposed algorithm, the first step in clustering is to determine the
number of clusters and the value ofK-neighborhood to build theK-NNGraph. In this
study, the number of clusters used was three clusters, where each cluster represented
the knowledge of the students who participated in the KSM. Clusters are identified
as excellent, good, and fair clusters. Then, we used various K-neighborhood values
of 10, 15, 20, and 25. It aims to find the best cluster that can represent the data.
The results of each clustering experiment are evaluated using the silhouette shown
in Table 20.1.

Based on the results of the evaluation of the clustering experiment, the best clus-
tering system is using the value of K-neighborhood equal to 25. Illustration of the
distribution of clustering results is shown in Fig. 20.2.

Besides obtaining the results of KSM participant’s performance clustering, we
identified the schools of each participant. Based on the information from the school
and the results of the clustering, we identify the school students’ performance is an
excellent, good, and fair cluster in each subject tested in the competition.

Based on the graphs of elementary school student performance in Fig. 20.3, in
natural science subjects, State Islamic Elementary School has the best student perfor-
mance in the excellent cluster, then followed by private Islamic Elementary School
and Private Elementary School. In mathematics subjects, private Islamic Elementary
School is superior in student’s performance. However, the number of students from
private Islamic Elementary School is not few in the fair cluster.

Based on Fig. 20.4, it represents student performance at the middle grade, and
the average number of State Islamic Junior High School student at Mathematics
and Social Sciences is in the “Good” cluster, but in natural science subjects, they
are in “Excellent” cluster. In participant’s performance of State Islamic Junior High
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Fig. 20.2 a Illustration of the distribution of KSMparticipant performance inMadrasah Ibtidaiyah;
b illustration of the distribution of KSM participant performance in Madrasah Tsanawiyah; and
c illustration of the distribution of KSM participant performance in Madrasah Aliyah

School, the most participants are clustered in “Good” cluster at Mathematics and
Social Science subjects, the Natural Science subjects are clustered in the “Fair”
cluster (Fig. 20.5).

In the identification of Senior High School student’s performance, based on all
subjects tested in KSM (except mathematics), State Islamic Senior High School
student performance is superior to the other schools. At mathematics subject, the
best student performance is Private Senior High School students. Private Islamic
Senior High School student’s performance is clustered in “Good” cluster at all sub-
jects tested. Meanwhile, State Senior High School student performance cannot be
identified as well because there are not many students who netted in the national
competition.



218 A. H. Asyhar et al.

Fig. 20.3 Elementary School student’s performance graph

Fig. 20.4 Junior High School student’s performance graph

20.5 Conclusion

The identification of students’ performance who participates in KSM at the national
stage can be used to monitor and evaluate the quality of education in Indonesia.
The result of study obtained the bestK-neighborhood value of three clusters which is
equal to 25 with silhouette coefficient values that are 0.5104, 0.4838, 0.6853, 0.5943,
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Fig. 20.5 Senior High School student’s performance graph

0.6605, 0.8037, 0.6455, 0.6723, 0.6996, 0.5767, and 0.6695 in all subjects. Based on
the clustering result, the student performance generally clustered in excellent cluster
in elementary and middle grade is from State Islamic School. In senior high school
grades, the student’s performance that clustered in “excellent” cluster generally is
from Private Islamic School.
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Chapter 21
Stepwise Iterative Maximum Likelihood
Clustering Based on Kompetisi Sains
Madrasah’ Scores for Identifying Quality
of Junior High School Grading
Distribution

Kusaeri , Nanik Puji Hastuti , Ali Musthofa , Ahmad Fauzi ,
Ahmad Hanif Asyhar , Dian Candra Rini Novitasari , Dwi Rolliawati ,
Zakiyatul Ulya , Ahmad Yusuf , Nurissaidah Ulinnuha ,
and Noor Wahyudi

Abstract Kompetisi Sains Madrasah (KSM) is a science competition organized by
the Ministry of Religious Affairs Indonesia. KSM scores can help to determine the
quality distribution of students based on KSM data. Clustering is a method that can
group data based on the similarity of data. One method of student clustering that has
never been done is Stepwise Iterative Maximum Likelihood. SIML does clustering
based on the average value and standard deviation of each cluster. SIML grouping is
done several times by creating several different clusters. The best grouping experi-
mental results are in the number of clusters 3. Cluster data is divided into 3 groups
consisting of very good, good, and fair students. Silhouette values indicate the best
grouping using 3 clusters. The silhouette value is 0.423745 for natural sciences sub-
ject data. Social sciences data has a silhouette value of 0.415654, and a silhouette
value of 0.487071 for mathematics subjects. Three silhouette values are the best
silhouette values when compared to other experiments.

21.1 Introduction

Education has a role in the progress of a nation. A country experiences underdevel-
opment in various aspects if a country does not pay attention to the development
of education. Some developed countries make education as an investment to avoid
reducing the quality of society. As a country in the process of becoming a developed
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country, Indonesia has carried out various educational developments. The progress
of Indonesian education can affect the progress of the Indonesian state [1]. Increasing
the quality of education is one of the efforts aimed at obtaining quality, advanced,
and independent communities. One of Indonesia’s efforts in developing education
is to increase the quantity and quality of education. Enhancing the quality of edu-
cation is realized by evaluating and developing educational strategies, while one of
the quantitative efforts is to provide formal school facilities from urban to rural areas
[2].

Formal schools established in Indonesia have various types including public
schools and private schools. State schools are schools operated by the government.
The government handles all school needs. While private schools are schools that are
operated by private parties [3]. In its development, various schools were established
to help to advance Indonesian education. The number of schools increases every
year. The number of schools from elementary school to senior high school (SLTA),
special school in Indonesia, reaches 307,655 schools. This amount is based on the
basic education data of the Ministry of Education and Culture. When viewed from
the type of school, there are 169,378 public schools and 138,277 private schools [4].
Several educational problems follow the growth of schools in Indonesia. One issue
that arises is the school at the junior high school level.

One form of treatment in junior high school problems is holding a competition
between students. Kompetisi Sains Madrasah (KSM) is a competition held by the
Ministry of Religion of the Republic of Indonesia. KSM is followed starting from
elementary school, junior high school, and senior high school. Madrasah Science
Competition is a science competition that began in 2016. Students participate inKSM
from elementary, junior high, and high schools under the auspices of the Ministry
of Education and Culture [5]. KSM competition results are a sample of the quality
scores of students from various provinces. The distribution of student grades in each
region has a different score. A grouping system of score data is needed to see the
diversity of student quality in Indonesia.

Clustering is a process of grouping data into a data class with high similarity
and having data differences with other clusters. Previous research has conducted
clustering of the quality of elementary school students using the k-means algorithm
[6]. The clustering aims to identify the quality of elementary school students. In
this research, clustering is done using the Stepwise Iterative Maximum Likelihood
(SIML) algorithm. Maximum likelihood classifies data by looking at the average
and standard deviation values. A random value is raised to be the center point of the
cluster. The optimal value of the center cluster is obtained if it has an average and
standard deviation [7]. Previous research stated that a maximum likelihood method
can distinguish overlapping data. In addition, the maximum likelihood can group
the number of samples that are lower than the data dimension [8]. Other studies use
maximum likelihood clustering as a method for classifying people with leukemia.
Maximum likelihood clustering groups data as 2, 3, 4, and 5 dimensions with excel-
lent success. The success rate of clustering using the maximum likelihood can reach
90% more, as in previous research studies [8].
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The previous clustering of education was carried out using the k-means method.
Clustering is intended to help to reduce the number of students dropping out of
school, and increase the quality of student learning [9]. The use of the k-means
method is also provided to classify the quality of students using online learning data
[10]. Another method used in the clustering process is the fuzzy c-means method.
The clustering of students is aimed at providing evaluations of students needed by
a teacher in improving the quality of learning [11]. Some student quality analysis
that has been done has not used the SIML method. This study proposes the SIML
method for classifying junior high school students based on the score of KSM.

The results of clustering using maximum likelihood require an evaluation system
to see the level of success. One form of clustering evaluation is calculating data
distance. The calculated distance is the distance of data in one cluster, as well as with
other clusters. In addition, evaluation can also be seen from the distance of data to
the cluster center point. The silhouette method can calculate all distances [12]. The
results of the silhouette evaluation on the SIML clustering are used as a reference
for analyzing the results of clustering. KSM data that has been clustered is analyzed
for each cluster. Analysis of the results of clustering is intended to determine the
quality of students. In addition, the results of the clustering of data can be used as a
reference to provide action in improving the quality of education in Indonesia.

21.2 Stepwise Iterative Maximum Likelihood (SIML)

Maximum Likelihood Clustering (MLC) is a method that classify data by looking
the average values and standard deviations from the center of the cluster [13–15].
Stepwise Iterative Maximum Likelihood (SIML) is a clustering method developed
fromMLC. SIML finds the best cluster center by finding the optimal partition repeat-
edly. Partition search is made by shifting the partition from the initial data to another
partition. Partition optimization is given by looking at the log-likelihood value. If the
partition shift results in a high log-likelihood value, the partition is directed toward
the latest partition point [7]. Suppose the data is grouped into 2 groups, each cluster
is marked with a red and orange circle. Each cluster has a midpoint as the center of
the initial cluster. Cluster center points have coordinates in the form of a mean (μ)
and standard deviation (σ ). The log-likelihood value is obtained by adding up the
possibilities in the first cluster (L1), and the likelihood in the second cluster (L2). If
the new log-likelihood (Lnew) value is greater than the old log-likelihood (Lold), the
cluster point is changed to the new position. The mean and standard deviation values
were obtained using Eqs. (21.1) and (21.2). While the likelihood value in cluster i is
calculated using Eq. (21.3) [16].

μi = 1

ni

∑

x∈Xi

x (21.1)



224 Kusaeri et al.

σi = 1

ni

∑

x∈Xi

x(x − μi )(x − μi )
T (21.2)

Li = −1

2
nid − nid

2
log 2π − ni

2
log|σi | + ni log

ni
n

(21.3)

Shifting the cluster center point requires calculations to find a better point. Calcu-
lation of new likelihood (L*) is obtained by adding up the value of the old likelihood
(L) with changes in likelihood (�L), and constants (C), and mathematically can be
written as in Eq. (21.4) [17]. The value of the change in likelihood itself is obtained
using Eq. (21.5), and constants (C) are obtained using Eq. (21.6).

L∗
j = L j + (

�L j + C
)

(21.4)

�L j = −1

2
log|σ j | − n j + 1

2
log

(
1 + 1

n j + 1

(
x − μ j

)T
σ j − 1

(
x − μ j

))

+ log
n j

n
+ (

n j + 1
)(d

2
+ 1

)
log

(
n j + 1

)

n j
(21.5)

C = −d

2
− d

2
log 2π (21.6)

21.3 Silhouette

Silhouette is one method of system evaluation. Silhouette is used to evaluate the
results of data clustering. Silhouette evaluation is obtained by calculating the distance
of each data to the center of the cluster. Each data has calculated the distance at each
cluster center. The distance of the two points can be calculated using the Euclidean
distance function [18].

The evaluation value of the silhouette aims to see how close the data is to the
center of the cluster itself and the center of the other clusters. The results of the
silhouette have intervals of −1 to 1. A value of -1 indicates poor clustering results
and a value of 1 indicates clustering has the right results. To get the silhouette value,
each cluster is calculated using Eqs. (21.7) and (21.8). The value of a(i) indicates
the distance of data i(Xi ) to other data (X p)that are in one cluster (Ch). The value of
b(i) is the distance of data i(Xi ) to other data (X p) in the other cluster [19].

sil(i) = b(i) − a(i)

max{a(i), b(i)} (21.7)

Sil = 1

n

n∑

i=1

sil(i) (21.8)
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21.4 Results and Discussion

This research is quantitative research. This research is quantitative because it uses
numerical data. The intended statistical data is KSM score data as material for ana-
lyzing research results using KSM participant data in 2019. The level of competition
used is the junior high-level equivalent. The junior high school level has three types
of competition. The first competition is the natural sciences subject. This competi-
tion has a total data of 1192 participants. Data on science competitions are shown
in Fig. 21.1. The second competition is a competition in social sciences subjects.
The SMP-level competition in social studies subjects has a total number of 1183
participants. In the third competition, there were 1254 participants with mathemat-
ics subjects. The participant data used is the provincial-level participants from the
district/city-level selection results. Each data has three parameters. The parameters
used include the number of questions answered correctly, answered incorrectly, and
not answered. These parameters are used as input values to determine the quality of
Indonesian students. The amount of data used comes from 34 provinces. Figure 21.1
presents natural science subjects data for number of questions answered correctly
(TRUE), number of questions answered incorrectly (FALSE), and number of not
answered (NULL) questions.

Looking at the data shown in Fig. 21.1, participants in science competitions have
a higher tendency to answer false questions, followed by the number of questions
answered correctly, and questions that were not answered. As with science partic-
ipants, IPS participants have the same tendency. The difference between science
participants is the number of questions answered incorrectly and the number of cor-
rect and blank questions. All three parameters have a high enough difference in value.
In the mathematical participant data, the score parameters are not answered and the
questions answered incorrectly have an almost equal number, while the number of
questions answered correctly is relatively small. Data from the three competitions
in clustering uses the SIML method which the number of questions answered cor-
rectly, the number of questions answered incorrectly, and the number of questions
not answered as input data.

SIML clustering requires the determination of some initial parameters before
clustering data. The parameters required are the determination ofmaximum iteration,
determination of many classes, and determination of the initial cluster center. This
study uses a maximum iteration of 1000 iterations, while many classes in this study
were given several experiments. The trial amount is given starting from 3 classes, 4

Fig. 21.1 Natural science
participant
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classes, 5 classes, and 6 classes. Experiments for the number of classes are intended
to see the optimal number of classes in KSM data clustering. The update value is
also applied to the cluster center point. The clustering process stops if the L value
does not change.

Clustering results are then evaluated using the silhouettemethod. The output value
in Eq. (21.7) is the silhouette for each cluster. To see the overall silhouette value can
be obtained using Eq. (21.8). As a reference to see the optimal number of classes, see
the overall silhouette (S) silhouette value, and silhouette standard deviation. S value
is used to examine the average success of the system in clustering data. While the
silhouette standard deviation is to see how high the distribution of the silhouette is.
The higher the S value the stronger the clustering results. If you have a large standard
deviation silhouette value, it indicates that there are high-value or low-value data far
from the average of other data.

The results of clustering experiments using several classes are shown inTable 21.1.
Looking at the results of the experiments, it can be seen that clustering using 3
clusters has the highest silhouette value compared to silhouettes in the number of
other clusters. In addition, clustering with 3 clusters has a relatively small silhouette
value distribution. The distribution of silhouette values is indicated by the standard

Table 21.1 Silhouette values
in several experiments

Number of
clusters

Subjects Silhouette Silhouette
standard
deviation

3 cluster Natural
sciences

0.423745 0.231354

Social
sciences

0.415654 0.188862

Mathematics 0.487071 0.202107

4 cluster Natural
sciences

0.450291 0.205557

Social
sciences

0.429888 0.195371

Mathematics 0.401584 0.226638

5 cluster Natural
sciences

0.409574 0.193355

Social
sciences

0.419559 0.196411

Mathematics 0.375758 0.200149

6 cluster Natural
sciences

0.427796 0.201309

Social
sciences

0.386807 0.239797

Mathematics 0.365801 0.215890
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Fig. 21.2 Data distribution from clustering result

deviation of the silhouette values. The standard deviation value in the experiment 3
cluster has a small value.

The results of silhouette calculations in the 3 cluster experiment show that a lot of
data has been classified well. Positive silhouette values show a good clustering. The
number of data that has a value of less than 0 is 48 data from 1192 data. Overlapping
data is 34 data from the 3rd cluster, 2 data from the 2nd cluster, and 12 data from
the 1st cluster. In the social studies, subjects have 7 data with a value of less than 0
(overlapping) consisting of 3 data in cluster 1, 3 data from cluster 2, and 1 data from
cluster 3. In the data competition, mathematics has overlapping data only 19 data.
The overlapping data comes from 19 data in cluster 1, and 1 data from cluster 3. The
results of clustering are obtained cluster groups based on the similarity of the data.
Clustering results obtained as cluster 1 shows the cluster moderately, while cluster
2 is a cluster that shows data with minimal value. The last cluster is cluster 3 which
states a group of data with high values. The distribution of student quality can be seen
using the results of clustering. The distribution of clustering results is presented in
Fig. 21.2. The distribution of students is divided into 3 categories, namely excellent,
good, and fair. In the natural sciences comparison, the number of fair groups is
the highest in private MTS, while in social science, the data is in public MTS. In
mathematics competitions, the fair group on private MTS data is more dominant.

21.5 Conclusion

Clustering using the SIMLmethod inKSMdata has amaximumnumber of clusters of
3. The first cluster is good student data, followed by the second cluster of fair students,
and the final cluster which shows excellent student data. The results of clustering
using 3 clusters have the highest silhouette value compared to the silhouette values
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in the number of other clusters. Judging from the Kaufman table, the clustering value
shows that the cluster structure formed is still weak. The silhouette value with cluster
number 3 is 0.423745 for natural science, 0.415654 for social science, and 0.487071
for mathematics subjects.
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Chapter 22
Detecting the Width of Pap Smear
Cytoplasm Image Based on GLCM
Feature

Nita Merlina, Edi Noersasongko, Pulung Nurtantio, M. A. Soeleman,
Dwiza Riana, and Sri Hadianti

Abstract Color image segmentation on cytoplasmPap smear single cell image iden-
tified as normal condition is an interesting subject to study. It is caused by the image
limitation and morphological transformation complexity of the cell structural part.
Feature analysis on cytoplasm area is an important thing in the process of biomedical
image analysis because of the noise and complex background and the bad cytoplasm
contrast as well. Thus, an analysis on the feature area on cytoplasm automatically
is an urge thing to do to identify Pap smear normal cell image based on feature
analysis on cytoplasm area in single cell image identified as normal condition. The
purpose of this research is to analyze how far the process color image segmentation
on cytoplasm by using normal single cell image is able to produce features of texture
and form analysis. To analyze the form of cytoplasm, this research used RGB color
to HSV color conversion method which produces metric and eccentricity value. It
is then continued to the process of threshold image and counting the wide area by
changing threshold into binary image. On the other side, to analyze the texture, this
research applied an analysis using gray-level co-occurrence matrix (GLCM) using
K-means method to produce contrast, correlation, energy, and homogeneity param-
eters. The result of the research is the segmentation outcome to Pap smear normal
single cell image sample to get metric, eccentricity, contrast, correlation, and energy
features.

22.1 Introduction

Women are generally susceptible to cervical cancer, which ranks fourth as a very
deadly disease [1]. Papanicolaou test also called Pap smear or Pap test is a health
test method that can help prevent cervical cancer. The main purpose of a Pap smear

N. Merlina (B) · E. Noersasongko · P. Nurtantio · M. A. Soeleman
Universitas Dian Nuswantoro, Semarang, Indonesia
e-mail: nita@mhs.dinus.ac.id

N. Merlina · D. Riana · S. Hadianti
STMIK Nusa Mandiri, Jakarta, Indonesia

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Singapore Pte Ltd. 2021
Y.-D. Zhang et al. (eds.), Smart Trends in Computing and Communications: Proceedings
of SmartCom 2020, Smart Innovation, Systems and Technologies 182,
https://doi.org/10.1007/978-981-15-5224-3_22

231

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-5224-3_22&domain=pdf
mailto:nita@mhs.dinus.ac.id
https://doi.org/10.1007/978-981-15-5224-3_22


232 N. Merlina et al.

is to detect cell abnormalities that may occur or before the cancer develops. Correct
interpretation of microscopic examination of cells and tissues is very important for
the final diagnosis judgment of the disease [2]. However, the Pap smear testing
process has weaknesses, especially in many developing countries where the number
of pathologists who can examine slides is inadequate. In Indonesia, with a population
of productive age women spread across 32 provinces with limited facilities and
limited human resources, it is estimated that 80% of the coverage of examinations
will be completed in five years with 7,992,486 Pap smear tests per year [3].

The classification of cervical cells in Pap smear images is an interesting thing
because of image limitations and the complexity of morphological alterations in the
structural parts of cells [4]. Pap smear image processing has been performed for
single cell types and non-overlapping. Image segmentation process is expected to
identify cytoplasm and nucleus images [5–7]. Segmentation is needed to define the
area of interest (ROI) in a normal single cell image and is the basis of an automatic
cervical cancer screening system. Efficient image segmentation enables extraction
of significant information and streamlines image data for further analysis. Weak
segmentation results in weak results during image analysis [8]. Analysis of features
in the cytoplasm area in normal Pap smear cell images is interesting. That is due
to image limitations and the complexity of morphological changes in the structural
parts of cells. Analysis of features in the cytoplasm area is important in the process
of analyzing biomedical images, and it is caused by background noise and complex
and weak cytoplasm contrast. So, it is necessary to do an analysis of the features of
the area in the cytoplasm by automation to identify the normal Pap smear cell image
based on the analysis of the features of the cytoplasm area in a single cell image that
is detected normally. The purpose of this research is to see the extent of the process of
analyzing feature areas in the cytoplasm by using a normal single cell image so that
features of texture and shape analysis can be produced. The results of this study are
expected to facilitate the identification of cytoplasm images from Pap smear images.

This paper is divided into several sections. Section 22.2, related work, discusses
about the methods used in the research. Section 22.3 describes the results and
discussion, which will be enclosed with conclusions and further research plans.

22.2 Related Work

There are many methods used to identify the area of cytoplasm image, and this
study attempts to do different things, which is to propose a segmentation method
for cytoplasm area in a single Pap smear image that utilizes the GLCM feature.
This GLCM feature has not been widely used in previous research. In the initial
detection of a Pap smear image, a single cell image is easy to observe [9]. In the
previous research, cytoplasm detection process has been successfully carried out by
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color classification using K-means and joint shape matching. However, this research
is limited only to determine the presence of cytoplasm and not to determine the
extent of cytoplasm in detail [10, 11]. The gray-level co-occurrence matrix (GLCM)
previous studies have been used, but they use a dataset from a nearby hospital and
only discuss cervical cancer related without the Pap smear cell being used [12].

22.3 Method

Data processing techniques use the MATLAB application program on color and
binary image matrices as well as analyzing textures. In order to determine the area
in cytoplasm image, the initial step of this research is to convert RGB color to HSV
color (hue, saturation, value). The HSV color model was formulated by searching
the RGB color cube along the gray axis of the color wheel, where this model is more
widely used than RGB in depicting color sensations. After the HSV color conversion
is generated, the next step is to determine the threshold image and calculate the area
of the area by changing the threshold image into a binary image that aims to calculate
objects in a digital image in a simple way from the original image. In this process,
we need a boundary value called the threshold value. Image intensity values that
are more than or equal to the threshold value will be changed to white (1), while
image intensity values less than the threshold value will be changed to black (0)
[13]. Furthermore, to analyze the texture of the image of the area value that has
been segmented by the K-means method and the researcher uses the Gray-Level Co-
OccurrenceMatrix (GLCM) so that the parameters obtained are contrast, correlation,
energy, and homogeneity. The results of this research are the results of segmentation
of a single Pap smear normal cell image sample so that it can be done well and is
able to get the features of metric, eccentricity, contrast, correlation, and energy [14],
where the texture has characteristics that can be extracted to distinguish an image
with another image. Figure 22.1 shows the image of a single cell used in this study.

In this study, a research flow diagram is shown in Fig. 22.2 on the digital image
of papers.

Fig. 22.1 Example of a single cell image
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Fig. 22.2 Research stages

22.4 Results and Discussion

22.4.1 Result

The stages of the research consisting of five stages of the process are evaluated on
traditional Pap smear images. All of these images were obtained through a Logitech
camera (Logitech HD C525 Webcam) adjusted to an optical microscope (Olympus
CH20). 40× amplification is used, and the results are saved in JPEG format. The
following are the results of the process of segmentation methods in each.

22.4.1.1 Convert RGB Color to HSV Color

The result of the conversion ofRGBcolor intoHSVcolor aims to detect the cytoplasm
so as to produce an image as shown in Fig. 22.3, where the cytoplasm has a color
that is more dominant than the nucleus.

Fig. 22.3 Image results from color conversion
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Fig. 22.4 Image from threshold

22.4.1.2 Threshold Image

When analyzing an area in the cytoplasm, the initial process is to determine the
edge of the object from a single normal cell. The results of edge detection in normal
single cell images are taken from images that have been converted to HSV color, and
Fig. 22.4 shows images of edge detection.

22.4.1.3 Binary Imagery

The calculation process of the attributes that exist in a single normal Pap smear
cell can be simply done by the process of conversion to binary images; after the
conversion process is carried out, the area calculation process can be carried out,
along with pictures that present the results of binary images (Figs. 22.5, 22.6, and
22.7).

Fig. 22.5 Binary image
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Fig. 22.6 Width binary image

Fig. 22.7 Chart width of binary image

22.4.1.4 Gray-Level Co-occurrence Matrix (GLCM)

The process of this GLCM is to analyze the texture of the cytoplasm area, so that
this research results in segmentation of a single Pap smear normal cell image sample
by producing metric, eccentricity, contrast, correlation, and energy features. The
following are the formulas for calculating the metric feature, eccentricity, contrast,
correlation, and energy:

Contrast =
∑

i1

∑

i2

(i1 − i2)
2 p(i1, i2) (22.1)

Homogeneity =
∑

i1

∑

i2

p(i1, i2)

1+ |11 − i2| (22.2)

Energy =
∑

i1

∑

i2

p2(i1, i2) (22.3)
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Table 22.1 Texture of the cytoplasm area

Metric Eccentricity Contrast Correlation Energy Homogeneity

0.01 1 0.01 0.99 0.57 1

0.01 0.46 0.01 0.98 0.49 0.99

0.01 1 0.01 0.99 0.49 1

0.02 1 0.01 0.99 0.51 1

0.95 0.7 0.01 0.99 0.53 1

0.78 0.7 0.01 0.88 0.95 1

0.01 0.73 0.01 0.98 0.52 0.99

0.67 0.53 0.01 0.99 0.5 1

Entropy = −
∑

i1

∑

i2

p(i1, i2) log p(i1, i2) (22.4)

Eccentricity = e =
√
1− b2

a2
(22.5)

Metric = M = 4π × A

C2
(22.6)

Table 22.1 gives the results of the GLCM calculations that have been carried out.

22.4.2 Discussion

In this study, we segmented Pap smear images by taking ten image from a single
normal goal, but there are two images that are not segmented perfectly; this is because
there is noise in the image, so the segmentation is done using the method taken less
than perfect.

22.5 Conclusion

The results of this study are to see the extent of the cytoplasm color image segmen-
tation process using normal single cell images so that features of texture and shape
analysis can be produced. To analyze the shape of the cytoplasm, this study uses the
method of convertingRGBcolor conversion intoHSVcolor conversion that produces
metric and eccentricity values and then proceeds with the process to determine the
threshold image and calculate the area of the area by changing the threshold image
which becomes a binary image. For texture analysis, the analysis is done using the
gray-level co-occurrence matrix (GLCM) method which uses the K-means method
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to obtain contrast, correlation, energy, and homogeneity parameters. The results of
this research are the results of segmentation of normal Pap smear single cell image
samples so that they can be done well and are able to get the features of metric,
eccentricity, contrast, correlation, and energy. The limitation of this study is that the
number of samples used needs to be increased so that it will produce more feature
data to get more extensive information. This research is a preliminary study for cyto-
plasm recognition. Further research will focus on segmentation of the cytoplasm in
single Pap smear cells by adding new features besides GLCM. Another thing to do
is research for group Pap smears.
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Chapter 23
Design of a Novel Wideband Dipole
Antenna for mm-Wave Frequencies

Paikhomba Loktongbam, Chaitali Koley, Debashish Pal,
and Ayan Kumar Bandhopadhyay

Abstract Here, a novel dipole antenna operating inmm-wave frequency is reported.
This antenna uses silicon as its substrate. The planar dipole is printed on top of the
silicon substrate having pit of optimized dimensions embedded in it. Tominimize the
surface wave loss, metallic vias are implanted along the sides of the substrate. The
proposed antenna structure has a simulated –10 dB bandwidth of ~80 GHz (120–
200 GHz). The simulated antenna has a radiation efficiency of 98.7% and gain of
4.81 dBi.

23.1 Introduction

Terahertz (THz) band with frequency range from 100 GHz to 10 THz (0.1–10 mm
[1]) and its non-ionizing nature [2] have proved it to be a potential candidate for
various applications. The utilization of flexible electronics in millimeter-wave and
THz systems has also grown tremendously in the past decade. Some of the recent
applications include inter- and intra-chip communication [3], electromagnetic energy
harvesting [4], biomedical implant devices [5], detection and imagining in the THz
region [6], measurement of mm-wave ICs and devices [7], power combining [8],
and beam steering [9]. In any communication system, an antenna is a critical passive
component [10], as it determines the system size and transmitting power. Silicon-
based antenna suffers from twomajor drawbacks. They are backside power radiation

P. Loktongbam · C. Koley (B)
National Institute of Technology Mizoram, Aizawl, India
e-mail: chaitali.ece@nitmz.ac.in

P. Loktongbam
e-mail: pailee.li81@gmail.com

D. Pal · A. K. Bandhopadhyay
Central Scientific Industrial Research-CEERI, Pilani, India
e-mail: debasish.pal1975@gmail.com

A. K. Bandhopadhyay
e-mail: akb.ceeri@res.in

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Singapore Pte Ltd. 2021
Y.-D. Zhang et al. (eds.), Smart Trends in Computing and Communications: Proceedings
of SmartCom 2020, Smart Innovation, Systems and Technologies 182,
https://doi.org/10.1007/978-981-15-5224-3_23

241

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-5224-3_23&domain=pdf
mailto:chaitali.ece@nitmz.ac.in
mailto:pailee.li81@gmail.com
mailto:debasish.pal1975@gmail.com
mailto:akb.ceeri@res.in
https://doi.org/10.1007/978-981-15-5224-3_23


242 P. Loktongbam et al.

when the antenna is excited [11] and surface wave losses. In [12], a hemispherical
lens was attached to the substrate to minimize backside radiation and to increase the
antenna gain. Other techniques to enhance the performance of lossy silicon substrate
are micro-machined horns [13], superstrate focusing scheme [14], substrate thinning
[15], artificial magnetic conductor concepts [16], etc. The proposed antenna attempts
to decrease the surface waves by implanting metallic vias of copper on the edges of
the silicon substrate. This paper is organized as follows: Sect. 23.2 discusses antenna
structure and design methodology. Section 23.3 discusses the results obtained in the
simulation, and finally, Sect. 23.4 is the conclusion.

23.2 Antenna Geometry and Design Formulae

The proposed antenna is basically a center-fed dipole. The ground plane is made of
copper [17]. A pit of optimized dimension is drilled in the silicon substrate. Dipole
is printed in it. The top view and front view are shown in Figs. 23.1 and 23.2,
respectively. The dimensions of the antenna are given in Table 23.1.

For any half-wave dipole, the length can be calculated by the formula [18]
multiplied by a factor “A”.

Fig. 23.1 Top view of the
proposed antenna

Fig. 23.2 Side view of the
proposed antenna
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Table 23.1 Dimensions of
the antenna

Name of parameter Dimensions (µm)

L 800

B 540

H1 200

G 3

D1 20

D2 176.595

D3 10

D 20

H 20

S 100

X1 40

E1 50

P 650

M 400

I 50

Z 25

W 450

Ld = c

2εr
A (23.1)

The value of A ranges from 0.96 to 0.98. c is the velocity of light in free space,
and εr is the dielectric constant.

Dipole antennas are preferred for on-chip antenna designs because they can be
connected to differential circuits and can suppress substrate coupling effects [19].
With reference to Fig. 23.3, uniformly spaced vias are implanted in the substrate.

Fig. 23.3 Geometry of the proposed substrate
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Fig. 23.4 Schematic of vias

The vias minimize the surface wave loss by acting as electric shielding. As depicted
in Fig. 23.4, at critical angle θ c, some of the surface waves are assumed to leak from
the via wall. For θ < θ c, the leakage ratio Rleak is expressed by Eq. (23.2) and (23.3),
where d is via diameter, S is the lateral spacing, and θ is the angle of incidence [20].

cos θ = nλ

2ω
(23.2)

where n = mode order, w = length of the broadside wall of the substrate, and λ =
free space wavelength

Rleak = 1 − d

s cos θ
(23.3)

The inter-distance between the vias, “S”, along the z-axis plane of the substrate
also must satisfy Eq. 23.5 [21].

fc = c

2
√

εr
× 1

w − d2

0.95s

(23.4)

where

f c cutoff frequency
c speed of light
d diameter of vias
w transverse spacing
s longitudinal spacing

s <
λ0

2
√

εr
(23.5)

where

λ0 free space wavelength
εr 11.9 for silicon
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weff = w − d2

0.95s
(23.6)

where

W eff effective width.

Equation (23.6) is non-trivial as weff is always smaller than w. The field in the
substrate between the vias is limited to a region where breadth is narrower than
width (w) [20, 21]. Longitudinal spacing denoted by “S” between the vias controls
the amount of field leakage. It has been established from Eq. (23.6) that the electric
field in the substrate between the vias is confined to a region less than w (i.e., weff

which is the transverse gap between the vias). So the radiation intensity will be
maximum in the “weff” zone.M × P × X1 is the dimension of the pit excavated from
the silicon substrate. The depth X1 is exactly the quarter of the wavelength (with
reference to operating frequency). The planar dipole antenna is printed in the pit.

23.3 Result and Analysis

CST Microwave Studio was used to simulate the proposed antenna. The simulated
return loss of the antenna is shown in Fig. 23.5. The antenna recorded first resonance
at 120 GHz with s11 matching of −22 dB. A second-order resonance is recorded at
185 GHz with s11 matching of −52 dB. This can be attributed due to the edges in
the top of the substrate due to the cut out from the substrate. The −10 dB bandwidth
antenna is almost 80 GHz (from 120 to 200 GHz). The surface current plot of the

Fig. 23.5 Return loss of the
antenna
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antenna is shown in Fig. 23.6. The simulated radiation pattern of the antenna is shown
in Fig. 23.7.

Fig. 23.6 Surface current plot of the antenna

Fig. 23.7 3D radiation pattern of the antenna



23 Design of a Novel Wideband Dipole Antenna … 247

23.4 Conclusion

This paper presents a new high-efficiency broadband antenna design based on the sil-
icon substrate. The proposed antenna is a planar dipole antenna. The antenna is com-
paratively easy to fabricate and quite easy structure-wise. This printed dipole antenna
operates in mm-wave frequency range and is suitable for on-chip applications.
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Chapter 24
Forecasting Sea Surface Temperature
in Java Sea Using Generalized
Regression Neural Networks

Dian Candra Rini Novitasari , Wahyu Tri Puspitasari ,
Rahmat Pramulya , Hetty Rohayani , R. R. Diah Nugraheni Setyowati ,
Dwi Rukma Santi , Muhammad Fahrur Rozi , and Ary Widjajanto

Abstract Sea surface temperature is an important factor that influences climate
change and productivity in the sea. Sea surface temperature is measured manually
every day. The method of observation is considered to be less efficient because the
process is not easy and requires relatively expensive costs. In addition, consideration
is taken when extreme weather can hinder the observation process and be able to
endanger the observer. In this case, a prediction system is needed that can predict
the current conditions and the next few days from sea surface temperature. Before
predicting sea surface temperature, the first thing to do is to forecast each parame-
ter of sea surface temperature. Parameters of sea surface temperature consist of air
temperature, air humidity, rainfall, duration of solar radiation, and wind speed. Fore-
casting parameters of sea surface temperature are carried out using TS-GRNN. The
best GRNN models for forecasting air temperature, air humidity, rainfall, duration
of solar radiation, and wind speed were obtained by RMSE of 0.1421.

24.1 Introduction

Temperature is one of the important variables related to its role in the physical, chem-
ical, and biological processes of the ocean [1]. Sea surface temperature (SST) is used
to determine changes in momentum, heat, gas, and humidity throughout the air and
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sea interface. SST is one of the factors that influence marine productivity and climate
change including summer and El Nino events [2, 3]. Indonesian water temperatures
range from 28 to 38 °C, and Indonesian sea surface temperatures generally range
from 19 to 26 °C, as a result of seasonal changes [1]. Changes in sea surface tem-
perature are influenced by several factors including evaporation, air humidity, wind
speed, duration of sun exposure, and air temperature [4].

Sea surface temperature can be measured using specialized tools. Observations
are made manually by measuring at sea every day. This observation method is con-
sidered inefficient because the process is not easy and requires relatively expensive
costs. Considerations are taken in the event of extreme weather that can hinder the
observation process and be able to endanger the observer. In this case, a prediction
system is needed that can predict current conditions and the next few days from sea
surface temperature. Before predicting sea surface temperature, the first thing to do
is to predict each of the sea surface temperature parameters.

To forecasting cases, a method is needed that is suitable for the problem and the
data required. Some methods used for forecasting include autoregression integrated
moving average (ARIMA) [5], Fourier regression, fractal analysis, neural networks
[6], and adaptive neuro-fuzzy inference system (ANFIS) [7]. Elisa Farcua-Gorriz
and Joan Garcia Sanchez have predicted sea surface temperatures in the Western
Mediterranean Sea from satellite observations using a neural network. These obser-
vations show that neural networks can predict well [7], whereas other researchers
predict sea surface temperature using nonlinear autoregression neural networks to
obtain MSE results of less than 0.230 with a correlation coefficient of 0.9 [2]. S.
B. Mahongo uses artificial neural networks for monthly predictions of sea surface
temperature obtained by the correlation coefficient of 0.88 [8].

Based on several researches, some of the most frequently used methods in pre-
diction are neural networks which are one of the models of artificial neural networks
(ANNs) [9]. Besides neural networks, ANN has another model for time series data
prediction, such as generated regression neural networks (GRNNs) [10]. The GRNN
model consists of four layers, namely the input layer, the pattern layer, the sum layer,
and the output layer [11]. In the input layer, a parameter of SST is used as input.
Then, the activation function on the pattern layer is used. The results of activation
are summarized in the summation layer through the process of arithmetic summation
andweight summation [10]. The summary results are calculated until the final results
obtained are predicted. GRNN has been used in predicting the level of air pollution
in the city of Surabaya with good accuracy.

24.2 Sea Surface Temperature

Sea surface temperature (SST) is a factor that needs to be studied. Data from sea
surface temperatures is used to predict the weather in the oceans related to their
natural underwater life. Sea surface temperature has a relationship with the state
of the seawater layer below, so that sea surface temperature data can be used as an
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indicator to detect phenomena that occur at seas such as the front (the meeting of two
water masses), currents, upwelling mass removal, and activity biological organism
[4].

Sea temperature distribution occurs horizontally, which is influenced by geo-
graphic location (latitude) and vertically which is affected by depth. The temperature
range in the ocean is quite outside starting from −2 °C for areas that are not affected
by sunlight to 38 °C in the surface area in the tropics [12].

24.3 GRNN

Generalized regression neural network (GRNN) is a model of ANN with supervised
learning where the activation function uses the radial basis function (RBF). This
method is generally used for forecasting/prediction cases where the output variable is
modeled based on at least one input variable. GRNN is based on nonlinear regression
theory formulated as in Eq. (24.1) [10].

E[y|X ] = ∫∞
−∞ y f (X, y)dy

∫∞
−∞ f (X, y)dy

(24.1)

where y is the output predicted by GRNN, while X is an input vector (x1, x2, . . . , xp)
consisting of p variables. E[y|X ] is the expected value of the output Y if given input
vectors X , and f (X, y) is a function of the joint probability density of X and Y .
The final method in the output analysis of GRNN is calculating the accuracy of
predictions by calculating the percent variance on the output variable explained by
the input variable by calculating root mean square error (RMSE) [13].

In the GRNN optimization process, only one smoothing parameter must be
adjusted once through the data, so that no iteration procedures are performed on
GRNN. The estimation of these parameters is limited by theminimum andmaximum
values of the data. Furthermore, GRNN approaches the arbitrary function between
input vectors and target vectors which can be divided into three, namely calculation
of each smoothing factor variable, finding the best model, and visual analysis. Visual
analysis is to calculate the accuracy of the model by calculating the variance on the
output variable explained by the input variable by calculating MSE. The advantages
of GRNN are the learning process and the rapid convergence to optimal regression
surface even though the training data is very large in number [13]. Therefore, GRNN
is a suitable method for making predictions.

GRNN consists of four layers of processing units, where each layer of processing
units has a particular computational function when nonlinear regression is formed.
The first layer consists of input neurons whose purpose is to retrieve information.
These input neurons are unique for each predictor variable in the input vector X. No
data processing occurs in these input neurons [14]. The input neurons then forward
the data to the second layer, called the pattern neuron. A pattern neuron functions
to combine and process data systematically with an activation function. The number
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of pattern neurons is equal to the number of cases in the training set. The pattern
I neurons contain data from input neurons and calculate the output θi by using the
activation function in Eq. (24.2) [15].

θi = e−(X−Ui )
′(X−Ui )/2σ 2

(24.2)

where X is the input vector of the predictor variable for GRNN, U is the training
vector represented by the pattern I, and σ is the refinement parameter. The output of
the neuron pattern is then sent to the third layer called the neuron summation [16].
Technically, there are two types of summation, namely simple arithmetic summation
(sum of simple arithmetic) and weighted summation (weighted sum). In the GRNN
topology, the training units separate to complete simple arithmetic summation and
weighted summation.

The formulas for simple arithmetic summation and weighted summation are
written in Eqs. (24.3) and 24.4 [17].

SS =
∑

i

θi (24.3)

SW =
∑

i

Wiθi (24.4)

where SS is the simple arithmetic summation and SW is weighted summation. The
sum of the neuration summation is then sent to the fourth layer called the output
neuron [18].

The output neuron then makes the following division to obtain the GRNN output
y with Eq. (24.5) [19].

y = SW
SS

(24.5)

The GRNN architecture for one unit of output (univariate), which is used for
forecasting time series data, is presented in Fig. 24.1.

24.4 Results and Discussion

The data used is daily data of sea surface temperature parameters from January
2009 to December 2017. The data includes average temperature, relative humidity,
and duration of sun exposure/solar radiation. Data analysis was performed based on
several tests to see the stationarity of the data. Table 24.1 presents a sample of the
maritime weather data of Surabaya waters for nine years.

Furthermore, to analyze the pattern of time series data they have, plotting data and
autocorrelation analysis on each data parameter is needed as shown in Figs. 24.2 and
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Fig. 24.1 GRNN architecture for one unit of output (univariate) used for forecasting time series
data

Table 24.1 Daily data
Surabaya sea surface
temperature parameters

Date Temperature Humidity Solar radiation

01/01/2017 29.2 79 3.5

02/01/2017 29.1 78 6.2

03/01/2017 27 89 4.9

Fig. 24.2 Plot time series mean temperature data

24.3. Based on Fig. 24.2, it shows that the average temperature data in the Surabaya
area has a seasonal pattern which is characterized by a pattern of changes that recurs
automatically from day to another day. To find out whether the data is stationary can
be seen from the autocorrelation function (ACF) plot in Fig. 24.3b.
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Fig. 24.3 a Plot autocorrelation function average temperature in Surabaya. b Autocorrelation
function after one-time differencing

Fig. 24.4 a Plot of training result for forecasting sea surface temperature. b Plot of testing result
for forecasting sea surface temperature

Figure 24.3 shows that the coefficient of autocorrelation from the first lag to the
next lag decreases close to zero slowly so that it can be said that the daily temperature
data is not stationary, and the results of the unit root test or the Dickey–Fuller test
show that it does not have to reject the hypothesis H0 = 0 which means the data has
a root unit, so the data is not stationary. To convert the data into stable, differencing
processes are needed.

After the differencing process is continued, the autocorrelation function test is
continued. For this temperature data, differencing is performed once and then the
autocorrelation function test is continued. The autocorrelation function plot is shown
in Fig. 24.3b. The same process is applied to other surface temperature parameters.
Then, proceed the forecasting stage.

Before construction of GRNN models to predict sea surface temperature param-
eter, parameter maritime weather data needs to be normalized first. Sample data for
each normalized sea surface temperature parameter is given in Table 24.2.

The normalized data is divided into two processes; there are training data and
testing data with a ratio of 80%: 20%.

Table 24.2 Samples daily
data Surabaya sea surface
temperature parameters

Date Temperature Humidity Solar radiation

01/12/2017 0.51 0.57 0.37

02/12/2017 0.50 0.55 0.58

03/12/2017 0.28 0.78 0.48
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Table 24.3 Pattern from
average temperature data

Data t − n X1 X2

1 0.6369 0.50548

2 0.5712 0.6370

3 0.4616 0.5055

4 0.5164 0.4616

Table 24.4 Result prediction
SST using GRNN

Date Actual Result of forecasting

31/8/2017 27.7 27.7

1/9/2017 27.8 27.8

2/9/2017 27.74 28.79

The time series is built from training data as training input and SPL forecasting
targets for the next 3 h. Table 24.3 shows the pattern of input training on average
temperature data. The same process is applied to humidity and sun exposure time
data.

Based on Table 24.3, time series data on average temperature, average humidity,
and irradiation time are data at time t − 3, t − 2, and t − 1 with the target t pre-
dicted time. Next, the training data input pattern is predicted using GRNN. In the
training process, the training data input patterns are used as input. Then, the weight
is calculated using Eq. (24.2), so that we get the optimal weight.

Next, the optimal weights are entered in Eqs. (24.3) and (24.4). Then, the forecast
output is calculated using Eq. (24.5). The forecast results are normalized so that the
range of forecast values is the same as the actual value. The results of testing sea
surface temperature data forecasting are shown in Table 24.4 and Fig. 24.4.

In the training process, test the spread value to get the best results. Based on
training process, the best model with speed 0, 0.001 has an RMSE of 0.1421. Spread
values of more than 0.001 have a greater RMSE. As well as smaller spreads also have
larger RMSE. If the forecasting model has a large RMSE, then there are some errors
in the experiment; the smaller theRMSEvalue, the better themodel. So, the estimated
spread value cannot be determined precisely but through several experiments. The
best model represents that the model is able to predict sea surface temperature well,
where the forecast results approach the actual data; spread test results are shown in
Table 24.5.
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Table 24.5 RMSE value
from the spread experiment

Spread RMSE

1 0.7327

0.1 0.6194

0.05 0.6525

0.001 0.1421

0.0009 0.14216

24.5 Conclusion

The GRNN model includes a neural network model with fast solutions because no
large iteration is needed in the weight estimation process. This model also has a
standard network architecture, where the number of pattern layer units is the same
as the input layer unit.

In this research, the best GRNN model for forecasting sea surface temperature
was obtained with an RMSE of 0.1421. Based on experimental results, it shows
that forecasting sea surface temperature using GRNN produces a good model. For
further research, it is necessary to optimize the weights between the input layer and
the hidden layer, because on the GRNN network, weights are taken randomly. With
weight optimization, it might get better results beforehand.
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Chapter 25
Natural Disaster Predictions
of Whirlwinds in Cilacap Region
of Central Java Using Adaptive
Neighborhood Modified
Backpropagation (ANMBP)

Dian Candra Rini Novitasari , Fitria Febrianti , Arnita ,
Rinda Nariswari , R. R. Diah Nugraheni Setyowati , Putri Wulandari ,
Ahmad Zoebad Foeady , Moh. Hafiyusholeh , and Fajar Setiawan

Abstract BNPB’s data shows that in the last 10 years, the province of Central Java
was the most whirlwind region if compared with other provinces in Indonesia which
amounted to 1281 incidents and whirlwinds most often in Cilacap which amounted
to 202 incidents. The purpose of this research was to predict whirlwind in Cilacap
region of Central Java using meteorological parameters as predictive parameters
and adaptive neighborhood modified backpropagation (ANMBP) parameters as a
prediction method. In the preprocessing process, the input data variable was reduced
from seven input variables to five input variables by using the principal component
analysis (PCA) method. The prediction process using ANMBP, and trial and error
processes are carried out repeatedly by changing the hidden layer values, learning
rate, and the amount of training and testing data. The best performance is obtained
from the distribution of training and testing data at 60–40%, it produced an MSE
value of 0.0004, and accuracy is 85.59% using two hidden layers with values of 110
and 95 and learning rate of 0.1.
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25.1 Introduction

Whirlwinds are one of the natural disasters that have a big impact on environmental
damage, loss of property, and the emergence of casualties [1].Whirlwinds are defined
as strong winds that come suddenly, have a center, a circular motion resembling a
spiral with a speed of 40–50 km/h to touch the surface of the earth, and will disappear
in a short time (3–5 min) [2, 3]. Whirlwinds are disasters caused by meteorological
parameters. The meteorological parameters obtained from radiosonde observations
are carried out by BMKG. The radiosonde is a type of upper-air observation based on
technology to determine meteorological conditions in the atmosphere [4, 5]. Some
parameters that can be obtained from radiosonde and used to predict whirlwinds
are Lifted Index (LI), Severe Weather Threat Index (SWEAT), Convective Available
Potential Energy (CAPE), K Index (KI), Convective Inhibition (CIN), Total Totals
(TT), and Showalter Index (SI). Each of these parameters has criteria and forecast
guidelines that can be used to predict a whirlwind.

The loss caused by whirlwinds can be minimized by predicting the arrival of a
whirlwind. To predict the arrival of awhirlwind, the classification is carried out on the
parameters obtained from the upper-air observations [6]. Several methods that can
be used for classification are K-nearest neighbors (KNN), support vector machine
(SVM) [7], naïve Bayes classifier [8], backpropagation [9], adaptive neighborhood
modified backpropagation (ANMBP) [10], and other classification methods.

Adaptive neighborhood modified backpropagation (ANMBP) is the development
of the backpropagation classificationmethod [10]. In the backpropagation algorithm,
there are desired input and output patterns, when the network is patterned, the weight
value will be changed so that it can minimize the differences in the output pattern of
the network and the desired output pattern. ANMBP combines linear error values and
nonlinear error values, neighborhood and adaptive learning rate on backpropagation
[11]. Some researches that use ANMBP as a classification method are classifying
EEG signals based on normal conditions and epilepsy using fuzzy c-means method,
and the accuracy value obtained is 74.37% [11], classifying mammogram data using
wavelet transformation and ANMBP to detect breast cancer, and the error value
obtained is 0.00096204 [10], classifying brain MRI using ANMBP based on wavelet
data which is reduced by NCMF that produces an accuracy value of 91.25% [12].

The main goal of the study is to predict the whirlwind based on meteorologi-
cal parameters in Cilacap region of Central Java. The preprocessing was applied
by principal component analysis (PCA) method to reduce the dimensions of input
parameters. The prediction process was carried out with various experiments (chang-
ing the hidden layer values, learning rate, and the amount of training and testing data)
using ANMBP method to find the best model for predicting the whirlwind.
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25.2 Principal Component Analysis (PCA)

Principal component analysis (PCA) is amethod that can be used to simplify observed
variables (observation variables) by reducing their dimensions [13]. ThePCAmethod
solves the problem by looking at eigenvalues which are more than one [14]. Before
doing a simplification of variables by reducing, the thing to do is KMO test and
Bartlett’s test to see the provisions using PCA as a reduction method using the
following Eq. (25.1),

KMO =
∑p

i=1

∑p
j=1 r

2
i j

∑p
i=1

∑p
j=1 r

2
i j + ∑p

i=1

∑p
j=1 a

2
i j

(25.1)

where ri j is the correlation coefficient between variables i and j, aij is the partial
correlation coefficient between variables i and j, and the variable will be said to be
appropriate using the PCA method if the KMO value is smaller than 0.5 [15, 16].

25.3 Adaptive Neighborhood Modified Backpropagation
(ANMBP)

Adaptive neighborhood modified backpropagation (ANMBP) is a development of
the backpropagation algorithm. In ANMBP, there is a combination of the number
of linear errors and nonlinear errors using adaptive parameter learning and there are
neighborhood structures in hidden layers [17]. The ANMBP algorithm can accel-
erate convergence by reducing iterations, avoiding minimum locality, and reducing
memory [11, 18]. In the ANMBP algorithm, linear errors and nonlinear errors in
each unit are obtained from this equation,
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where n is the number of units and ws
ji is the weight of the i unit from the layer (s

− 1) to the j unit from the layer s (output layer) and y is the output generated by
the network [10, 19]. Equation Ep is used to calculate the error value obtained from
the sum of the squares of linear errors and nonlinear errors obtained from the output
which is as follows [20]
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where is a learning rate, e1 is a nonlinear error, and e2 is a linear error obtained from
the following equation,

es1 j = ds
j − ysj (25.5)

es2 j = lds
j − usj (25.6)

lds
j = f −1

(
ds
j

)
(25.7)

where d is the desired output and y is the output generated by the network. So that
the weight changes in the output layer use the following equation

�ws
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∂Wji
(25.8)
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The equation used to obtain linear error values and nonlinear errors is as follows,
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So to get the weight change value in the hidden layer use the following equation,
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Learning parameters and are replaced with the following adaptive parameters
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where es1 j = ds
j − ysj and J T

p = ∂yp
∂wji

, so the adaptive learning parameter becomes
this equation,
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where and are constants with small positive values and is a constant with a small
positive value used to guarantee instability when the error value becomes 0 [21]. So
the weight change in the output layer and the hidden layer becomes the following
equation

�wS
ji = η′eS1 j f

′(uS
j

)
yS−1
j + μ′eS2 j y

S−1
j (25.17)

With this weight change, so the new weights are calculated using the following
equation,

w(t + 1) = w(t) + �w(t) (25.18)

with t shows the iterations.

25.4 Results and Discussion

25.4.1 Preprocessing Data

The data used in this research is upper-air observation data and whirlwinds data in
Cilacap region of Central Java for 2 years, from March 2016 to February 2018. The
upper-air observation data consists of 7 variables, namely Lifted Index (LI), Severe
Weather Threat Index (SWEAT), Convective Available Potential Energy (CAPE), K
Index (KI), Convective Inhibition (CIN), Total Totals (TT), and Showalter Index (SI)
as given in Table 25.1.

In the next step, a variable reduction will be carried out on the data using the
PCA method. The first thing to do is doing the KMO test on the data and getting the
accuracy of the data using PCA. The KMO test results are given in Table 25.2.

Then, to find out which variables will be reduced, the transformation will be
carried out using the varimax factor rotation methodology. So that the following
results obtained are given in Table 25.3.

25.4.2 Whirlwind Predictions Using ANMBP

In this research, the tornado prediction process using ANMBP was not calculated
manually but the prediction process was assisted by using the MATLAB application
to support the calculation process. To optimize the prediction results using ANMBP
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Table 25.1 Sample of upper-air observation data

Date on
March
2019

Time
(hour)

Upper-air observation variable

SI LI SWEAT KI TT CAPE CIN

02 0 −1.14 −2.02 223.2 39.1 46.3 256.77 −82.55

12 1.62 −0.76 199.4 29.2 41.7 322.23 −30.81

03 0 −0.37 −0.98 209.8 33.6 43.9 152.47 −63.75

12 −2.7 −1.55 245.8 40.9 47 107.46 −33.98

04 0 −0.99 −2.46 223.38 37.3 44.8 391.55 −11.78

12 0.72 −1.78 212.81 36.9 41.7 476.55 −18.96

05 0 0.42 −1.07 223.38 37.6 42.5 226.8 −19.92

12 0.34 −1.76 210.2 34.8 42.8 379.63 −26.69

Table 25.2 KMO test Kaiser–Meyer–Olkin test of sampling adequacy 0.761

Bartlett’s test of
sphericity

Approx. chi-square 5134.720

Df 21

Sig. 0.000

Table 25.3 Factor rotation
using the varimax method

Component

1 2

SI −0.930 0.241

LI −0.857 −0.354

SWEAT 0.695 −0.277

KI 0.826 −0.135

TT 0.890 −0.250

CAPE 0.630 0.606

CIN 0.082 0.802

in the training process, researchers used two hidden layers with different values, the
learning rate values ranged from 0.1 to 0.5, and divided the training data and tested
the data into three different patterns, there are 60% training data and 40% test data,
70% training data and 30% testing data, and 80% training data and 20% testing data.
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25.5 Discussion

Based on KMO test of upper-air observation data (LI, SWEAT, CAPE, K Index (KI),
CIN, TT, and SI), the significance value that was obtained at KMO test is 0.761, and
it indicates that the input data meets the requirements for variable reduction because
the value is more than 0.5.

Table 25.4 shows the relationship between the original variable and the main
component variable formed by PCA and is called the loading value. The selected
loading value is more than 0.5, where this value is considered to be able to explain
the variables that affect the occurrence of whirlwinds, while variables that have a
loading value of less than 0.5 are considered to be unable or less influential on the
appearance of whirlwinds. So, from Table 25.4, it can be seen that the SI and LI
variables which have a loading value of less than 0.5 are −0.93 and −0.857 which
are less influential in predicting the occurrence of whirlwinds. Then, the SI and LI
variables will be reduced so that the upper-air observation data that will be used
as the input variable to predict whirlwinds has 5 variables, namely SWEAT with a
loading value of 0.695, KI with a loading value of 0.826, TT with a value of 0.89,
CAPE with a loading value of 0.63, and CIN with a loading value of 0.802.

Then, the selected parameters are entered into the ANMBP algorithm where in
this study several experiments were conducted. Based on the results of the study, the
computational time to predict the whirlwind is influenced by the number of epochs
and nodes in the hidden layer. Themore the number of nodes and epoch, the longer the
calculation time on themodel prediction. Determination of hidden layer composition
affects the error value obtained; from the results of experiments carried out, the more
the number of nodes, the smaller the MSE value obtained, which indicates that the
better the prediction model formed. In addition, according to [12] explained that the
greater the learning rate, the range for determining weight changes is greater so that
it is often trapped in minimum local conditions.

Table 25.4 shows the best prediction results for each pattern formed. The training
data and testing data as much as 60% (874 data) and 40% (583 data), 30 and 50
hidden layers, 0.3 learning rate resulted in an accuracy of 85.42% and 0.0003 with
3000 iterations and required 4383 s. By using the same analysis, the best predictive
results for training and testing data were obtained 60% and 40% using 110 and 95
hidden layers, 0.5 learning rate. On training and testing data, as much as 70% and
30% produce the best predictions using hidden layers 110 and 95, and 0.5 learning
rate. 80% of training data and 20% of data testing produced the best predictions using
90 and 75 hidden layers, and 0.4 learning rate [15].



266 D. C. R. Novitasari et al.

Ta
bl
e
25
.4

A
N
M
B
P
pr
ed
ic
tio

n
re
su
lts

A
N
M
B
P
pa
ra
m
et
er

Pr
ed
ic
tio

n
re
su
lt

T
ra
in
in
g
da
ta
(%

)
Te
st
in
g
da
ta
(%

)
H
L
1

H
L
2

E
po
ch

L
R

T
im

e
(s
ec
on
d)

M
SE

A
cc
ur
ac
y

Pr
ed
ic
tio

n
co
rr
ec
tly

60
40

30
15

30
00

0.
3

43
83

0.
00
03

85
.4
2

49
8

50
35

30
00

0.
1

91
34

0.
00
07

85
.5
9

49
9

70
55

30
00

0.
1

12
.5
41

0.
00
05

85
.4
2

49
8

90
75

36
1

0.
5

22
99

0.
00
00
9

85
.0
7

49
6

11
0

95
36
9

0.
5

30
59

0.
00
00
4

85
.5
9

49
9

70
30

30
15

15
45

0.
3

25
48

0.
00
00
9

82
.3
7

36
0

50
35

27
0

0.
4

94
3

0.
00
00
9

82
.3
7

36
0

70
55

90
9

0.
5

80
89

0.
00
00
9

82
.3
7

36
0

90
75

30
00

0.
5

25
43
3

0.
01
4

82
.1
5

35
9

11
0

95
22
93

0.
5

26
72
5

0.
00
00
5

82
.6
0

36
1

80
20

30
15

36
9

0.
5

71
8

0.
00
00
9

76
.2
0

22
2

50
35

15
7

0.
3

61
8

0.
00
00
9

76
.6
0

22
3

70
55

15
0.
5

85
0.
00
00
8

76
.2
0

22
2

90
75

76
0.
4

62
8

0.
00
00
3

76
.6
0

22
3

11
0

95
29
7

0.
4

23
92

0.
00
00
3

76
.2
0

22
2



25 Natural Disaster Predictions of Whirlwinds … 267

25.6 Conclusion

Based on the results and discussion of whirlwind prediction research using adaptive
neighborhood modified backpropagation in the Cilacap region of Central Java, it can
be concluded that of the seven input variables, five variables have a strong influence
on the occurrence of whirlwinds, namely SWEAT, KI, TT, CAPE, and CIN. The
optimal parameters used in the training data are 60% (874 data) and testing data are
40% (583 data) using 110 layer 1 hidden, 95 layer 2 hidden, and 0.5 learning rate.
Training data is 70% (data 1020) and testing data is 30% (437 data) using 110 layer
1 hidden, 95 layer 2 hidden, and 0.5 learning rate. Training data is 80% (data 1166)
and testing data is 20% (291 data) using 90 layer 1 hidden, 75 layer 2 hidden, and 0.4
learning rate. Prediction using testing data is 40% (583 data), resulting in accuracy
and MSE of 82.6% and 0.00004 with 499 event data that can be predicted correctly.
Prediction using test data is 30% (437 data), resulting in 82.6% accuracy andMSE of
0.00005 with 361 event data being predicted correctly. Prediction using data testing
is 20% (291 data), resulting in accuracy and MSE of 76.6% and 0.00003 with 223
data events that can be predicted correctly. In this study, the amount of data in each
class processed is not the same. So it causes imbalanced data in training and testing.
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Chapter 26
Designing Memristor-Based Timing
Circuits and Performance Comparison
with CMOS Counterparts

Abir Jana, Disha Bhattacharjee, Komal Kumari, Anup Dey, Bijoy Goswami,
and Subir Kumar Sarkar

Abstract The implementation of Memristor will have a wider range of applica-
tions in various fields. Digital switching systems depend on reliable and high-quality
synchronization from timing circuits and they are the fundamental units of ICs. So
we designed timing circuits using hybrid integration of Memristor using the TEAM
model, which is simplified yet captures all main characteristics and CMOS (90 nm
technology). Timing circuits like astable multivibrator, voltage-controlled oscillators
(VCO) are designed and we analyzed all the important parameters like frequency
stability, delay, power, phase noise, noise factor, no of devices used and compare
them with the timing circuits designed by conventional CMOS. All the circuits are
designed and simulated in Virtuoso Cadence.

26.1 Introduction

Memristor (memory resistor) is inferred as the fourth fundamental, passive device
with bi-terminal component relating magnetic flux linkage � and electric charge q
[1–3]. The memristor modeling is detailed in Sect. 26.2.
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The new approach to hybrid technologies of memristor and CMOS is to achieve
the consequential solution from dissolution of Moore’s law. Since Memristor is pas-
sive so it cannot provide energy to the circuits so they can be more efficient if they
are composite with transistors like CMOS where CMOS can provide the functional
flexibility and memristor can contribute the high density, low power and non-volatile
attributes to system. Moreover hybrid structure can extend CMOS life without fur-
ther shrinking. Here all the circuits are realized by hybrid integration of Memristor
and CMOS technology. This hybrid technology can be used to consummate any
analog [4] as well as digital circuits like Logic Gates; NAND Gate is detailed in
Sect. 26.3. And using the logic gates like NAND gate we can simulate all sequential
and combinational circuits. In this paper we have realized timing circuits like astable
multivibrator and voltage-controlled oscillators (VCO) at dc operating voltage of
1.8 V. These circuits are simulated in Virtuoso Cadence and the output waveforms
are simulated in Spectre, the schematics and outcome of all the circuits are pre-
sented in Sects. 26.4 and 26.5. Analyzing the outcomes of Memristor CMOS hybrid
structurewe found significance reduction of power, higher endurance andmore desir-
able performance then just conventional CMOS. Section 26.6 discuss conclusion the
future prospects of memristor.

26.2 Memristive Device Modeling

Memristor is basically a 2-terminal nanoscale device which provides a relation
between magnetic flux and electric charge q developing strong electric field causing
several phenomena. Resistance change is always electrically induced by current or
voltage and the present resistance is non-volatile and can maintain its state even if
the input power supply is removed, and thus it remembers its most recent resistance
until it is turned on again [5–7].

A memristor can be used as a building block which can store an input value,
an output value, perform logic operation [8] and Boolean function, act as a state
register such as latch or flip flop, also act as a configurable switch, perform sig-
nal routing. Memristive devices has attracted considerable interest in many areas
including neuromorphic and reconfigurable computing architectures [3], memory
cells where a single memristor can configured to two or more discrete states [2].
Other applications like crossbar latches, pattern recognition, analog softcomputing,
programmable logic, signal processing, radio frequency identification etc. Formally,
a voltage-controlled time-invariant memristive device is represented by Eqs. (26.1)
and (26.2):

i(t) = M(w, v)v(t) (26.1)

dw

dt
= f (w, v) (26.2)
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where M(w, v) is the memristance of the device, where f and w are the explicit
functions of time and a set of state variables, respectively. Voltage and current with
respect to time are represented as V (t) And i(t).

The memristive model that we used to analyze our circuits is TEAM (Threshold
Adaptive Memristor) that has the derivative of the state variable given by Eqs. (26.3,
26.4, 26.5), (26.3, 26.4, 26.5) and (26.3, 26.4, 26.5).

dw

dt
=

koff
(
i(t)
ioff

)aoff
. foff(w),

0,

kon
(
i(t)
ion

− 1
)aon

. fon(w),

0 < ioff < i
ion < i < ioff
i < ion < 0

(26.3, 26.4, 26.5)

where ion and ioff are current threshold parameters, w is the set of state variables,
which represents the effective electric tunnel width, αon and αoff parameters define
the adaptive nonlinearity of device, kon and koff are the constant fitting parameters
of memristor, koff is a positive number, while kon is a negative number, and f on(w)
and f off(w) are the window functions, represent the dependence on the state variable.
Current-Voltage Relationship while memristance change linearly in TEAM Model
is given by Eq. (26.6):

v(t) =
[
RON + ROFF − RON

woff − won
(w − won)

]
i(t) (26.6)

Several window functions are implemented such as: Jogelkar, Biolek, Prodro-
makis. We need TEAM (named Kvatinsky in the Verilog-A model) in this analysis
which is not necessary symmetric but resolve boundary conditions and impose non-
linear drift. The window function of the TeAM model for state variable xon ≤ x ≤
xoff in the undoped region can be defined by Eqs. (26.7) and (26.8):

foff(w) = exp

[
− exp

(
w − aoff

xc

)]
(26.7)

fon(w) = exp

[
− exp

(
w − aon

xc

)]
(26.8)

Some basic concepts of memristor are shown in Fig. 26.1 for two different polar-
ities. We specify increased resistance as RON which implies logic 0 and decreased
resistance as ROFF which implies logic 1. Hence for a memristor, RON � > ROFF.

The primary characteristics of a memristor are (i) The transient response of volt-
age and current waveform of a memristor having identical Zero-crossing points as
shown in Fig. 26.2a (ii) The memristor, response to a sinusoidal excitation of a.c.
measurements give rise to a distinctive pinched hysteresis loop shown in Fig. 26.2b,
the memory is encoded in the hysteresis, memristance is bounded between minimum
RON and maximum ROFF and limited to 1st and 3rd quadrant (iii) Pinched Hysteresis
Loop is Frequency-Dependent: as frequency increases it ascends to become a linear
resistance which is shown in Fig. 26.2c [9].
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Fig. 26.1 Basic concept for resistance of memristor

Fig. 26.2 a The transient response of voltage v(t) and current i(t) waveform of a memristor have
identical Zero-crossing points; bVI characteristics response showing pinched hysteresis loop; c VI
characteristics response showing pinched hysteresis loop in different frequencies

26.3 Logic Gates

In our circuits, we considered memristor ratioed logic (MRL) implementation, MRL
which are faster, smaller and consumes less power.

26.3.1 AND and NAND Gate

Here the NAND gates are constructed usingMRL, a hybrid integration of Memristor
and CMOS as shown in Fig. 26.3. The AND logic is computed and analyzed using
only Memristors and the NOT Logic is realized using CMOS 90 nm technology.

The AND operation using memristors has been analyzed below. Case I: when A
= 0 and B = 0, no current flow in the circuit so output out will be equal to input so



26 Designing Memristor-Based Timing Circuits … 273

Fig. 26.3 Schematic of NAND Gate with input, output and intermediate waveform AND

out = 0 as shown in Fig. 26.4a. Case II: when A = 0 and B = 1, the current flows
from Vdd to GND. When current passes from memristor M1, the resistance of that
memristor decreases to ROFF, the resistance of memristor M2 increases to RON as
shown in Fig. 26.4b. Thus, as per the voltage divider rule given in Eq. (26.9), we get
output out= 0 assuming RON � > ROFF. Case III: when A= 1 and B = 0, the current
flows from Vdd to GND. The memristor resistance switching for M1 and M2 are
shown in Fig. 26.4c. Thus, as per the voltage divider rule given in Eq. (26.10), we
get output out = 0. Case IV: when A = 1 and B = 1, no current flow in the circuit
so output out will be equal to input so out = 1 as shown in Fig. 26.4d. Similarly
reversing the polarity of the memristors we get OR logic. For inputs A = 0, B = 0
and A = 1, B = 1 the output Y get the value 0 and 1 as no current flow through the
circuit like the case I and IV of AND gate. For inputs A = 0, B = 1 and A = 1, B = 0
the output Y is determined by voltage divider rule given in Eqs. (26.11) and (26.12),
respectively (similar to the case II and III of AND gate).

Vout = ROFF

RON + ROFF
VB ≈ 0 (26.9)

Vout = ROFF

RON + ROFF
VA ≈ 0 (26.10)

Vout = RON

RON + ROFF
VB ≈ 0 (26.11)

Fig. 26.4 Cases of AND operation: a i/p AB = 00, b i/p AB = 01, c i/p AB = 01, d i/p AB = 01
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Fig. 26.5 Output response of a NAND and AND Gate

Vout = RON

RON + ROFF
VA ≈ 0 (26.12)

The schematic of an MRL NAND is depicted in Fig. 26.3, and the output is
depicted in Fig. 26.5. NOT Gate is not realized using memristor because it needs an
additional voltage trigger to the output memristor to operate NOT logic. Thus, it is
not convenient to use memristor for NOT gate and we go for conventional CMOS
instead. The NAND gate has higher input impedance enabling easy interfacing with
a wide range of on-chip and off-chip circuits and thus used as the fundamental unit
in designing all the timing diagrams in this paper.

26.3.2 OR and NOR Gate

Similarly reversing the polarity of the memristors we get OR logic. For inputs A =
0, B = 0 and A = 1, B = 1 the output Y get the value 0 and 1 like the case I and IV
of AND gate. For inputs A = 0, B = 1 and A = 1, B = 0 the output Y is determined
by voltage divider rule given in Eqs. (26.11) and (26.12), respectively (similar to
the case II and III of AND gate). NOR is constructed using two memristor and one
CMOS as Inverter. Figure 26.6a shows the MRL, OR and NOR gate and the output
response is and depicted in Fig. 26.6b.
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Fig. 26.6 aNORGatewith input, output and intermediatewaveformofORGate,bOutput response
of a NOR and OR Gate

26.4 Multivibrators

In this section, the prevalent Astable multivibrator is designed by memristor CMOS
Hybrid structures. The memristors-based astable multivibrator is constructed using
inverter of shorted NAND Gate as shown in Fig. 26.7a and CMOS-based astable
multivibrator is in Fig. 26.7b.

Assuming output out of the NAND gate designed by M3, M4 and i2 is at logic
level “1”, O3 should be at logic “0” which is also the output of NAND gate designed
by M1, M2 and i1. So the capacitor C charges at the rate determined by the time
constant of resistor R2 and C as it is connected between O3 with the timing resistor,
R2 and its output. This junction is also connected to O2 via R1, where the value
decreases until the lower threshold value of NAND gate (M1, M2 and i1) is reached
and changes its state, so O3 becomes “1” which in turn changes out to logic “0”.
Capacitor C is now discharged through NAND gate (M1, M2 and i1). Capacitor is

Fig. 26.7 a Memristor-based astable multivibrator with intermediate waveform, b CMOS-based
astable multivibrator with intermediate waveform, c Output square wave response of memristor-
based astable multivibrator, d Output square wave response of CMOS astable multivibrator
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again charged up in reverse direction until upper threshold of NAND gate (M1, M2
and i1) is reached thus changing state to “0” and this cycle repeats again.

Here R1 = 1 K�, R2 = 10 K�, C = 1pF. The time constant for a NAND gate
Astable Multivibrator are T = 2.2R2C in seconds and the output frequency f = 1/T,
respectively.

T = 2.2 × 10 × 103 × 1 × 10−12 = 22 × 10−9 = 22 ns

f ≈ 45 cycles per µs

The waveform as per the calculation is shown in Fig. 26.7c where a square wave
output of around 22 ns time period is generated from the memristor astable multivi-
brator, and with none external triggering pulse, only with initial conditional noise.
The output response of memristor Astable Multivibrators also contribute perfect
and retained square shape waveform as compared to CMOS Astable Multivibrators
shown in Fig. 26.7d which also signifies less total conditional noise, total harmonic
distortion and noise in Memristor Multivibrators.

26.5 Voltage-Controlled Oscillator (VCO)

We designed a VCO as a supply-controlled ring oscillator, employing NAND gates
usingmemristors and 90 nmCMOS technology as shown in Fig. 26.8. It is composed
of an odd number of cascaded NAND gates of active delay stages where the output
of each CMOS inverter i1 is used as input for the memristor M3, output of i2 used
as input for M5 and the last output of i3 is fed back to the memristor M1. V control is
controlled input voltage applied to M2, M4 and M6. Under the standard voltage of
1.8 V the CMOS-based VCO circuit shows obverse operation than to this memristive
VCO. In CMOS-based VCO the tuning range is between 0.95 and 1.8 V where the

Fig. 26.8 Memristor-based ring oscillator as VCOwith intermediate waveforms fromNANDgates
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oscillation starts, and the oscillation frequency sharply increases with the control
voltage. But full voltage swing is observed from 1 to 1.5 V as shown in Fig. 26.9a
other than this range a transient voltage swing is found, increasing with V control, as
shown in Fig. 26.9b. Whereas in case of our designed memristive VCO, the tuning
range is from 0.1 to 0.99 V where the oscillation starts and the oscillation frequency
sharply decrease with the control voltage, and the full voltage swing is from 0.1 to
0.9 V as depicted in Fig. 26.10a and transient voltage swing is found, decreasing with
V control, as depicted in Fig. 26.10b The output of the memristor oscillator provides
precise and retained sinusoidal shape as compared to CMOS ring oscillator, which
signifies less total harmonic distortion and noise, also lower control voltage signifies
lower power dissipation in Memristive oscillator (Table 26.1).

Fig. 26.9 Three output waveforms from each NAND gates of CMOS-based ring oscillator as VCO
a full voltage swing for V control = 1.5 V b transient voltage swing for V control = 1.1 V

Fig. 26.10 Three output waveforms from each NAND gates of memristive ring oscillator as VCO
a full voltage swing for V control = 0.3 V b transient voltage swing for V control = 0.92 V



278 A. Jana et al.

Table 26.1 Simulated values of astable multivibrator and VCO

Circuits Astable multivibrator VCO

Device Memristor CMOS Memristor CMOS

Frequency 47.7 MHz 32.7 MHz 2.13 GHz 2.9 GHz

Long term
instability (ppm)

±1.65E03 ±1.67E03 3.87E−04 ±163

Ffund 18 MHz 7 MHz 283.7 MHz 451.2 Mz

Delay 3.00E−09 3.16E−09 1.64E−10 2.08E−10

Power consumption 2.44E−04 5.01E−04 2.95E−04 7.33E−04

Phase noise −1.12E + 02 −1.07E + 02 −90.157 −81

No. of devices 4 Memristor, 4
CMOS

8CMOS 6 Memristor, 6
CMOS

12CMOS

26.6 Conclusions

In From all the analysis we found that merely an abstract model of memristor can
provide desirable outcome to considerable usage. For all the parameters frequency
stability, delay, power, phase noise, noise factor and no of CMOS. The timing circuits
we have designed are nonlinear relaxation oscillator, which are generally used in low
frequency and poorer frequency stability than linear oscillator. But we realized all
these circuits using memristor and found better frequency stability and endurance,
low delay, noise and power consumption. Overall memristor is a robust, dense, and
efficient device and can be used to construct and analog and digital circuits with a
better circuit performance and will open new areas of applications.
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Identify Elementary Student Distribution
Based on Kompetisi Sains Madrasah Data
Using Probabilistic Distance Clustering
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Abstract Indonesia is a developing country. The quality of human resources also
influences the development of a country. The quality of education is one of the
benchmarks for the quality of human resources. The quality of human resources can
be seen from the quality of education. Improving the quality of education can be
done in various ways. One effort designed to improve the quality of education in
Indonesia is the provision of educational competitions in each region in Indonesia,
and Kompetisi Sains Madrasah (KSM) is one of the pre-eminent competitions that
have been designed. From the KSM Competition, a set of student scores is obtained
which is a sample of the quality of education in each province. The number of students
in educational institutions, especially elementary schools, is increasing which causes
the data of students in the system to improve. The data can be grouped based on
ability. Grouping is done using PD clustering. This method is one of the hierarchical
grouping methods that have good performance. The cluster of students’ abilities is
very helpful in finding out educational information in the regions making it easier
for parties to do special handling. The results of clustering using PD clustering show
that three clusters represent the distribution of student’s abilities with a silhouette
coefficient of 0.5384 and a standard deviation of 0.3506 for mathematics subjects.
Silhouette coefficient is 0.4351 and standard deviation is 0.4688 for science subjects.
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27.1 Introduction

The country of Indonesia is one of the countries that is experiencing technological and
economic development, or it can be called a developing country [1]. The development
of a country is also influenced by the quality of human resources [2]. In the last few
years, improvement in the quality of human resources is intensively carried out
in all regions in Indonesia, especially in the field of education [3]. The quality of
education can be seen from the achievement of national examination scores of all
students in Indonesia, which can be seen from the statistics of the average test scores
written by the Ministry of Education and Culture in 2019 reaching 51.76% [4].
This number shows that the quality of Indonesian education is still low [5]. From
all regions in Indonesia, 95% of regions have education quality below 60% of the
specified standard. Including large regions such as West Java (51.19%), Central Java
(55.88%), and East Java (54.33%) have a low quality of education [4]. So, it is needed
to improve the quality of education to support Indonesia for the better.

Improving the quality of education can be done in various ways [2]. One aim
intended to improve the quality of education in Indonesia is to hold educational
competitions in every region in Indonesia [6]. Competition can trigger a student’s
interest in learning and a place for students to compete to improve the quality of edu-
cation. This competition is in the form of academic and non-academic competitions
[7]. One of the academic competitions held is the Madrasah Science Competition
(KSM) [8].

KSM is a national-level competition for elementary schools to senior high schools
[9]. From the KSMCompetition, a set of student scores is obtained which is a sample
of the quality of education in each province. The students’ abilities can be grouped
based on students’ scores data. The grouping of students’ abilities is beneficial in
finding out educational information in the regions making it easier for parties to do
special handling. This can be called clustering [10].

Clustering is one of the methods in data mining [11]. Data mining is a process of
processing money to obtain, explore, and discover hidden knowledge from a dataset
or a huge set of data [12]. Clustering in data mining aims to group data based on the
characteristics contained in the data into several clusters [13].

Several experts have done some research on clustering. In a study conducted
by Harwati, Ardita, and Febriana in 2014 regarding clustering, student performance
using the k-meanmethod showed quite good results with a standard deviation of 1.79
and ameanof 2.64 [14]. In other research concerning the analysis of students’ abilities
using clustering techniques conducted by Govindasamy and Velmurugan, the study
compared several clustering methods, namely K-means, K-medoids, fuzzy c-means
(FCM), and expectation-maximization (EM). FCM and EM have good performance
compared to k-means and K-medoids [15]. Other research has been carried out by
Tortora for solving clustering problems. In 2013, Tortora applied the PDC to the urban
wastewater treatment dataset and showed good results. Tortora also compares PDC
with other methods such as K-means, and factorial K-means. The results obtained
show that using the k-mean method produces two minima, i.e., 39 and 54% [10]. In
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the same case, the application of the PD-clustering method shows that it can achieve
a convergent minimum JDF so that it can cluster better than other methods [16].
Therefore, FPDC will be used to group students based on their abilities.

27.2 Probabilistic Distance Clustering (PD-Clustering)

Probabilistic distance clustering (PD clustering) is a non-hierarchical algorithm that
defines cluster units based on their chances of belonging to a given cluster [17]. PD
clustering was first introduced by Ben-Israel and Lyigun in 2008 [15]. Define with
X = xi, j a generic matrix with n units and J variables. K represents the number of
clusters that are assumed to be non-empty. The center of the cluster is defined as ck
[18]. PD clustering is based on the principle or model of the relationship between
d(xi , ck) the distance between xi data from cluster K and p(xi , ck) probability for
each point held by a cluster with k = 1, ..., K , i = 1, ..., n and j = 1, ..., J . The
relationship between them is the basic assumption of this method, and the probability
is inversely proportional to the distance from the center of the cluster; the product
between distance and probability is considered constant depending on F(xi ) [18].
The basic assumptions of PD clustering are expressed by the following equation [16].

pi,kdk(xi ) = F(xi ) (27.1)

The number of F(xi ) above is called the joint distance function (JDF).A clustering
solution is obtained by identifying centers that minimize JDF.

JDF =
n∑

i=1

K∑

k=1

dk(xi )p
2
ik, (27.2)

where dk(xi ) and pi,k depend on the center of the cluster. The higher the JDF value,
the higher the probability for that point to be one cluster. The details regarding PD
clustering are explained in detail by Ben-Israel and Lyigun who suggest the use of
p2 in Eq. (27.2), to refine the problem and confirmed convergence [15]. Other papers
also show that the center of the cluster is calculated by

ck =
∑

i=1,...,n

(
uk(xi )∑

j=1,...,n uk(xi )

)
xi (27.3)

where

uk(xi ) = p2ik
dk(xi )

(27.4)
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Minimizing the JDF value and maximizing the probabilistic of each point belong-
ing to only one cluster means that the JDF value at all k centers is zero and always
positive elsewhere [15]. Thus, the center can be said to be the global minimum of
JDF. There may be other stationary points because these functions are not convex or
quasi-convex, but they are saddle points.

In this study, we consider the form [16]

dk(xi ) =
1∑

j=1

∣∣xi, j − ck j
∣∣, (27.5)

where k = 1, ..., K , i = 1, ..., n, Until Eq. (27.4) becomes:

JDF =
n∑

i=1

J∑

j=1

K∑

k=1

∣∣xi, j − ck j
∣∣p2ik (27.6)

From Eq. (27.7), the final solution JD
∧

F is obtained by minimizing the quantity
JDF to be

JD
∧

F = min
C

n∑

i=1

J∑

j=1

K∑

k=1

∣∣xi, j − ck j
∣∣p2ik (27.7)

On the condition that
n∑

i=1

K∑
k=1

p2ik ≤ n corresponds to Ben-Israel and Lyigun, where

ck are the center of the generic cluster and 0 ≤ pik ≤ 1.
The problem of PD clustering can be solved using an iterative algorithm whose

convergence is shown in Lyigun (2007) [18]. Each unit is assigned to cluster k based
on the highest probability calculated posterior using the following formula [19]

pik =
∏K

m �=k dm(xi )∑K
l=1

∏K
m �=l dm(xi )

, (27.8)

where k = 1, ..., K . Keep in mind that pik understands every necessary condition as
a probability. Besides, no assumptions were made concerning the distribution of this
function. This shows that pik can only be calculated if given xi and for ∀ck [20].

27.3 Silhouette Coefficient

The silhouette coefficient is an evaluation method to test the accuracy of a cluster
that has been formed from the clustering process. The silhouette coefficient value is
defined as in Eq. (27.9)
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s(i) = (b(i) − a(i))

maxa(i), b(i)
(27.9)

The results of the silhouette coefficients are interpreted using the Kaufmann and
Rousseeuw guidelines for silhouette coefficients.

27.4 Result and Discussion

In this study, identification of the distribution of elementary school students from
the data of students who joined KSM to identify the quality of education in an
area is based on the value obtained from KSM 2019. In 2019, KSM will split the
competition into two subjects, such as mathematics and science. This study uses
three parameters obtained from each competition. These parameters are the score of
the correct answer, a score of the wrong answer, and the score of the blank answer.
The data used in this study were the values of participants who participated in the
KSM 2019 competition in each district, totaling 2385 students from 34 provinces
with 1189 data in mathematics and 1197 data in science subjects. The data will be
clustered to find out the quality of education from each region. This study uses data
of students who participated in the KSM primary school level or equivalent. The
data consists of the score of correct answers, the score of wrong answers, and the
score of blank answers. The data is processed to find a cluster of students. The data
is illustrated in Fig. 27.1.

Fig. 27.1 Graph values KSM involving students for science



286 A. Yusuf et al.

Figure 27.1 shows that the score chart of students participating in KSM. The
orange line represents the score of the wrong answer from the student, yellow rep-
resents the blank score of the answer from the student, and the green represents the
score of the correct answer from the student. The number of students who answered
blanks in mathematics is more numerous than science. The average student answers
more wrong than right. This data is used for clustering students who participate in
KSM using PD clustering. Initialize some variables needed in PD clustering, such as
determining the number of clusters. In this study, the determination of the number
of clusters was carried out by trial. The cluster number experiment is intended to see
the optimal number of clusters in KSM data grouping. Tests performed four times
on each subject. The trial results are evaluated using the silhouette coefficient (Si)
and standard deviation (Std) to see the data distribution shown in Table 27.1.

Based on Table 27.1, it can be seen that the optimal number of clusters is three
clusters because in the trial of three clusters the largest silhouette value is obtained
and the smallest standard deviation compared to the other clusters. A large silhouette
coefficient or close to one indicates that each data can be adequately grouped based
on its cluster and a small standard deviationmeans a small data deviation. Figure 27.2
shows the silhouette results of each subject with three clusters.

Figure 27.2 shows the overlapping of the silhouette results, which blends some
data that is not in the appropriate cluster. The results of the silhouette of the mathe-
matics subjects were seen overlapping in cluster 1 by 75 data from 1188 data and in

Table 27.1 Clustering results using PD clustering

Number of clusters Mathematic Science

Si Std Si Std

3 0.5384 0.3506 0.4351 0.4688

4 0.5158 0.4283 0.362 0.4872

5 0.493 0.4333 0.3726 0.529

6 0.3126 0.6402 0.256 0.5348

Fig. 27.2 Silhouette results in 3 clusters
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cluster 2 by 29 data from 1188 data. In the graphs of science, subjects have 205 over-
lapping data in cluster 3 and no overlapping in other clusters. Although the results
of clustering using PD-clustering are still experiencing overlapping, the results of
this study can already be said to be good with silhouette values close to 1. In this
research, students are clustered into three clusters of excellent, good, and fair.

In some cases, as shown in Fig. 27.3, some local minimums are obtained.
Figure 27.3 shows that the convergence of JDF scores in mathematics subjects starts
from the third iteration onwards, whereas in science subjects starting from the second
iteration onwards. The JDF value obtained indicates that the cluster center k is said to
be the global minimum of JDF. Based on the results obtained using the three clusters
in Table 27.2, the cluster center obtained from each cluster, such as cluster 1, cluster
2, and cluster 3 is shown in Table 27.2. The results of identifying the quality of each
school in Indonesia are shown in Fig. 27.4.

Figure 27.4 shows that Madrasah Ibtida’iyah (MI) is superior to Elementary
Schools (SD) and Madrasah Ibtida’iyah Negeri (MIN) with a percentage of 52%
including students with good quality. In science, the average distribution of MI and
MINstudents has the samequality between excellent, good, and fairwhile for elemen-
tary students 60% of the 9 students participating in KSM. The number of elementary
school students participating in KSM is only 2 students, and all of them are clustered
into the fair. Based on the results that have been shown, it can be concluded that MI is

Fig. 27.3 JDF value for each iteration of the PD clustering algorithm

Table 27.2 Cluster center

Subjects Number of clusters Data

Wrong Null Correct

Mathematic 1 4.1594 11.025 9.8153

2 6 19 2.6985

3 8 17 4.8282

Science 1 15.99767 23.99824 0.004086

2 12 28 1.860064

3 15 19 6.0000000009
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Fig. 27.4 Education quality identification results for each school

an elementary school that has good quality compared to other primary schools. Based
on this description, the schools that need evaluation and care regarding improving
education are SD and SDN.

27.5 Conclusion

Clustering using the PD clustering method in KSM obtains a maximum number
of clusters of 3 clusters because it has the best silhouette coefficient compared to
the number of other clusters. These 3 clusters are the first cluster representing fair
students, the second cluster represents good students, and the last cluster represents
excellent students. Based on Table 27.2, the silhouette coefficient of mathematical
subjects produced in this research is intermediate, which means that the cluster
structure formed is good while the science subjects have a good cluster structure with
a silhouette value of less than 0.5. Based on Fig. 27.4, it can be concluded that MI is
an elementary school that has good quality compared to other primary schools. Based
on this description, the schools that need evaluation and care regarding improving
education are SD and SDN.

References

1. Sutrisno, N.: Pemajuan Kepentingan Negara-Negara Berkembang Dalam SIstem WTO. The
Institute for Migrant Rights Press, Indonesia

2. Achola, P.P.: Challenges of primary education in developing countries, 1st edn. Ashgate, New
York, NY 10017, USA

3. Kemendikbud. Perbaikan Kualitas Manusia Melalui Pendidikan Dasar dan Menengah. Jakarta
4. Kemendikbud. Laporan Nilai Ujian Nasional Indonesia- Pusat Penilaian Pendidikan [Internet].

Kementrian Pendidik. dan Kebud. (2019). https://puspendik.kemdikbud.go.id/hasil-un/
5. Montoya, S.: Quality data to ensure a quality education for every child (2017)
6. Purba, E.: Menuju Indonesia Baru. Pertama. Guepedia, Jakarta
7. Muhaimin, Manajemen Pendidikan: Aplikasi Dalam Penyusunan Rencana Pengembangan

Sekolah/Madrasah. Kelima. Kencana Publisher, Jakarta
8. Basori, R., Arif, Gagasan, F.M.: Ucapan, dan Tindakan dalamMencerahkan Pendidikan Islam

dan Kerukunan Umat. LKis, Yogyakarta

https://puspendik.kemdikbud.go.id/hasil-un/


27 Identify Elementary Student Distribution Based … 289

9. Nofrion, Komunikasi Pendidikan: Penerapan Teori dan Konsep Komunikasi dalam Pembela-
jaran. Pertama. Kencana Perdana Media Group, Jakarta

10. Prasetyo, E.: Data Mining, Mengelola Data Menjadi Informasi Menggunakan Matlab. ANDI
Yogyakarta, Yogyakarta

11. Swindiarto, V.T.P.: Integration of fuzzy C-means clustering and TOPSIS (FCM-TOPSIS)
with Silhouette analysis for multi criteria parameter data. In: 2018 International Seminar on
Application for Technology of Information and Communication, pp. 463–468 (2018)

12. Prasetya, E.: Data mining Mengolah Data Menjadi Informasi Menggunakan MATLAB. Andi,
Yogyakarta

13. Sindhu, R., Nandal, R., Dhamija, P., Sehrawat, H.A.: Review on K-means algorithm and its’
different distance matrics. Int. J. Eng. Technol. [Internet] 9, 1423–1430 (2017). https://doi.org/
10.21817/ijet/2017/v9i2/170902227

14. Permata, A., Ayu, F.: Mapping student’ s performance based on data mining approach (A case
study). Ital. Oral Surg. [Internet] 3, 173–177 (2015). http://dx.doi.org/10.1016/j.aaspro.2015.
01.034

15. Govindasamy, K.: Analysis of student academic performance using clustering techniques
119(15), 309–323 (2018)

16. Tortora, C., Gettler, M., Marino, M., Palumbo, F.: Factor probabilistic distance clustering
(FPDC): a new clustering method. Adv. Data Anal. Classif. (2015)

17. Iyigun, C., Ben-israel, A., Iyigun, C.: Sciences I. Sciences : probabilistic distance clustering
adjusted for cluster size (September 2008), 603–621 (2015)

18. Lyigun, C.: Probabilistic distance clustering (2007)
19. Van Den, P.D.: Algorithms from and for nature and life classification and data analysis
20. Rachev, S., Klebanov, L., Stoyanov, S., Fabozzi, F.: A new dimension reduction method: factor

discriminant k-means. J. Classif. 2(28), 210–226 (2013)

https://doi.org/10.21817/ijet/2017/v9i2/170902227
http://dx.doi.org/10.1016/j.aaspro.2015.01.034


Chapter 28
Classification of Tomato Plant Diseases
Through Leaf Using Gray-Level
Co-occurrence Matrix and Color
Moment with Convolutional Neural
Network Methods

Anton Anton, Supriadi Rustad, Guruh Fajar Shidik, and Abdul Syukur

Abstract Tomato is a fruit vegetable source of vitamins and minerals; in addition
to being consumed as fresh fruit, it can also be processed into food industry raw
materials such as fruit juices and sauces. However, due to various causes such as dis-
eases, pest attacks, and unstable weather conditions, there is a decrease in the quality
and quantity of production. In order to contribute to maintaining the productivity of
tomato plants, the use of technology can be an alternative to be applied to the cul-
tivation of tomato plants. This study applies image processing techniques to detect
the texture of affected leaf using gray-level co-occurrence matrix (GLCM) extrac-
tion and color moment using convolutional neural network (CNN) method. Among
the diseases that often occur in tomato leaf are late blight, Septoria spot, bacterial
spot, target spot, early blight, leaf curl, spider mites, two spotted spider mites, and
leaf mold. In this study, a combination of GLCM-color moment and CNN method
was chosen because of its reliability in identifying and classifying plant diseases
compared to only using CNN. In this study, we used a combination of GLCM color
moments and CNN methods.

28.1 Introduction

Tomato is a fruit vegetable that is very potential to be cultivated because the fruit is a
source of vitamins andminerals. Besides being consumed as fresh fruit and for cook-
ing spices, it can also be further processed as raw materials for food industries such
as fruit juices and sauces [1]. Tomatoes become one of the horticultural commodities
that have high economic value and still require serious handling, especially in terms
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of increasing yields and fruit quality [2]. Plant diseases, pest attacks, and unstable
weather conditions can cause a decrease in the quality and quantity of production.

Diseases that attack tomato plants can be caused by fungi, bacteria, and viruses.
The symptoms can be seen from changes in the shape and color of leaves. Most
farmers do recognize the symptoms with the naked eye and take immediate action
without knowing how to overcome them. Therefore, we need the help of image
processing technology that can recognize diseases in tomato plants. Some types of
diseases found in tomatoes include yellow leaf curl, potato virus y, tomato mosaic
virus, and leaf spot [3].

Developing research on the identification of tomato plant diseases before [4], the
number of classes used was six classes, including mushrooms: 2, bacteria: 2, viruses:
1, and healthy (normal) 1. Therefore, this research class discusses the right features,
so it is expected to be suitable for disease identification in tomato leaf. Research on
the identification of plant diseases in terms of leaf digital images [5] suggests the
use of shape, texture, and color features. This study did not use the shape features
because the form of rust disease is not patterned, other than that the shape features
are more suitable for classifying of plant species with different leaf patterns [6] and
identification of plant diseases with symptoms of hollow or deformed leaves at the
edge of the leaf, for example in disease mosaic on cassava leaves [7]. In addition
to leaf disease, rain and temperature factors also affect the quality and quantity of
production. Therefore, themanagement of image pattern recognition to detect disease
in leaves is a major problem in agriculture [8].

28.2 Related Work

Deep learning has made remarkable progress in identifying images in large numbers.
Several previous studies used one of the deep learning architectures namely convo-
lutional neural network (CNN) [9, 10, 11,13, 18]. Deep learning uses an approach
that can learn many layers of features and automatically makes representations of
input data. Other studies have modified CNN using feature extraction to improve the
performance of CNN [12] (Tables 28.1 ).

28.3 Method

There are texture differences between normal, diseased, and mosaic leaves [9]. This
study chose the gray-level co-occurrence matrix to extract textures because GLCM
as an excellent method is used to determine the texture of the leaves and detect
plant types and have high accuracy [5], the complexity of image textures is difficult
to define and quantify, but GLCM can be used to quantify and compare various
aspects of image texture [10, 16, 19]. The use of color moments for extracting color
because there are differences in color on healthy and disease leaf [5, 9]. Colormoment
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Table 28.1 Comparison
between all classifications

Classification
problem

Method Accuracy (%)

Leaf recognition
for plant

GLCM & PCA GLCM (78%);
PCA (98.46%)

Classification of
maize leaf disease

CNN
(GoogLeNet)

97.89%

Recognition of
maize leaf diseases

CNN 92.85%

Identification of
corn leaf disease

CNN (GoogLeNet
& Cifar10)

GoogLeNet
(98.9%) Cifar10
(98.8%)

Cow race
classification

GLCM-CNN 93.763%

Classification of a
variety of plant
species

CNN 97.47%

Tomato plant leaf
disease detection

CNN 91.67%

is an effective image extraction method for analyzing images with color due to the
presence of vector dimensionswith the lowest computational features and complexity
compared to other methods such as color correlation, histogram, and color structure
descriptors [8]. An innovative solution is made to maintain the quality of tomato
production by utilizing automatic motor technology with a camera that can capture
the four sides of the plant to detect and recognize leaf disease. Using 4.923 images of
diseased and healthy plant leaves, these image data are trainedwith in a convolutional
neural network, a deep F-RCNN anomaly detection model to identify whether or
not the disease exists. This research is expected to facilitate the identification of
tomato plant diseases quickly [11, 15, 17]. Research on the analysis of plant diseases
through leaf images using SVMfor classifying of features including linear, quadratic,
Gaussian, and cubic kernels produces an accuracy of 98.3% [12, 14] (Fig. 28.1).

28.4 Result and Discussion

28.4.1 Result

This research uses computer specifications with Intel (R) Core (TM) i5-8250U @
1.60 GHz 1.80 GHz Processor, 8.00 GB Memory, 256 GB SSD and HDD for 1 TB
data and MATLAB. The dataset used for this study was sourced from plant village
(https://plantvillage.org), divided into training data and test data used to solve small
sample size problems in modeling. Training data from ten classes of tomato leaf is
70%, and test data is 30%. Vector features a combined GLCM texture feature called

https://plantvillage.org
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Fig. 28.1 Proposed framework for the detection and classification of plant leaf diseases

Table 28.2 Data on tomato
plant leaf

Leaf type Total leaf

T. Spot 1.404

Mosaic 373

YLCV 3.209

B. Spot 2.127

Early B 1.000

Late B 1.909

Leaf Mold 952

SL. Spot 1.771

SMT. Spotted 1.676

Healthy 1.591

Total all leaf 16.012

contrast, correlation, energy, and homogeneity. The amount of training data is 11.208
images and 4.804 images of test data (Tables 28.2).

28.4.1.1 Gray-Level Co-occurrence Matrix (GLCM)

The improvement of the proposed GLCM-color moment-CNN method uses three
approaches, namely comparing GLCM-color moment-CNN with previous studies;
second, use ten classes to show increased accuracy; third, reduce the background of
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the image to be imported and speed up the process of extracting the texture features
of the image in computing. Feature extraction used, namely:

Contrast =
∑

|i − j |p(i, j)2 (28.1)

Correlation =
∑ (i − μi)( j − μj)p(i, j)

σ iσ j
(28.2)

Energy =
∑

p(i, j)2 (28.3)

Homogenity =
∑ p(i, j)

1+ |i − j | (28.4)

Some GLCM extracted textural features are illustrated in Tables 28.3 and 28.4
for two different leaf images (Fig. 28.2).

At degrees 0° and 90°, the GLCMmethod provides the same accuracy and results.
Poor results are obtained at 45° because any change in neighboring degrees will
change the value of the extracted leaf features. For any changes to the image using
the GLCM method is very sensitive such as changes in rotation and scale. This can
be seen in Tables 28.3 and 28.4, differences in features extracted. The introduction
of the GLCM method is very fast, and the computing time for the GLCM method is
less.

Table 28.3 Some image textures extracted from leaf images (a)

Angle Contrast Correlation Energy Homogeneity

0° 0.10669 0.95639 0.24762 0.94733

45° 0.14825 0.93958 0.23102 0.92801

90° 0.11157 0.95441 0.24484 0.94491

135° 0.14885 0.93931 0.23178 0.92824

Average 0.12884 0.94742 0.23882 0.93712

Table 28.4 Some image textures extracted from leaf images (b)

Angle Contrast Correlation Energy Homogeneity

0° 0.23151 0.82838 0.24639 0.8987

45° 0.29727 0.78 0.23092 0.87992

90° 0.23148 0.82861 0.24946 0.90208

135° 0.30544 0.77393 0.22816 0.87725

Average 0.26642 0.80273 0.23873 0.88949
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Fig. 28.2 Images textures extracted from leaf images (a) (b)

Table 28.5 Testing accuracy
per color moments feature

Color moments (Cm) Accuracy (%)

Cm 1 52.33

Cm 2 93.67

Cm 3 67.33

28.4.1.2 Color Moment

Color moment is used to distinguish images based on color features and measure the
similarity of colors between images. The color distribution of an image is defined
as the probability distribution based on the color moment assumption. The color
moment feature selection is based on the accuracy results per color moment feature
in Table 28.5.

28.4.1.3 Convolutional Neural Networks (CNN)

Convolutional neural network (CNN) is a type of neural network commonly used
to analyze visual images and detect and recognize objects in images. Input data
performed byCNNuses raw images (RGB images), but in theGLCM-colormoment-
CNN method, the input data is extracted from the image texture using GLCM-color
moment (Fig. 28.3).

Grayscalling on the training data image and test data performed on MATLAB,
using the function: I = rgb2gray (“image_variable”) (Figs. 28.4 and 28.5).

The results of this experiment can also be applied in other crops (mangoes, pota-
toes, rice, or sugarcane) with different dataset sizes. Factor similarity in texture and
type of disease from each leaf will be a challenge. Modifying the parameters of the
model being trained depends on the size of the dataset used.
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Fig. 28.3 Example of the data used in this research; a target Spot, b mosaic virus, c yellow leaf
curl virus, d bacterial spot, e early blight, f late blight, g leaf mold, h Septoria leaf spot, i spider
mites. Two spotted spider mites

Fig. 28.4 Grayscale image of tomato leaf

Fig. 28.5 Tomato leaf color segmentation
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28.5 Discussion

Based on the strengths and weaknesses of previous studies, there is a research room
related to the use of GLCM, color moment, and CNN that can maximize the value of
classification accuracy in leaf texture in tomato plant diseases. Three stages of our
research were carried out to evaluate the effectiveness of the proposed method. The
first stage compares previous research, and in the second stage, we used ten classes
of tomato leaf disease, because previous studies were used below. In the third stage,
we do image enhancement, image reduction, and Image segmentation so that the
extraction process on the GLCM feature does not require a long time.

28.6 Conclusion

The conclusion that can be obtained from this research is the image identification
system of diseases of tomato leaf based on the extraction of color moment features
and texture features of GLCM with angular orientations of 0°, 45°, 90° and 135°
and pixel spacing ranging from 1 to 10 pixels with CNN classification succeeded in
identifying the types of diseases found in tomato leaf. The results of the identification
are 1.404 images of target spot diseased images, 373 images of mosaic virus and
3.209 images of yellow leaf curl virus, 2.127 bacterial spot images, 1.000 early blight
images, 1.909 late blight images, 952 leaf mold images, 1.771 Septoria images leaf
spot, 1.676 SMT spot images, and 1.591 healthy images. The GLCM-color moment-
CNN method can be implemented to detect diseases in tomato leaf plants with 99%
accuracy in detecting tomato leaf plant diseases.
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Chapter 29
Leverage from Blockchain in Commodity
Exchange: Asset-Backed Token
with Ethereum Blockchain Network
and Smart Contract

Richard, Yaya Heryadi, Lukas, and Agung Trisetyarso

Abstract Ethereum is one of the most popular blockchain platforms with a high
number of adoption in the blockchain world today. Ethereum token (ERC-20) can
tokenize any real-world object while it is also possible to exchange the token across
the network participants. This utility from the token drives many blockchain enthu-
siasts to create decentralized applications. ERC-20 token could be used to collect
project funds, decision voting, or even can be used to provide investment platforms
for people that want to hedge the volatility of the currency with buying an asset
that is back to back with the crypto-token. This research shows the main charac-
teristics of asset-backed token and its implementation on a complete end-to-end
“digitalization assets system” (assets buy and assets redemption). The result shows
that asset-backed token needs support from government and other legalizing parties
to verify the legitimacy of the asset that backing the token itself.
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29.1 Introduction

Blockchain becomes an exciting technology to be followedbyan academic researcher
and IT practitioners in recent years. These phenomena are derived from the popular-
ity of bitcoin since the launch in 2008 by a man/group called “Satoshi Nakamoto”
[1]. The concept of blockchain technology first recognized as the “extraction” from
the bitcoin platform, which becomes a phenomenon of technology with trustless,
decentralized, and transparent virtual currency. Blockchain technology described as
digitalized records is stored in a distributed ledger within a network that created,
maintained, and created by each of its ledger owner [2]. Blockchain can be catego-
rized as public (permissionless) and private blockchain, which related to a different
concept of data access property [3].

Fueled with the popularity growth of blockchain technology, people becomemore
interested in applying the blockchain concept in many cases. Several blockchain
platforms allow people to participate directly inside the network and even provide
a programming platform and learning center to encourage and gain interest from
blockchain enthusiasts (Ethereum, IOTA, etc.). Ethereum [4] is a cryptocurrency
that runs on the public blockchain network. This cryptocurrency is designed from
the ground-up to provide developers with tools to build decentralized applications
on its blockchain.

Ethereum offers a utility called ERC-20 token, which people could exchange or
buy the token with Ether currency. Ethereum blockchain developers could use this
token as a fund-raising medium or any sophisticated implementations. One of the
most notable Ethereum token applications are asset-backed tokens or known as sta-
blecoins. Stablecoins are blockchain-based digital currencies that have been created
to hedge the volatility of cryptocurrencies. The price stability can be achieved through
variousmethods such as a peg against a fiat currency or a commodity, collateralization
against other cryptocurrencies, or algorithmic coin supply management [5]. These
stablecoins become very popular recently as it eliminates uncertainty for customers.
This research will discuss further stablecoins implementation with collateralization
against a commodity.

29.2 Background

29.2.1 The Nature of Blockchain

Blockchain, with the popular definition, is a linked list of blocks (nodes) that contains
a set of information. This linked list forms a chain of the network owned by each
participant (miners). The mechanism that decides which miners will be authorized to
validate a new block is called the blockchain consensus mechanism (proof-of-work,
proof-of-stake, etc.) [6]. Blockchain characterized as an immutable, transparent, and
traceable platform could answer the maximum trust, which standard centralized
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Fig. 29.1 Chain-structured blockchain. Every hash inside a block is a result of calculation from the
previous block and used as the starting point for the next block. To achieve consensus, the network
participants will validate the hash resulted from the calculation and starts to work on “discovering”
the new block [7]. Ethereum and Bitcoin are examples of a blockchain network that uses this
chain-structured blockchain

architecture system does not have. Figure 29.1 shows the chain-structured blockchain
which becomes the “gold standard” used by many blockchain networks and projects.

29.2.2 Ethereum Network and Smart Contracts

This section will explain the smart contract and its uses in the Ethereum network
[4, 8]. The leverage from blockchain technology implementation becomes a hot
topic right now as the growth of blockchain is gone beyond cryptocurrency. There is
another technological innovation related to the blockchain called “smart contract.” A
public blockchain contains a smart contract, which is an agreement betweenmutually
distrusting nodes or participants, which enforced automatically by a set of consen-
sus mechanisms. Figure 29.2 shows the illustration of communication between the
Ethereum network and smart contracts.

Ethereum [4] currently, the second-largest cryptocurrency by market-cap, offers
extensive uses of blockchain networks beyond the cryptocurrency. The Ethereum
coin is called “Ether.” Ethereum blockchain network allows the developer to build a
smart contract executed on Ethereum Virtual Machine (EVM) [9]. A smart contract
is a self-executing contract that is deployed in a blockchain network that contains a
set of attributes and functions that coded to run the program functionality. The smart
contract is developed using solidity language, which later could be connected with
front-end Web applications through the uses of web3.js API [10]. Following are the
facts related to Ethereum and smart contracts:

• A vast number of blockchain developers and contributors use Ethereum
blockchain for development. This fact increases the confidant for the future
development of Ethereum.
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Fig. 29.2 Ethereum Network and Smart Contract: Bottom Section (Web3.js API and Front-end
Application) called off-chain application as the program is running outside the Ethereum network.
The two top sections are called on-chain applications while the application running inside the
blockchain network and require to comply with the blockchain protocol (gas cost, queue, etc.)

• Ethereum system proves to endure severe attacks since its launch. This attack
confirms the durability of system security [11].

• Once a smart contract is deployed in the network, it cannot be removed and forever
will be existed.

• Every transaction executed by the smart contract will be processed by Ethereum
Nodes and require gas.

• The gas is a metric that standardizes the executing cost of the code in the smart
contract [12].

These facts drive the blockchain developers to write the smart contract carefully
as the smart contract is susceptible to code efficiency and integrity. The availabil-
ity of web3.js API also stimulates many developers to converge mobile/Web-based
applications to the smart contract and Ethereum network to form a decentralized
application.
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Fig. 29.3 List of functions and events that should be coded to comply with the ERC-20 standard.
These standards are mandatory requirements to enable a token to become tradeable in various
wallets and crypto exchanges

29.3 Discussion

29.3.1 Ethereum ERC-20 Token

Ethereum offers token as a utility that could be used in project development. This
utility token was included in the “Ethereum Improvement Proposal” (EIP) in 2017.
A token is the part of the coin itself. You can create a token and then set the exchange
value to the coin (Ether). This token can represent a project or can be backed with
real-world assets such as gold or any other commodities. This condition is called the
“Tokenized” asset [13]. The “Energy Efficiency Coin (EECoin)” [14] is one of the
examples of asset tokenization in the energy market.

Ethereum has a standard tokenization procedure. ERC-20 is the most widely used
token contract standard in Ethereum, as in November 2019, there are 224.637 Token
Contracts found in Etherscan (etherscan.io) [15]. Figure 29.3 shows the standard
functions that should be coded during ERC-20 implementations.

With adopting ERC-20 token, the project owner could raise funds for the project
by issuing token and publish on the Web site to ask people that interested in the
project to buy the token with some amount of Ether—later will be called “Initial
Coin Offering” (ICO) [16]. With the growth of ICO popularity, people start to create
innovation with the utilization of ERC-20 token by creating an asset-backed token,
a token that backed by some commodities to preserve the value by the token itself.

29.3.2 Asset-Backed Token Using Ethereum Blockchain
Network

In stablecoins with asset collateralization (further called asset-backed tokens), there
are 3 involving parties that should have been provided with interfaces to the system.



306 Richard et al.

Fig. 29.4 Asset collateral registration process. There are three involved parties (Assets Vendors,
Vault Services Provider, and Independent Auditor) in this process and using four smart contracts
(Asset Vendors Contracts, Vault Providers Contract, Independent Auditors Contract, and Proof of
Collateral Contracts) in the proof of collateral process

These parties include assets vendor, vault service provider, and auditors. Following
are the roles of every involving parties.

• Assets Vendor: trusted and legitimated vendors for commodity product is impor-
tant. Only selected vendors who have a certificate to complywith product standard
is allowed to supply commodity reserves as collateral reserves.

• Vault Services Provider: independent, secure, and certified vault services
provider is needed to custody the collateral reserves.

• Independent Auditors: independent auditors legitimate the commodity reserves.
The auditors have a role in conveying the quality and legitimation of the reserves.

Those three essential parties are interconnected and collaborate with using smart
contracts. Every party interacts with the smart contract through application inter-
faces that developed using web3.js and html5 application. Figure 29.4 shows the
legitimations process of the collateral reserves in this asset-backed token.

29.3.3 Building a DApps in Ethereum Blockchain

There are two sections in a decentralized application that using blockchain networks,
on-chain, and off-chain applications. As shown in Fig. 29.2, the on-chain application
represents a smart contract coded with solidity language and deployed in Ethereum
Virtual Machine. Moreover, an off-chain application includes the front-end applica-
tion that could be coded with HTML5, Java, Swift, or any front-end development
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Fig. 29.5 On-chain applications deployed in the Ethereum blockchain network. This figure shows
how involved parties interact with the smart contract through the off-chain decentralized application
using web3.js API and HTML5

language or framework. In writing the code in on-chain applications (smart con-
tracts), developers have to be very careful and pay attention to code efficiency and
algorithm complexity because of the immutability of the smart contract. We use
truffle and ganache as the development environment suite to ensure the function of
the smart contract code. The two environments allow the developers to conduct unit
tests and console simulation of a smart contract during the development process.
Figure 29.5 shows the architecture of asset digitalization and token offering process
through decentralized applications developed in this research.

29.3.4 Proof of Collateral

From thefigure above, there is a contract calledProof ofCollateral smart contract. The
contract contains asset collateral legitimation data. Once asset collateral registration
is completed, the contract will execute and update the parameter value of the contract.
The parameter structure is shown below.

• CollateralCode works as the unique key for this contract.
• TimeStamp stores the timestamp in the format of an integer.
• CollateralSignature stores the chain of custody signature (vendor, vault, auditor).
• PaymentReceipt stores the asset value baseline.
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• DepositoryReceipt stores the deposit time and fee with integer format.
• CustodyFee stores the custody fee for legitimation.

The CollteralCode is a unique key and generated by a hash function H of multi-
ple variables, such as VendorHash, AssetHash, AuditHash, and VaultHash, and
following are the combination of the document submitted:

Collateral Code = H(Asset Hash||Vendor Hash||Vault Hash||Audit Hash)

Where the symbol (||) means concatenation operation. The CollateralSignature
stores the signature from the chain of custody from the collateral asset, as shown
below:

Collateral Signature = SIGN (Asset Key, Asset Hash)

29.4 Conclusion

Stablecoins (asset-backed token) become an innovation in blockchain implementa-
tion in the financial and commoditymarket. This coin is a new type of cryptocurrency
that has their value pegged to the real-world asset. Since the token is collateralized
by real asset value, they designed to tackle the inherent volatility seen in cryptocur-
rency prices. This research shows that asset-backed token could be implemented by
involving some regulating parties to provide custody of the collateralization pro-
cess. An asset-backed token becomes disruptive innovation in blockchain with the
development of decentralized applications using the Ethereum blockchain platform.

This research also shows the collateralization process of the real-world asset in
backing the Ethereum ERC-20 token value. The architecture and communication
diagram also designed in this research to illustrate the decentralized application
architecture for selling an asset-backed token. For future research, the evaluation of
cost efficiencies from these applications becomes an essential topic to be discussed.
The following are the cost profile of a decentralized application that developed on
the top of the Ethereum platform.

References

1. Nakamoto, S.: Bitcoin: A Peer-to-Peer Electronic Cash System (2008)
2. Konstantinidis, I., Siaminos, G., Timplalexis C., et al.: Blockchain for business applications:

a systematic literature review. In: Lecture Notes in Business Information Processing. Springer
International Publishing, pp. 384–399 (2018)
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Chapter 30
A Review of Focused Crawling Schemes
for Search Engine

Suresh Kumar and Manisha Gupta

Abstract Nowadays, web is growing rapidly and retrieving information from it is
very tedious. But search engines are trying their best to provide relevant results to
users. Crawler is a very important component of search engine that works day and
night and creates its repository. There are various categories of web crawler like
focused crawler, adaptive crawler, breadth-first crawler, incremental web crawler,
distributed web crawler, and parallel crawler. A focused crawler crawls web pages
related to an area/topic only. In the literature, we have found various schemes of
focused crawling and their comparison also. In this paper, we have reviewed all
those schemes based on some important parameters such as principle, speed, network
consumption, scalability, and strength. So, a review of focused crawling scheme has
been presented in this paper.

30.1 Introduction

As we know World Wide Web (WWW) is growing rapidly in terms of web pages,
therefore, search engines (SE) are required to manage/index these web pages to pro-
vide better and relevant results to users. There are many web search engines like
Google, Yahoo, Bing, Baidu, and DuckDuckGo. Various alternatives have been pro-
jected and executed to discover information in theWWW such as specially designed
meta-hyper documents, robot-based searchable indexes, and client-based search tools
[1].

Crawlers are playing a very important role in SE to retrieve the most updated
web pages from WWW and create repository of SE. They browse and index the
WWW [2]. The basic crawling strategies of crawlers are depth first and breadth
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first. These techniques were used to crawl the web and then index the web pages.
Unfortunately, these schemes retrieved huge amount of information, irrespective of
particular topic. So, more effective algorithms like focused crawling have used [3]
to retrieve information related to a focused topic. The World Wide Web has much
information in its database. The information may be related to given topic, or it
may also be unrelated. Finding such information related to specific topic is done
by focused crawler. Focused crawler tries to fetch as many web pages related to a
particular topic as it can but very less non-related web pages. Moreover, focused
crawlers are designed to satisfy the requirements of users to maintain topic-specific
collection of web documents [4].

Other than focused crawling, there are also other types of web crawling schemes
like incremental crawling, adaptive crawling, distributed crawling, andparallel crawl-
ing. Incremental crawling revives step by step the current collection of web docu-
ments. It swaps the less significant pages with the more significant pages. Thus, it
solves the problem of freshness of web pages. It provides only the valuable infor-
mation to the user. Adaptive crawling makes use of data from earlier round to make
a decision which pages should be examined for updates. It can be created to crawl
the web dynamically [5, 6]. Distributed crawling uses many crawlers to distribute
in the process of web crawling. A central server synchronizes the various crawlers.
It is strong against system crashes. Parallel crawling consists of many crawlers that
run in parallel on network of workstations [6].

The basic idea of parallel crawling, distributed crawling, and incremental crawling
is to bring efficiently web pages into the repository of SE [7]. They are downloading
web pages from web at high rate. Basically, these crawlers are working on efficiency
of downloading web pages from web. But focused crawling works on the context,
theme, and semantic of the web pages. It provides a great help to indexer component
of SE to index web pages [3, 8]. Therefore, in this paper, we have made a com-
parative analysis of focused crawling schemes based on various parameters such
as principle, speed, network consumption, scalability, and strength. There are many
schemes of focused crawling. We have done comparative analysis of best focused
crawling schemes, namely Fish Search, Shark Search, Info Spiders, N-Best First,
and intelligent crawling. Info Spiders is the most scalable and most recent focused
crawling scheme.

The description of this paper is as follows: The second section is about differ-
ent focused crawling schemes. The third section shows the comparative analysis of
focused crawling schemes based on various parameters.

30.2 Focused Crawling Schemes

Various focused crawling schemes have been found in the literature, but we have
reviewed most prominent schemes such as Fish Search, Shark Search, Info Spiders,
N-Best First, and intelligent crawling in the following sub-sections.
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Fig. 30.1 Fish Search approach [3]

30.2.1 Fish Search

This approach fetches web documents according to the relevancy of document. If the
document is relevant, then it is given the score as 1, and if it is not relevant, then it is
given the score 0. Thus, this approach works on keyword matching. And if document
score is 1, then its child score is automatically 1; i.e., if parent document is relevant,
then child document is automatically relevant. And if document score is 0, then its
child score is 0.5; i.e., if parent document is irrelevant, then child document is less
relevant and so on [9, 10]. Actually, this approach imitates a school of fish [1]. The
main logic of this approach is shown in Fig. 30.1.

30.2.2 Shark Search

This approach is the extension and improvisation of Fish Search approach. It uses the
same technique of giving scores to relevant document, but in this approach, scores are
between 0 and 1 instead of binary as scores are calculated using similarity concept
of vector space model (VSM) [9, 11].

The child document has the inherited score, i.e., score of its parent document.
The second enhancement is that scores are calculated not only on the basis of parent
document’s score but also on the basis of meta data. This makes this approach more
effective than the Fish Search approach [3]. The main logic of this approach is shown
in Fig. 30.2.

30.2.3 Info Spiders

This approach uses neural net and back propagation. Info Spiders is the multi-agent
system for web mining of the information [3]. Each agent of the system adjusts to its
local surroundings by learning to approximate the value of anchor links. An agent
interconnects with the information environment that composes of the web and the
data placed on local data structures. An agent can alter its neural net-based manner
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Fig. 30.2 Shark Search approach [3]

during its existence. This is done by reinforcement learning. This approach crawls
only the current surroundings and thus does not provide old data [12, 13]. Agents
crawl the web dynamically and apply artificial intelligence approaches to adjust to
the features of its information domain. It is the most scalable approach.

30.2.4 N-Best First

This approach is a generalization of Best First approach. At each move, N web
documents are picked for crawling instead of one page [9]. Using some algorithms,
it predicts the similarity between seed URLs and target web document and chooses
the best one to crawl. The best document is found by calculating score or rank. Naïve
Bayes, cosine similarity, and support vector machine (SVM) are applied to calculate
score [14, 15].

To improve performance, it uses heuristic methods. The job of heuristics is to
assess the web link in view of the provided information before getting its data. Since
Best First alludes to the technique for investigating the link with the best score first,
an assessment function is utilized to dole out a score to each link. There are various
methods for assessing the link before getting the entire data, for example, assessing
the words in the link and assessing the clickable text of the link [14].

30.2.5 Intelligent Crawling

This approach gives priorities to seed web documents on the basis of particular
characteristics in a web document. These characteristics may be page content, URL
data, sibling pages, or information about related or non-related pages. This approach
is a non-exclusive system in that it enables the client to determine the relevance
standard. Thus, this approach is highly effective with the potential of self-learning;
i.e., it gathers all data and normalizes the weight of these characteristics to represent
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the superior factor at that time [9, 13]. It is an algorithm that figures out how to crawl
without direct client preparing [9].

30.3 Review of Focused Crawling Schemes

The key principle of Fish Search is based on keyword matching. As we know, there is
a problem of synonymous and polysemy in keywordmatching [9]. For example, Java
is a polysemous word. Java has multiple senses as Java is a programming language,
motorbike, island and coffee and many more. So keyword matching principle is
not a good idea to retrieve web pages by SE. For example, our context for Java
is programming language, but if SE retrieves web pages of coffee, then they are
irrelevant for us. Therefore, various schemes have been found in the literature to
resolve this issue.

For example, Shark Search scheme works on VSM principle. VSM is a mathe-
matical model which works in context of word also. Thus, it provides better results
to SE as comparative to Fish Search scheme [9].

Fish Search scheme is hampered by lack of adaptability and scalability. Info
Spiders scheme is the major solution to the adaptability problem and scalability
problem. In this scheme, agents utilize neural nets to choose which web link to track.
It is the earliest crawling algorithm to apply reinforcement learning. Reinforcement
learning helps in adaptability and scalability [3, 12, 13].

Another scheme N-Best First works on document similarity principle. In this
scheme, similarity is computed based on lexical term matching. Documents are sim-
ilar if they share common terms. But absence of common terms does not indicate that
they are distinct. They can be semantically similar. They can also be thematically
similar. For example, mouse is a keywordwithmultiplemeanings as computer equip-
ment, animal, etc. So, one pagemight have content of mouse as computer equipment.
Second page might have content of mouse as animal. So both pages are semantically
different but they share same keyword mouse. So document similarity in N-Best
First scheme is computed by VSM or by semantic similarity retrieval model. It has
better performance than Info Spiders and Shark Search approaches. It is the most
victorious scheme as a consequence of its simplicity and efficiency [9].

There is also one more scheme, i.e., intelligent crawling. This scheme has the skill
of self-learning. It is the highly effective approach that learns to crawl without user
training [9, 13].

A detailed review of focused crawling schemes based on five parameters is given
in Table 30.1 [16]. Briefing of five parameters is as follows:

Principle—It tells about the basicmodels/algorithms applied in particular scheme.
Speed—It tells about the efficiency of retrieved results corresponding to users
query.
Network consumption—It tells about maximum rate of data/information transfer
across a particular network.
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Table 30.1 A review of focused crawling schemes

Schemes Principle Speed Network
consumption

Scalability Strength

Fish
Search

Keyword
matching

Slow High Less
scalable

• Follow optimized
strategy

Shark
Search

Vector space
model

Fast Less Less
scalable

• Improvement over
Fish Search

• Uses better relevance
technique

Info
Spiders

Neural
network,
back
propagation

Fast Less More
scalable

• Complement
traditional
index-based search
engines

• Achieves good
coverage of relevant
documents

N-Best
First

Vector space
model

Fast Less Less
scalable

• Better performance
than Shark Search
and Info Spiders

Intelligent
crawling

Ability of
self-learning

Fast Less Less
scalable

• Highly effective
algorithm that learns
to crawl without user
training

Scalability—It is the property of a scheme/system to handle huge amount of data
by adding more resources to system.
Strength—It is the quality of particular scheme with respect to produce relevant
results.

30.4 Conclusion

Adetailed review of focused crawling schemes based on various parameters has been
described in this article. Since focused crawler fetches pages related to particular
area, so it is better than other crawlers. In this paper, we have concluded that Shark
Search is extension of Fish Search and is more effective than it. N-Best First has
better performance than Info Spiders and Shark Search. But Info Spiders is the
most scalable of all schemes. Another scheme is an intelligent crawling which has
the advantage of self-learning. Thus, different schemes have different advantages
over other schemes. Nowadays, we are working on the novel mathematical focused
crawling scheme based on ontology to improve the performance of SE in terms of
precision and recall.
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Chapter 31
Design and Simulation of Multi-channel
V-TDMA for IoT-Based Healthcare
Systems

Anita Ramachandran, Malaika Afra Taj, Raghav Maheshwari,
and Anupama Karuppiah

Abstract Internet of things (IoT)-based geriatric healthcare monitoring system
monitors physiological and biological parameters of members in an elderly care
home. This system consists ofmultiple network elements—wearable nodes formoni-
toring parameters, master nodes to process the collected information and raise alarms
on observing any anomalies and intermediate nodes to relay information between the
sensor nodes and master nodes. Maximum reliability, energy efficiency, and minimal
latency during the data communication are the major requirements of such a system.
Media access control (MAC) layer plays a significant role in achieving the above-
mentioned requirements. In this paper, we propose a multi-channel variable time
division multiple access (multi-channel V-TDMA) MAC protocol which includes
the strengths of both standard time division multiple access (TDMA) and frequency
division multiple access (FDMA) protocols. The proposed protocol efficiently pro-
vides a solution to the problem of continuous and reliable data transmission by the
wearable nodes, along with the freedom of mobility.

31.1 Introduction

IoT systems have gained considerable attention in the area of healthcare monitoring
in recent years. IoT-based healthcare monitoring systems for an elderly care home
monitor various kinematic and biophysical parameters of the elderly people, detect
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abnormalities, and raise appropriate alerts to healthcare personnel so that adequate
care can be made available in a timely manner. Each person is equipped with a wear-
able device which has inertial motion unit (IMU) sensors and vital signs sensors
embedded in it. IMU sensors measure a person’s mobility in terms of accelera-
tion, magnetometer, and gyroscope. Vital signs sensors measure various biophysical
parameters such as heart rate, blood pressure, pulse oximetry (SPO2), and galvanic
skin response (GSR) values.Abrief overviewof such a healthcare system is explained
in one of our previous works [1]. Such an IoT network consists of a set of nodes with
data collection and routing capabilities. The MAC protocols that support communi-
cation between the nodes in an IoT system can be TDMA-based or contention-based,
and both have their advantages and disadvantages. In this paper, we propose a MAC
protocol which suits the requirements of the above-mentioned IoT network. The
proposed MAC algorithm performs periodic collection of data as well as support
dynamic timeslot allocation scheme to accommodate mobility of nodes in a con-
textual manner, while being energy-aware. The multi-channel variable time division
multiple access (Multi-channel V-TDMA) MAC protocol proposed here includes
the strengths of both TDMA and FDMA protocols. The rest of the paper is orga-
nized as follows: We briefly discuss several other key MAC protocols in Sect. 31.2.
Section 31.3 describes the network topology. The detailed description of the pro-
posed algorithm is mentioned in Sect. 31.4. Section 31.5 presents the comparative
performance with standard TDMA and FTDMA. Section 31.6 concludes the paper
with the summary of our findings.

31.2 Related Work

The twowell-establishedMAC schemes are reservation-based and contention-based.
While each has its own advantages, they also have their shortcomings, and the well-
known issues of these traditional schemes apply in the context of healthcare systems
also. Many protocols have been developed which address the shortcomings of the
traditional time division multiple access (TDMA) and carrier sense multiple access
(CSMA) schemes, along with optimizing the energy consumption. Some of these
protocols include B-MAC [2], S-MAC [3], WiseMAC [4], T-MAC [5], E-MACS
[6], and L-MAC [7]. Flexible TDMA (FTDMA) [8] is developed for mobile sensor
networks. In this, the leader broadcasts the number of available slots and fixed slots
to the mobile nodes. The mobile nodes send a request message in any one of the free
slots. The leader acknowledges the request, allocates slot to the mobile node, and
broadcasts the updated schedule in the next cycle. However, the mobile nodes in the
communication range of two or more leaders will suffer interferences and collisions.
FlexiTP [9] is a TDMA-based protocol in which nodes only transmit and receive
packets at their own timeslot(s) and sleep until their slots turn up again. However,
it is designed for a static ad hoc network, in which nodes may suffer temporary or
permanent failure, and new nodes may be added to the network at any time, but nodes
otherwise remain in (nearly) the same location. Aminian [10] explains a deployment
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scenario for a hospital healthcare monitoring system, consisting of sensor nodes and
coordinator nodes. This design uses the TDMA scheme for timeslot allocation. Jung
et al. [11] proposes an 802.15.4-based WSN for healthcare monitoring. Yan and Liu
[12] explain the design of a context-aware MAC protocol for WBANs, for a star-
topology network consisting of several sensor nodes for collecting data, and a master
node which processes the data. The data rate and duty cycle of the sensor nodes are
controlled by the master node, which are increased from the normal condition, if an
emergency is detected. A system architecture for smart health care for continuous
monitoring of assisted-living residents is proposed in [13]. The system comprises of
sensors for biophysical and environmental monitoring, backend databases and end
devices for visualization, and all components are connected by a backbone network
wirelessly or overlaid on to an existing wired infrastructure. Other architectures for
remote healthcare monitoring include [14] and [15]. Benhaddou et al. [16] propose a
MAC scheme for healthcare sensor networks, MACH, which prioritizes emergency
traffic and adapts channel provisioning based on information criticality.

31.3 Network Topology

The various types of nodes that form the overall network are stated as follows:

1. Mobile Node (MN): The wearable device worn by each elderly person.
2. Room Coordinator (RC): Each room in the healthcare home shall be equipped

with an RC. The RC is responsible for collecting data from all MNs under its
purview.

3. Central Coordinator (CC): Each floor within the healthcare home shall have a
CC. This is where all data from MNs gets collated via RCs.

A tree-based network is formed where CC is the root of the tree. Several RCs
are connected to CC directly or through a multi-hop path formed via intermediate
RCs and multiple MNs are connected to individual RCs. Figure 31.1 represents the
network topology of the healthcare system.

31.4 Design of Multi-channel V-TDMAMAC Protocol

31.4.1 Protocol Overview

In the proposed multi-channel V-TDMA protocol, there are two levels of hierarchy
in the network: one level between RC and MN and the second level between RC and
CC. Data collected by the MNs include physiological and biological parameters of
the elderly person wearing the device. This data is relayed by the MNs to the RC
via a single-hop communication path. The RCs collect data transmitted from all the
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Fig. 31.1 Network topology diagram

CC-RC Broadcast RC-MN Broadcast MN-RC Data Transmission RC-CC Data Transmission

Fig. 31.2 Overall frame structure

MNs within its range and relays the same to the CC, where the data is analyzed.
This is enabled by a multi-hop path between RCs and CC. Figure 31.2 represents the
overall frame structure of the protocol.

The maximum number of slots in a frame is determined by Eq. (31.1):

T = t/s (31.1)

where T = maximum number of slots, t = maximum delay that is allowed before
the data reaches CC, and s = size of each slot in the frame.

Based on the variations in the data collected by the wearable bands in an elderly
care home, the ideal sampling rate obtained is 1000 ms. This ideal sampling rate
is determined using the results of various machine learning algorithms on collected
data. The detailed analysis of collected data is mentioned in our previous paper [1].
Therefore, the ideal frame size determined is 1000 ms which is divided into various
subframes as follows:

• 100 ms for CC-RC broadcast
• 100 ms for RC-MN broadcast
• 300ms forMN-RCdata communication out ofwhich initial 50ms is for frequency

switching. The remaining 250 ms is divided into slots each of size 10 ms.
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• 500ms for RC-CC data communication out of which initial 50 ms is for switching
back to default frequency. The remaining 450 ms is divided into slots with each
of size 30 ms.

• The size of the slots is calculated by Eq. (32.2):

s = 1.5 ∗ (r x − t x) + td (32.2)

where rx = time at which the packet was received, tx = time at which the packet
was transmitted, and td = transmission delay of packet.

31.4.2 Multi-channel V-TDMA Algorithm

This section describes the working of the multi-channel V-TDMA protocol, with
respect to network discovery, timeslot allocation map advertisement, data transmis-
sion and forwarding, and frequency switching.

(1) Network discovery: This protocol begins with the network discovery between
CC and RCs.

• CC sends CC_BCAST_MSG (Fig. 31.3), with its node ID and location coordi-
nates.

• All RCs in Level-i receives the CC_BCAST_MSG.
• Each RC in Level-i rebroadcasts the CC_BCAST_MSG, after updating the RC

ID, RCx, and RCy field with its own ID and coordinates.
• The rebroadcast CC_BCAST_MSG is received by RCs at Level-(i + 1).
• If an RC receives CC_BCAST_MSGs from more than one neighboring RC, it

chooses the one which is closer to itself.
• Network formation completes once all RCs receive the CC_BCAST_MSG.

(2) Timeslot allocation map advertisement: After receiving the
CC_BCAST_MSG, each RC waits for a certain time delay which is the
function of its geographical coordinates to ensure that the entire network
between CC and all RCs is formed.

• RC sends an RC_BCAST_MSG (Fig. 31.4) containing the timeslot allocation
map, with total number of slots (N) and occupied number of slots (O), and the
frequency of communication (Channel) for MN-RC data transmission and IDs of
MNs to which the slots are allotted (MN1–MNm).

Fig. 31.3 CC_BCAST_MSG
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Fig. 31.4 RC_BCAST_MSG

• This message will be received by allMNswhich are present in the communication
radius of the RC.

(3) Data transmission: The procedure of data transmission between MNs and RC
is described as follows:

• Each MN scans through the list of fixed slots in the RC_BCAST_MSG.
• If the MN finds its ID in the list of occupied slots, it sends data in that slot; else

it picks up random slot from the list of free slots and sends a timeslot request
message to RC. The slot selection by the MN is given by Eq. (31.3):

Slot = (Rssi%(N − O + 1)) + O (31.3)

where Rssi = receive signal strength of RC_BCAST_MSG, N = Total number of
slots, O = Number of occupied slots.

• RC upon receiving the timeslot request message updates the timeslot allocation
map before broadcasting the same in the subsequent cycle.

• If the RC does not receive data from a particular MN for subsequent k cycles,
then it de-allocates that MNs timeslot in the following cycle (Eq. 31.4).

k = f (µ) (31.4)

where µ = mobility rate of mobile nodes.

(4) Data forwarding: The process of data forwarding from RC to CC, via the
multi-hop path between RC and CC is given below:

• RC at Level (i + 1) transmits data collected from its MNs to its neighboring RC
at Level-(i), during its RC-CC data transmission slot.

• After the RC to CC communication, the cycle repeats all over again from timeslot
allocation map advertisement.

• The entire process from network takes place every y cycles (Eq. 31.5) in order to
ensure minimum control overhead in the network:

y = f (a) (31.5)

where a = rate at which the RCs are added or deleted.
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31.4.3 Frequency Switching in Multi-channel V-TDMA

In order to ensure minimal packet loss in the network, the data communication
between RC and MNs is designed to occur at different frequencies. Each individual
RC broadcasts a different frequency according to Eq. (31.6):

Frequency( f ) = Default Frequency + Id of RC (31.6)

where f <= no. of frequency levels supported by hardware, and default frequency =
initial frequency of all the nodes in the network.

The value of f is specified in channel field (see Fig. 31.4). After RC to MN data
communication, all the nodes shall switch back to default frequency.

31.4.4 Energy Conservation in Multi-channel V-TDMA

Mobile nodes:Mobile nodes remain awake only during the advertisement of timeslot
allocationmap and during data communicationwithRC. TheMNs turn their radio off
for the remaining duration to conserve energy. The percentage of energy conserved
(E) in MNs is 60% calculated by Eq. (31.7):

%ofE = 100 − {(Activetimeofnodes /(Activetimeofnodes

+ sleeptimeofnodes)) ∗ 100} (31.7)

The active time and sleep time forMN are calculated using Eqs. (31.8) and (31.9):

Active time ofMN = RC-MNBroadcast time + MN-RCdata

communication time (100ms + 300ms = 400ms) (31.8)

Sleep time ofMN = Overall frame size

−Active time ofMN (1000ms − 400ms = 600ms) (31.9)

Room coordinators: The sleep–wake pattern of RCs is shown in Fig. 31.5. The slots
which the RCs are active depend on the position in the network architecture. The %
of energy conserved in RCs is 39%. The active and sleep time for RC is calculated
using Eqs. (31.10) and (31.11):

Active time of RC = CC-RCBroadcast time + RC-MNBroadcast time

+ MN-RCdata communication time

+ Default Frequency switching time

+ Transmit time of RC-CCdata
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RC-CC communication
Network
discovery

RC - MN
broadcast

MN- RC
data communication Sleep RX from RC i+1 TX to RC i-1 Sleep

RC-Level i

RC-CC communication
Network 
discovery

RC – MN
broadcast

MN-RC data
communication RX from RC i+2 TX to RC i Sleep

RC-Level i+1

Fig. 31.5 Sleep—wake pattern of RC

+ Receive time of RC-CC data

(100ms + 100ms + 300ms + 50ms + 30ms + 30ms)
(31.10)

Sleep time of RC = Overall frame size

−Active time of RC (1000ms − 610ms = 390ms) (31.11)

31.5 Simulation and Results

Figures 31.6 and 31.7 show the screenshot of the simulated network with multi-
channel V-TDMA, with theMN-RC and RC-CC and communication paths. Because
of frequency switching, it is observed that there is no interference between MN-RC
(Fig. 31.6) and RC-CC (Fig. 31.7) communication. The simulation was done on
Cooja for a network containing 1 CC (Node 1), 6 RCs (Nodes 2–7) and 20 MNs

Fig. 31.6 MN-RC communication
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Fig. 31.7 RC-CC communication

(Nodes 8–27). The network was also simulated for MN densities of 5, 10, 15, and
20. The overall frame size considered was 1000ms. The simulation time was 15min,
and the results are averaged across 5 runs of the simulation. Mobility of MNs was
induced every one minute to simulate changes in the network topology.

The performance parameters that were collected were average delay, maximum
delay (where delay is the time taken for a data packet originated by an MN, to reach
the CC), and packet loss ratio. The performancewas then comparedwith the standard
TDMA and FTDMA [8]. The results are shown in Figs. 31.8, 31.9, and 31.10.

Fig. 31.8 Average delays
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Fig. 31.9 Maximum delay

Fig. 31.10 Packet loss ratio

31.6 Conclusions

In this paper, we proposed an energy-aware multi-channel V-TDMA MAC proto-
col which combines the strengths of both standard FDMA and TDMA schemes.
The developed MAC protocol takes advantage of multiple frequencies provided
in wireless sensor network (WSN) hardware platforms like MICAZ, Telosb, and
CMU FireFly. The step-by-step working of the protocol along with the frame struc-
tures was explained. We simulated this protocol on Cooja and compared the per-
formance of multi-channel V-TDMA with basic TDMA and FTDMA. Based on the
results, multi-channel V-TDMAperforms better than basic TDMAand FTDMAwith
respect to average delay, maximum delay, and packet loss ratio. As a part of future
work, multi-channel V-TDMA will be implemented in real-time test bed for further
analysis.
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Chapter 32
Design and Development of Tiny
Humanoid Walking and Dancing Robot
with Obstacle Detection for Visual
Impaired People

Amrita Ganguly, Jasmine Ara, and Bijan Paul

Abstract Over the most recent couple of years, people are indicating more enthusi-
asm for robotics and planning to rely upon robots for many reasons. One can easily
expect that in the twenty-first century, the use of robots will expand in our society.
We believe that robots will achieve a wide assortment of undertakings in homes, war
zones, atomic plants, government establishments, production line floors, and even
space stations. In this paper, we are throwing some light on robotics with a robot that
is utilizing the human structure to make movements like walking and dancing. This
biped robot is also able to detect an object in front of it. This has been accomplished
usingArduinoNano (ATmega328P), servomotors SG90 operating on the principle of
servomechanism, and ultrasonic sensor to detect objects near it and prevent the robot
from proceeding forward. The robot has ultimate use in entertainment, in marketing,
and in assisting visually impaired to navigate.

32.1 Introduction

Humanoid robots have dependably been enchanting and fascinating to the people. It
is just our little initiative toward assembling of a humanoid robot to create the replica
of ourselves later on.

This Arduino-based bipedal robot (Fig. 32.1) incorporates four servomotors that
enable it to walk by rotating servo horns following an algorithm [1] and an ultrasonic
sensor above it that can detect any object front of it [2]. Whenever the robot detects
any object in front of it, it stops walking and lights the LED on the top of its head
as a notifier. This notifier can be replaced by any kind of notifier like a buzzer [3].
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Fig. 32.1 Tiny humanoid
walking and dancing robot

A microcontroller ATmega328P goes about as the handling and memory unit of the
robot. By using its legs, the robot can also dance in several steps.

Areas engaged with accomplishing this objective that is discussed in this paper
are testing the servomotors, understanding its rotation impacts, support system setup
calibration,makemoving and dancing algorithm, choosing the scope of the ultrasonic
sensor and its impact on the servo horns alongside the LED, and programming. The
robot (Fig. 32.1) is around 16 cm long and is of very less weight.

The enduring sections of this paper are prepared as follows: Part 2 describes
related works; Part 3 illustrates application. Section 32.4 elicits working mechanism,
Sect. 32.5 shows programming mechanism, and Sect. 32.6 describes hardware and
financial requirement analysis and user feedback. We conclude in Sect. 32.7, and at
the end, references are added.

32.2 Related Work

The most critical piece of humanoid robots is biped robots, where strolling move-
ment investigation is prioritized. Also, the robot association with people and the
advancement of the cooperative task are vital aspects that the robots are facing. In
this specific situation, in themost recent years, human–robot interaction (HRI) turned
into an imperative field of research.

Prakash Chandran, Mohit Jaswal, Dr. T. V. U Kiran Kumar, and Mrs. Raji Pan-
durangan have presented an autonomous biped robot (Fig. 32.2) using Arduino in
their paper published on International Journal of Science, Engineering and Technol-
ogy Research (IJSETR) where the biped robot is able to range distance and detect
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Fig. 32.2 Autonomous
biped robot using Arduino

sound. In the paper, they have mentioned two ways of making biped robot. One
is the commonplace strategy where the robot moves in an arrangement in which
the center of mass of robot continues moving to settle the stance of the structure.
Another method for implementing the adjustment is utilizing an accelerometer and
gyro sensors. They adopted the first procedure to balance out the structure [4].

Self-guided humanoid robot—Adhvik—developed by Aditya Mishra, Ashutosh
Shrivastav, Neha Maurya, and S. Vamshi Krishna—can recognize any red-colored
object in front of it along with walking and other functionalities. This has been
accomplished using a wireless camera. The red-colored object is split into frames
using the camera. The image processing is done by the supplementary MATLAB
software. It needs the involvement of the wireless module [5].

To provide independent navigation facility to the blinds, many researchers are
working with and invented blind-assistive devices and robots. For example, an intel-
ligent path guidance robot to assist visually impaired described in the paper of M.
F. Razali, S. F. Toha, and Z. Z. Abidin published on IEEE International Symposium
on Robotics and Intelligent Sensors (IRIS 2015) uses fuzzy logic controller. The
fuzzy logic approach offers a manageable, swift, and dependable solution which is
an advantage over the conventional controller [6].

Another humanoid robot which is remotely controlled via Bluetooth is illustrated
on the paper of Ahmet Aksoz, Salim Engin, and Mahir Dursun on the Journal of
Automation and Control Engineering Vol. 4, No. 3, June 2016. The robot uses the
wireless communication technology that enables the robot to be controlled by an
Android interface. In a remote location, the robot can move independently [7].
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There are many types of research capable of accommodating and implementing
complex algorithms and theories for dynamic walking, artificial intelligence, navi-
gation, human interaction, human behavior simulation, visual and image recognition
using digital image processing [8]. Humanoid biped robots using these theories and
algorithms are more advanced and efficient and hence more expensive and com-
plicated. Our work also aims to implement such controlling systems and complex
algorithms in our robot in the upcoming future.

32.3 Application

The development of propelled humanoid robots is utilized in applications in a huge
scope of fields; our tiny humanoid biped robot has functionalities such as it can detect
any object in front of it and stop walking motion lighting the LED as a notifier at its
head. The robot can also dance using several steps. These functionalities can be of
great use in the following scenario.

This robot can contribute to the bio-engineering by helping the visually impaired
patient. It is known that visually impaired person faces difficulties in navigating from
one place to another avoiding object. This robot can work as a blind-assistive robot
in that case. It can detect object in front of it using the ultrasonic sensor and stop
walking by setting the rotating values of the servos to its initial value concerning the
blind person that there is an object nearby.

This robot also has applications that can accelerate marketing. Individuals nowa-
days demonstrate more interest toward humanoid robots. They are more inquisitive
to see a robot instead of some other innovation. As this robot can dance in several
steps, it can be utilized before restaurants and amusement parks to welcome people
with dancing and intriguing movements.

Children are becoming the smartphone centered day by day, but it is harmful to
their vision to always play with a smartphone. For children, this robot will be a great
tool to play with.

Its object detection capability can be used to ensure the security of a particular
place or object so that not even a single object comes near to it.

However, there are many more purposes and applications of this kind of bipedal
robots. This robot can be updated with various features such as talking, avoid-
ing objects, and listening to voice command that will undoubtedly enhance its
application.

32.4 Working Mechanism

From Fig. 32.3, we can easily understand the connection structure of the robot and
how the servos [1], ultrasonic sensor, and the LED are connected to theArduinoNano
board (ATmega328P). We have used two servos per leg. The servos are attached in
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Fig. 32.3 Connection
diagram of tiny humanoid
walking and dancing robot

a way that the thigh servo’s motion will affect the motion of the foot servo but the
thigh servos are fixed to the body and are not affected by the foot servo’s motion.
The LED works by cooperating with the ultrasonic sensor via code so that when the
sensor detects an obstacle, the LED lights.

As a little movement of the robot depends on the rotating values of the servo
horns, one has to be careful while attaching the servos knowing the initial rotating
values. So, a proper understanding of which servo will turn in which side by getting
which degree value is also important.

Biped’s walking and objects detecting mechanism:

• Right foot servo rises up, and right thigh servo rotates making the foot servo to
come forward.

• At the same time, left thigh servo will rotate to the opposite side a bit to support
the right leg go forward.

• After the right leg is placed forward, the left foot raises and left thigh rotates
greater than the right servo and moves a step forward.

• In that time, right thigh servo does the same as the left thigh servo did.
• In this forward motion, if an object is detected by the sensor, the LED lights and

the robot sets the servo horns to the initial position.
• This process is repeated, while the Arduino is powered.

32.5 Programming Mechanism

Our approach toward the programming started with checking which degree value
effects how much to the servo’s horn (Fig. 32.4).
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Fig. 32.4 Rotate values of
servomotors

Algorithm:

Step 1: Define servo objects.

Step 2: Set ports to the objects.
Step 3: Set the initial position of the servo horns.

Step 4: Walk by rotating the horns in various angles.

Step 5: Check if there is an object detected within distance <=30.
Step 6: If true, set servo horns to its initial position and make the LED high.
Step 7: If false, keep the LED low and repeat Step 4.
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The programs are written on the Arduino integrated development environment
(IDE) which is a cross-platform application written in Java programming language
[9].

32.6 Hardware and Financial Requirement Analysis
and User Feedback

Here though we did not use AA cells, it is necessary to use AA cells to power the
Arduino instead of powering it with USB so that the robot can walk independently.

Table 32.1 shows the necessary equipment and their corresponding price. Other
important stuff includes glue gun, cutter knife, and pieces of cardboard to make the
structure of the robot.

As the robot is developed especially for visually impaired people, we have visited
to Bangladesh Visually Impaired People’s Society (BVIPS) [10] and Green Disabled
Foundation (GDF) [11] for getting user feedback. In Bangladesh, BVIPS is a vol-
untary organization of blind people. The valuable opinion for this robot is collected
from different organization people mentioned in Table 32.2.

Table 32.3 shows the feedback of the robot that we have received from visu-
ally impaired people based on robot-assistant behavior, entertainment, and obstacle
detection feature.

Table 32.1 Hardware
equipment with quantity and
corresponding price

Equipment Quantity Price (TK)

Arduino Nano V (3.0) 1 300

Micro servo (SG90) 4 130 * 4

Ultrasonic sonar sensor (HC-SR04) 1 90

LED 1 1

Bread board 1 80

AA cells (optional) 1 ~70

Jumper wires Three sets 20 * 3

Total: 1121

Table 32.2 Number of
reviewers from different
organizations

Organization Attendances

IER Dept, Dhaka University 20

BVIPS 30

GDF 20
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Table 32.3 Visual impaired
people review

Criteria Satisfaction level (%)

Walking assistant 60

Entertainment with music 40

Obstacle detection 70

32.7 Conclusion

In this paper, we portrayed themechanism to build up an ease bipedal robot to change
over it to an instrument for future research and alteration. Here, however, we have
effectively met all the details in our range and there are substantially more to enhance
in this task. For example, giving the robot hands and makes it work utilizing voice
directions, execute human–robot association framework, and so on.
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Chapter 33
A Survey on DBN for Intrusion Detection
in IoT

Harsh Namdev Bhor and Mukesh Kalla

Abstract In computer networks, intrusion detection systems play the major role to
disturb the whole networks. Many latest researches have been done on IDS. Imper-
fection of intrusion detection systems (IDS) has given a chance for data processing
to make many vital contributions to the sphere of intrusion detection. In recent years,
several researchers are mistreating data processing techniques for building IDS. In
this paper, various data processing techniques like deep belief neural network for IDS
in IoT for serving to IDS to achieve higher detection rate are discussed.The term Inter-
net of things (IoT), generally called Internet of objects, proposes the engineered inter-
connection of basic things, which is regularly observed as a self-managing remote
procedure of sensors whose reason is to interconnect all things.

33.1 Introduction

33.1.1 Subsection Sample

An intrusion detection system, or IDS for brief, makes an attempt to sight an
unwelcome person breaking into your system or a legitimate user misusing sys-
tem resources. The IDS can run perpetually on your system, operating away within
the background, and solely notifying you once it detects one thing it considers sus-
picious or hot. Whether or not you appreciate that notification depends on however
well you’ve designed your intrusion detection system.

Note that there are two kinds of potential intruders: Outside intruders are the gen-
eral public understands the skinworld to be themost important threat to their security.
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Fig. 33.1 Deep neural network sample

The media scare over “hackers” returning in over the net has solely heightened this
perception.

Inside intruders, FBI studies have discovered that eightieth of intrusions and
attacks return from at intervals organizations. Consider it—associate in nursing busi-
ness executive is aware of the layout of your system,wherever the precious knowledge
is and what security precautions are in situations.

So despite the very fact that almost all securitymeasures are placed in situ to guard
the within from a malevolent outside world, most intrusion tries really occur from
at intervals a company. A mechanism is required to sight each kind of intrusions—a
burglary try from the skin, or a knowledgeable business executive attack. An efficient
intrusion identification system detects each kind of attacks (Fig. 33.1).

33.2 Literature Review

(a) Anomaly Detection based on Machine Learning: Dimensionality Reduction
using PCA and Classification using SVM [1]

AUTHORS: Annie George
Peculiarity discovery has risen as an imperative procedure in a few application

territories principally for system security. Inconsistency identification bolstered AI
calculations contemplated on the grounds that the characterization downside on the
system information has been introduced here. Spatiality decrease and grouping cal-
culations are investigated and assessed abuse KDD99 dataset for system IDS. Main
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segment investigation for spatiality decrease and bolster vector machine for charac-
terization are pondered for applying on system information, and hence, the outcomes
are broken down [1]. The outcome demonstrates the lessening in execution time for
the grouping as we will in general scale back the element of the info document and
also the accuracy and review parameter estimations of the characterization algorith-
mic program demonstrates that the SVM with PCA procedure is extra right on the
grounds that the scope of misclassification diminishes.

(b) A Data Mining Framework for Building Intrusion Detection Model [2]

AUTHORS: W. K. Lee, S. J. Stolfo
There is normally the need to refresh a put in invasion ID framework (IDS)

because of new assault methodologies or overhauled registering situations. Since a
few current IDSs are made by manual coding of expert information, changes to IDSs
are exorbitant andmoderate.Wewill in general depict a learning digging structure for
adaptively assembling attack discovery (ID) models. The focal arrangement is to use
inspecting projects to extricate an inside and out arrangement of choices that depict
each systemassociation or host session, and apply information handling projects to be
told decides that precisely catch the conduct of interruptions and customary exercises.
These guidelines will at that point be utilized for abuse discovery and inconsistency
location [2]. New identification models are joined into a current IDS through a
meta-learning (or co-usable learning) strategy that creates a meta-location display
that blends verification from numerous models. We will in general talk about the
qualities of our information handling programs, in particular, order, meta-learning,
affiliation leads, and continuous scenes. We report on the aftereffects of applying
these projects to the widely accumulated system review learning for the 1998 office
Attack Recognition Investigation Program.

(c) A Review of Anomaly Based Intrusion Detection Systems [3]

AUTHORS: V. Jyothsna, V. V. Rama Prasad, K. Munivara Prasad
With the presence of abnormality-based invasion recognition frameworks, a few

methodologies and strategies are created to follow novel assaults on the frameworks.
High location rate of ninety-eight at an espresso alert rate of one hundred and forty-
five is regularly accomplished by misusing these methods. Albeit abnormality-based
methodologies are prudent, signature-based location ismostwell-enjoyed for thought
usage of attack recognition frameworks [3].As a scope of inconsistency identification
procedures were guided, it is hard to check the qualities and shortcomings of those
systems. The clarificationwhyventures do not support the inconsistency-based attack
discovery techniques is frequently surely known by affirming the efficiencies of the
every one of the procedures. To dissect this issue, the current situation with the trial
pursue inside the field of inconsistency-based attack identification is assessed and
study ongoing investigations amid this. This paper contains account study and ID of
the downsides of once studied works.

(d) Research of Intrusion Detection Based on Principal Components Analysis [4]

AUTHORS: CHEN Bo, Ma Wu
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The viable methods for raising the power of invasion location are proportional
back the genuine learning technique work. Amid this paper, the spatial property
decrease utilization of innovation inside the exemplary spatial property decrease
rule chief component to examination huge scale learning supply for diminished
influenced choices of the main information to be held and improved the intensity
of invasion identification. What’s more, use BP neural system instructing the infor-
mation when spatial property decrease will be compelling in typical and anomalous
learning refinement, and accomplished reasonable outcomes [4].

(5) Solving Multiclass Learning Problems via Error-Correcting Output Codes [5]

AUTHORS: T. G. Dietterich, G. Bakiri
Multiclass learning issues include finding a definition for AN obscure work f (x)

whose fluctuation might be a particular set containing k & gt, two qualities (i.e., k
“classes”). The definition is nonheritable by learning accumulations of training tests
of the shape (xi, f (xi)). Existing ways to deal with multiclass learning issues grasp
direct utilization of multiclass calculations like the choice tree calculations C4.5 and
Truck, use of twofold origination learning calculations to discover singular paral-
lel capacities for everything about k classifications, and use of double origination
learning calculations with dispersed yield illustrations [5]. This paper thinks about
these three ways to deal with a spic and span procedure inside which blunder reme-
dying codes are used as a conveyed yield portrayal. We will in general demonstrate
that these yield portrayals improve the speculation execution of each C4.5 and back
proliferation on a wide scope of multiclass learning assignments. We will in general
conjointly show that this methodology is vigorous with reference to changes inside
the extent of the training test, the task of circulated portrayals to express classes, and
furthermore the utilization of overfitting evasion systems like choice tree pruning [5].
At last, we will in general demonstrate that—like different strategies—the blunder
remedying code system will give solid class likelihood gauges. Brought, these out-
comes exhibit that blunder remedying yield codes give a universally handy system
for the execution of inductive learning programs on multiclass issues.

33.3 Issues in Deep Belief Networks

Nodes that cannot convey straightforwardly depend upon their neighbors to advance
their messages to the appropriate goal. Uses of versatile impromptu systems have
expanded needs in order to affirm top nature of administration for the given admin-
istrations. Security in such framework less systems has been well-attempted to be
a troublesome errand. A few security dangers emerge against versatile specially
appointed systems, as they’re inalienably helpless gratitude to the methodology they
construct and save property attributes. The openmediumgives the system the first and
most genuine helplessness. Rather than wired systems wherever partner attacker so
as to dispatch partner assault must access a wired framework, firewalls, and portals,
in unintended systems there is no reasonable line of barrier. Every hub is powerless,
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Table 33.1 Existing methods used by the various authors with datasets

DBN Author Application Dataset used

Autoencoder Hardy et al. Malware detection Comodo Cloud
Security Center

Autoencoder Wang and Yiu Malware classification Public malware API
call sequence dataset

Autoencoder RBM Alom and Taha Intrusion detection KDD 1999

CNN Gibert Malware classification Microsoft malware
classification
challenge

CNN Zeng, Chang, and
Wan

DGA Synthetic dataset

and hence, the reasonable execution of the system relies upon every hub or if nothing
else on every hub working together in an exceedingly way from the supply to a given
goal.
DISADVANTAGES of various Deep Belief Networks:

1. The insecure open medium combined with poor physical protection presents
another disadvantage.

2. Every node is in a position to stray severally running the danger to be simply
compromised by a malicious wrongdoer.

3. Moreover, once additional subtle attacks happen nodes are simply exploited.
4. Additionally, wireless unintended networks lack a centralized watching and

management purpose.

Some of the datasets used by the various algorithms are given in Table 33.1
KDDCUP99 [6] andNSL-KDDare themost commonly used datasets in the intrusion
detection research. We used NSL-KDD intrusion dataset which is available in CSV
format for model validation and evaluations.

Sherasiya and Upadhyay [7] pointed out that IoT objects are also exposed to such
types of attacks, and the data that IoT objects exchange are of the same value and
importance, or occasionally more important than a non-IoT counterpart.

33.4 Conclusion

In this paper, various surveys are done on IDS detection with IoT. IoT is one of the
unavoidable thoughts ofmechanical progression in thefield of frameworkswhichwill
help in the forefront improvement in like way as in the standard proximity of an indi-
vidual; from this time forward nowadays, IoT is being examined that includes point
for the specialists and for the endeavors. Utilizing this will improve the performance
of the IDS.
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Chapter 34
Organ Detection in Surgical Videos Using
Neural Networks

Amit Kumar, Anshu Gupta, and Ankita Pramanik

Abstract The automatic surgical video processing for anomaly detection is becom-
ing important nowadays since manual feedback from surgeons is subject to errors
and time-consuming. It is necessary to have more precise and detailed detection and
recognition of organs and tissues as we move into more complete understanding of
the surgical videos. Thus, automatic localization and detection of organs have now
become a prerequisite in surgical video analysis. In this paper, a convolutional neural
network (CNN) is designed to evaluate laparoscopic and endoscopic surgical videos.
The neural network will detect and localize the organs for the given videos which
lay the path for automatic post-surgical processing.

34.1 Introduction

Surgical data science has undergone much technological advancements in recent
years [1]. These advancements in technology are translated into innovative surgical
tools and medical facilities, which led to improvement in healthcare quality and
treatment of incurable diseases.

In endoscopic surgeries, surgeons are required to examine short video segments
for analysis, but analysing such videos manually is inefficient and time-consuming.
Due to advancements in image acquisition devices, handling such large complex
data for image analysis has become challenging, which requires extensive efforts by
medical experts. Thus, it is important to pre-process surgical videos for fast retrieval
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of relevant details which will be very helpful for surgeons. For this purpose, an
approach towards machine learning techniques proved very efficient to deal with
complex data [2].

34.1.1 Machine Learning Approaches

The field of machine learning has progressed rapidly over the last few decades
and played an important role in the advancement of medical image processing [3].
Machine learning algorithmsmap input signals which can be represented as intensity
of pixels of an image to output values giving the results based on the mapping of
input data.

Using machine learning techniques, doctors can predict and cure diseases accu-
rately and in very less time. But some of these techniques are based on conventional
algorithms which may not suit the current requirement due to limited processing
speed. Although automatic detection of ailments based on such conventional meth-
ods has been proved to be quite accurate for past few years, but with new advance-
ments in medical field, there was always a need for more efficient approach for better
results, and thus, deep learning came into existence.

34.1.2 Deep Learning over Machine Learning

With the technological improvement of medical facilities and extensively varied
patients’ data, reliability of conventional methods became low. For medical image
analysis, the field of computer vision using deep learning techniques has made sig-
nificant advancement in recent years [4]. This approach uses neural network models
which approximates human brain to some extent using complex mechanisms. One
such neural network models which is being extensively used nowadays are convo-
lutional neural network (CNN). Here, we use deep neural network having multiple
layers which models learning method of a human brain, hence the term deep learn-
ing. The basic structural and functional unit in a neural network are called a neuron,
which works similar to the neuron of a human brain. It takes one or more input
signals, does its weighted combination, and then passes through nonlinear functions
to generate output signals.

In classical machine learning, experts try to choose such imaging features which
can represent the visual data in the best possible way. Deep learning, which is nothing
but a subdivision of machine learning, is a type of representation learning in which
the algorithm learns and finds out the best feature on its own without any manual
selection [5].
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This paper aims to

• use a dataset containing surgical video frames to train predefined neural network
architectures to classify them into different anatomical structures

• look into the use of deep learning networks for organ detection in endoscopic
surgical videos.

34.1.3 Organization of Paper

The remaining paper is structured as follows. The next section consists of background
and preliminaries. Section34.3 presents our proposed work on organ setection using
CNN. Experimental results are explored in Sect. 34.4. Finally, the paper is concluded
in Sect. 34.5. The scope for future work is also discussed in the conclusion section.

34.2 Background and Preliminaries

34.2.1 Artificial Neural Network

Artificial neural network (ANN) lays the foundation of most deep learning models.
ANNs are inspired by biological neurons and functions like a human brain to some
extent. Figure34.1 shows the structure of a single neuron where it takes the input xi ,
and the output z is computed as follows:

z = f

( ∞∑
i=1

niwi + b

)
(34.1)

The parameters wi , b , f (.) in the figure are the weights, bias, and nonlinear
activation function, respectively. Here, weighted combination of inputs xi is added
with the bias and then the nonlinear function, f (.), is applied for final output, z.
Nonlinearmappings between input and the output are found in the nonlinear function.
The commonly used nonlinear activation functions are the the tangent function or
logistic sigmoid function or ReLU function.

A neural network comprises a number of neurons arranged in multiple layers,
where each neuron’s output in a certain layer will act as input to other neurons in
the upcoming layer. This working model is known asmulti-layer perceptron or feed-
forward neural network. Here, each layer and its neurons are fully connected with
the subsequent layer with no loops or feedbacks. The layer having xi ’s is referred to
as input layer, z as output layer, and the intermediate layers as hidden layers. The
output, z, depends upon input, xi , bias, b, and weights wi .
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Fig. 34.1 Illustration of a single neuron

Fig. 34.2 Fully connected ANN

The output computing process of this network is called forward propagation.
Generally, deep neural network architectures are formed by the addition of multiple
hidden layers with differing number of neurons in each layer. Deepening the net-
work increases the number of parameters of network. During network training, these
parameters are initialized in a random manner which needs to be updated in each
iteration. The twomost common training algorithms areGradient Descent andBack-
propagation . Repeated iterations of such algorithms ultimately lead to an optimized
network (Fig. 34.2).

34.2.2 Convolutional Neural Network

Convolutional neural networks (CNN) are a subtype ofANNwhich consists of convo-
lutional layers followed by the fully connected layers(or standardmulti-layer percep-
tron network). CNN architecture is designed for computation with two-dimensional
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input data (or images) received by processing the input data with small-sized kernels
(filters). The output which comes after filtering is then followed by pooling opera-
tors resulting in invariant features which helps to detect distinct features in the data.
Applying such convolutional and pooling operations multiple times, produces new
representation which is nonlinear and smaller in size compared to input data which
can be passed by normal fully connected neural network layers and trained with
lesser parameters.

For example, CNNarchitecture input is an imagewith d × c × b dimensionwhere
d and c are the width and the height of the image, respectively, and b is the number
of image channels as applicable(R, G, B for colour image). Applying k filters of size
m × m in first convolutional layer gives k number of feature maps, each one being
generated by performing the convolution of input image with each filter. Each feature
map sizes (d − m + 1) × (c − m + 1). Weights w1, w2, . . . , of the k feature maps
are the parameters which get optimized at each subsequent convolutional layers. The
output of the first layer is passed through a layer of pooling. Pooling is performed
over r × r patches in the feature maps at the output where maximum (max pooling
layer) or average (average pooling layer) of patch is retained in the output images.
We can subsequently add as many numbers of convolutional and pooling layers
depending on our need. These layers comprise convolutional layers, pooling layers,
normalization or rectified nonlinear units (ReLU) layers.

Usually, computation time is proportional to the number of convolutional layers
added and number of parameters used in the network [6]. As the size of feature maps
is reduced considerably after a certain number of convolution and pooling layers,
they are no more passed by further convolutional layers and then finally processed
and computed by fully connected layers. At last, it is fed into nonlinear activation
function which then classifies the final output data to one of the categories.

34.3 Proposed Work

CNN is the most widely used deep learning network architecture. It takes the image
as input, finds out the detectable features, and maps it into feature vector (or feature
maps) that represents the edges and corners contained in small regions of image. On
top of this, in higher level, it transforms the edges and corners into structures, then
into objects and its associated activities [7].

34.3.1 ResNet Model

ResNet [8], short-form for residual networks, is a classic convolutional neural net-
work used in many computer vision tasks. The main advantage of ResNet is that it
can successfully train very deep neural networks with more than hundreds of layers,
which was initially very difficult due to vanishing gradient problem. Main issue with
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Fig. 34.3 ResNet residual
block

deep neural network is that the accuracy saturates and deteriorates rapidly when it
starts to converge. To overcome this, ResNet is introduced to realize neural networks
with feed-forward and smaller connections as shown in Fig. 34.3. In our study, we
used the ResNet-based CNN from ImageAI library [9] for both training and testing.

34.3.2 Dataset

We have used the database which includes 40,000 pairs of rectified stereo images,
taken from Hamlyn Centre of Endoscopic/Laparoscopic Video Datasets [10]. Ham-
lyn Centre contains datasets of images collected from different kinds of surgeries of
various patients which are used for the purpose of biomedical and computer vision
research (Fig. 34.4).

34.3.3 Training the Dataset

For this work, the training set of 10,000 frames is divided into two sets—training
set and validation set containing 9000 and 1000 images, respectively. Both the sets
are divided into ten groups of frames, each belonging to different classes(organs)
[11]. The CNN architecture was trained with 20 epochs on the training dataset. One
epoch is a loop while passing datasets through the network forward and backward,
with the aim to optimize the learning process iteratively and updating the weights
accordingly. But one epoch is not enough to optimize the whole network. So, we tried
and tested our model with multiple epoch values(greater than one) and finally set it
to 20 for best accuracy. Also, it is not possible to give the entire dataset to the neural
network at once, so we need to divide it into smaller number of batches and update
the weights of the neural networks at the end of each iteration to fit it to the data
given. Here, the batch size was set to 32. The total training time was approximately

Fig. 34.4 Samples taken from the dataset of endoscopic video frames
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72h. The training process was terminated after observing the maximum accuracy
on the validation set. All the training processes were performed using an NVIDIA
GeForce GTX Graphics (8GB on-board RAM).

To train a deep neural network model for image representation, thousands of
images and high-end computational solving power, same as GPU is for optimizing
of weights in each iteration, are required. To get the required model using above
strategy is quite a costly process. This problem has alternate solution, transform
learning, where a pretrained model is employed for other purposes. Therefore, in
our method, we have employed the ResNet model’s parameters as our pretrained
CNN architecture for feature extraction [12]. The CNNs that were fully trained were
initialized with random weights which were sampled from Gaussian distributions.

The model at first takes input images of dimension 300 × 300 and maps it into
feature maps of size 13 × 13 using two pairs of convolutional and pooling layers.
This is then followed by a sequence of three convolutional layers which implements
convolution with filters of size 9 × 9. After that, there is a pooling layer and finally
three fully connected layers. The first fully connected layer can be viewed as a
convolution layer with 6 X 6 kernels and the other two fully connected layers as
convolutional layers with 1 × 1 kernels. The next step is to adjust the learning rate,
with the knowledge that a smaller learning rate slows down convergence, but larger
learning rate can cause failed convergence. During faster convergence, after a few
epochs, the learning rate can be decreased safely that permits the usage of small
scheduling rate. But, when the converging rate is slow, larger scheduling rate is
employed to keep the learning rate [13] faster.

34.3.4 Testing the Dataset

After training the complete CNN model, we took the video to be tested and then
divided the video into frames. Each frame then acted as the image of a particular
moment of the surgery. The organ present in that frame was then detected using the
algorithms for object detection from that image [14, 15].

34.4 Results

After testing the dataset using designed CNNmodel and fixing the values of the net-
work parameters, we get the accuracy of 92% approximately. We kept the learning
rate as 0.01, as increasing the learning date can increase the accuracy, but inherently
slows down the process very much. We have used about 128 layers in our train-
ing architecture. The following table clearly shows the parameter values with the
accuracy (Table34.1).
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Table 34.1 Values of network parameters

Properties CNN

Learning rate 0.01

Batch size 32

Epoch 20

Number of layers used 128

Time taken (in h) 22

Accuracy 92%

34.5 Conclusion

In this paper, an organ detection framework is proposed by utilizing CNN archi-
tecture’s deep features, and we found out the best possible accuracy by optimizing
network parameters values, which helps in identifying complex hidden inter-frame
sequential patterns in the input features. Here, the video is analysed in K chunks, K
depending upon the time interval “T” required for action. Above features give the
capablity to the proposed method, for learning long complex sequences in videos.

34.5.1 Future Scope

Using CNN, we can only exploit the spatial behaviour of input patterns and features
provided, but one can also exploit the temporal behaviour of the image sequence
(or video frames) for even better results. Such architecture can be explored using
hybrid neural network models. Hybrid model is nothing but a combination of some
deep neural network models. One possible hybrid model is the combination of CNN
and RNN, which can give better results than using only CNN. This is due to the
fact that CNN captures the spatial relationship, whereas RNN works using the tem-
poral relationship. A combination of CNN and RNN will give improved results for
recognizing various activities in the input dataset that have different time span and
distribution of signals.

References

1. Maier-Hein, L., Vedula, S.S., Speidel, S., Navab, N., Kikinis, R., Park, A., Eisenmann, M.,
Feussner, H., Forestier, G., Giannarou, S., Hashizume,M.,Katic, D., Kenngott, H., Kranzfelder,
M.,Malpani, A.,März, K., Neumuth, T., Padoy, N., Pugh, C.M., Schoch, N., Stoyanov, D., Tay-
lor, R.H., Wagner, M., Hager, G.D., Jannin, P.: Surgical data science: enabling next-generation
surgery. CoRR abs/1701.06482 (2017), http://arxiv.org/abs/1701.06482

2. Loukas, C.: Video content analysis of surgical procedures. Surg. Endoscopy 32(02) (2018)

http://arxiv.org/abs/1701.06482


34 Organ Detection in Surgical Videos Using Neural Networks 353

3. Shen, D., Wu, G., Suk, H.I.: Deep learning in medical image analysis. Ann. Rev. Biomed. Eng.
19, 221–248, 28301734 [pmid] (2017). https://www.ncbi.nlm.nih.gov/pubmed/28301734

4. Litjens, G., Kooi, T., Bejnordi, B.E., Setio, A.A.A., Ciompi, F., Ghafoorian, M., van der Laak,
J.A., van Ginneken, B., Sánchez, C.I.: A survey on deep learning in medical image anal-
ysis. Med. Image Anal. 42, 60–88 (2017). http://www.sciencedirect.com/science/article/pii/
S1361841517301135

5. Linder, T., Jigin, O.: Organ detection and localization in radiological image volumes. Master’s
thesis, Linköping University, Artificial Intelligence and Integrated Computer Systems (2017)

6. Szegedy, C., Liu, W., Jia, Y., Sermanet, P., Reed, S., Anguelov, D., Erhan, D., Vanhoucke,
V., Rabinovich, A.: Going deeper with convolutions. In: 2015 IEEE Conference on Computer
Vision and Pattern Recognition (CVPR), June 2015, pp. 1–9

7. Ronneberger, O., Fischer, P., Brox, T.: U-net: convolutional networks for biomedical image
segmentation. ArXiv abs/1505.04597 (2015)

8. Torch residual networks. https://github.com/gcr/torch-residual-networks (2015)
9. Moses Olafenwa, J.O.: Image ai. http://imageai.org/
10. Ye, M., Johns, E., Handa, A., Zhang, L., Pratt, P., Yang, G.Z.: Self-supervised siamese learning

on stereo image pairs for depth estimation in robotic surgery. ArXiv abs/1705.08260 (2017)
11. Yuan, Z., Izadyyazdanabadi,M.,Mokkapati, D., Panvalkar, R., Shin, J., Tajbakhsh, N., Gurudu,

S., Liang, J.: Automatic polyp detection in colonoscopy videos. In: Medical Imaging 2017,
vol. 10133. SPIE (2017)

12. Shin, H., Roth, H.R., Gao, M., Lu, L., Xu, Z., Nogues, I., Yao, J., Mollura, D., Summers, R.M.:
Deep convolutional neural networks for computer-aided detection: CNN architectures, dataset
characteristics and transfer learning. IEEE Trans. Med. Imag. 35(5), 1285–1298 (2016). May

13. Krizhevsky, A., Sutskever, I., Hinton, G.E.: Imagenet classification with deep convolutional
neural networks. In: Advances in Neural Information Processing Systems (2012)

14. Fan, S., Xu, L., Fan, Y., Wei, K., Li, L.: Computer-aided detection of small intestinal ulcer
and erosion in wireless capsule endoscopy images. Phys. Med. Biol. 63(16), 165001 (2018).
https://doi.org/10.1088/1361-6560/aad51c

15. Yuan, Y., Meng, M.Q.H.: Deep learning for polyp recognition in wireless capsule endoscopy
images. Med. Phys. 44(4), 1379–1389 (2017)

https://www.ncbi.nlm.nih.gov/pubmed/28301734
http://www.sciencedirect.com/science/article/pii/S1361841517301135
http://www.sciencedirect.com/science/article/pii/S1361841517301135
https://github.com/gcr/torch-residual-networks
http://imageai.org/
https://doi.org/10.1088/1361-6560/aad51c


Chapter 35
Implementation Aspects of Multi-bit
Adders Using UTBSOI Transistors

Rekib Uddin Ahmed and Prabir Saha

Abstract This paper presents implementation aspects of popular multi-bit adders
(e.g. ripple carry adder (RCA) and carry look ahead adder (CLA)) through UTBSOI
transistors. Performance parameters comparison in terms of power consumption,
delay, power-delay product (PDP), and energy-delay product (EDP) have been anal-
ysed for the application of the intelligent systems. The 4-bit adders are simulated
at 45-nn regime in Cadence-spectre using the BSIM-IMG model for the UTBSOI
technology. From the simulation results, it is observed that the power consumption in
UTBSOI-based RCA (UTB-RCA) is four times lesser than that of in UTBSOI-based
CLA (UTB-CLA). The delay exhibited by the UTB-RCA and UTB-CLA at 20MHz
operating frequency is 0.1085 ns and 0.3151, respectively. Based on the simulation
results, the application of UTBSOI in the RCA has resulted in 84.3% and 3.67 times
improvements over that of existing design architecture in the literature in terms of
power consumption and delay, whereas the use of UTBSOI in CLA does not seem
to enhance the power consumption and delay over the conventional designs.

35.1 Introduction

At the present phenomena, a trend has arrived where mobility and the miniatur-
ization of the battery-operated devices are achieved through downscaling of tech-
nology node. Due to the downscaling, the dimensions of the MOSFETs inside the
chip have entered in nanoscale regime. In nanoscale technology, the shorter channel
length of the MOSFETs is prone to various physical effects known as short-channel
effects (SCEs) [1, 2]. To overcome the limitations imposed by the SCEs, different
advanced architectures ofMOSFETwere proposed [3, 4]. Out of those architectures,
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Fig. 35.1 Schematics showing the cross-sectional view of UTBSOI transistor

the ultra-thin-body silicon-on-insulator (UTBSOI) transistor as shown in Fig. 35.1
is the promising one. The UTBSOI is a dual-gated transistor and has better scalabil-
ity and superior controllability of gates over the shorter channel length. Moreover,
the device is now at the production level used by leading semiconductor industries
[5]. To utilize the benefits of UTBSOI in the circuit simulators, a model depicting
the characteristics of the device is required. BSIM-IMG [6] is the industry standard
model for the UTBSOI which can be adopted in the simulators to design any circuits.

Generally, themicroprocessors and digital signal processors rely on efficient arith-
metic operations for which full adders (FA) cells are highly desirable. Since the small
chip area, high speed, and low power consumption are the primary concern inmodern
electronic systems, so different logic topologies have been used to design the FA cells
in CMOS technology [7–17] such as static complementary-CMOS (C-CMOS) [7–
9], complementary pass-transistor logic (CPL) [9, 10], transmission gate FA (TGA)
[11–13], and transmission function FA (TFA) [14–17]. Apart from this, researchers
are considering new technologies like quantum dot cellular automata (QCA) [18–
20], single electron transistors (SET) [21, 22], carbon nanotube field effect transistor
(CNTFET) [23–27], and FinFET [28, 29] to implement such FA cells. One recent
paper [30] has presented design of FA cells using the UTBSOI technology, where
it is found that the TFA has the better promising performance in terms of PDP and
EDP than the other FA topologies (C-CMOS, CPL, and TGA). The ripple carry adder
(RCA) [31–33] is a parallel binary adder that can be constructed with the FA cells
connected in cascade as shown in Fig. 35.2. The delay of a RCA is the propagation
delay through a typical gate multiplied by the number of gate levels in the circuit. For
a 16-bit RCA, the delay is equal to 34 gate delays which tend to be one of the largest
delays in a typical computer design. Carry look ahead (CLA) [31–33] as shown in
Fig. 35.3 is an alternative design to the RCA with the reduced delay at the price of
more complex circuitry.
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Fig. 35.3 4-bit carry look ahead adder

In this paper, comparison of performance parameters like power consumption,
delay, PDP, and EDP achieved by the UTBSOI-based 4-bit adders like RCA (UTB-
RCA) and CLA (UTB-CLA) is presented. The UTB-RCA is designed by cascading
four 1-bit TFA cells. The simulation is carried out in Cadence-spectre through uti-
lizing the model BSIM-IMG for the UTBSOI-based adders. Table 35.1 shows the
optimized values of the device parameters considered while doing the comparison.
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Table 35.1 Device
parameters used in the
UTBSOI transistor

Parameters UTBSOI (BSIM-IMG)

n-channel p-channel

Channel length (L) [6] 55 nm 55 nm

Channel width (W ) 165 nm 330 nm

Threshold voltage (V th) 0.272 −0.398 V

The rest of the device parameters are kept default as in [6]

This paper is organized as follows: Sect. 2 presents the results and discussion about
the comparisons performed. Finally, Sect. 3 concludes the paper.

35.2 Results and Discussion

Given the three 1-bit inputs, namely Ai, Bi, and Ci, the FA’s Boolean expressions to
calculate the two 1-bit outputs Si and Ci+1 can be described as follows:

Si = (Ai ⊕ Bi ) ⊕ Ci (35.1)

Ci+1 = Ai Bi + Ci (Ai ⊕ Bi ) (35.2)

The XOR operation in the Boolean expressions is performed using the transmis-
sion gate (TG)-based XOR gates [34]. A summary of the simulation environment
used in the comparison is given in Table 35.2.

At first, the TFA cell design using the UTBSOI (UTB-TFA) is simulated at dif-
ferent supply voltages [Table 35.2] to find out the nominal supply voltage to carry
out the rest part of the simulation. A summary of the performance parameters of the
UTB-TFA cell is given in Table 35.3. Figure 35.4 shows the variation of performance
parameters with respect to (w.r.t.) Vdd , where it is observed that the PDP and EDP

Table 35.2 Simulation
environment

Parameters Value

Simulator Cadence-spectre

Technology UTBSOI [6]

Device model BSIM-IMG [4, 5]

Supply voltage (Vdd ) 0.72–1.08 V [35

Amplitude of input pulses 0.72–1.08 V [35]

Operating frequency (f ) 20 MHz [10]

Rise and fall time of input pulses (trf ) 10 ps

Temperature 27 °C
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Table 35.3 Performance parameters of UTB-TFA cell at different supply voltages

Performance
parameters

Vdd= 0.72 V Vdd= 0.81 V Vdd= 0.90 V Vdd= 0.99 V Vdd= 1.08 V

Power
consumption
(nW)

8.687 11.45 14.89 19.14 24.46

Delay (ns) 0.09709 0.05974 0.04293 0.03385 0.0283

PDP (fJ) 8.4342 ×
10−4

6.840 ×
10−4

6.3922 ×
10−4

6.478 ×
10−4

6.922 ×
10−4

EDP (fJ ×
ns)

0.3373 0.2736 0.2556 0.2591 0.2769
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Fig. 35.4 Variation of a power, b delay, c PDP, and d EDP of the UTBSOI-based TFA cell with
respect to different supply voltages

attain its least value at Vdd= 0.9 V. As it has been reported in [35] that the nominal
value of Vdd for the 45 nm regime is 0.9 V hence gets proven from Fig. 35.4.

The UTB-RCA and UTB-CLA are simulated considering Vdd= 0.9 V and ampli-
tude of input pulse = 0.9 V under three test conditions: (1) all bits of An are 0 and
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Table 35.4 Summary of simulation results of UTBSOI-based RCA and CLA

Performance
parameters

RCA CLA

An= 0,
increment
Bn from
0 to 15

Increment
An from
0 to 15,
Bn= 0

An and Bn
incremented
from 0 to 15

An= 0,
increment
Bn from
0 to 15

Increment
An from
0 to 15,
Bn= 0

An and Bn
incremented
from 0 to 15

Power
consumption
(nW)

59.77 56.76 57.09 226.3 148.3 322.9

Delay (ns) 0.1231 0.1123 0.0901 0.3296 0.1566 0.4593

PDP (fJ) 7.357 ×
10−3

6.374 ×
10−3

5.144 ×
10−3

74.59 ×
10−3

23.22 ×
10−3

148.3 ×
10−3

EDP (fJ ×
ns)

5.887 5.099 4.111 59.658 18.572 118.499

Bn is incremented from 0 to 15, (2) An is incremented from 0 to 15 and all bits of Bn

are 0, (3) An and Bn are incremented from 0 to 15. Table 35.4 shows the simulation
results of UTB-RCA and UTB-CLA at a glance. The average power consumption,
delay, PDP, and EDP of the RCA are calculated as 57.87 nW, 0.1085 ns, 6.291 ×
10−3 fJ, and 5.032 fJ × ns, respectively. The same for the CLA are found to be
232.5 nW, 0.3151 ns, 82.036× 10−3 fJ, and 65.576 fJ× ns, respectively. Figure 35.5
shows the comparison of performance parameters given in Table 35.4, where it is
observed that the performance achieved by the UTB-RCA is better as compared to
the UTB-CLA. The decrease in the performance parameters of the UTB-CLA is due
to its considerably large amount of transistor counts. A summary of the performance
parameters ofUTB-RCAandUTB-CLA in comparisonwith the prior reportedworks
[36–38] is given in Table 35.5. The pictorial comparison of performance parameters
with the existing designs in Fig. 35.6 makes it clear that the UTB-RCA has bet-
ter performance over the existing design in [36], whereas Fig. 35.6b depicts that the

Fig. 35.5 Comparison of
performance parameters
achieved by the
UTBSOI-RCA and
UTB-CLA
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Table 35.5 Performance parameters comparison of UTBSOI-based RCA and CLA with prior
reported works

Specifications RCA CLA

Sher and
Arab
[36]

Uma
et al.
[37]

This
work

Sher and
Arab
[36]

Uma
et al.
[37]

Archana
et al. [38]

This
work

Technology
(nm)

45 120 45 45 120 180 45

Supply
voltage (V)

0.9 1.2 0.9 0.9 1.2 1 0.9

Bit size 4-bit 8-bit 4-bit 4-bit 8-bit 4-bit 4-bit

Operating
frequency
(MHz)

0.0625 500 20 0.0625 500 − 20

Power
consumption
(nW)

106.7 0.206 ×
106

57.87 178.1 0.312 ×
106

45.105 232.5

Delay (ns) 0.399 4.208 0.1085 0.178 3.1 25.63 0.3151

PDP (fJ) 42.573 ×
10−3

0.866 ×
106

6.291 ×
10−3

31.701 ×
10−3

0.967 ×
106

1156.0 ×
10−3

82.036 ×
10−3
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Fig. 35.6 Comparison of performance parameters achieved by the a UTB-RCA with the RCA in
[36], b UTB-CLA with the CLA in [36]

UTB-CLA fails to compete with the existing method [36]. The simulation performed
in this presented work clarifies that the RCA using UTBSOI has better performance
than the conventional one but the CLA fails to show better performance in UTBSOI
technology.
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35.3 Conclusion

Transistor-level implementation followed by performance parameter measurement
of multi-bit adders (viz. RCA and CLA) through UTBSOI transistors is presented
in this paper. The RCA is designed by cascading four UTBSOI-based TFA cells.
The XOR operation in the CLA is performed using the TG-based XOR gates. The
simulations are carried out at supply voltage of 0.9 V, and amplitude of input pulses
is 0.9 V at operating frequency of 20MHz. The power consumption, delay, PDP, and
EDP exhibited by the UTB-RCA are better than that of UTB-CLA by ≈ 6.65 times.
The power consumption and delay in UTB-RCA are 84.3% and ≈ 3.67 times lesser
than that of existing design in the literature. The use of UTBSOI in the CLA does
not seem to enhance the performance so far.
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Chapter 36
Accelerating Latency of Binary Division
Through Vedic Methodology

Deepak Kumar and Prabir Saha

Abstract An improved binary division computation technique for accelerating the
latency based on Vedic methodology is introduced in this paper. Substantial modifi-
cations of Vedas formula ‘Paravartya-Yojayet (transpose and apply)’ have been con-
structed through multiplication and addition to accelerate the latency of the divider
circuitry. Figure of merits in terms of latency and area (number of Slices, LUTs) of
the proposed division circuitry and other popular algorithms were synthesized and
compared in same environment using Xilinx. Based on synthesized result, it has been
observed that latency is improved substantially from its counterparts.

36.1 Introduction

The computation of division always plays a pivotal role for the design of arithmetic
processor [1–7]. Generally, computation of division is sequential in nature; thereby,
computational complexity and latency is much higher when compared with other
primitive operations such as addition and multiplication [4, 5].

A standard division operation computes A = QB + R, where A, Q, B, and R
represent dividend, quotient, divisor, and remainder, respectively. Generally, two
principal methodologies have been introduced in the literature so far for the com-
putation of such operation [3–21], viz. digit recurrence (restoring [10, 16, 21], non-
restoring [14–16]), and iterative (Newton–Raphson method [12, 17]), Goldschmidt
algorithm [4, 5, 8, 9, 13]) methods. Digit recurrence algorithm is based on shift-and-
subtractions [21]; thereby, architecture is simple, and propagation delay (latency)
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is high. Hence, to compute division ‘n’ subtraction is required, where ‘n’ denotes
the bit-width of dividend and divisor. To speed up the operation, high radix [11]
constructed methodologies have been investigated. Schemes suffice the problems
like hardware complexity and accuracy. Alternatively, iterative methods have been
investigated [14, 17], where higher accuracy has been achieved at the cost of latency.
However, such iterative schemes require fast multiplication techniques (along with
the inverse of the divisor). Moreover, the iterative techniques cannot produce the
remainder directly.

Vedic mathematics originates from the age-old Indian scriptures, and its com-
putation techniques are analogous to human’s mental calculations to produce fast
result of arithmetic operations [19, 22]. Substantial amount of research has so far
been investigated based on such ancient mathematics for VLSI (very large-scale
integration) implementation of arithmetic operations. Observation from the reported
work summarizes the symmetry property, reduction of the clock cycle, and hence
reduction of latency (high speed) [10, 14, 16].

This paper reports implementation of a new binary division circuitry through the
improved Vedic formulae. Sanskrit’ term Paravartya-Yojayet (PY)’ indicates ‘trans-
pose and apply’, have been re-structured for binary numbers followed the circuit level
implementation. From the constructed formula, it has been observed that division
operation can be implemented through multiplication followed by addition and ease
hardware realization is possible owing to achieve the present VLSI goals. Substantial
reduction in dynamic power consumption, and propagation delay is achieved by the
reduction of the number of cycles for division computation. Vedic formula for binary
numbers followed by the hardware realization of division circuitry was implemented
in Verilog hardware description language and synthesized through Xilinx ISE tools
for device xc7v2000t of family Virtex7 with package flg1925. Performance evalua-
tors as functions of latency and area have been calculated from the synthesized results.
Moreover, comparison of proposed methodology with the existing ones like digit
recurrence [10] and non-restoring [14, 16]-based implementation was also carried
out.

Organization of the paper in rest sections is as follows: Paravartya formula which
illustrates the division procedure is discussed and derived in Sect. 36.2. A numerical
example has been considered for better understanding the working procedure of the
formula. Algorithms have been described in Sect. 36.3. Section 36.3 also describes
hardware-level architecture for the implementation of division. Simulation results
are discussed in Sect. 36.4 which is followed by conclusions in Sect. 36.5.

36.2 Paravartya-Yojayet Formula for Division

The inherent capability of ancient Vedic mathematics, particularly for divisions, was
recounted by Sri B. K. T. Maharaja, as Vedic sutras (formulae) [22]. Paravartya-
Yojayet (PY) formula has been investigated to carry out the proposed division
methodology.



36 Accelerating Latency of Binary Division Through Vedic Methodology 367

36.2.1 PY Formula and Its Illustration

Paravartya-Yojayet (PY), a Sanskrit word, means ‘transpose then apply’. Fundamen-
tal property of the transposition is ‘change of sign’ and apply the changed number;
thereby, ‘+’ becomes ‘−’ or ‘×’ becomes ‘÷’ and vice versa, similar to remainder
theorem [22]. The formula is illustrated here through an example shown in Fig. 36.1a,
for decimal numbers. The implementation steps are as follows:

(a) Assume 11,203 is the divisor and 239,479 is the dividend. Make the transpose
of the divisor digits except the most significant digit (MSD), i.e., equals to −1,
−2, −0, −3.

(b) Put down the left most digit (MSD) of the dividend, i.e., 2 as partial quotient,
below the vertical line.

(c) Multiply the transpose results with LSD of partial quotient and put the multipli-
cation result started from second column of dividend, i.e., [(−1,−2,−0,−3)×
2= −2,−4,−0,−6]. Here, individual digit multiplication has been performed.

d) Add digits of the second column and put down below, i.e., [3 + (−2) = 1], as
new least significant digit (LSD) of partial quotient.

(e) Multiply the transpose results with LSD of partial quotient (i.e., 1) and put
down the multiplication result started from third column. The process will be
continued up-to n times where n = [no. of digits on dividend—no. of digits on
transpose result].

(f) Write down addition of the (remaining) individual column digits, to produce
the remainder.

Similarly an example of PY formula for signed digit number system [23] is shown
in Fig. 36.1b.

Fig. 36.1 Illustration of PY formula for a decimal numbers, b signed digit numbers
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36.2.2 Mathematical Description of PY for Binary Number
System

Mathematically, sutra can be formulated as: the number A =
m−1∑

i=0
ai2i to be divided

by B =
n−1∑

i=0
bi2i , (wherem > n and ai, bi are binary digits). To implement the division

using PY sutra, the number A and B has been decomposed with respect to 2n−1, i.e.,

B =
n−1∑

i=0

bi2
i = bn−12

n−1 − p = x − p (36.1)

where p =
n−2∑

i=0
(−b)i2

i and x = bn−12n−1

A =
m−1∑

i=n

ai2
i +

n−1∑

i=0

ai2
i (36.2)

= 2n
m−n−1∑

i=0

ai+n2
i +

n−1∑

i=0

ai2
i

= 2n
bn−1

bn−1

m−n−1∑

i=0

ai+n2
i +

n−1∑

i=0

ai2
i

= 2 · bn−1 · 2n−1 1

bn−1

m−n−1∑

i=0

ai+n2
i +

n−1∑

i=0

ai2
i (36.3)

If q1 = 1
bn−1

m−n−1∑

i=0
ai+n2i and q2 =

n−1∑

i=0
ai2i Eq. (3) can be reformulated as

= 2 × q1 + q2
= 2 × q1 + q2 + 2q1 p − 2q1 p

= 2q1(x − p) + q2 + 2q1 p

= 2q1B + (q2 + 2q1 p) (36.4)

where quotient Q = 2q1 and remainder R = (q2 + 2q1 p). Now if R is greater than
B, then again this process must be performed repeatedly until R < B by using A = R.
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36.2.3 Performance Evaluation of PY for Binary Number
System

For the sake of simplicity, a 16÷8 division array based on the algorithm has been
discussed and shown in Fig. 36.2. In this figure b7–b0 divisor, a15–a0 dividend, q8–q0
quotient, and r7–r0 remainder have been considered. Transpose of B (i.e., (−b6) to
(−b0)) has been written below of the divisor. MSB of the quotient has been generated
by buffering the value of a15 and has been represented as q8. The array of ‘pi’ has
been implemented through the bitwise multiplication of the latest quotient bit and
transpose of the divisor, like p0 = (−b6 × q8), p1 = (−b5 × q8) and so on. On the
next iteration, a14 and p0 have been added and the result has been buffered to q7 as
next bit of quotient. Similarly, bits p7–p13 has been generated by the multiplication
of q7 with bits of transposed divisor and has been placed on the next column for
quotient.

From Eq. (1–4), it is obvious that the total number of computation stages for
division (n÷n) must be at most ‘n’, similarly, for (2n÷n) bit divider; the number of
computation stages is at most ‘2n’. So, in general, for (k × n ÷n) bit divider (where
k is an integer), total number of computation stage is at most ‘kn’. Propagation delay
(latency) in worst case situation of (n÷n) bit divider module can be denoted as:

tpd = 2(tTP + tPPG + tADD) (36.5)

Here, tpd = Overall propagation delay, tTP = Propagation delay of transpose unit,
tPPG = Propagation delay of partial product generation, tADD = propagation delay of
partial product addition. Generally, single-bit adder requires two XOR gates delay.
The transpose unit has been implemented through canonical sign digit [23] method;
thereby, each bit has been taken as 2-bit format where first bit represents the sign

Fig. 36.2 Division array using Vedic formula for signed digit binary number system
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of the bit and nest one represents magnitude of the bit. Transpose unit has been
implemented through buffer, assuming that negligible propagation delay. The partial
product generation requires only AND and XOR gate; thereby, propagation delay of
theANDgateXOR is approximated to oneXORgate. Each row of the partial product
array performs in parallel such that the effective latency is measured as one ‘XOR’
gate delay per iteration. Assuming that the propagation delay of the partial product
generation for the entire algorithm takes at most ‘n’ XOR gate delay. Propagation
delay of one bit of signed digit binary number addition stage takes delay of 8 XOR
() gate. Thus, the overall propagation delay produced by adder/subtractor is equal
totADD = 8n.tXOR. Thus, delay is incorporated at the time of addition of the partial
products. There are ‘n’ partial product array which are to be added. Since there are
(n–1) addition stages, the delay caused by addition can be calculated as 8n2tXOR.
Thus, the overall propagation delay ‘tpd’ can be stated from Eq. (5) as,

tpd = [
n + 8n2

]
tXOR (36.6)

36.3 Architecture Implementation

In this section, the proposed division algorithm and its VLSI implementation pro-
cedure have been described. The complete architecture for the division of binary
numbers is shown in Fig. 36.3. The architecture consists of 4-major stage, viz. prepro-
cessing unit, binary-to-signed binary conversion unit, divider unit for signed binary
numbers, and signed binary number-to-binary number conversion unit (Fig. 36.4).

Preprocessing unit is required to count the number of iteration, s and to align
the bits of the divisor to left end. Binary-to-signed binary number conversion unit
is required to implement the corresponding transpose of the bits, which would be
the multiplicand of the subsequent stages. Divider unit operates on the signed binary
number, and finally, result is generated in binary with the help of signed binary-to-
binary converter.

36.3.1 Preprocessing Unit

The proposed divider algorithm requires that all the divisor bits after removing most
significant bit (msb), must be aligned to the left end in the register instead of natural
right end alignment. The preprocessing unit converts the divisor in required form. It
also decides the number (in unary format) of steps based on divider value by detecting
leading bit ‘1’ from left end [24].
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Fig. 36.3 Overall architecture of the division procedure

Fig. 36.4 Extraction of binary bits from signed digits

Algorithm: Pre-processing 
Input: x[n]
Outputs: y[n], steps[n]
y ← x
steps[n-1] ← x[n-1]
if(steps[n-1] = 0) then y ← y << 1 
for i ← n-2  to  0  do
steps[i] = x[i] OR steps [i+1]
if(steps[i] = 0) y ← y << 1
steps ← steps >> 1
steps ← ~steps // ~ : bitwise complement  
y ← y << 1
return y and steps
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Fig. 36.5 Internal circuit modules of the divider architecture. a Circuit of the transposition unit.
bMultiplication unit. c Enlarge view of the single point multiplication unit. d Addition unit of the
signed number

36.3.2 Binary-to-Signed Binary

The signed digit ti ∈ {− 1, 0, 1} has been encoded by two binary bits tsi , t
m
i and assign

‘11’, ‘00’, ‘01’ to tsi , t
m
i according as ‘−1’, ‘0’ and ‘1’, respectively. Binary-to-signed

binary unit converts an n-bit binary representation to 2n-bit signed binary represen-
tation by simply using 00/01 for each bit 0/1. It also generates bitwise transpose of
the divisor, dvr using circuit shown in Fig. 36.5a.

36.3.3 Divider for Signed Binary Number

Division algorithm for n÷n signed digits (SD), i.e., for 2n÷2n binary numbers is
given below. Inputs dvd, dvr, dvr and steps denote dividend, divisor, bitwise trans-
posed divisor, and required number of steps, respectively. For simplicity ripple carry
adder (+SD) for signed digits have been used to add the partial products without
exploiting the constant time addition property of such adders. After required num-
ber of steps, if final remainder value, R is negative then divisor would be needed to
add with remainder and quotient, Q would be decremented by one. Finally, bits of
remainder register needed to be right aligned.
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Algorithm: Division of signed digit (SD) numbers
Inputs: dvd[n], dvr[n], dvr [n], steps[n]
Outputs: Q[n], R[n]
R= dvd
for i ← 0 to (steps-1) do
Q ← Q << 1
Q[0] ← R[n-1]
R ← R << 1
if Q[0] = 1 do

sum = R +SD dvr
else if Q[0] = -1 do

sum = R +SB dvr

if carry then Q[0] = 0
else R = sum

if R[n-1] = 1 then
Q ← Q +SB -1   
R ← R >>steps
R ← R +SB divisor

else
R ← R >> steps

return Q and R

36.3.4 Signed Binary to Binary

Any radix-2 signed digit (SD) binary number with digits {− 1, 0, 1} can be converted
into corresponding radix-2 binary number with digits {0, 1} as given in [23]. Let
a SD binary number be X = (1, 0, −1, 1)SD = 710, then extract two numbers A =
non-negative digits of X, i.e., 1, 0, 0, 1 and B= negative digits of X, i.e., 0, 0, 1, 0, and
A–B would give corresponding binary representation. Circuit for the bits extraction
of such two numbers A and B from our signed digit binary number X is shown in
Fig. 36.4.

Internal circuit diagram of the division circuitry is given in Fig. 36.5. The circuit
diagram Fig. 36.5d has been implemented through Eqs. (7–10). Negative number
has been generated via canonical sign digit representation [23, 25–27]. Each signed
digit {− 1, 0, 1} has been represented as both sign and the corresponding magnitude.
So each signed digit ti has been encoded by two binary bits tsi , t

m
i and assign ‘11’,

‘00’, ‘01’ to ‘-1’, ‘0’ and ‘1’, respectively, and so bi as bsi b
m
i , qi as q

s
i q

m
i and pi as

psi p
m
i .
The sum (SsSm) and carry (Cs

outC
m
out) of the adder have been computed through

Eqs. (7–10).

Ss = AmBmCs
inC

m
in + AmBs BmCm

in + As AmBmCm
in

+ AmBs BmCs
inC

m
in + As AmBmCs

inC
m
in + As AmBs BmCm

in (36.7)
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Sm = AmBmCm
in + AmBmCm

in + AmBmCm
in

+ AmBmCs
inC

m
in + AmBs BmCm

in + As AmBmCm
in (36.8)

Cs
out = AmBs BmCs

inC
m
in + As Bs BmCs

inC
m
in

+ As AmBmCs
inC

m
in + As AmBs BmCm

in (36.9)

Cm
out = As Bs BmCs

inC
m
in + AmBs BmCs

inC
m
in + AmBs BmCs

inC
m
in

+ As AmBmCs
inC

m
in + As AmBs BmCm

in + As Bs BmCs
inC

m
in

+ As AmBmCs
inC

m
in + As AmBs BmCm

in (36.10)

36.4 Results and Discussions

Functionality of the reported algorithm in this paper was simulated and synthesized
by Xilinx ISE tools for device xc7v2000t of family Virtex7 with package flg1925.
The Vedic division methodology application reduces the redundancy of iterations,
resulting less amount of overall latency. Latency of the divider can be described as
the product of cycle time and average number of cycles.

The synthesized performance analysis in terms of average latency (Average num-
ber of cycles × Clock period), slices register and slice LUTs (look-up tables) are
shown in Fig. 36.6. Data for input are selected as a regular fashion for testing pur-
pose. Instead of fixed number of cycles for the W-bits implementation, the proposed
algorithm uses actual no. of bits (by detecting leading ‘1’) in divisor to decide the
required no. of cycles for division, i.e., if actual no. of bits i then required no. of cycles
will be (W + 1−i). Calculation of average no. of cycles for W-bits implementation
is shown below.

Numbers with bit-size 1 = {1} and total such numbers are 1 = 21−1

Numbers with bit-size 2 = {10, 11} and total such numbers are 2 = 22−1

Numbers with bit-size 3 = {100, 101,110,111} and total such numbers are 4 =
23−1and so on. Finally, total count of numbers having bit-size 1 toW = 1 + 2+22

+ … + 2i+ … +2 W−1 and

Avg. number of cycles =
∑W

i=1(numberswith bit − sizei) × (W + 1 − i)
∑W

i=1(numberswith bit − sizei)

=
∑W

i=1 2
i−1 × W + 1 − i)
∑W

i=1 2
i−1

= 1 × W + 2 × (W − 1) + . . . . + 2W−1 × 1

1 + 2 + . . . . + 2W−1 = 2W+1 − W − 2

2W − 1
(36.11)
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For the comparison purpose, other architectures those are similar in nature have
been implemented in the same environment without any effort for optimization.
While in general implementation of other architectures, the number of cycles per
division operation is usually fixed for input width, our proposed architecture takes
into consideration of minimum number of bits required to represent the input to
decide the number of cycles necessary. From Fig. 36.6a, it has been observed that
latency of the proposed method has been improved by ~68 and ~61% compared to
digit recurrence and non-restoring algorithms. This improved latency came at cost
of little bit area (Registers and LUTs) as evident from Fig. 36.6b,c.

Fig. 36.6 Synthesized performance parameters: a Latency. b Slice registers. c Slice LUTs for
different bit lengths
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36.5 Conclusions

In this work, a new division algorithm and its architecture have been described based
on Vedic mathematics. The architecture has been synthesized through Xilinx ISE
tools for device xc7v2000t of family Virtex7 with package flg1925. The synthesized
result offered ~68 and ~61% improvements in latency in comparison with widely
known algorithms like digit recurrence and non-restoring, respectively. The latency
has been improved at the cost of area due to the application of binary signed digit
numbers. Efficient architecture implementation of signed digit number may lead to
the reduction of area.
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Chapter 37
Monitoring the torsional vibrations
on the main propulsion plant of marine
cargo ship installed two-stroke diesel
engine: Theoretical case study

Do Duc Luu and Cao Duc Hanh

Abstract The paper presents theoretical monitoring torsional vibrations (TMTVs)
on the main propulsion plant (MPP), using two-stroke diesel engine (2DE)-driven
propeller of the marine cargo ship. The study was carried out on the base of math-
ematical modeling of the torsional vibrations on the MPP and realized numerical
solution in computer with the simulated software for monitoring TVs (SMTVs) that
made by author in LabView in accordance with rules for classification and construc-
tion of the sea-going ships, given by one of the register organizations, members
of the IACS in the world, such as Russian Maritime Register of shipping (RMR).
The TMTVs on the MPP was automatically carried out by the SMTVs in the every
numeric experiment in accordance with the designed experimental plan, such as
experiment in Normal working of every cylinder, in the Misfire.Cases1–Misfiring
in one of the cylinders, and in the Misfire.Case2—Misfiring together of the two of
the cylinders. In every experiment was calculated and monitored the torsional vibra-
tions (TVs) in interval λ = [0.4, 1.2], λ = n/nMCR, n and nMCR—current and normal
revolutions, rpm (MCR—maximum continuous rate). The MTVs was probated for
MV.HR.34000 DWT, which designed and built in PhaRung Shipyard, Viet Nam, in
2007 year.

37.1 Introduction

Monitoring torsional vibrations (TV) on the MPP is certain important to ensure
the system working without any damage of torsional pressures in every working
from minimum to maximum continuous revolution and with the normal and misfire
inside of only one combustion cylinder chamber [1]. Therefore, for the new building
marine steel vessel, the received data from the calculated and measured TV shall
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be confirmed in the all variants and operation states of the installations (except
emergency operation conditions only for TV calculations).

Misfiring of one cylinder is able lead to serious resonance or near resonance by
excitedmoments of different harmonics in theworking revolution interval of theMPP
[2–4]. In the misfire state of one cylinder, the compression process in the misfired
cylinder is normal to ensure balance the inertial moments of the dynamic system. In
otherwise, the free torsional vibrations (FTV) of the abnormal MPP will be changed
and the free frequencies able to fall in the working revolution interval that means the
abnormal MPP able to be damaged with some shaft breakdown [5].

In the technical operation of the main diesel engine (MDE), there is the main
goal to keep the normal state (in the state, every cylinder works normally and output
moments and powers of the cylinders are equal, respectively). Therefore, except the
monitoring (calculation and measurement) TV of the new building marine ships in
the design and build stages in the shipyard, the misfire of cylinder could be diagnosed
by ones of the directed or in-directed method and technique [5–7].

In practice at the sea-trail tests of new built ships in Vietnam (in period from
2004 to 2019), normally the technical test committees require plan for measuring
TV in the cases with misfiring in one of cylinders, such as for the MV.VinashinSky,
MV.HR.34000 DWT, at el. (the MDE of the MV. are two-stoke). However, for the
some marine ships using four-stroke diesel engine, the technical test committees do
not conduct any TV measurement with misfire state of cylinder, such as for MV.
“BinhAnValliant”, MV.KN.168 and MV.KN375 (the MDE are four-stroke).

Considering the deferent concepts of the experiments of TV at the sea-trail tests,
we carefully verify their TV calculations, respectively, and remark, that the received
TV in the MPP with two-stroke DME are very serious high and are established the
“barred zone” ofworking revolution in the “Normal” and “Misfire” states of cylinders
[3, 4]. However, the received TV in the MPP with four-stoke DME are very small
and lower then permitted TV, respectively [8].

The mathematical modeling TVs of the MMPP, which is used not only in theoret-
ical study, but also in practice, calculation of the TV according to the, respectively,
maritime register normally is written in the linear differential equations with second
degree for the lumped inertial moments of respective dynamic model [1, 2, 5, 9], in
the matrix form:

Jϕ̈ + Bϕ̇ + Cϕ = M(t) (37.1)

where J, B, C—matrix of TV coefficients of: inertial moments, stiffness, and
damping, respectively, have engineering unit [kg.m2], [N.m/rad], and [N.m.s/rad].

M—excited torsional moments (ETM, Nm).
The equations of the every lumped mass i, i= 1, 2… n are received in accordance

with Dalambert principle or Lagrange equation of second type. According to the
Dalambert principle, in i- thmass the summoment of the all component moments has
to be equal zero. Therefore, the ETM of the cylinderMi(t) contains gas moment and
equivalent moment of the rotary and translational movement of connection—rod—
crosshead—piston set [5, 9]. The note is described clearly for the wrong knowledge
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of the authors of the article [10] (Daniel P. G. et al.: consider that the momentMi(t)
in the right side of Eq. (37.2) contains also damping parts, like second part of the
left side of the equations, that means, the damping effect or not considering, or twice
times counting).

The mathematic models of the conventional dynamic model with a limited degree
of freedom (LDOF) of the lumped masses are linear and approximated Eq. (37.2),
written in the harmonic type of the ETM (right side of Eq. (37.1)) [2]:

Jϕ̈ + Bϕ̇ + Cϕ =
Mh∑

k=1

Mk0 sin(kωt + γk) (37.2)

Jϕ̈ + Bϕ̇ + Cϕ =
Mh∑

k=−Mh

ZMke
ikωt =

Mh∑

k=0

ZM±ke
±ikωt (37.3)

The solution method of FTV with Eqs. (37.1–37.3) when the right components
ETM= 0, is numeric matrix to define the eigenvalues and eigenvectors of the matrix
(J−1 . C). The method is very easy and simple to realize in MATLAB (m.file) and in
LabView [2], for example, using the commands p = poly () and roots (p).

The method for solving Eq. (37.3) is integration of the following methods: matrix
analysis, complex number, harmonic balance,main axes (independent variables), and
superposition. Themethod shortly is calledmain-axesmethod (MAM), that is general
to solve damping, linear vibration system, like Eq. (37.3) not only in the resonance,
near-resonance regimes, but also in the far-resonance events [2, 5, 9]. Realizing
this method to build the software to calculate TV (STVC) is very convenient in the
LabView with the sound and vibration toolkit (www.ni.com).

The first stand out point in the proposed paper would be realized TV calculation
with the simulated software for monitoring TVs (SMTVs) that made by authors [11].

In accordance with the MAM, we use the substitution:

ϕk ≈ y0 + y1α1 + y2α2; ϕk = [ϕ1k, ϕ2k, . . . , ϕnk]T;
αi = [1, α2 j , . . . , α jk]T; j = 0, 1, 2 (37.4)

The model (37.1) is written in the form of the main axes (y0, y1, and y2):

⎧
⎨

⎩

Je0 ÿ0 + de00 ẏ0 + de01 ẏ1 + de02 ẏ2 = Me0

Je1(ÿ1 + ω2
1) + de10 ẏ0 + de11 ẏ1 + de12 ẏ2 = Me1

Je2(ÿ2 + ω2
2) + de20 ẏ0 + de21 ẏ1 + de22 ẏ2 = Me1

(37.5)

where

Je0 =
n∑

i=1

Ji ; Jej =
n∑

i=1

Jiα
2
i j ; j = 1, 2;

http://www.ni.com
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depq =
n∑

i=1

biαi pαiq;αi0 = 1; p, q = 0, 1, 2; (37.6)

Mep =
n∑

i=1

−−−→
Miαi p; p = 0, 1, 2 (37.7)

The second high-light point in proposed paper is described in the realization of
the mathematic model and algorithm to calculate the executed TV in accordance
with the register requirement, such as requirement of RMR, Edit 2014 [1]. The bold
point is formed initially with the given input control vector of firing state in every
cylinder:

Cfk = [Cfk(1), Cfk(2) . . . Cfk(z)] (37.8)

where k—an order of simulation realization (numeric experiment);
z—number of cylinder;
In the designed experiment plant, when MDE in “Normal” state, the vector of

fire-coefficient (FCV) has: Cf1(m) = 1 with ∀m = 1, 2, …, z.
In the Misfire.Case1.m: Cfk(m) = 0; ∀m = 1, 2…, z; k = m+1; Cfk (p) = 1; ∀p �=

m;
In the Misfire.Case2.p: [Cfp(m) = 0 and Cfp(k) = 0] ∀(m �= k; k, m = 1, 2, …, z);

Cfp(s) = 1; ∀s /∈ (m; k)

The simulation experiment realization could be carried out on the base of the
SMTVs written in LabView [11].

Permitted torsional pressures (PTP, MN/mm2, MPa) of shaft pieces, such as of
the intermediate shaft (IMS), propeller, and crankshaft of theMDE,… of theMMPP
are calculated in accordance with the guide in given rules of maritime register [1].

The realization the mathematical models given by the rules to make software for
automatic calculating the PTP in every revolution λ = n/nMCR, and showing the PTP
(λ) characteristic, λ ∈ [0.4, 1.2], and the end to service for indicating the result of
the monitoring process.

The main proposed bold points would be probate in the modern motor vessel,
newly built in Viet Nam shipyard.

For realizing the specific idea of the normal and misfire states of cylinder, D.
D. Luu proposes the model of the indication diagram p(ϕ) (ID) of current state
cylinder pressure p, (MPa, Bar) via crankshaft angle ϕ which is described of the
firing coefficient Cf and two pressures, respectively, the compression curve pcomp(ϕ)
and firing one pfire(ϕ) in the following form [5]:

p(ϕ) = pcomp(ϕ) + Cf.pfire(ϕ) (37.9)

Using calculating the ID the gas moment of the cylinder is calculated [2, 5, 11]:
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M(ϕ) = p(ϕ) .TF(ϕ);
TF(ϕ) = πD2

4
(sin ϕ + λ

2
sin 2ϕ) (37.10)

where λ = 0.5S/L and D—parameters of the diesel (L—connection rod; m and D—
diameter of the cylinder,m; S—length stroke,m), that are given in theMDE technical
document.

The combustion and firing pressures are calculated according to the mathematic
models of the working processes that are studied in the theory of the MDE. The ID
is improved by integration study of the theoretic and experimental calculations (Luu
and Vinh [12]).

The SMTVs are built in the base of mathematic models and realized by writing
codes in LabView [11]. The simulation object such as a demonstrated is MPP of the
MV.HR.34000 DWT.

37.2 Research Method

37.2.1 Automatic Monitoring TVs on MPP Using
the Simulation Software

In Table 37.1, there are 22 experiments which shall be carried out in the SMTVs. In
the every experiment, we need to input only technical state by clicking the mouse
in the control item “Diesel mode” on the Pront Panel of the SMTVs. After selecting
the experimental regime, we only operate the simulation software with some simple
acts to display on the PC screen necessary results of the TV calculation (TVC) [11].

The every experiment TVC is automatically conducted via following algorithm,
as shown in Fig. 37.1. In this figure, there are blocks, described in Table 37.2.

The numeric experiments forMTVare designed in the plan, as shown inTable 37.1
above mentioned, for example, the MDE with six cylinders.

Table 37.1 Numeric experiment plan for MTVs for MDE with z = 6 (MV.HR.34000 DWT)

Number of exp. Technical state of MDE FCV: Cf = [……]
1 Normal, every cylinder work normally Cf=[1 1 1 1 1 1]
2 Misfire.Case1.1 Cf=[0 1 1 1 1 1]
… …  … 
7 Misfire.Case1.6 Cf=[1 1 1 1 1 0]
8 Misfire.Case1.12 Cf=[0 0 1 1 1 1]
… … …
22 Misfire.Case1.56 Cf=[1 1 1 1 0 0]
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Fig. 37.1 Algorithm for automatic calculating the torsional vibrations on theMPP, using two-stroke
marine diesel engine

The reason of using main-axes method (MAM) is that this method is appropriate
for calculating TVs at not only the resonance and near-resonance regimes but also the
far-resonance regimes of working revolution interval λ = [0.4 … 1.2]. Meanwhile,
the traditional method could only be used to calculate TVs at resonance and near-
resonance regimes [2, 5, 9]. The equivalent model in accordance with the method is
shown in Eq. (37.5).

According to the MAM, the TV of the every lumped mass of the model (37.1) ϕk ,
k = 1÷n approximately is substituted via the orthogonal vibrations of the frequencies
ω0j, j = 0, 1, 2… (n−1): y0, y1, y2…yn−1. Where, ω00 = 0 indicates that the TV y0
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Table 37.2 Functional blocks in the algorithm for automatic TVC, respectively, Fig. 37.1

No of block Function of the block Contents of the block

1 Input database of the DME Import the data for building indicator
diagram, moment; dynamic
coefficients for FTV, ETV; PTV

2 Calculate free torsional vibrations Defining ω0j , αij; j = 1–2; i = 1–n

3 Calculate coefficients of the equivalent
dynamic model in the main—axes
method (MAM), Eq. (37.5)

Calculating equivalent coefficients of
the inertial moments, torsional
stiffness, damping in accordance with
main axes

4 Import the firing coefficient vector Input vector: Cf = [Cf(1) … Cf(z)]

5 Calculate indicated pressure, moments
and their processing in FFT

Calculate: ID1, IM1 and IMi (i =
1–z), MPr; MR, MTT –Indicated
pressures and moments of first, other
cylinder, of the propeller and their FFT
processing

6 Calculate equivalent moments in the
MAM in FFT form with different
harmonics in complex numeric or in
amplitude and phase features: ZR,
ZTT, see Eq. (37.7)

Calculating equivalent harmonic
components of the moments in
main-axes model (MAM) for the 3
axes: y0, y1, y2 (see Eq. (37.4))

7 Solve MAM (37.5) by combinations
of methods: main—axes method;
superposition; harmonic balance in the
complex numeric

Solving MAM, eq. () to define y0, y1,
y2 and ϕk following the Eq. (37.5)

8 Export the results of the TVC in the
experiment regime Cf and state of the
DME

– Drawing the τ (λ), PTP((λ);
– Exporting in the table the resonance
TV in the revolution interval λ
∈ [0.4, 1.2]

is appeared as absolute rigid body. In practice, there are important and meaningful
in the counting with the y0 and the first two axes (y1 and y2) of the ω01 and ω02.

37.2.2 Probated Object for TV Monitoring on Marine MPP

There are TV calculations of the MPP on the marine cargo vessel with 34000 DWT,
calledMV.HR.34000DWT in the probation aspect to clarify abovementioned points.
Themanufactory data for TVCare inputted and the results of theTVcalculation using
the SSMTVs shall be compared with the calculated results by the Hudong Heavy
Machinery Co. Ltd. [3].
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Table 37.3 Dynamic parameters for TVC of the MV.HR.34000 DWT [3]

No Inertial mass item J e = 1/C bin bout D/din

kg . m2 nrad/Nm % % mm

1 33 tuning wheel 7000 0.001 0.0 0.5 1000.0/0.0

2 38 Flange 121 1.322 0.0 0.0 560/85.0

3 1 cylinder 3256 1.639 1.00 0.85 560/85.0

4 2 cylinder 3256 1.617 1.00 0.85 560/85.0

5 3 cylinder 3256 1.673 1.00 0.85 560/85.0

6 4 cylinder 3256 1.625 1.00 0.85 560/85.0

7 5 cylinder 3256 1.550 1.00 0.85 560/85.0

8 6 cylinder 3256 1.103 0 0.85 560/85.0

9 27 camdriver +thrust 882 0.001 0 0.85 560/85.0

10 28 moment compens 316 0.687 0 0.85 560/85.0

11 32 turning wheel 3095 39.710 0 0.50 375/0.0

12 43 flange 221.90 18.780 0 0.0 440/0.0

13 73 main propeller 21,725 5.50

The input data of the dynamic model for TVC is given in Table 37.3.
ME MAN-BW: 6S46MC-C 7860 KW @ 129 RPM

Engine load kW RPM (MCR)

7860 129

Fire order: 1-5-3-4-2-6
Oscillating mass: 2246 kg
Permitted torsional pressure of the crankshaft: [τ ] = 40 MN/mm2

Propeller Wartsila Propulsion Drumen. The Netherlands

Number of blade 4

Diameter (m) 5.6

Inertial moment in air 16,799 kg . m2

Inertial moment in water 21,631 kg . m2

Addition database of the DME 6S46 MCC-7 using for calculating the indicator
diagram of cylinder (ID) and indicated (gas combustion) moment is given by infor-
mation of the engine manufacturer [13] and by other technical documents of the
shipyard (PhaRung, Vietnam) [11].
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37.3 Results and Discussion

37.3.1 Calculated Results of the Free Torsional Vibrations
of the MV.HR.34000 DWT

The results receiving by authors on the base using the SSTVs (see Fig. 37.2) and
by Hudong Heavy Machine Co. Ltd prove exactness of the SSTVs is similar and
showing in Table 37.4 for their comparison. The free frequencies ω01, ω02, and αi1

of the two database are equal (δ% = 0). The forms αi2 are small different (<6.75%),
and the differences could be belong in the calculation errors.

37.3.2 Results of the Monitoring TV on the MV.HR.34000
DWT Using SSTVs

The excited TVs and calculated torsional pressure of the intermediate shaft are shown
in Figs. 37.3, 37.4 and 37.5.

Figures 37.3, 37.4 and 37.5 show the calculated torsional pressure curves via
n (rpm) of the main propulsion plant on the MV.HR.34000 DWT, and also the red
curve, that presents the permitted torsional pressure [τ 1](λ). Figure 37.3 shows results
when Cf = [1 1 1 1 1 1]—normal working regime. Figure 37.4—when Cf = [0 1
1 1 1 1]—first cylinder is misfired. Figure 37.5—when Cf = [1 0 1 1 0 1]—second
and fifth cylinders are misfired together. In the figures, we could estimate the main
resonance when k = 6 with n01 = 337 rpm and others minor resonances with n ≈
85, n ≈ 112, n ≈ 120, n ≈ 144. There are the interesting resonances in the minor

Fig. 37.2 Results of calculated FTV of MV.HR.34000 DWT
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Table 37.4 Compare results of FTV calculating on the base of SSTVs and by Hudong [3]

No Comparison
item

ω01(rad/s); n01(rpm) ω02(rad/s); n02(rpm)

SSTVs HR [3] δ% SSTVs HR [3] δ%

1 Free
frequency

35.308 35.307 0 150.38 150.38 0

2 Free
revolutions

337.17 337.16 0 1436 1436 0

3 α1,j 1.0119 1.012 −0.01 1.2708 1.259 0.94

Form
curves
αi,

α2,j 1.0119 0.012 −0.01 1.2705 1.259 0.91

α3,j 1.0000 1.000 0.00 1.0000 1.000 0.00

α4,j 0.97863 0.979 −0.04 0.54391 0.557 −2.35

α5,j 0.95111 0.951 0.01 0.055185 0.053 4.12

α6,j 0.91619 0.916 0.02 −0.50696 −0.475 6.73

α7,j 0.87623 0.876 0.03 −0.96707 −0.930 3.99

α8,j 0.83260 0.833 −0.05 −1.2956 −1.257 3.07

α9,j 0.79782 0.798 −0.02 −1.4241 −1.385 2.82

α10,j 0.79780 0.798 −0.03 −1.4242 −1.385 2.83

α11,j 0.77532 0.775 0.04 −1.4777 −1.439 2.69

α12,j −0.64280 −0.643 −0.03 −0.46589 −0.447 4.23

α13,j −1.3101 −1.310 0.01 0.05639 0.066 0.59

Fig. 37.3 Results of calculated FTV of MV.HR.34000 T, in normal state of MDE
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Fig. 37.4 Results of calculated FTV of MV.HR.34000 T, in Misfire.Case1.1

Fig. 37.5 Results of calculated FTV of MV.HR.34000 T, in Misfire.Case4.2a5 state

situation: (a) Misfire.Case1.1, in that is misfire of combustion chamber of once
cylinder (cylinder number 1), at the second resonances n ≈ 112 (see Fig. 37.3), and
(b) Misfire.Case2.2a5 (see Fig. 37.5) at n ≈ 85 rpm, comparing with other normal
state regime of the MDE.



390 D. D. Luu and C. D. Hanh

In Table 37.5, there are clearly shown the dangerous main resonance with fre-
quency ω01 (n ≈ 56 rpm; k = 6) in the all of the Normal/Misfire.Case1(2), and
dangerous minor resonances with frequencies (ω01 and ω02) at n ≈ 85 and n ≈
112 rpm in the Misfire.Case1 or Misfire.Case2.

In Table 37.5, we remark the values with red color, that means the calculated
values τ (λ) are bigger than the permitted [τ 1(λ)]. In addition, for intermediate shaft
[1], at the λ-speed the calculated τ (λ) are smaller than [τ 2(λ)]= 1.7 [τ 1(λ)], we could
pass the speed quickly through this revolution n = λ . nMCR, rpm. In the probated
calculation, the resonance nres = 56 rpm, the barred speed range [n*1.1, n*1.2] is
defined by [1]:

n∗
1.1 = 16

18 − nres/nMCR
≤ n ≤ 18 − nres/nMCR

16
= n∗

1.2

[
n∗
1.1, n

∗
1.2

] = [51.0, 61.4]

In Misfire.Case1, we could monitor the TVs and suddenly decrease speed under
the n*2.1 = 16/(18−112/129)= 104.6 rpmand increase speed over n*2.2 = 119.9 rpm,
since τ (λ) <1.7 [τ 1(λ)] ≈ 1.8*40.1 = 78 MPa.

In some conditions of the Misfire.Case2, we could be monitor the very dangerous
TVs and have not suddenly pass though the [n*2.1, n*2.2]= [104.6, 119.9] rpm, since
τ (λ) 	 78 MPa.

Table 37.5 Calculated results of ETVs in resonances and near resonances

Exp 
No

Regime τ, MPa; n-rpm
Exp 
No

Regime τ, MPa; n-rpm
n= 56 85 112 n =56 85 112

[ττ1], MPa 73.2 59.1 40.1 [τ1], MPa 73.2 59.1 40.1
1. Normal 101.7 4.9 22.6 12. [011110] 94.3 27.3 30.9
2. [011111] 96.1 17.6 60.1 13. [100111] 92.1 23.3 103.3
3. [101111] 97.1 22.6 58.7 14. [101011] 92.1 20.6 24.2
4. [110111] 96.8 19.6 56.9 15. [101101] 93.3 39.5 24.9
5. [111011] 97.7 17.4 47.7 16. [101110] 92.8 21.3 25.9
6. [111101] 97.6 33.8 46.1 17. [110011] 92.1 16.2 24.8
7. [111110] 91.9 17.2 45.5 18. [110101] 92.2 21.4 23.4
8. [001111] 91.4 19.3 106.0 19. [110110] 93.2 34.9 28.1 
9. [010111] 91.5 29.3 104.4 20. [111001] 92.7 19.9 88.6
10. [011011] 91.5 35.4 29.7 21. [111010] 92.8 15.7 87.2
11. [011101] 91.3 18.8 12.4 22. [111100] 93.5 19.9 85.6

Note Damping coefficients of damper, cylinders, and propeller (Nms/rad) =[840 85 13055]
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37.4 Conclusion

The shaft—line of the MPP on marine cargo ships with high power, 2-MDE-
driven propeller normally has dangerous torsional vibrations in the restricted range
[nres−
nres, nres + 
nres], nres—resonance revolution, in which the torsional pres-
sures τ (λ) are excessed the permitted ones [τ 1(λ)] and permit to pass quickly through
if τ (λ) are smaller than permitted values [τ 2(λ)] (for intermediate, propeller shafts:
[τ 2(λ)] = 1.7 [τ 1(λ)]). The theoretic (calculation) torsional vibrations have to be
carried out in the normal state (Normal, in which all of the cylinders are fire normal)
and in Misfire.Case1 (one of the cylinders is misfired) in accordance with the rules
for classification and construction of the sea-going ship (such as, RMR Edit 14). The
results of the probated TMTVs on the MPP of the MV.HR.34000 DWWT show the
necessaries to calculate torsional vibrations not only in theNormal andMisfire.Case1
states (regimes) of the MDE, but also in the addition Misfire.Case2 states, in which
two of cylinders are misfired together. The results of the demonstrated TMTVs prove
the prediction TMTVs in the design and manufactory stages of the marine ships to
achieve recommendations of the technical exploitation of the MPP in every stage of
MDE, especially in the abnormal sates, such as Misfire.Case1 and Misfire.Case2.
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Chapter 38
Analysing Different Full Adder Based
on 45 nm Technology

Ankit Kumar, Shyam Akashe, and Seelam VSV Prabhu Deva Kumar

Abstract The current scenario of research in electronics based on how to achieve
high efficiency, low-power consumption, and most importantly how to reduce a
given circuitry system to make it compact. Full adder is an important element in
designing any high-performance arithmetic circuit that is why it is an integral part
of the processor and controller. This paper presents an analytic comparison of three
different full adder circuits. The conventional 28T full adder circuit with 20T and
18T full adder circuit is compared. These three circuits are designed in Cadence
Virtuoso, and then their power consumption, delay, and noise are calculated and
compared with each other.

38.1 Introduction

Since the beginning of an era of silicon-based electronic technology, there is always
huge efforts which were made to improve the performance of the devices whether it
is to reduce the number of transistor and size of the chip or to make system energy
efficient as much as possible. Talking about VLSI technology, the explosive growth
of this technology is tempted to make a device portable which strives us for smaller
silicon area, higher speeds, less power consumption electronics circuits. Similar
efforts are made in full adder circuits also where different types of 1-bit full adder
circuits are implemented with the help of numbers of transistors. By varying the
numbers of transistors, full adder circuits’ performance is increased or decreased
according to our requirement and what the circuitry demands. Recalling the basics
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of the full adder, then it is the circuit that performs the arithmetic addition and is
extensively used in VLSI technology. Below is the symbol diagram of a 1-bit full
adder.

The full adder is having three ports and twoports of input and outputs, respectively,
as shown in Fig. 38.1. While half adder is based on two inputs, irrespective of that
full adder are of three inputs and whenever there are two 1’s as input, then the carry
output activates. In the full adder equation, we can see that the output we get from the
SUM is similar to the 3-input EXOR output. Hence, SUM is nothing but a 3-input
EXOR gate. The truth table of a 1-bit full adder is given in Fig. 38.2.

The equation for SUM and CARRY is stated below.

SUM = A(XOR)B(XOR)C (38.1)

CARRY = C IN(A + B)+ AB (38.2)

The logic gate level of a full adder is shown in Fig. 38.3.

Fig. 38.1 Block diagram of
a 1-bit full adder

Fig. 38.2 Truth table of a
1-bit full adder
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Fig. 38.3 1-bit full adder using the logic gates

The full adder is important in any device, so it is very necessary to increase the
performance at very first as the overall performance of the device depends on a full
adder. The idea behind this paper is to calculate the power, delay, noise of each full
adder in one place, and at last compare these parameters in tabular form so that it
is easy for the designer to make choices among these which one is more suitable to
meet the designer’s perspective.

The whole paper is divided into different sections where research elaborations,
findings of 28T, 20T, and 18T are shown, respectively, and at last, the conclusion is
made.

38.2 Analysis of Full Adder Circuits

38.2.1 28T Full Adder Circuit

This full adder circuit consists of 28 transistors and is based on static CMOS structure
with having PMOS and NMOS transistor and generates carry through a static gate
which gives better output and better driving capabilities [1]. The advantage of this
circuit is that it has low operating power and high noise margin; at the same time,
it has good layout regularity and easily implemented and widely used in low power
circuit design [2, 3]. Since due to the presence of the high number of transistors, it
takes more area and has more delay which results in high power in the output stage;
hence, this circuit is slow [4, 5]. This circuit is shown in Fig. 38.4.

38.2.2 20T Full Adder Circuit

This full adder circuit consists of 20 transistors and is implemented using transmis-
sion gate logic having consists of the EXOR gate which is implemented using TG
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Fig. 38.4 28T full adder using static CMOS

logic. It gives us an advantage of less area consumption compare to that of above
28T full adder. The transmission gate (TG) logic came into existence to overcome
the problem which is persisting into pass transistor logic (PTL). Though both TG
and PTL logics are almost same with having difference is that TG uses both NMOS
and PMOS transistor pair in parallel and both works together simultaneously where
PMOS provides strong 1, but at the same times, it provides poor 0 and NMOS pro-
vides strong 0 but having poor 1while PTLuses either ofNMOSandPMOS transistor
[6]. The advantage of using TG logic is that there is no direct signal connection to
the power supply VDD or GND. The advantage of using this circuit is that it has full
swing output, so it gives a better speed than that of 28T full adder [7]. Talking to is
disadvantages, then it fails to perform good enough in large arithmetic circuits [2].
The 20T full adder circuit using transmission gate logic is shown in Fig. 38.5.

38.2.3 18T Full Adder Circuit

This full adder circuit is having 18 transistors and can be implemented using elim-
inating all PMOS transistor, i.e. all PMOS transistor is substituted by one PMOS
having a gate which is grounded both in carry and sum circuit as shown in Fig. 38.6.
That is why this logic is termed as pseudo-NMOS logic. This circuit always remains
in ‘ON’ because PMOS is not driven by the signal. It gives us the advantage of less
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6

Fig. 38.5 20T full adder using transmission gate

Fig. 38.6 18T full adder using pseudo-NMOS
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Table 38.1 Comparison between the designed full adder circuit

S. No. Parameter 28T 20T 18T

1 Technology (nm) 45 45 45

2 Logic used Static CMOS Transmission gate Pseudo-NMOS

3 Average power (W) 2.536E−3 209.0E−3 4.465E−3

4 Carry noise (V2) 1.523e−10 1.086e−8 1.536e−10

5 Sum noise (V2) 1.770e−10 2.266e−10 1.536e−10

6 Carry delay (s) −16.56E−9 13.03E−9 −11.49E−9

7 Sum delay (s) −373.3E−12 13.07E−9 −21.36E−9

area, high speed, less delay; but at the same time, it is shown that it has the reduction
in output swing, high power consumption and has more noise susceptibility than that
of conventional 28T full adder [2]. The circuit of 18T full adder using pseudo-NMOS
logic is shown in Fig. 38.6.

38.3 Result

All the above three mention full adder circuits, i.e. 28T, 20T, 18T, were simulated in
Cadence Virtuoso Environment using 45 nm technology. The comparison between
these three circuits on the basis of average power, carry noise, sum noise, carry delay,
sum delay has been made and mention in tabular form in Table 38.1.

38.4 Conclusion

It is clearly shown in Table 38.1 that in terms of power consumption 28T is better
followed by 18T and 20T and in terms of both carry and sum delay 28T are better
to use again followed by 18T and 20T. Noise is less in 18T. So, in terms of less
transistor count and delay, then 18T pseudo-NMOS full adder has the upper hand,
and for less power consumption, then 28T is useful for designer perspective. Further,
we can improve these 1-bit full adders using addition of resistor, capacitors, etc.,
and by varying the transistor count, the optimum desired parameters can be achiev-
able for the designer. Researches are going on, and different logic techniques are
implementing to obtain desirable results from the full adder circuits.
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Chapter 39
Design of RF Energy Harvesting Circuit
at 900 MHz for Low-Powered DC
Applications

Anoop Chiluveru, Shyam Akashe, and Shailendra Singh Ojha

Abstract This report describes the design of RF energy harvesting circuit using the
900MHzmicrostrip patch antenna and theHSMS-285BSchottky diode rectifier. The
aim of this circuit is to transform the radio frequency signals in the GSM frequency
band to direct current (DC) voltage. This research also provides a guideline for the
design of the 900MHzmicrostrip patch antenna used in the circuit mentioned below.
The rectifier design is based on the doubler circuit of Villard voltage developed at
900MHz. Three-stage voltage doubling is modelled and simulated in this paper. The
proposed antenna harvests theRF power and transforms it intoDCvoltage ranging up
to 7.5 V that can be used in low-power DC applications. This paper cited a variety of
parameters of antenna such as gain, radiation pattern and return loss of the envisaged
antenna. Advanced Design System (ADS) and CST Microwave Studio were used to
design and simulate the following circuit.

39.1 Introduction

Solar and motion energy harvesting are not uncommon methods to power a system.
But what about RF energy harvesting? Here is a run-down of RF to DC technology
[1]. Electronic devices are further isolating themselves from everyday life, and, of
course, they all need electricity to continue to work in some way. Currently, daylight
is probably the most popular source of power that can be turned into DC voltage [2].

Not as widespread, but the process of harvesting energy from RF/microwave
signals such as radio/television broadcasting stations, wireless equipment andmobile
base stations is rapidly growing in popularity. By harvesting energy in this way,

A. Chiluveru (B) · S. Akashe · S. S. Ojha
ITM University, Gwalior, Madhya Pradesh 475001, India
e-mail: chiluveru.anoop@gmail.com

S. Akashe
e-mail: shyam.akashe@itmuniversity.ac.in

S. S. Ojha
e-mail: ssojha20@gmail.com

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Singapore Pte Ltd. 2021
Y.-D. Zhang et al. (eds.), Smart Trends in Computing and Communications: Proceedings
of SmartCom 2020, Smart Innovation, Systems and Technologies 182,
https://doi.org/10.1007/978-981-15-5224-3_39

401

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-5224-3_39&domain=pdf
mailto:chiluveru.anoop@gmail.com
mailto:shyam.akashe@itmuniversity.ac.in
mailto:ssojha20@gmail.com
https://doi.org/10.1007/978-981-15-5224-3_39


402 A. Chiluveru et al.

Fig. 39.1 Schematic view of
RF energy harvesting system

batteries can be replaced in low-power applications such as Internet of things (IOT)
sensors and RFID tags [3]. This research focuses on transmitting energy (i.e. voltages
and currents) from electromagnetic field to the electrical domain. The antenna–
rectifier configuration impedance alternative is addressed as it plays a crucial role in
optimizing harvester sensitivity and efficiency of power conversion [4].

This research provides a process to design microstrip patch antenna as well as an
efficient rectifier circuit to convert the antenna’s RF energy into usable DC voltages.
The combination of these two, i.e. the antenna and rectifier, is called a rectenna.
Here, the concept of Villard voltage multiplication is being used to convert the radio
frequency signals into usable DC supply voltages using the HSMS 285B Schottky
diodes.

Figure 39.1 shows the energy harvesting process principle. It ismade up of antenna
circuits, networkmatching, RF-DCconversion rectifier and loading.Using the appro-
priate circuit antenna, the RF input signal is processed. The equivalent circuit is used
in the rectifier circuit to lower the reflected energy from the source.

39.2 Design Parameters of Patch Antenna

A simplistic microstrip patch antenna comprises of a metallic patch and ground
between which is a dielectric medium called the substrate [4]. Here, we used the
FR-4 lossy dielectric material for the substrate. The layout of a microstrip patch
antenna is clearly schemed in Fig. 39.2.
where L = length; W = width; h = thickness of the dielectric substrate and Er =
dielectric constant.
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Fig. 39.2 Layout of the
rectangular patch antenna

39.3 Designing Methods and Procedure

In this study, the method of transmission line was used to design the rectangular
microstrip patch antenna. There are few parameters to be taken into account for an
antenna to work at specific frequency like the length, width of the rectangular patch,
the height of the substrate and also the dielectric material, constant [5]. Here, we
used the FR-4 material as a substrate because it is known for its strong electrical
and mechanical isolating properties in both dry and milder climates. The primary
approach in the fabrication process is to quantify the length of the microstrip patch
(W ) and the size can be small enough to prevent the excitation of the transverse reso-
nance mode; the width dimension of the microstrip is calculated using the following
formula as given in Eq. 39.1,

W = c

2 fO
√

(Er+1)
2

(39.1)

where c = speed of light, fO = operating frequency, Er = dielectric constant.
So, the second step in the design would be to pick the ideal dielectric constant

value. Since the lower dielectric constant value gives a wider impedance range [5],
here we used a dielectric constant value of 4.3; however, antenna would be of greater
component size with higher dielectric constants.

The effective dielectric constant value can be derived from Eq. 39.2,

Eeff = ∈r +1

2
+ ∈r −1

2

⎛
⎝ 1√

1 + 2h
w

⎞
⎠ (39.2)

where h = height of the microstrip patch and w = width of the microstrip patch.
Moving to the substrate thickness, the denser substrate provides better perfor-

mance and greater bandwidth. Where the sparser substrates result in smaller compo-
nent sizes,minimize couplingwith lower efficiency and relatively smaller bandwidths
[6]. The effective patch length can be determined from the following Eq. 39.3,

L = c

2 fr
√∈r

= λ

2
(39.3)
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Table 39.1 Summary of
calculated results for antenna

Parameters Module

Material of the substrate FR-4

Dielectric constant 4.3

Thickness of substrate (mm) 1.6

Dimensions of substrate (mm) 100 × 120

Dimensions of patch (mm) 77 × 98

Fig. 39.3 S-parameter (s11) result at 900 MHz

The length extension of the patch can be ascertained from the following Eq. 39.4,

�L = 0.412h
(Eeff + 0.3)

(
w
h + 0.264

)

(Eeff − 0.258)
(

w
h + 0.8

) (39.4)

where h = height of the patch and w = width of the patch
The above steps were used for antenna design at 900 MHz, and the parameters

are shown in Table 39.1 and Figs. 39.3, 39.4.

39.4 Rectifier Design

Using the Villard voltage multiplication circuit, this study testifies to the rectifier
design at three-stage rectification.A voltagemultiplier is a specialized rectifier circuit
that generates an output which is, for example, an integer of the AC peak input, i.e.
2, 3, or 4 times the AC peak input. Such voltages will be decreased by any load in a
realistic circuit [7].
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Fig. 39.4 Design of microstrip patch antenna

39.4.1 Three-Stage Voltage Multiplier Circuit

The development of the three-stage voltage multiplier was carried out using six
HSMS-285B diodes and six 100 picofarad condensers. HSMS-285B is a low-
frequency RF detector diode which can detect frequencies of up to 1.5 GHz. This
circuit has two half cycles, namely positive and negative half cycles at each stage.

The combination of a pair of diodes and capacitors represents a single-stage
rectification. Here, three of such rectification stages are used to get high output
voltages. The incoming RF signal is rectified in the input loop’s positive half phase,
followed by the negative half cycle. Through the first half, the voltage is retained
in the input capacitor and shifted during the second half to the output capacitor [8]
(Fig. 39.5).

The below circuit simulation was performed using the Advanced Design System
(ADS), and the results of the simulation are plotted in Fig. 39.6. The plot below
shows that the output voltage is thrice the input voltage. The AC line showed the
input signal in the time domain, and the DC line showed the rectifier circuit’s output
DC voltage, while the port P1 represents the equivalent antenna that was designed
above.

From the ADS harmonic balance simulation, it can be found that the three-stage
output is 3.074 V at 0 dBm.

The output DC voltage can be further improved by adding an equivalent matching
circuit between theRF input and the rectifier circuit tomatch theRF signal impedance
with the artificial circuit [9]. The matching circuit ensures that the reflected energy
is minimal and also improves the rectifier performance and maximizes the power
transfer between the RF source and the rectifier (Figs. 39.7 and 39.8).
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Fig. 39.5 Design of three-stage voltage multiplier circuit using ADS (2019)

Fig. 39.6 Simulation result of three-stage voltage multiplier

Fig. 39.7 Impedance matching network
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Fig. 39.8 Design of three-stage voltage multiplier with matching circuit using ADS (2019)

The design of the above circuit is the same as that of the circuit in Fig. 39.5 except
that a matching circuit which is a combination of inductor and capacitor is added
between the RF source and rectifier circuit to match their impedances and reduce the
loss of energy due to reflection. This makes sure that maximum energy is transferred
between the source and rectifier circuit (Fig. 39.9).

Fig. 39.9 Simulation result
of three-stage voltage
multiplier with matching
circuit
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39.5 Results and Discussion

The RF energy harvesting circuit has been developed and tested successfully using
the Advanced Design System software. The 900 MHz frequency antenna works
perfectly with a return loss of −15.386 dBi as predicted by the software. The results
would enable this antenna to be used in the RF energy harvesting circuit. The far-field
directivity polar graphs are shown in Fig. 39.10.

The following graphs illustrate the far-field directivity of the suggested microstrip
patch antenna when phi is 90° and 0°. The graphs indicate that the antenna has a
good directivity pattern and can be used in this application.

From the ADS harmonic equilibrium simulation, it can be found that the three-
stage output is 3.074 V at 0 dBm and the peak is 7.575 V after adding matching
circuit. This is similar to a ripple-superimposed direct current signal. Because of this
distinctive feature, successive stages in the circuit will increase the output voltage
compared to the first stage [10]. Thus, the more the stages are added, the more the
output voltage is generated, regardless of the input. The table below compares the
output voltages in each stage [11].

Matching 
circuit

Stage 3 (V)

Before 
adding it

3.074

After 
adding it

7.575

7.575 V

Fig. 39.10 Far-field directivity of the antenna designed at 900 MHz using CST Microwave Studio
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The output voltage has been increasing with the voltage multiplier stages. Though
the output voltage was only over 3 V in the beginning, it gradually increased to over
7.5 V by the end of the third stage.

39.6 Conclusion

This study provides instructions for developing an RF energy harvesting circuit using
the rectangular microstrip patch antenna and a voltage multiplier circuit. The RF
power source in the rectifier circuit design is simply replaced by the antenna designed
to achieve the desired results. Every stage in the rectifier model has increased output
voltage designed with/without matching circuit. The future applications of proposed
circuit are mentioned below.

39.6.1 Future Applications

Energy harvesting from radio frequency (RF) holds a promising future for produc-
ing a limited amount of electrical energy to operate partial circuits in wireless elec-
tronic devices. In wireless sensor networks, rising power consumption has become
a major challenge. Energy consumption in wireless sensor networks is a critical
factor affecting system cost and lifetime. Energy harvesting technology penetrates
several popular fields such as Internet of things, body area networks and fifth-
generation networks, offering viable solutions forwide-scale, reliable,minimal-price
environmental monitoring and wireless transfer of information [12].

Health care of Animals. A significant but difficult problem is how to track the
mental status of a significant number of animals at the zoo or farm. A cost-effective
solution is provided by the multi-tier radio frequency-EHWC network. The bio-
sensors which are powered by RF energy harvesting are injected into an animal’s
body (collar, ear or leg) to monitor the health status of large number of animals at
zoo.

Wearable Devices. For health and physical activity tracking, portable devices
including the fitness tracker and the smart wristband have become quite popular
lately. Thehigh consumptionof energy ends upmaking the current portable electronic
devices heavily dependent on batteries of high capacity. Thewearable device’s energy
consumption will be highly diminished so that they can be driven by renewable
sources of energy (RF). Wireless Power Harvesting Network (IOT/WSN). In recent
years, WSNs have gained widespread prominence alongside the advancement of
micro-electro-mechanical systems (MEMS) technology.WSN sensor nodes are low-
powered machines, so reducing energy usage and WPH application to replenish
power storage components to find efficient WSN control solutions like RF power
harvesting.
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Chapter 40
Noise Voltage: A New Dependability
Concern in Low-Power FinFET-Based
Priority Encoder at 45 nm Technology

Vishwas Mishra, Abhishek Kumar, Shobhit Tyagi, Divya Mishra,
and Shyam Akashe

Abstract The first design goal is to design a low-power device that meets the sys-
tem requirements. Leakage power is a careful parameter when designing low-power
devices because it plays a major role in increasing the total power consumption of the
device. In IC designing, the major concern we have to take is packaging (density) and
lower leakage parameters in that denser medium, but still the reliability issues occur
in the circuitry. When we are talking about priority encoder in the IC, then at that
time we have to take these issues seriously; out of that, noise is the major issue which
affects due to variation of temperature, low supply voltage, and variable threshold
voltage. This paper focuses on the calculation and analysis of noise of CMOS-based
and FinFET-based priority encoder circuit. Minimum noise was found to be lowest
at 0.7 V in case of FinFET-based priority encoder.

40.1 Introduction

The MOSFET afar the 90 nm technology requires enhancements of the parameters
because scaling down affects the device and its functioning, and channel length mod-
ulation and short-channel effect come into sight. The most cited limits are tunneling
of carriers through thin gate oxide in MOSFET and finite sub-threshold slope [1].
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This limitation led toward suspicious expectation of end of technology in semicon-
ductor industry. For this asserted manners, continue scale down and pushing tech-
nology toward lower supply voltage, shorter channel length, thinner substrate film
thickness, and steps toward nanotechnology [2]. The vital method that examines the
lowest dimensions in technology eventually led toward the submicron era by keeping
length below 1 µm channel length. But, the barrier of scaling is not below 0.35 µm
due to sub-threshold region [3]. The imperative task in this cohort of IC designing
is to increase power dissipation in the circuit which reduces the battery life as well
as power; it also affects the reliability of the circuit due to interconnect aging pro-
cess and accelerated device [4]. Designing a low-power circuitry without affecting
the functioning of integrated circuits (ICs) has become necessary for semiconductor
industry. SOI has the skills that are widely accepted for use in conventional high
recital logic and for low power application in 45 nm technologies. The issues that
are affected on SOI devices partially or fully by the floating-body as well as parasitic
characteristics effects variation in threshold (V th) due to hysteresis are major anxiety
in designing of circuit/design are mitigating by the new technique and design devel-
opment [5]. In VLSI, hypothetically SOI can be manufactured on 22 nm, but right
now practically the channel length is 45 nm technology on which SOI is working
[6]. In CMOS below 90 nm technology, the field-effect transistor (FET) will remain
the vital design element of choice for the high-speed logic designer. The evolution of
new device must be in such a way that it can fulfill the some aimed, i.e., increasing
mobility, reduced short-channel effect, and variable threshold voltage [7]. All these
effects can be controlled bymulti-gate FET. The temporary stay toward scaling offers
by double-gate (DG) MOSFET.

40.2 Factors That Are Different in MOSFET
and Double-Gate MOSFET

40.2.1 Channel Length

We cannot find out the channel length formula directly; for that, we needed the
equation of channel current which is as follows:

IDS = μnCox
W

Leff
(VGS − VT)VDS (40.1)

where IDS = channel current, μn = permittivity of oxide, Cox = oxide capacitance,
W = width of channel, VGS = gate-to-source voltage, VT = threshold voltage, VDS

= drain-to-source voltage, and Leff = channel length is as follows:

Leff = Lm − �L (40.2)
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Fig. 40.1 Cross-sectional view of FinFET

m = (Lm2 − Lm1)(Lm1 − �L) (40.3)

where m denotes slope of channel length.
Channel length in double-gate MOSFET is as follows:

λ =
√

εsi

2εox
tsitox (40.4)

where λ helps to measure short-channel length (Fig. 40.1).

Lg = nλ (40.5)

Lg

n
= λ =

√
εsi

2εox

(
1+ εox

4εsi

tsi
tox

)
tsitox (40.6)

40.2.2 Channel Width

It shows the width of that layer of the channel between the drain and source, and we
can find out the formula of that using the same equation of channel current, and we
get the channel width of MOSFET which is as follows:

k = (Wm1 −Wm2)/(Wm2 − �W ) (40.7)
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In double-gate MOSFET, there is FinWeff not a channel width, and this is as
follows:

FinWeff = FinWIDTH + 4
εsi

εox
tox (40.8)

40.3 New Reliability Concern: Noise Voltage

Noise can limit theminimumvalue of signal level inwhich circuits canwork properly.
It also affects the power, speed, and synchronization. Noise is a random value that
gets affected by many ways in the circuit either by human interference, fluctuation in
supply voltage, input variable toggling, low power mode, and short-channel effect.
We cannot remove the noise voltage [8], but we can reduce its effect in low power
mode on the data by changing either the technology or the working device (Figs. 40.2
and 40.3).

M1

Fig. 40.2 MOSFET noise circuit diagram

Fig. 40.3 Priority encoder
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40.3.1 Thermal Noise

The arbitrarymovement of electron in devices fluctuates the voltagemeasured across
the output terminal even if the total current is zero [9].

Sv( f ) = 4KT R (40.9)

40.3.2 Flicker Noise

The interference mismatch between gate oxide and substrate (silicon/germanium) in
MOSFET includes flicker noise.

V̄ 2
n = K

CoxWL
.
1

f
(40.10)

40.3.3 Shot Noise

This occurs in misalignment of electron near the junction and occurs at high electric
field [10].

V̄ 2
n = 4KT

2

3
gm (40.11)

40.4 Priority Encoder

The method of providing output is similar to a simple encoder with one advantage
of selecting operations with the priority function. With this feature of the priority
function, the highest priority input is provided first whenever there is a need to select
from multiple outputs. The highest priority is given to the highest index number of
the input.

SG FinFETs are constructed by shorting two P-type MOSFETs and two N-type
MOSFETs to form P-type and N-type FinFETs, respectively. Priority encoder is
implemented using a rhythmmasters tool. Simulate the output using a cadence spec-
trum simulator. The gates of two PMOS or NMOS transistors are connected together
to form a FinFET-like structure.
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40.5 Discussion

Above-mentioned Fig. 40.4 is simulated in cadence virtuoso at 45 nm technology,
and spot noise and integrated noise of the priority encoder circuit are calculated.
The calculated results are given in Tables 40.1 and 40.2. From the result, we clearly
observed that the FinFET-based priority encoder give less noise in comparison with
the CMOS-based priority encoder.

Figure 40.5 represents spot noise discovered in case of CMOS-based prior-
ity encoder, and Fig. 40.6 shows the spot noise in case of FinFET-based priority
encoder which was found in volts square per hertz (V2/Hz). FinFET-based priority
encoder is more immune to noise and hence performs much better when compared
to conventional CMOS-based priority encoder.

Fig. 40.4 Schematic of priority encoder

Table 40.1 Spot noise of
CMOS-based and
FinFET-based priority
encoder

Supply voltage Output port Spot noise (V2/Hz)

CMOS FinFET

0.7 V V 1.06598e−15 5.33123e−16

X 1.06598e−15 5.33123e−16

Y 1.4599e−15 7.28095e−16



40 Noise Voltage: A New Dependability Concern … 417

Table 40.2 Integrated noise
of CMOS-based and
FinFET-based priority
encoder

Supply voltage Output port Integrated noise (V2/Hz)

CMOS FinFET

0.7 V V 1.05532e−10 5.7792e−11

X 1.05532e−10 5.7792e−11

Y 1.44134e−10 7.20816e−11
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Fig. 40.5 Spot noise of CMOS-based priority encoder
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Fig. 40.6 Spot noise of FinFET-based priority encoder
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40.6 Conclusion

In this paper, average noise voltage is obtained by designing and analyzing over
FinFET-based priority encoder and conventional priority encoder at 45 nm technol-
ogy. FinFET has variable threshold voltage, and working on that, Vwell shows the
fixed minimum value onto which priority encoder works properly. A repeated layout
pattern has come into priority encoder which accounts the testing of reliability issue.
Priority encoder in this simulation shows variation in susceptibility to noise volt-
age compared to the conventional and FinFET-based devices. At 45 nm technology,
FinFET-based priority encoder cell gives the minimum noise value at 0.7 V.
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Chapter 41
Assessment of Suitability
of Metaheuristics and Machine Learning
for Task Scheduling Process: A Review
of Aptness in Heavy Task Environments

Shantanu Anandrao Lohi and Nandita Tiwari

Abstract Considering the advanced nature of computational abilities, task schedul-
ing is a measure of success in any multiprocessing environment performing many
different tasks in real-time and effective scheduling process and so on. Cost-effective
resource scheduling or CERS algorithm has been a crucial algorithm for many cloud
deployments over the years. This algorithm is computationally simple, has minimum
overheads, and is based on keeping the cloud utilization to the most optimum level.
We analyzed that keeping effective task response time is one of the main drawbacks
of the CERS algorithm. In this paper, we propose new machine learning-based opti-
mization algorithm that utilizes the concept as proposed by CERS but in process
improves it further using an amalgamation of pre-learning and continuous adapta-
tion techniques in order to reduce the mean response time for a given set of tasks. The
proposed algorithm will further be compared with the standard CERS implementa-
tion, and the results will be evaluated in terms of resource cost and mean response
time.

41.1 Introduction

Scheduling and allocation of resources is one of the most important factors which
decide the efficiency of task execution in a multiprocessing environment like cloud
structures and so on. Generally, algorithms which aim to perform optimum resource
allocation take into consideration the following system parameters:

• The number of jobs/tasks to be executed
• The number of virtual machines (VMs) available for task execution
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• Processing parameters like bandwidth, memory, and millions of instructions
executed per second (MIPS) for the VMs

• Task parameters like task size, memory needed for task execution, task deadlines,
and mutual exclusiveness.

All these parameters when taken into consideration for resource allocation gener-
ate a very complex computational algorithm, which aims at maximizing the cloud’s
efficiency and minimizing the task queue per unit time. These algorithms follow the
given architectural steps in order to allocate resources: Initialize the task parameters,
and create a task queue so that the overall task requirements are evaluated.

1. Evaluate the VMs processing parameters, and generate a per unit time processing
queue

2. Apply mathematical algorithms to run the task queue on the processing queue; in
most cases, the task queue is larger than the processing queue; thus, the algorithm
takes this into consideration and executes the remaining task queue in the next
processing cycle

3. For any new task, repeat steps 1 and 3
4. For any changes to the VMs, repeat steps 2 and 3
5. Model the system for any unexpected events and contingencies.

Using these steps, a multiprocessing system is generally modeled, and tasks are
scheduled. In the above steps, modeling of Step 3 is of utmost importance, and all
resource planning is done in this step. In our research, we would be applying bio-
inspired techniques to optimize Step 3, and add deadline awareness to the system.
In addition to this, we will be exploring the effect of using cloud containers in place
of simple VMs, and evaluate its performance in comparison with the non-container
counterpart. Previous work related to resource planning generally does not take
into consideration all these issues, and thus, our work should achieve better cloud
performance in comparison with existing algorithms like dCloud [1], differential
evolution (DE) [2], and improved DE [2] models.

The next section of this document describes various algorithms proposed by other
researchers for resource allocation, wherein we compare the nuances of these algo-
rithms, followed by a statistical analysis between them. Finally, we propose our
two-stage machine learning-based task scheduling algorithm with some finer obser-
vations which are made specifically to resource planning, and how to further enhance
the security level of this work with the help of more complicated computational
structures, which are not in the scope of our work.

41.2 Existing System

Due to the emerging trends of small to medium enterprises shifting onto the cloud,
there is a need for high-speed task scheduling algorithms to be evolved. Researchers
around the world have been proposing various techniques for task scheduling, in
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order to optimize the resource utilization, and thereby optimize the QoS of the
system. In the work presented by Arghavan Keivani, Farzad Ghayoor, and Jules-
Raymond Tapamo in [2], they have reviewed simple heuristic scheduling algo-
rithms likemin-min scheduling algorithm,max-min scheduling algorithm,minimum
completion time scheduling algorithm, cloud-dynamic level scheduling algorithm,
market-oriented scheduling policies, and round-robin scheduling algorithm. They
have also reviewed evolutionary algorithms like bees life algorithm, particle swarm
optimization algorithm, simple genetic algorithm, parallel genetic algorithm, gener-
alized genetic algorithm, ant colony optimization, ant algorithm, genetic simulated
annealing algorithm, priority-based job scheduling algorithm, and the Berger model.
With the help of this extensive comparison, they have concluded that the min-min,
market-oriented scheduling, round-robin, and min-max algorithms are the simplest,
but create large queuing delays for larger tasks, while algorithms like cloud DLS are
most reliable in terms of task execution. Furthermore, they have observed that swarm
intelligence techniques and genetic algorithms reduce the run time, but usually do
not consider the computational cost on the multiprocessing environment such as a
cloud environment for executing the given workload. They also suggest that all these
algorithms can be efficiently implemented in either Java or GridSim environments.

41.2.1 Noteworthy Contributions

Looking at models from a computational end point is one thing, but in the work done
in [3], researchers have designed a protocol which uses trust-based agents for service
composition in mobile environments where cloud computing is used. They claim to
have achieved high success ratios of service matching and better user satisfaction,
using the trust-basedmethods. The parameters which they have suggested are largely
manual and are based on human emotion, and thus, their research work might not be
applicable to all kinds of cloud computing environments. The experimentation in [3]
outperforms the experimentation in [1] and compares more than eight algorithms of
task scheduling. Shantanu Lohi et al. [4] discuss utilization of metaheuristics and
efficient nature of the cuckoo search algorithm over firefly algorithm. They put forth
their points through experiments of assembly-line task scheduling process. Genetic
algorithms are also used for improving the energy efficiency in data centers, like
the algorithm mentioned in [3], which utilizes the scalability of GA in order to
improve not only the efficiency of the task scheduling algorithm, but also the overall
energy efficiency of the network under test. This algorithm is acronymically known
to be HIGA or harmony-inspired genetic algorithm, where the main objective of the
algorithm is to schedule the tasks, followed by some of the secondary objectives to
reduce energy consumption.
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41.3 Proposed Methodology

In the pre-execution phase, the systemperforms static allocation of tasks toVMsw.r.t.
the VMs capacity, and therefore, it should be run only once for the entire allocation
process.
Initialize machine learning parameters
Number of solutions is represented as Ns

Number of learning iterations is represented as Ni

Learning rate is represented as LR
Number of execution units is represented as N
Capacity of each execution unit is represented as C1, C2, C3, …, CN

Minimum number of execution units for each solution as Nmin

Maximum number of execution units for each solution as Nmax

Pre-step:
Mark all solutions which are needed to be changed in the current round

Step I:
Go to each iteration from 1 to Ni

Go to each solution from 1 to Ns

If the solution is needed to be changed, then
Find a random number between (Nmin to Nmax) = Nsol

Select random Nsol numbered execution units from the total list of execution units
Execute the task on the selected execution units and find the learning factor (lf)

l f = T otal task to be scheduled/Capacity o f unit (41.1)

in the given equation,

T otal task to be scheduled = No. of tasks × t ime taken by each task
(41.2)

Capacity o f execution unit = T asks executed per unit time

× No. of task engines (41.3)

Step II:
Find the mean learning factor (MLf) as

M L f =
∑

l fi/N S (41.4)

Find learning factor threshold (THlf) as

T Hl f = Ml f × L R (41.5)
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Table 41.1 Proposed
methodology

Number of
selected units

Selected unit
indices

Unit to task
mapping

Learning
factor

Step III:

– if lf i> THlf

Solution is needed to be changed in next round

– else

Solution can be kept as it is for next round

Step IV:

Mark the solutions which are needed to be changed, and pass them to Step I, and
repeat it for Nr rounds

Step V:

Select the solution with minimum learning factor or maximum efficiency
with respect to total task.

Create a machine learning lookup table, which contains the following entries:
The execution phase

• Once the pre-execution phase is gone, the system is performing task execution; the
value of learning factor is evaluated after successful completion of ‘k’ execution
cycles.

• In this case, ‘k’ is the algorithm’s complexity factor and can be in the range of
[1 – N], where N is the max number of execution cycles needed for all the tasks
to be completed.

• Once the value of learning factor (LF) is evaluated, it is compared with Table 41.1.
• If the value of LF is higher than any entry, then the table is revisited, and the

execution unit to task mapping is changed accordingly.
• The current value of LF is updated in the table, and the process is repeated.

All tasks are executed using this algorithm, and due to its simplicity of execution,
the time needed for evaluation of execution unit to taskmapping isminimum; thereby,
the response time of the algorithm is minimized. This allows the system to have
maximum speed, with better QoS than the existing non-machine learning-based
systems. We evaluated the performance of the proposed algorithm and compared it
with an existing CERS algorithm. The results for the same are described in the next
section.
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41.4 Result Analysis

After designing the given algorithm and executing it on various workloads, we
evaluated the following parameters,

• Machine effort is the number of execution cycles that some or all the machines
have to run for completing all the tasks

• Delay for executing the algorithm is the time needed for the system to compute
the execution unit to task mapping

• Response time is the time needed by the system to complete all the tasks.

We utilized the University of Luxemburg Gaia Cluster log and the KIT ForHLR
II log. Both the workloads were taken from the Parallel Workloads Archive which
is a standard repository of workloads submitted by various recognized laboratories
working in task scheduling. More information can be obtained from the website
(https://www.cse.huji.ac.il/labs/parallel/workload/). This contains logs from around
40 different organizations. We selected the ones from the University of Luxemburg
GaiaCluster (ULGC) log and theKITForHLRII (KFH) logdue to their task exclusive
nature and variation in different kinds of task sets. Each of the experiments was
performed using the following configurations as showcased in Table 41.1.

In this work, Table 41.2 showcases the machine effort results obtained for both
the datasets on the given execution unit configuration.

Table 41.2 Comparison between machine efforts for the proposed algorithm

Number of tasks Dataset Machine effort (CERS) Machine effort (proposed
technique)

1000 ULGC 25 18

1000 KFH 31 22

5000 ULGC 125 90

5000 KFH 155 110

10,000 ULGC 250 180

10,000 KFH 310 220

20,000 ULGC 500 360

20,000 KFH 620 440

40,000 ULGC 1000 720

40,000 KFH 1240 880

50,000 ULGC 1250 900

50,000 KFH 1550 1100

60,000 ULGC 1500 1080

80,000 ULGC 2480 1760

90,000 ULGC 2250 1620

100,000 ULGC 3100 2200

https://www.cse.huji.ac.il/labs/parallel/workload/
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41.5 Conclusion

From the results, we can conclude that the machine learning would be more suitable
alternative for task scheduling process than metaheuristics. Our proposed machine
learning-based task scheduling algorithm performs 30% better than the existing
CERS algorithm in terms of overall machine effort. This advantage is evident due to
the extensive pre-execution phase, wherein most of the mapping processes and cal-
culations are predominantly done. This work can be further improved by evaluating
the performance for mutually dependent tasks. More research is needed to evaluate
and expand the belief in machine learning-based task scheduling. We are striving
hard to carry out more experimentation in furthering our proposed methodology by
considering world standard datasets and archives.
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Chapter 42
A Review on Indian UID-Based
Automated Electoral Roll Generation
Mechanism Shunning Duplication
and Redundancy

Harish Vasantrao Gorewar and Nandita Tiwari

Abstract The purpose of this paper is to prepare an electoral roll by ensuring non-
duplication and maintaining the truthfulness of voter details as well as providing
a economical resolution to the government. This ensured great convenience to the
voters while casting votes. The scheme is strictly designed to safeguard that all
appropriate voters have a universal identification number—their country’s UID (e.g.,
Aadhaar number in India) is allowed to cast their respective votes. The electorates,
who have registered many times in the different constituencies, will be removed,
and correct constituency registration will be kept in the final electoral roll during the
election period. Further, to ensure authentication of eligible voters, cast their vote
with the help of any biometric identification and confine them to vote again during
the actual voting process.

42.1 Introduction

Elections in India were still held and based on the electoral rolls of the Constituent
Assembly and related constituencies. “Electoral roll” is a list of persons with the
needed personal details, who are qualified to cast their vote in a particular Constituent
Assembly andwho are enrolled to vote. Electionswere started on the basis of electoral
rolls containing the names and descriptions of local people in India for the first time
under the Indian Council Act, 1909 (MorleyMinto Reform). After the independence
of the India in 1947, to fulfill the ambitions and expectations of the people of India,
theConstituentAssembly decided that under theConstitution of India, the parliament
and State Assemblies should be elected based on the of universal adult suffrage [1].
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As maximum portion of the preparation of the electoral roll is manual in nature,
it is prone to errors. Being a citizen of India, we have witnessed many elections
conducted in past and have following flaws:

1. Duplication and redundancy in electoral rolls.
2. Also, there are various challenges faced like verification and authentication of

the voter, as again this kind of process is carried out manually.
3. Real-time updates are not guaranteed by persons doing it and are not feasible

even.
4. Total Indian population with metadata is difficult to address and handle.
5. ASD (Absent—Shift—Dead) list handled and maintained with the help of BLO.

This paper proposed an automated system to overcome from the manual errors
while preparing electoral rolls. It is proposed with the one basic need that all the
voter’s UID (Aadhaar Card Number) is attached with the voter ID (Electoral Photo
Identity Card Number—EPIC).

42.2 Existing System

42.2.1 Review of the Existing System

Following are the few related work carried out by the researchers and experts:

(a) Generation and alteration of electoral rolls—Demonstration of the People Act
(1950)

(1) Generation and modification of electoral roll in the recommended fashion
with reference to the due date and will impose instantly upon its absolute
declaration in accordance with the guidelines constructed in this Act [2].

(2) The supposed “Electoral Roll”:
(a) Election Commission shall be instructed for explanations to be doc-

umented in writing, be modified in the recommended style with
reference to the due date:
(i) prior to each common election to the House of the People or to

the Parliamentary Assembly of a State; and
(ii) prior to each bye-election to fill the spontaneous positions in a

seat allotted to the constituency and
can bemodified any time in the approvedmeanswith reference

to the due date if such modification has been absorbed by the
Election Commission:

It should be considered that if the electoral roll is not modified
as abovementioned, the rationality or continued operation of the
supposed electoral list will not be affected.
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(3) Nevertheless contained everything in Sect. (2), at any time, the Election Com-
mission may, for explanations to be logged, instruct a special modification of
the electoral roll for part of a constituency or any constituency would look right:

It should be considered that, subject to the other requirements of this Act, the
electoral roll for the constituency, as active at the time of the issue of any such
instructions, shall be considered as active till the achievement of the special
modification so instructed [3].

(b) Since a couple of decades, the Government had been assessing various possi-
bilities for an identity scheme, so the concept of national identity scheme is not
very new for India [4]. According to the policy overview document published
by (UIDAI 2010d, p. 1), “the very first time effort was taken by the Government
of India in 1993, try to give a clear identity to the citizens, by issuing a photo ID
to the Election Commission and then in 2003, when the Multipurpose National
Identity Card (MNIC) was approved. In January 2009, as an attached office to
the Planning Commission the Unique Identification Authority of India (UIDAI)
was established [5, 6]. The aim of UIDAI is to provide a unique identification
number (UID) to all Indian citizens that is (a) vigorous enough to eliminate
replica and fake individualities, and (b) can be “certified and authenticated in
an easy, economical way” [7].

(c) In the general election process, we know that Booth Level Officer (BLO) takes
updated information of the voters by cross checking the existing list and conveys
it to the district election authorities.

42.2.2 Noteworthy Contributions

1. Elections have been conducted with the help of ballot papers for many years in
India, but this method was very costly, slow, misty and environment unfriendly.
So, Election Commission of India decided to switch to EVM. Electronic voting
machine (EVM) used instead of ballot paper, which saves the time of counting
and result declaration. The electronic voting machine (EVM) was first used in
the Kerala’s “Parur Assembly” polls in 1982.

Maximum 2,000 votes can be recorded in EVMs used in India. Election Com-
mission’s Technical Expert Committee (TEC) has been designed these EVMs in
associationwith twoPSUs,Bharat ElectronicsLimited,Bangalore andElectronic
Corporation of India Limited, Hyderabad.

A good property of these EVMs is that electricity is not required in their
operation because they already have a battery backup system. Therefore, with
the help of these machines, elections can be conducted in those areas which do
not have electricity.

Composed with NOTA, the M2 EVMs can furnish to an extreme of 64 candi-
dates. There is establishment for 16 candidates in a balloting unit. More balloting
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units can be joined together up to a maximum of 64 candidates by connecting
four balloting units if the total number of candidates exceeds than 16.

2. To assuring to the voter that the vote was cast to the correct candidate, new
method of providing feedback to voters using a ballot less was introduced called
voting system verifiable paper record (VPR) or voter verifiable paper audit
trail (VVPAT). To detect possible election fraud or failure, to allow voters to
verify that their vote was cast correctly and to afford a means to audit the stored
electronic results, a voting machine was designed called VVPAT is intended as
an independent verification system. It consists of the name of the candidate (for
whom vote has been cast) and icon of the party/individual candidate.

3. In this paper, we have given the introductory details of EVP program. Objective
of voter ID EVP scheme is to give facility to update voter ID details using NVSP
EVP and add family member. Election Commission of India (ECI) launched
its mega Electoral Verification Program (EVP) on September 1, 2019, all over
India. EVP Voter ID correction and verification through “Electoral Verification
Program (EVP) 2019”— this mega launch took place in all the state and Union
Territories of India. The program aimed to update and validate electoral details
through public gathering.

42.3 Proposed Methodology

This system would generate an electoral roll automatically by incorporating and
replacing the manual work carried out previously, in the following manner.

As depicted, it includes all the government and semigovernment aswell as the non-
government bodies who are giving different services to the public will be considered
as a part of this system. A central Repository will keep all the data of the voters. All
the relevant information (general personal information required to identify a person)
of the voter is stored and is linked with the UID known as Aadhaar in India, as shown
in the folowing Fig. 42.1.

Information required for the electoral roll can be generated byusingmaximumpart
of the existing government and non-government public utility and service provider
systems. In India, large amount was spent for general elections, in which electoral
roll preparation is one of the major activities handled by the election commission.
A staggering Rs. 55,000–60,000 crore was spent in the Lok Sabha elections, 2019,
according to a study by the Center for Media Studies (CMS). Using this system,
election commission can be able to save more money with less efforts as it is a
cost-effective kind of system.

As per the proposed system, the following steps should be carried out:

(a) New registration done in the similar way as done nowadays by attaching the
UID number with the voter ID number.

(b) Existing voter list can be filter out by the concept of the data science and nature-
inspired metaheuristic algorithms [8].
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Fig. 42.1 Proposed methodology

(c) Deep learning would be used during the voting process for the authentication
and verification process.

(d) Use of handheld device for the authentication and verification by the BLO.

As shown in Fig. 42.2, the use of the administrative structure of India becomes
mandatory and necessary to carried out above listed process.

Every component of the system will store the data of the person by automatically
ensuring that there is no previous data is available for the same entity as all the
personal information of the voter is linked with the UID.

Authentication can be done at various level by simply using the UID details
through the biometric process.
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42.4 Conclusion

This paper proposed an automated system to overcome from the manual errors while
preparing electoral rolls. It is expected that it will produce the following kind of
outcomes:

(a) It will generate the updated electoral roll automatically whenever required.
(b) It will give the correct number of the voters actually available in the assembly

constituency/parliament.
(c) At the end of voting on Election Day, election commission will be in position

to give the correct voting percentage done at a particular constituency.
(d) Authentication and verification can be done automatically and more accurately

and efficiently.
(e) Providing a cost-effective solution to the government.
(f) Ensuring non-duplication and preserve the integrity of the voter details.
(g) Provide great convenience to voters while casting their votes.
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Chapter 43
A Review of Deep Learning Techniques
for Identification and Diagnosis of Plant
Leaf Disease

Ravindra Namdeorao Jogekar and Nandita Tiwari

Abstract This paper focuses on review of deep learning techniques on plant leaf
disease detection and its diagnosis. As we know agricultural farming plays a crucial
role in world economy but the sad part is, it is adversely affected by damage due to
diseases to plants all around the world. It is observed, plants are one of important
source of energy for human being as well as other animals, and hence it is prime
to save not only plant but their leaves too. It is then important to identify infected
leaves which are affected by disease; this will be great help for farmers to protect
it from sowing till process of harvesting which can reflect in reduction in economic
loss. But manual work in this regard will be absolute burden on labour hence Auto-
matic identification of diseases and it’s diagnose will be add-on tool for agricultural
yield and it will also help to maximize the production of crop. In this paper, com-
parative analysis between the performances of distinguish deep learning approaches
for identification and diagnosis of various diseases on plant leaves with the help of
different patterns of plant leaf images is discussed. In many experiments and eval-
uations, process of segmentation, feature extractions and classification methods are
being done for quick diagnosis on selected plant leaf diseases. Here, we are trying
to help farmers to identify and diagnose the disease on banana leaves by using deep
convolutional neural network which can be treated at early stage.

43.1 Introduction

India is largest country in banana production as per the report of United Nations
(FAO) which is about 28-30 million tons per year, major production is in southern
part of India and they export to other states of the country as well. In global market
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Ecuador, China and Philippines are ranked after India, about 11% of the total global
area under banana belongs to India and its contribution at world level is about 23%
in pool of banana production. As we know, banana is declared a decisive fruit crop
probably in hot and humid area of northern part of Country. In India, states like Tamil
Nadu (TN), Gujarat, Andhra Pradesh, Karnataka and Maharashtra have maximum
stake of banana production which is cultivated under the area of 830.5 thousand
hectare, this result around production of 29,779.91 thousand tons. In many ways
banana plant and other flora and fauna affect environment hence if these are infected
with diseases then it will be difficult to address environmental issue so it should be
treated on time [1]. There are available methods for disease identification on plant
leaves like traditional method which help to identify problem with naked eyes by
overlooking the crops, but it involves huge manpower and the results are not that
accurate on other side it is time consuming and tedious for larger field area, it is not
only expensive affair but need regular and continuous monitoring by team of experts.
Hence, to overcome such problems various researchers across the globe are working
on inventing new systemswith the help ofDeep learning (DL) techniqueswhich gives
better insight to farmers in detection of crop diseases. DL is a reliable prediction tech-
nique which can use for detecting the bacterial, fungal and viral diseases on different
plant leaves. However, prediction of diseases by using leaf image feature extraction
and using various classification algorithms in DCNN architecture with training and
testing dataset, it will give more accurate results with minimum man power for the
same [2].

43.2 Literature Review

Ramesh et al. [3] proposed diseases classification using Random Forest to identify
the healthy and diseased images and collectively trained the healthy and diseased
images under the same. Author also proposed implementation in various phases like
creation of dataset of healthy and diseased images, then training to the classifier and
classification later. For feature extraction of leaves images, author used Histogram
of an Oriented Gradient (HOG).

Ferentinos [4] Convolutional neural network (CNN) models were proposed to
detect diseases on plant leaves, in which researcher took sample of images of healthy
and diseased leaves then applied various deep learning methods. Open database with
87848 images for training the models which has leaves of 25 different plants in a
set of distinct 58 classes under diseased and healthy plants. In this process 99.53%
accuracy was achieved.

Goncharov et al. [5] Deep Siamese Convolutional Network was developed to
solve the problem of small databases of plant leaves images, for implementation
researcher collected images of special leaves of the grape plant in four different
sets. And accuracy more than 90% achieved in detection of diseases like Black rot,
Esca and Chlorosis. In addition to this, researcher also gave comparative results of
different models on diseased plants.
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Fig. 43.1 Classification of plant leaf disease

Pantazi et al. [6] collected a special database of the vine leaves and applied LBP
algorithm with image segmentation and accuracy level crossed by 92% in identifica-
tion of powdery mildew diseases on the vine leaves. They also provided recognition
capability comparison of different health conditions tested on sample leaves for
variety of crops.

Figure 43.1 illustrates work of Pujari J. D., Yakkundimath R., and Byadgi A. S.,
proposed SVM for disease detection on various vegetable, ceral, commercial crops
respectively and along with SVM they applied Artificial Neural Network (ANN),
Probabilistic Neural Network (PNN) which classifies the fungal, viral and bacterial
diseases on various vegetables crop [2].

Waghmare et al. [7] proposed Multiclass Support Vector Machine as classifica-
tion algorithm on grapes leaves and he identified the disease like Black rot, Downey
mildew on grapes leaves with reported accuracy of 96.6% but accuracy can be
increase only by increasing the number of testing and training dataset samples of
plant leaves.

Fuentes et al. [8] developed Convolutional Neural Network (CNN) models for
the detection of nine variety of different tomato leaves diseases with satisfactory
performance and proposed related pesticides for classified disease.

Brahimi et al. [9] proposed Convolutional Neural Network (CNN) to classify
tomato leaves diseases based on available dataset. In this study, researcher extracted
dataset of about 14,828 tomato leaves images from public dataset PlantVillage and
after applying classification it is divided into nine classes of diseases. For developing
a classifier, researcher used standard architectures AlexNet and GoogLeNet and it
was trained, then they showed a better accuracy of the CNNmodels trained with fine-
tuning as compare to models trained from scratch. The fine-tuning of GoogLeNet
improved its accuracy from 97.71 to 99.18% and for AlexNet; the fine-tuning sur-
prisingly increased its accuracy from 97.35 to 98.66%. In this work, authors gave
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Fig. 43.2 A graphical comparative study of accuracy to detect the leaf disease

accuracy comparison of SVM with CNN and shallow models with Random For-
est. Finally, they propose the occlusion experiment to visualize and then locate the
plant leaves disease areas and its symptoms which can help users to provide better
information on the same.

Figure 43.2 demonstrates the Graphs of comparative study for plant leaves disease
detection by using different algorithm on known diseases.

43.3 Classification of Algorithm

In this section, we have given information about various machine learning algo-
rithms used for classification of diseases in plant leaves. Its accuracy varies and
entirely depends on how much plant leaves data samples taken. As per available
literature, there are two classes of classification algorithm such as supervised and
unsupervised classification algorithms. Figure 43.3 illustrates the various types of
classification algorithms for plant leaf disease detection. The proposed classification
algorithm in this research is Deep Convolution Neural Network which is a class of
Deep Feed-Forward Artificial Neural Network and it consists of input, with multi-
ple hidden layers followed by, convolutional layers, pooling layers, fully connected
layers, normalization layers and output layer. Pooling reduces the mobility of fea-
tures maps by condensing the production of small regions of neurons into a single
output. Therefore, it reduces the ambiguity of disease identification of given sample
dataset. [2].

43.4 Proposed Work

Figure 43.4 represents the proposed work based on deep convolutional neural net-
works (DCNNs) its breakthrough success in leaf feature extraction and classification
with computer vision applications. In this paper we propose the identification of
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banana diseases such as Fusarium oxysporum, yellow sigatoka, Erwinia carotovora,
Pentalonia nigronervosa. During the training of each DCNN, we try to train the sys-
tem with live images of leaves and testing with available dataset images. We have
also used the cross-entropy of loss function for all the DCNN architectures, and try to
fix the number of iteration, by choosing the minimum size of matrix is of 256× 256,
and also set the learning rate very small and reduce it exponentially in consequent
stages [10]. Although freeing users from the troublesome we try to use handcrafted
feature extraction by providing a unique and uniform feature extraction classifica-
tion framework which come under DCNN architecture for various plant diseases.We
also propose the genetic Deep Convolutional Neural Network, an autonomous learn-
ing algorithm for additional classification to minimize loss on the available data for
some specific image classification problem. The main goal for subsequent research
is to develop web application which can detect banana plant leaf diseases and it will
provide automatic plant disease diagnosis with visual inspection to users.

43.5 Conclusion

This paper reviews and summarizes the various techniques used to detect diseases on
plant leaves due to bacteria, fungi, and viral plant leaves [2]. The deep convolution
neural network (DCNN) techniques help in automatic diseases detection of plant
leaves and provide the suggestion after training the system which works on captured
image or dataset image similar to captured diseased leaves. Deep convolution neural
networks is more accurate even with less number of image dataset as Compared to
other machine learning techniques like logistic regression, Support Vector Machine
(SVM), linear discriminant analysis (LDA) and Gaussian Naïve Bayes. Research
shows DCNN algorithm techniques identify plant leaf diseases by classifying them
and suggests pesticides to recover from diseases at early stage of plant life. Work
will carry out to investigate the use of computer vision for classifying banana leaf
diseases.
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Chapter 44
Analysis and Prediction of Student Data
Using Data Science: A Review

Sandeep S. Ganorkar, Nandita Tiwari, and Varsha Namdeo

Abstract Development of algorithm and inferring the data is now the integral part
of the data science, used for analyzing and predicting the result of the large form
of database using data mining techniques. Clustering and visualization are the key
process for cleaning the improper data set and using algorithm, useful parameters
from the available students’ data can be identified. The present paper reviews the
work done by various researchers on analysis and prediction of students’ data for
identifying important attributes.

44.1 Introduction

The data science refers to the analysis and prediction of data collected from database
of college. Student’s educational result and performance are affected bymany factors
like personal, social, and lack of knowledge about the technology and many more
[1].

The aim of every administrative authority is to introduce relevant methodologies
to find the strength and weaknesses of performing students so as to award academic
grades. But it is getting difficult to manage because of large form of databases. To
solve this problem, data science and methodology applied for mining techniques
are used for finding students educational work. The best alternative to accomplish
the performance of student is to analyze factors affecting it. For various data sets
like decision tree, k-nearest neighbor, regression, etc., data mining method is imple-
mented onmany important attributes like association rules, clustering, classifications,
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and outlier detection [2]. These attributes help the authority to understand the pattern
of students’ academic performance.

44.2 Literature Survey

Patel in his paper [3] “Student Performance Analysis Using DataMining Technique”
implemented data mining techniques for standard procedure for analyzing student’s
performance in the given data set, which helps in obtaining the relevant informa-
tion for further use. It involves applying various algorithms to the data for student
estimation and performance.

Mohd Sharifuddin Ahmad in his paper [4] “Analyzing Students Records to Iden-
tify Patterns of Students’ Performance” used dataminingmethods to know the param-
eters that are essential in understanding the academic performance of the students,
which is important for taking out further inferences.

Abu Tair in his research [2] “Mining Educational Data to Improve Students’
Performance: ACase Study” has applied datamining tools to enhance the credentials
of the undergraduating students, obtaining low academic grades.

Pal in his paper [5] “Challenges in Data Science: A Comprehensive Study on
Application and Future Trends” applied process in datamining to analyze the random
data to extract useful information for enhancing the performance of slow learners.

Yassein [1] in his research article “Predicting Student Academic Performance
in KSA using Data Mining Techniques” has applied data mining techniques for
classifying and sorting the data into proper form for analysis. In this classification
and reduction, features are used for reducing error rate.

Kabakchieva in his paper [6] “Predicting Student Performance using DataMining
Methods for Classification” worked on high potential data mining process to the
university students, data, which helped in understanding the performance parameters
and further improvement therein.

44.3 Proposed Methodology

44.3.1 Data Mining Techniques

Data mining is a technique applied for extracting useful information from a large
database. Prime data mining methodologies, which have been executed, are associa-
tion, classification, clustering, prediction, and decision tree [1]. The main technique
is described which is used in the analysis of student’s performance.

In the initial stage, an appropriate methodology that governs the work must be
adopted as Fig. 44.1 shows.
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Problem Statement
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from the college Student

DB
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Detection

Result Evaluates 

Knowledge 
Representation 

Fig. 44.1 Data mining work flow

The research problem, which is related to the data of an institution, is identi-
fied. After collection of the data, relevant data mining methods mentioned in the
flowchart are used to obtain the results that give effective prediction of the students’
performance [5].

A. Classification

Datamining process is a classification techniquewherein, various optimizationmeth-
ods like LPP, neural network, etc., are used to classify the entire data in distinct groups
by learning and ordering the data. [1].

B. Clustering

Quality cluster is obtained through clustering the different sets of data using k-means
algorithm [2].

C. Association Rules

Data mining rules which are most perfect find something new relationships among
in the given data set as in connection with association method, FP-Growth algorithm
is applied to the data set. [1].
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Table 44.1 Student’s data set description

Attribute Description

Student ID The student ID

Student name The name of the student

Gender The gender of the student; male or female

Date of birth The date of birth for the student

Place of birth The place of birth for the student

Speciality The speciality of the student

Enrolment_year The year of enrolment in the college

Graduation_year The year of graduation from the college

City The city for the student

Location The location in the city

Address The address of the student

Telephone The telephone number for the student

Matriculation GPA for the student in the matriculation

Secondary school_type The type of the matriculation adabi or lime

Matriculation_obtained_place The place of obtained matriculation in Palestine or other
countries

Matriculation_year The obtained year of the matriculation

College_GPA GPA for the student in the college

Grade The grade for the student; excellent, very good, or average

D. Outlier Detection

Outlier detection detects the data points, which are different from the others. Two
distinct outlier’s detection methods are present for discovering the outlier [2].

Table 44.1 shows the attributes from the students’ data set and its description

44.4 Proposed Research Model

Serially the procedure is adopted for implementation model:

Step 1: Gather the students’ data (demographic and behavioral knowledge, aca-
demic credits, etc.) from the college.

Step 2: After collecting the data set, preprocessing, and filtering the data.
Step 3: Demonstrate datamining process (classification, clustering, and association

rules) on students’ data set.
Step 4: After classifying the data, show the same in the graphical form and give the

students count.
Step 5: Perform the data science on the student data set for analyzing their

performance from the generated knowledge.
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Step 6: After analyzing the performance, predicting the strength and weakness in
the performance by finding the most customized model from knowledge
[3].

44.5 Objective of Research Model

• It is used for finding the factors affecting student’s academic performance as
shown in Fig. 44.2.

• In addition, the projection is done for finding the student’s weakness and strength
in their field.

• It helps to decide who is doing do best can be pushed to achieve them an excellent
level in every field of college.

• On the contrary, students who are low-grade performers could be assisted to gain
better achievement in their academics.

• This study is a separate part or progress is to ensure the quality of the students in
their performance in a conclusive side [3].

Fig. 44.2 Research model
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44.6 Conclusion

From the literature reviewed, it is concluded that

1. The data mining system of working can be applied for the analysis and prediction
of students’ academic performance

2. To identify the important attributes from the large database
3. To identify the strength and weaknesses of the performing students and

appropriate actions to be taken.
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Chapter 45
Efficient Target Detection
and Classification of SAR Images Using
Z-Buffer Convolutional Neural Networks

P. Vasuki, A. Shakin Banu, S. Mohamed Mansoor Roomi,
and G. Maragatham

Abstract Target detection and classification for military, geographical, and other
scientific research areas are the demanding requirement. This paper aims to detect
the targets effectively as well as enhances the quality of detected image before clas-
sification by deep learning techniques. A Z-buffer convolutional neural network
(Z-BCNN) model consisting of two phases is more suitable for target detection, and
classification of SAR image is proposed in this paper. In the first phase, the region
of interest (ROI) is extracted from the background of the SAR image by means of
cavity detection algorithm and elliptical Fourier descriptors are computed to describe
the characteristics of target outline, whereas in the second phase, the noise present
in the detected SAR image is reduced by using wavelet transform-based brute force
thresholding algorithmwith directional smoothing.Afterward the detection of hidden
targets, classification ofmilitary vehicles fromSAR images is done by using Z-buffer
convolutional neural network. The proposed methodology gives significant results
in terms of classification accuracy compared with the other existing algorithms.

45.1 Introduction

A synthetic aperture radar (SAR) image is a system of dynamic imaging sensors,
with its all-weather, all-time capabilities, etc., and finds its application in civil and
military areas. It is necessary to find out the presence of a target in a SAR image and
consequently categorize the kind of the target [1–2].
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Target detection in automatic target recognition is performed in order to detect
and locate the presence of region of interest (targets) in the SAR image. The most
frequently used method for SAR image target detection is the constant false alarm
rate (CFAR) [3] that detects the presence of targets by finding difference in statis-
tical model between the target and the background. The performance of the CFAR
detection algorithm is good for simple scenes consisting of single target in homoge-
neous background. However, the detection accuracy of the CFAR method of target
detection is low for complex scenes consisting of multiple targets, and also, there
are more false alarms. Yang et al. [4] proposed the rotation and scale invariant Hu
moments for extracting the features. He also proposed principal component analysis
(PCA) and independent component analysis (ICA). Even though PCA gives good
results, it is complex to compute the eigen decomposition values of the covariance
matrix. Similarly, the ICA does not give much better results compared to PCA. To
overcome the above-said drawbacks, we propose a segmentation stage to isolate the
target region from the background of the SAR image by using cavity detection algo-
rithm followed by computation of target outline descriptors called elliptical Fourier
descriptors (EFDs) for addressing target detection of SAR images which describe
any closed contour. EFD not only describes effectively the target region contours,
they were also more economic in denoting the representation of contour outlines
than any other descriptors.

SAR image despeckling algorithms are divided into two: spatial domain filters and
frequency domain methods. The existing spatial domain filters available for speckle
reduction in SAR images aremean,median, Lee, Kaun, Kalman, Frost andmaximum
a posteriori filters, etc. Even though these spatial domain filters are better in terms
of speckle suppression, they loss significant details. Hence, we go for frequency
domain methods. In frequency domain methods, wavelet-based despeckling algo-
rithms [5–6] are proposed by some researchers since it provides multi-resolution
decomposition for analysis of image. In recent years, wavelet-based thresholding
methods are adopted for despeckling process such as wavelet-based soft or hard
threshold [7, 8], wavelet-based Bayesshrink, Visushrink, sureshrink, oracle thresh,
etc. These thresholding algorithms suffer from some drawbacks. This paper pro-
poses a wavelet transform-based brute force Thresholding along with directional
smoothing performs better speckle reduction as well as protecting the edges than
other existing thresholding techniques.

The deep learning algorithms have proved to give accurate results in target clas-
sification of SAR images due to their automatic feature extraction capability. Xing
et al. proposed classification algorithms such as support vectormachine [9] and sparse
representation [10]. Lin et al. proposed dictionary learning [11] to perform classifica-
tion. Vasuki et al. proposed neural network-based classification algorithms for SAR
images [11, 12] Although these classifiers provide better performance, the features
are to be designed carefully while there are large number of targets present in the
image. To overcome the above-mentioned drawback, the deep learning-based meth-
ods are divided into three: the deep belief network (DBN) [12], the auto encoder (AE)
[13], and the convolutional neural network (CNN) [14]. In DBN and AE, optimiza-
tion is carried out by unsupervised training and supervised tuning of the parameters.



45 Efficient Target Detection and Classification of SAR Images … 451

But for CNN, the features are trained by the forward pass and backpropagation. Sim-
ilarly for AE and DBN, the spatial information is certainly vanished but CNN can
protect the spatial information since the input given here is 2D. Also there is a need
to detect the hidden targets from the SAR Images. Hence in this paper, a CNN-based
SAR image target classification algorithm called Z-buffer CNN has been proposed
for detecting the hidden targets and classifying the military vehicle targets from SAR
images effectively.

The organization of this paper includes proposed methodology, experimentation,
and conclusion.

45.2 Proposed Methodology

The pipeline of Z-buffer conventional neural network (Z-BCNN) is shown in
Fig. 45.1.

The proposed target detection and classification algorithm consist of two phases:
In first phase of Target Detection,

• From the input SAR image, the interested targets are segmented from the back-
ground by using the cavity detection algorithm. Then after that the fine sharp
region boundaries of the target pixels are obtained by using the elliptical Fourier
descriptor segmentation method.

Fig. 45.1 Pipeline of the
proposed methodology Input MSTAR SAR image

Target Detection by Cavity detection 
algorithm and Elliptical Fourier De-

Quality enrichment by Wavelet 
based Brute Force thresholding with 

Directional smoothening

Hidden Target Detection and Classi-
fication using Z-Buffer CNN
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In second phase of Target Classification,

• The output of the first phase is investigated for strong and varying speckle noise.
The quality of the output of the target detection phase has been enhanced through
wavelet-based brute force thresholdingwith directional smootheningmethod, and
then the despeckled image can be again examined for any other hidden objects
after that classification of target military vehicles from SAR images is done by
using the Z-buffer CNN.

45.2.1 Target Detection by Cavity Detection Algorithm

The cavity detection algorithm used for segmenting the region of interest (ROI) from
the background mainly consists of the three steps: computing horizontal and vertical
Gauss blur, computing edges, detecting the roots.

45.2.2 Elliptical Fourier Descriptors for Target Outline
Description

In automatic target recognition, there is a need for describing the contours of target
outlines and elliptical Fourier descriptors (EFD) are used for obtaining the fine sharp
region boundaries of original targets which are very helpful to detect and locate the
target effectively in the SAR images. The elliptical Fourier descriptors are parametric
representation fit into the harmonically related ellipse.

45.2.3 Quality Enrichment Using Wavelet-Based Brute Force
Thresholding and Directional Smoothing

The output image obtained from the target detection stage is checked for the presence
of speckle noise by decomposing into wavelet sub-bands and applying thresholding.
The directional smoothing filter is then applied to obtain details of the image [15, 16].

45.2.4 Hidden Target Detection and Classification Using
Z-Buffer Convolutional Neural Network

Normally, SAR images consists of non-transparent or invisible objects and targets,
and it is not possible to see those targets which are hidden behind the objects by eye,
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and hence, there is a need to detect those hidden targets from the background. The
Z-buffer method is a hidden target detection method to check the Z-depth of each
surface to identify the hidden surface.

The convolutional neural network (CNN) is a one of the deep learning methods
used for image analysis tasks such as denoising in the images, object detection,
image classification, and shape recognition. The various layers in the conventional
convolutional neural network are convolutional, rectification linear unit, pooling, and
fully connected layers.

45.3 Experimentation

In order to quantify the proposed algorithm, performance measures such as
classification accuracy, precision, recall, and F-measure were computed.

We adopt a SAR image containing multiple military targets for experimentation.

45.4 Performance Analysis

Tables 45.1, 45.2, 45.3, 45.4, 45.5, 45.6 and Figs. 45.2, 45.3, 45.4 show that the clas-
sification accuracy, precision, recall, and F-measure (%) of proposed methodology
is high compared with the existing methodology of despeckling and classification
coupled CNN (DCC-CNN).

Table 45.1 Training and testing sets of ten class MSTAR dataset

Military vehicle image No. of. training images
(depression angle 17°)

No. of. testing images
(depression angle 15°)

BMP2 233 195

BRDM2 298 274

BTR60 256 195

D7 299 274

T72 232 196

ZIL131 299 274

ZSU234 299 274

Total images 2747 2425
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Table 45.3 Comparison of classification accuracy (%)

Parameter value DCC-CNNs [5] Z-Buffer CNN
(proposed)

PCA and ICA
[17]

Deep CNN [18]

10 80.5 92.5 91.4 92.1

20 80.2 93.2 92 93

30 86.1 99.3 97.5 97.8

40 92.3 97.3 96.1 96

50 91.9 97.4 96.6 96.5

60 69.3 98.2 97.1 98

70 88.6 100 99 99.2

80 85.7 95.7 94 93.9

90 82.4 92.4 91.9 92

100 90.8 99.0 98 98.3

Average 93.4 96.5 95.3 95.6

Table 45.4 Comparison of recall (%)

Parameter value DCC-CNNs [5] Z-buffer CNN
(proposed)

PCA and ICA
[17]

Deep CNN [18]

10 92.3 96.72 94.2 92.1

20 95.6 97.85 96.5 95

30 95.6 97.85 95 96

40 95.6 97.85 91 92.9

50 95.6 97.85 91 92.9

60 95.6 97.85 91 92.9

70 95.6 97.85 91 92.9

80 95.6 97.85 91 92.9

90 95.6 97.85 91 92.9

100 95.6 97.85 91 92.9

Average 95.2 97.7 92.2 93.34

45.5 Conclusion

This paper proposes an algorithm for detection of hidden targets and classification
of targets from SAR images using Z-Z-buffer conventional neural network (BCNN).
Here the cavity detection algorithm was first applied on the input SAR image to
separate the ROIs from the background, whereas the elliptical Fourier descriptors
are applied to retain the discriminatory information and to obtain closed contours
of the extracted target region. Then the quality of the SAR image is enhanced by
using wavelet-based brute force thresholding with directional smoothing. After that
the hidden target detection and the classification of SAR images are performed using
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Table 45.5 Comparison of precision (%)

Parameter value DCC-CNNs [5] Z-buffer CNN
(proposed)

PCA and ICA
[17]

Deep CNN [18]

10 90.8 92.36 91.0 92

20 91.32 92.84 91.2 92.1

30 91.74 93.65 92 92.5

40 92.05 93.77 92.4 92.7

50 92.48 94 93.2 92.9

60 92.76 94.25 93.5 93.2

70 93 94.68 93.7 93.4

80 93.47 94.97 93.9 93.6

90 93.59 95.02 94.3 93.9

100 93.99 95.49 94.7 94

Average 92.5 94.1 92.9 93

Table 45.6 Comparison of F-measure (%)

Parameter value DCC-CNNs [5] Z-buffer CNN
(proposed)

PCA and ICA
[17]

Deep CNN [18]

10 81.25 85.9 84.3 82

20 85.32 87.9 84.69 83.1

30 90 91 85.02 83.9

40 91.26 92 85.64 84.2

50 91.74 92.8 85.99 85.5

60 92.68 93.1 86.12 86.7

70 92.84 93.8 86.56 87.7

80 93.15 94 87.09 88.1

90 93.40 94.5 87.28 89

100 93.54 94.5 87.48 90

Average 90.5 91.9 86 86

Fig. 45.2 Target detection output. a Large scene SAR image. b Extracting ROIs using cavity
detection algorithm. c Extracting target outlines using EFDs
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Fig. 45.3 Target detection outputs of various MSTAR dataset SAR images

Fig. 45.4 Hidden target detection using Z-buffer technique

the Z-BCNN. The proposed methodology yields a classification accuracy of 99.3%
which it is high compared to the existing methodology. If more number of training
images are taken for experimentation, execution time will be more. It would be more
interesting to consider training networks like ResNet, VGGNet, and GoogleNet for
automatic target classification algorithms.

References

1. Xing, X., Ji, K., Zou, H., Chen,W., Sun, J.: Ship classification in TerraSAR images with feature
space based sparse representation. IEEE Geosci. Remote Sens. Lett. 10, 1562–1566 (2013)

2. Yang, Y., Qiu, Y., Lu, C. (n.d.). Automatic target classification—experiments on the MSTAR
SAR Images. In: Sixth International Conference on Software Engineering, Artificial Intelli-
gence, Networking and Parallel/Distributed Computing and First ACIS International Work-
shop on Self-Assembling Wireless Networks (SNPD/SAWN ’05). https://doi.org/10.1109/
snpd-sawn.2005.25

3. Gao, G., Liu, L., Zhao, L., Shi, G., Kuang, G.: An adaptive and fast CFAR algorithm based on
automatic censoring for target detection in high-resolution SAR images. IEEE Trans. Geosci.
Remote Sens. 47(6), 1685–1697 (2009)

4. Yang, Y., Qiu, Y., Lu, C.: Automatic Target Classification Experiments on the MSTAR SAR
Images. SNPD/SAWN’05, pp. 2–7 (2005)

5. Vasuki, P., Mohamed Mansoor Roomi, S.: Automatic noise identification in images using
moments and neural network. In: International IEEEConference onMachine Vision and Image
Processing, PSGTECH, Coimbatore (2012)

6. Vasuki, P., Mohamed Mansoor Roomi, S.: Particle swarm optimization-based despeckling and
decluttering of wavelet packet transformed synthetic aperture radar images. J. Appl. Remote

https://doi.org/10.1109/snpd-sawn.2005.25


458 P. Vasuki et al.

Sens. 7 (2013)
7. Guo, H., Odegard, J.E., Lang, R.A. Gopinath, Selesnick, I., Burrus, C.S.: Speckle reduction via

wavelet shrinkage with application to SAR based ATD/R. In: Technical Report CMLTR94-02,
CML, Rice University, Houston (1994)

8. Zhang, X.P.: Thresholding neural network for adaptive noise reduction. IEEE Trans. Neural
Netw. 12(3), 567–584 (2001)

9. Chen, G., Liu, X.: Wavelet-based despeckling SAR images using neighbouring wavelet
coefficients. In: Proceedings of IEEE (2005)

10. Huang, Z., Pan, Z., Lei, B., Transfer learning with deep convolutional neural network for SAR
target classification with limited labeled, Data Received: 7 July 2017; Accepted: 28 August
2017; Published: 31 August 2017

11. Perumal, V.: Automatic target classification of manmade objects in synthetic aperture radar
images using Gabor wavelet and neural network. J. Appl. Remote Sens. 7, 073592-1 (2013).
https://doi.org/10.1117/1.JRS.7.073592

12. Vasuki, P.:Automatic target classification in SAR images bymultilayer back propagation neural
network. Res. J. Appl. Sci. Eng. Technol. 2040-7467, vol. 4, pp. 5510–5514 (2012)

13. Hou, B., Kou, H., Jiao, L.: Classification of polarimetric SAR images using multilayer autoen-
coders and superpixels. IEEE J. Sel. Top. Appl. Earth Obs. and Remote Sens. 9(7), 3072–3081
(2016). 10.1109/JSTARS.2016.2553104

14. He, S., Lau, R., Liu,W., Huang, Z., Yang, Q.: SuperCNN: a uperpixelwise convolutional neural
network for salient object detection. Int. J. Comput. Vision 115(3), 330–344 (2015). https://
doi.org/10.1007/s11263015-0822-0

15. Donoho, D.L., Johnstone, I.M.: Adapting to unknown smoothness via wavelet shrinkage. J.
Am. Stat. Assoc. 90(432), 1200–1224 (1995)

16. Chang, S.G., Yu, B., Vetterli, M.: Adaptive wavelet thresholding for image denoising and
compression. IEEE Trans. Images Process. 9(9), 1532–1546 (2000)

17. Yang, Y., Qiu, Y., Lu, C.: Automatic target classification—experiments on the MSTAR SAR
images. In: Sixth International Conference on Software Engineering, Artificial Intelligence,
Networking and Parallel/Distributed Computing and First ACIS International Workshop on
Self-Assembling Wireless Networks (SNPD/SAWN’05) (n.d.). https://doi.org/10.1109/snpd-
sawn.2005.25

18. Huang, Z., Pan, Z., Lei, B.: Transfer learning with deep convolutional neural network for SAR
target classification with limited labeled Data Received: 7 July 2017; Accepted: 28 August
2017; Published: 31 August 2017

19. Vasuki, P., Mohamed Mansoor Roomi, S.: Noise variance estimation in SAR images using
wavelets and filter selection. In: International IEEE Conference on Computing Communica-
tion and Networking Technologies, ICCCNT ’2013, Vivekananda College of Engineering for
Women, Tiruchengode (2013)

20. Lang, H., Wu, S., Xu, Y.: Ship classification in SAR image improved by AIS knowledge
transfer. IEEE Geosci. Remote Sens. Lett. 15, 439–443 (2018)

https://doi.org/10.1117/1.JRS.7.073592
https://doi.org/10.1007/s11263015-0822-0
https://doi.org/10.1109/snpd-sawn.2005.25


Chapter 46
Context-Aware Deep Convolutional
Neural Network Application for Fire and
Smoke Detection in Virtual Environment
for Surveillance Video Analysis

Akm Ashiquzzaman, Sung Min Oh, Dongsu Lee, Jihoon Lee, and Jinsul Kim

Abstract Detecting fire and smoke in video footage is crucial that is surveillance
analysis. In a disastrous situation or after the accident occurred, it is vital to pinpoint
the origin and gathers proper context. However, processing the data this kind of
video is often labor-intensive and needs human assistance and moderation. In this
research, we have proposed a trained neural network that van detects the fire and
smoke from the images and combined thismodel to the context-aware video analysis.
The module first detects the context-based images or the important images from the
video framewith time sourceswhich later processed by the deep convolutional neural
network for assisting and detecting fire and smoke. We also implemented this model
in the virtual environment for quick deployment and universal using ability. The deep
convolutional neural network was trained with state-of-the-art normalizing method
for maximum accuracy (99%). As a result, this novel analytic application can be a
unique and state-of-the-art tool for surveillance video analysis.
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46.1 Introduction

Fire and smoke damages are one of the leading disasters in modern human civ-
ilization. As society and technologies are getting complex with wider ranges of
application, the risk of fire and smoke damages is increasing with them. Especially,
modern factories and automated homes often control machines and fire and smoke
detection in real time are an absolute necessity for these environments. The early
detection of fire and smoke can seriously reduce the damage and help the industries
to automate the whole process with the more safer standards. According to the report
by the Center of Fire Statistics (CTIF), Europe, in the twenty-first century had the
reported 2–2.5 million fire incidents with 20,000–30,000 approximate death with
double the injury [4]. This indicates the importance of fire and smoke detection and
incident pinpoint for smart detection. The modern transportation system is also very
prone to fire and smoke damage. In the Republic of Korea, 5595 cases 12.75% from
a fire causing the entire facilities to burn down or caused partial damages [14].

In addition to advancing computer vision and image processing, video-based fire
detection is essentially a surprisingly common innovation with noteworthy benefits
over conventional methods, such as rapid response and a wide area of identification.
Smoke is the indicator for fire forecasting, and identification of smoke offers earlier
fire extinguishers than a prediction of flames. But the main shortcomings of the tra-
ditional methods are there are fairly manual feature extractors or filter-based system
that heavily relies on handcrafted feature selection.With the rise of video surveillance
and generation to complete scene-aware algorithms, the fire and smoke detection is
a very prominent field for this type of application as there are not advanced content
detection algorithms.

In this study, one of our achievements is that we proposed a deep learning con-
volutional neural network (DCNN) for fire and smoke identification. To the best of
our knowledge, the earlier literature does not quite produce a standard dataset and
evaluation protocol whichmakes it hard to compare different methods for identifying
fire and smoke.We gathered the series of fires from some prior literature and our own
dataset and made a video to image framing algorithm for deep learning to understand
and classify. We expect this benchmark can facilitate future researches in this area.
We also experimented with the neural network pruning to make an effective neural
network that can solve the problem of high computation load in the neural networks
in the remote server situation. Context-aware and threshold-based video footage
analysis to extract images will help the DCNN to process less important frames over
important frames andmake faster result outcome. The rest of the paper is progressing
as follows. Section46.2 discusses the previous work and shortcomings. Section46.3
discusses the proposed method, and Sect. 46.4 presents the analysis of our experi-
ments and the results. Section46.5 discusses the future work and application thus
end to the conclusion.
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46.2 Related Works

Even though there was much research especially focused on fire and smoke detection
from images and videos, the majority of the research lacks real-life application fea-
sibility. Most of the modern data and image processing research also do not focus on
CNN-based applications. The traditional method applies various filters and kernel-
based feature selection such as histogram of gradient (HOG)[1] filter of Gabor filter.
These systems are very easy to implement but prone to human bias selection and
skewed accuracy for manual feature selection. This leads to a custom solution for
detection that often renders impractical into real-life dynamic situations [9].

The main use case of the open and closed environment fire and smoke detection
is early detection. Most of the common cases for building such a system rely heavily
on the process of selecting these smoke and another fire precursor in the feature
extractionwith traditional feature extraction algorithms and the detect itwithmachine
learning or statistical method to classify or predict. The research conducted by Gubbi
et al. [8] detects the smoke in videoswithwavelets and SVM.This process is effective
but the accuracy of thismodel is high on very specific datasets, and detailed validation
on the generalized dataset was not conducted.

According to the research conducted by Appana et al. [2], a video-based smoke
detection scheme for smoke flow pattern detection and the analysis of the smoke
spatial–temporal energy analysis were done to make an alarm system. This type of
system heavily relies on Gabor filters to detect the smoke in the present video image
frame flow [13]. However, the Gabor filter is prone to fail in environmental back-
ground noise and extreme background change. Scarcity of images or real samples of
videos is also the main problem of these traditional models. As these models learning
is not generalized, these models usually perform very crude to practically unreliable
in real-life deployment as monitoring systems.

Tao et al. [16] proposed a deep convolutional neural network for smoke detection,
and the process has a very high accuracy for detecting some videos. However, the
scope of fire was not included in the detection and the system is not applicable in
fire and smoke both detection in real life. Zhang et al. [17] proposed a DCNN for
detecting forest fire based on similar DCNN algorithms, and their later research has
a significant improvement for forest fire detection with faster R-CNN detection. But
this research was done with synthetic smoke images which often varies in real-life
situations. The main research was also condensed in specific fire detection in forest
scenario which is the majority of the outside environment with satellite images.

All of the related research gave a great pathway for modern DCNN for environ-
mental neural fire and smoke detection based on the video and images. Rise of a
present-day closed-circuit camera and live feed-based surveillance camera usually
records a long video. Most of these systems are very stable with context, and the
frame by frame analysis usually renders wastage of computation. In this research,
the context-aware and threshold-based image extraction from the video were mainly
researched to pinpoint fire and smoke incidents in the videos. Integration of context-
aware of threshold base image frame extractor from video with smoke and fire detec-
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tion will help offload computation overhead. This will eventually make the DCNN
faster and feasible to deploy in the video footage analysis and real-time monitoring
faster and lightweight applications. Our research was focus based on this principle
to develop a model that will detect context-aware images from the video and detect
fire or smoke within the image to classify.

Neural network pruning is a term used for removing the least activated neuron on
a neutral network in each data flow, and based on some ranking of these nodes, the
least activated neural network nodes were cut off and the DCNN then trained into
achieving same or more accuracy with lightweight post pruned self. The idea was
first proposed by Lecunn [10]. There is a practical application with neural network
pruned in cloud computing as the pruned neural network in a compact and less
computation need for achieving for the same or more accurate classification [3]. In
the next Sect. 46.3, we have proposed the DCNN architecture for classifying fire and
smoke in images in both real-time and past footage analysis.We also have introduced
a new training methodology with network pruning to make compact fast DCNN.

46.3 Proposed Method

In this section,wewill discuss our proposedmethod for context-awareDCNNand the
architecture of the given DCNN with the data augmentation-based training strategy
and neural network pruning.

In the 1960s, Hubel and Wiesel found that the visual cortex of cat and monkey
comprises neurons that respond independently to small areas of the visual field
[11]. Convolutional neural network’s main idea is emerged from the principle of
doing input matrix convolution to manipulate edge features for understanding and
recognizing the network. Lecunn et al. [12] first used convolutional neural networks
successfully with a backpropagation algorithm to optimize and gradient update. The
new neural network paradigm prevailed in 2012 and opened the door for using CNN
in various applications for image classification. A deep feed artificial neural network
models are being developed by CNN, which now represents a crucial tool for the
processing of visual images.

Convolution processing generates high value for a given position if there is a con-
volution function in that region; otherwise, a low value is generated. More precisely,
we take the element-wise multiplication of each kernel cell value and the corre-
sponding image pixel value overlapping the kernel cell at a given position of the
convolution matrix and then take the sum of it. The precise value is then calculated
as follows.

hi, j =
m∑

k=1

m∑

l=1

wk,l ∗ xi+k−1, j+l−1 (46.1)
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Fig. 46.1 Proposed CNN for fire and smoke detection

Here the convolutional output h with w kernel with (m,m) dimension that works
on the input matrix x .

The layer of pools (or so-called sub-samples) is invariant CNN with regard to the
output of the convergence. There are two various practically used pooling mecha-
nisms (max pooling and average pooling). For contrast with normal pooling, pooling
also referred as to peak pooling. More specifically, the pooling process emits the full
input value in a certain location within the kernel. So mathematically,

pi, j = max(xi+k−1, j+l−1) (46.2)

as the polling operation reduces the size between convolution and reduced con-
volution operation and makes shift the features into the centre eventually.

In our CNN model, there are eight convolutional layers and ELU [6] is used as
the activation function. The image size (224, 224, 3) is the input to layer 1 which is
convoluted by the kernel of 3 × 3 size and of 64 combinations, and after dropping
25% layer, 2 begins with the size of 224 × 224 and of 64 combinations. Now, the
convvolution layers were varied, and thus so until we got 10 convolutional layers.
Now this will be flattened into a one-dimensional array. Thus, feature extraction
procedure is completed. The classification consists of a 1 input layer, two hidden
layers and one output layer. The input layer consists of 256 neurons which are fully
connected to the hidden layer 1 (contains 256 neurons). After 50% dropping [15],
this will be forwarded to the output layer (contains 3 neurons) through hidden layer
2(contains 128 neurons) with the same procedure and dropping percentage. From
the output layer, we calculate the output using the softmax function. The proposed
DCNN simplified is shown in Fig. 46.1.

SceneDetect is an algorithm that analyses a video looking for scene changes or
cuts. The output time codes can then be used with another tool to split the video
into individual clips. But the main application in the context-aware algorithm in this
setting is to extract the important scene cut of the images rather than processing every
frame of the videos. This will take a long time, and eventually, the size of the neural
network will be slow. Figure46.2 shows the neural network context-aware module
part that processes the video based on a threshold change to detect the change of
context. So the proposed neural network only processes the time-stamped image
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Fig. 46.2 Contect-aware/threshold scene detection algorithm

frame of the context-aware video analysis output to get the final result. Hu et al. [10]
proposed to explore sparsity inactivation for network pruning. Exponential linear unit
(ReLU) [6] activation function imposes sparsity during inference, and the average
percentage of positive activation at the output can determine the importance of the
neuron. L1 normalization is useful to estimate the saliency of feature maps in a given
layer. This idea can be used to make the order of ranking of filters in each layer.
So the trained neural network is then pruned to make compact size with the same
accuracy to make proper results with less computation overhead.

46.4 Experiments and Results

These models were developed in Keras [5] and Tensorflow, a python focused torch
framework for deep learning simulations, at the Python-based open-source reposi-
tory. The Nvidia CUDA Library was used to speed up the training cycle with the aid
of dual Nvidia Geforce 2080-Ti GPU instance, which has a total of 64 Gb DDR4
RAM on a device with Intel i7 8 core CPU. There is 8 GB VRAM in the above GPU.
Throughout Hadoop file systems (HDFS), all of the trained weights are preserved for
security purposes. The neural network was educated to unsure correct generalization
using the data increase model (Fig. 46.3).

The dataset that was used for both training and testing the DCNN was collected
from [7]. The dataset contains 8 fire videos, 6 smoke videos and 13 normal video
to distinguishes between natural phenomena to reduce false positive. The dataset
video was then read with proper codes and then processed with OpenCV to make
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Fig. 46.3 Dataset examples for fire, smoke and normal scenario

frame form with videos. This rendered into an image dataset that is fed into the
neural network. The training process is also heavily augmented with programmed
random rotation on both horizontal and vertical axes with shifting and zoom in and
out in a random fashion to unsure maximum general learning. The best training
of the DCNN was achieved in the 100 epoch, and then it gets into 92% accurate.
Later the node pruning was done to reduce the network size. Only the convolutional
layered was pruned in this experiment. The idea of neural network pruning is data
independent. This implies to the fact all of the datasets, regardless of the variation
factor can be adapted to the DNN pruning methodology. For this study, the DNN
study was experimented in various handwritten digit datasets to verify its utility.
Before the original DCNN had 7, 962, 467 parameters. After 7, 569, 857 parameters
were pruned based on the L1 normalization-based filter ranking. The pruned and
new saved model has the final 392,610 parameters pruned. This is the ratio of. 1.05%
compression. This model will later perform 89% accurately to the training dataset
and the context-aware system also had the 50 computation reduction rate. This means
that the original frame check of the neural network gets reduced by 50% in any given
video as the context-aware takes only the half-frame to classify as fire or smoke.
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46.5 Conclusion

Convolutional neural networks nowadays make a huge impact on fire and smoke
detection systems. Although the fire and smoke detection with image processing is
not a new process, implementing the deep convolutional neural network is the latest
technology regarding detecting fire and smokes. There is some work that produced
DCNN is very highly accurate. In this research, we have proposed a new type of
DCNN that is combined with content-aware technology. The content-aware tech-
nology greatly reduces computational load and thus makes this model every fast
and lightweight to run. Moreover, we have combined a pruning technology that will
reduce the parameter of the neural network within border terms and make a mode
compact DCNN, that is, suitable for lightweight cloud computing and IoT-based
applications.
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Chapter 47
Design and Development of Efficient
Cost-Saving Algorithms for Guiding
Customer Purchasing Patterns
in Modern Consumerism Scenario Using
Feed Forward Back Propagation Neural
Networks

Sonia Maria D’Souza and K. Satyanarayan Reddy

Abstract This research deals with the development of a new architecture. The sys-
tem deals with self-scanning and self-checkout of the products. Here, we have made
an effort to take the systemwhich is a very handy through app. It uses neural networks,
fuzzy logic, and genetic algorithms. The database is maintained in the local server,
and both mobile and the local host are connected to the same network. As a result,
the user can use all the features of this system and send and receive the data which
is required by the user. This framework takes care of taxations such as GST. The
concept involves designing and implementation of cost-saving algorithms by using
feed forward back propagation neural networks for guiding customer purchasing,
retrieval, and faster method of accessibility with respect to different patterns.

47.1 Introduction

Most of the Indianmetropolitan cities have IT industries, andmillions of people have
settled down from different places due to availability of various job opportunities,
family, education, and for many other reasons; where ever they stay, shopping has
become routine. An app that helps these people to easy shopping is the e-commerce
app or theWeb sites. But these have few limitations as it takes more time for delivery
and sometimes out of stock, No assurance of the product and many more. And when
people go to shopping malls, they enjoy shopping but get frustrated in the billing
counter due to long queues. This work suggests “queue-less shopping cart with
self-checkout” (Qless) system. This research deals with the development of a new
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architecture. The system deals with self-scanning and self-checkout. The user needs
to go through series of steps to use the major features of the system as authentication,
i.e., the username as unique name and a password. Before the user undergoes the
process of authentication, he/she can register to the system and then login. This
system is a very handy app based system guiding people about the routes to the mall
and due consideration on ensured budget. Here, all the data is stored in the cloud
server, and based on the input given by the user, the data is fetched from it and
displayed to the user by using efficient algorithms like neural networks (FFBP-NN)
[1]. The database is maintained in the local server, and both mobile and the local
host are connected to the same network. As a result, the user can use all the features
of this system and send and receive the data which is required by the user. Since to
keep up the nearby server portable that the client utilizes, it must be conveyed at first,
and afterward, the client can use whatever number as could reasonably be expected.
This framework can likewise think about GST.

47.2 Literature Review

Preparing frame mind that is roused by the way natural glossal, for instance, the
thinker, forms ammunition. The key component of this frame of mind is the tale
makeup of the data governance arrangement. It is made out of extensive exception-
ally between associated groom constituent (neurons) working as one to apparatus
precise concern. ANNs are similar to individuals. An ANN is configured for a spe-
cific pertinence, for illustration, draft acceptance or statistics classification, down
a literacy operation [2]. Literacy in natural frame of mind incorporates changes in
accordance with the translation hookup that escapes route between the neurons. Neu-
ral systems, with their exceptional stowage to get significance from confounded or
fickle acquired facts, can be exploited to remove designs and recognize patterns that
are too whimsical to ever be seen by either mob or other apparatus methods. A capa-
ble neural system can be thought of as a savant in the stratum of data it has been given
to dissect. During the learning procedure, frame mind collection is required. Ideal
models of administered learning incorporate blunder adjustment learning, fortifica-
tion enlightment, and stochastic enlightment. A significant mistake assembly is, for
example, the derogate of omission betwixt ideal and sort out constituent. Bespeak is to
poll a lot loads which limit overestimate [2]. Interpret in particular technique, which
is rudimentary to many intellect ideal models, least mean square (LMS) assembly.
Solo learning uses farthest instructor to be contingent on just quarter data. Moreover,
implied patterned-relationship, patterned-makes data showed to the framework and
distinguishes their new total properties. Ideal models of solo learning are Hebbian
enlightment.
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47.3 Propound Practice

47.3.1 Statics Battering Innovation

The Discrete Cosine Transform (DCT)

The discrete cosine change backing brake down picture partway is contrasting
significance, and it changes flag. Blisteringly prominent utilization of DCT picture
pressure as it shapes the reason for worldwide cut and dried misfortune picture
pressure calculation is known as JPEG [3, 4]. In only a couple of coactive, the
greater part of depicted data about the picture potent. Extricated DCT coefficients
can utilize acknowledgment undertakings, for example, activity acknowledgment.
DCT regularly disposes of high-recurrence coefficients, changes the recurrence ones,
and diminishes the information volume without giving up an excessive amount of
picture aspect.

A 2D-DCT of a M × N network characterized pursues [4]:

F(u) =
(
2

N

) 1
2
N−1∑
i=0

Λ(i) · cos
[ π · u
2 · N (2i + 1)

]
f (i)

furthermore, relating converse 1D DCT change straightforward F − 1(u), i.e.,

Λ(i) =
{

1√
2
for ξ = 0

1 otherwise

Universal parity 2D-DCT

F(u, v) =
(
2

N

) 1
2
(

2

M

) 1
2
N−1∑
i=0

M−1∑
j=0

�(i) · �( j)

· cos
[ π · u
2 · N (2i + 1)

]
cos

[ π · v

2 · M (2 j + 1)
]

· f (i, j)

Harmonize inverse 2D-DCT revamping unsophisticated F − 1(u, v), i.e.,

Λ(ξ) =
{

1√
2
for ξ = 0

1 otherwise

Fundamental activity of DCT following:

• Absorption picture N byM. f (i, j) is the force constituent in push i and segment j;
• F(u, v) coactive push k1 and section k2 form 2D-DCT matrix.
• Blisteringly pictures, a great part of the sign vitality lies at low frequencies.
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Fig. 47.1 Enterprise environment

• Condensing wised up since the lower right qualities speak to formidable gradient,
and are regularly abrupt disregarded minutest noticeable bending.

• The DCT input is 8 by 8 cluster of numerals. Eight-piece constituent have levels
from 0 to 255 (Fig. 47.1).

• Thereupon, 8 bit DCT would be

Λ(ξ) =
{

1√
2
for ξ = 0

1 otherwise

47.4 Implementations and Measures

MATLAB stage picked to build up calculation. MATLAB structure covered infinite
athenaeum and proficient ingredient of neural system and engraving preparing valu-
able in examining the codes. Designers may utilize other programming language too.
Ammunitations, installing twisting and inserting rate can utilize plans for assessing
the presentation of the information concealing plans.
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47.4.1 Mean Squared Error and PSNR

Burdened blunder in thick of spread picture and the stego-picture (implanting muti-
lation) can be utilized as measures to survey overall detectable quality of the inserted
information. Indistinctness exploits fallible certifiable drawn repetition,which is hard
to measure.

47.4.2 Correlation

Connect a standout among other known strategies that assess the level of illiberality
mid capacities. This estimate can be utilized to decide the degree that first picture
and the committal to writing near one another, significantly in the wake of insert-
ing information restrain, recognition of the nearness of the concealed information
depends on the utilization of cross-connection work of two pictures X and Y defined
as [5, 6].

47.4.3 DCT Algorithm

The discrete cosine change (DCT) backing recognizes the picture differing signif-
icance, and it changes flag or picture from the territorial space recurrence area.
Greatest utilization of DCT picture pressure shapes reason for worldwide grade
misfortune picture pressure calculation which is known as JPEG [6, 7]. In only a
couple of coefficients, the greater part of the optic data is picture dense. Separated
DCT coactive has utilized acknowledgment errands, for example, activity acknowl-
edgment. Activity of pictures and sound has high connection and excess data which
causes computational weight as far as handling pace andmemory use. DCT regularly
disposes of high-recurrence coactive and changes the truncated recurrence, which
diminishes information magnitude without giving up an excess of picture caliber.
For situation, a discrete cosine change (DCT) is utilized, change 8 × 8 pixel squares
picture to 64 DCT coactive. This method is utilized for documents put away in the
JPEG picture design. The change of a solitary DCT coactive influences every one
of the 64 picture pixel squares. Therefore, the flatten of the constituent adjustment
basically is inconceivable for recognition.

y(k) = w(k)
N∑

n=1

x(n) · cos
[ π

2N
(2n − 1)(k − 1)

]
, k = 1, 2, . . . , N

where
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w(k) =
{ 1√

N
, k = 1√

2
N , 2 ≤ k ≤ N ,

N is the dimension of x. In the event that x is a framework, DCT changes segments.
The arrangement is recorded n = 1 and k = 1 rather than typical n = 0 and k = 0. y
= dct(x, n) cushions changing. The DCT firmly identified with the discrete Fourier
change. To reproduce an arrangement precisely from just a couple DCT coactive
[8, 9].

47.4.4 Inverse DCT

Opposite discrete cosine change remakes grouping discrete cosine change (DCT)
coactive. The IDCT work is opposite to the DCT work [10–12].

47.5 Result Analysis

We train a lot of pictures which is haphazardly taken from examining codes, QR
codes and bar codes. These pictures have different memory sizes. Picture utilizes
the attributes got from 2D-DCT coefficients alongside FFBP-NN. Figure 47.2 shows
Mean Square Error Performance versus number of iterations to train the system and
Fig. 47.3 shows the training state of the system and clarity of pixel is recovered in
different iterations.
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Fig. 47.2 Performance graph MSE versus epochs

Fig. 47.3 Training state graphs
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47.6 Conclusion

FFBP-NN is put together on delineation from one datum for around 1000 epoch,
and the mind of frame achieved 94.20% for quickest technique draw up schedule.
The 2D-DCT and FFBP-NN are the benevolence plan nearby the usage conceal and
deciphering some portion enigma proof. Inclanation very well actualized slave frame
of mind. Application can be upgraded underpins HDF, RAS picture position. As a
shopkeeper or the owner he/she will update of what product is sold more, which kind
of people purchase what kind of commodities, which is highest sold product or item
in particular month, on which days the products are sold more, which company item
are in demand, which products are in demand (e.g., stationary, clothing, footwear,
electronics, etc.), he/she can plan to replenish stocks efficiently. This queue-less
system motivates to work on minimal amount with respect to GST and as well as
budget planning which will helpful to the customers.
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Chapter 48
Mild Cognitive Impairment
and Technology for Older Adults:
A Review

Nita Rosa Damayanti and Nazlena Mohamad Ali

Abstract When life expectancy increases, so does the number of parents. This
increase raises challenges related to the cognitive abilities of adults who experience
mild cognitive impairment in emotional change. There are various ways to reduce or
help emotional changes in older adults mild cognitive impairment (MCI) including
by using technology. To help older adults who experience unstable emotions in mild
cognitive impairment, future long-term research needs to be conducted. Technology
can be accepted by older adults if the technology developed is easy to play. Innovative
technology in daily activities is the key to successful health care, especially for older
adults, technology providers, and healthcare providers. Games are a good idea to help
older adults, especially in helping mild cognitive impairment. This paper literature
reviews on game technology that can help older adults mild cognitive impairment
include cognitive and emotional changes.

48.1 Introduction

The increase in the number of older adults every year is big. In 2020, the number of
older adults is predicted to be the same as the number of children under five. Eleven
percent of 6.9 billion people in the world are older adults [1]. The 2016World Health
Statistics data, the population aged 60 years and over, amounted to 24,754,500 people
(9.34%) of the total population. According to the Population Division, Department
of Economic and Social Affairs, the number of elderly population in the world
(>60 years) is estimated to reach nearly 668 million people in 2005 and projected to
be 2 billion in 2050 [2]. Older adults have problems with various declines in health
status, especially cognitive function and thus, declining health in older people will

N. R. Damayanti (B)
Universitas Bina Darma, Palembang, Indonesia
e-mail: nita_rosa@binadarma.ac.id

N. M. Ali
Institute of Visual Informatics (IVI), Universiti Kebangsaan Malaysia, Bangi, Malaysia
e-mail: nazlena.ali@ukm.edu.my

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Singapore Pte Ltd. 2021
Y.-D. Zhang et al. (eds.), Smart Trends in Computing and Communications: Proceedings
of SmartCom 2020, Smart Innovation, Systems and Technologies 182,
https://doi.org/10.1007/978-981-15-5224-3_48

477

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-5224-3_48&domain=pdf
mailto:nita_rosa@binadarma.ac.id
mailto:nazlena.ali@ukm.edu.my
https://doi.org/10.1007/978-981-15-5224-3_48


478 N. R. Damayanti and N. M. Ali

affect their quality of life and emotions. This group of older adults is categorized as
older adults through a process called the aging process. Furthermore, older adults
with mild cognitive impairment (MCI) are at high risk of developing dementia. If
there is no prevention of mild cognitive impairment, it is feared that the memory
will suffer. MCI is usually experienced in people aged 60 years and over. Mild
cognitive impairment (MCI) is a common condition in older adults but this disorder
can be overcome by brain training [3]. Then MCI is characterized by a decrease in
memory, attention and can develop into dementia by 10–15% per year. Therefore,
it is very important to protect older adults who experience MCI from developing
into dementia. It should be noted that MCI patients experience emotional changes
from 35 to 85% [4]. Most common in older adults with mild cognitive impairment
are depression, anxiety, irritability, indifference, among some people who may even
have difficulty controlling emotional changes associated with daily activities [5]. In
fact, more concern about the inability to control emotions among older adults with
mild cognitive impairment can cause them to have Alzheimer’s disease [6]. Thus,
Nashiro et al. [7] argues that positive emotions are a combination of high levels of
satisfaction and emotions. Technology with new innovations can help older adults in
their old lives [8]. It is interesting to note that many therapeutic media can be used for
older adults who experience MCI. One of them is in the form of a game. Apparently,
this tends to be effective, as in puzzle games, chess, reading, drawing, and playing
musical instruments as a therapeutic medium [9].

48.2 Method

Literature review is donewith technology on the Internet using theUSNationalMed-
ical Library (PubMed®), Web of Science (ISI®), and Scopus® database. His initial
search was analyzed and yielded 646 references by database search that obtained 11
references in a total of 657 articles at the start. After identifying then the researchers
deleted the duplicate documents so that the total article became 285 left. Then 285
will be filtered to see the feasibility of the article. Articles that did not meet the crite-
ria based on titles or abstracts were deleted so that the total articles became 76. From
76 articles, a full-text analysis was performed and after reading each article, then all
articles were analyzed, and 25 additional articles were excluded because they did not
match the title and abstract. The article produced a total of 51 full texts which were
included in the final review [10] (Fig. 48.1).
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Fig. 48.1 Filtering articles

48.3 Games Technology for Older Adults that Experience
MCI in Emotion Change

The main process in technology for the older adults who experience MCI is the
gaming training technology. Adoption of technology involves many factors and it is
significant. The literature review suggests the main actors in the context: the older
adults, technology, games, and therapyMCI in the importance of caring for the health
of the older adults [11] (Table 48.1).

Table 48.1 List of journal

Name of article Number of article located (n = 51)

Aging and menthal health 8

Aging and society 6

Gerontologist 6

Healthcare analysis 8

Journal of technology and older adults 8

Journal games technology for health 8

Journal older adults 7
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48.3.1 Emotion and Theraphy MCI

MCI patients experienced an emotional change of 35–85% and the most common
symptoms of older adults with mild cognitive impairment are depression, anxiety,
irritability, indifference, and may even have difficulty controlling emotional changes
associated with daily activities. In fact, more worrying about the inability to con-
trol emotions among older adults with mild cognitive impairment could lead them
to have Alzheimer’s disease [12]. Reference [13] argues that positive emotions are
a combination of high levels of satisfaction and emotions. Fun or enjoyable emo-
tional experiences are considered positive emotions. Positive emotions help one to
cope with stress because positive emotions help one to think more objectively [14].
According to a recent study [15], older people are found to be more likely to exhibit
less stable and uncontrolled emotions. Anger is caused by negative thoughts inher-
ent in something. The thought continues so much that the individual cannot control
himself. On the other hand, stable emotions can help an individual to develop or
build social competence, thus overcoming the pressures they face. In addition, [16]
said that older people have conflicts such as family conflict, citing social support
due to the death of a person near death, isolation, lack of confidence, and skepticism
that affect cognitive function and can cause emotion. Stable emotional capacity can
motivate oneself to control self, regulatemood, andmaintainmood so that stress does
not impair thinking ability. To overcome the burden or stress experienced, positive
changes in emotions, especially among older adults are very important. In addressing
the cognitive functioning of cognitive change in older adults experiencing MCI is to
enhance the training of cognitive function in order to influence positive emotions.
Currently, therapies are known to help seniors with mild concussions [17]. Therapy
is defined by the treatment of rehabilitation in patients who have had any illness or
experience any inconvenience. Therapeutic methods can help older adults problems
and inability to achieve cognitive, emotional, and social development [18]. various
therapies: Therapy Music then [19] stated that music therapy can influence mood,
and that emotion can influence individual emotional development, Therapy CBTThe
next most commonly used therapies for emotion is Cognitive Behavior Therapy or
CBT [20], TherapyArt [21] also stated that Art Therapy is an oral andwritten expres-
sion of experiences and feelings through the art media, Therapy [22] say Laughter
therapy is a humor that is a cultural heritage and can play a part in the process of
psychotherapy, Therapy Spiritual In addition, the spiritual therapy approach adopted
by the United States Psychiatric Association (APA, 1992) is known as the “biopsico-
socio-spiritual” approach. Sabrina [23], and Theraphy Group Further [24] states that
the brief therapy group is short-term therapy (typically 10–20 sessions).
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48.3.2 Emotion Theory and MMSE

Emotional theory of two factors Schater and Singer [25] is recognized as a stimulus-
oriented theory, i.e., if stimulation is excited, then it is called pleasure and a dangerous
stimulus is called fear. Psychologists see this theory in accordance with cognitive
theory. For example, when someone faces an emotionally arousing event, hewill gen-
erally experience neutral and unclear physiological disorders. In theory, what applies
then depends on whether he feels angry and how he feels if he is unsure about the
emotions he feels, he might look for an answer to a situation that might help him
understand what he feels. Then Lazarus’ cognitive theory. Based on cognitive assess-
ments, we decide whether there are positive, negative, or neutral states. Positive
or negative judgments trigger physiological stimuli and emotional feelings. Emo-
tions, cognition, and commitments are closely related emotions that arise rather than
ongoing relationships or transactions that are influenced by nature [26]. MMSE is a
measuring tool for knowing older adults who experience mild cognitive impairment.
Mini-Mental State Examination (MMSE) is one of the most widely used screening
tests in clinical trials and in general practice to detect cognitive improvement in older
adults [27].

48.3.3 Technology and Games

Older adults have the picture of being a major social challenge and access to technol-
ogy is one of the important strategies in future healthcare services [28]. Technology
may have high progress to support one’s work performance, which means helping
the actual implementation of work. Technology needs are expected to later have an
impact on the quality of life, which can be defined as: individuals’ perceptions of
their lives in life in daily activities and systems their lives in relation to goals and
expectations [29]. Older adults are slower to adopt new technology than younger
adults, but will do so if technology seems to have value, for example, in maintaining
their quality of life [30]. To make technology more friendly to adults, it is important
to understand the strengths and weaknesses that adults feel when using it, technology
in playing is a modern area because of the current technological sophistication, many
games can help older adults such as kitchen and cooking, smart uber, cards, and so
on. Certainly, the benefits of a digital game can change the lives of older adults [31].
There are several technological devices used for older adults who experience MCI
such as [1] Tablets. Types of portable computers that have touch screens are increas-
ingly increasing and are in demand by older adults. Then, computer technology can
provide cognitive and intellectually challenging activities because Internet-based ser-
vices may have special benefits for parents [32], and virtual reality is a technology
that is in demand by older adults; considering this technology is like the real world
[33]. Table 48.2 can be seen how the role of technology and games can help MCI.
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Table 48.2 Technology games for MCI (older adults)

Technology/platform and
games

Health games category Game description

Computer [35]
nuerofeed-back

Attention and memory Improve cognitive
performance

Computer [36] video dance Physical Dance video games can help
in improving cognitive and
motor functions

Computer [37] card Memory Can help further improve and
make their memory strong

Computer [38] kitchen and
cooking

Memory This game trains the memory
of the brain

Computer [39] Wii sport Physical A sport games which is
actually a collection of sport:
tennis, baseball for physical
exercise

iPad [40] show game Motivation and confidence Cognitive performance has
very specific tests and
interactions and improves
memory

iPad [41] egocentric image Memory Egocentric image can help
with memory focus

iPad [42] lumosity Processing episodic speed,
attention, and memory

improve memory, attention,
flexibility, speed of
processing, and problem
solving

Tablet [43] Smartkuber Motivation Engaging and motivating
gaming experience to elderly
players

DMS48 [44] object picture Memory Improve memory

48.4 Conclusion

This review of the study revealed important findings. First, an interesting point for
game technology for parents who experience MCI is that many games developed
for the purpose of helping older adults MCI [34]. Our work presents a broader view
of game technology for older adults who experience MCI and the relative study
of their efficacy. The main point flowing through our literature review is that the
game in older adults who experience mild cognitive impairment has an effect on
parents with cognitive and emotional disorders. To determine whether the effect
is long-lasting and/or can be transferred to daily activities is a matter of further
scientific investigation. During this literature review, we analyzed applied therapies,
technology, and games. As a result of this interaction, we develop “EmoGame” game
technology for older adults who experience MCI in emotional change, which will be
presented in a future publication.
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Abstract The education system in a country certainly has goals to be achieved.
Many attempts were made to achieve the success of an education system that was
created. This case causes competition between educational institutions and between
students. The results of the competition can also represent schools that need special
attention to improving learning systems. The learning system in Indonesia needs
evaluation because of educational quality not perfectly. In this research, the fuzzy
c-means (FCM) method is used to cluster the quality of existing Kompetisi Sains
Madrasah (KSM) participant data to find schools that have good quality education.
Next, a cluster evaluation is performed to determine the success of the cluster using
silhouettes. Based on 4 trials, that are 3 clusters, 4 clusters, 5 clusters, and 6 clusters,
the best results are on 3 clusters with the best silhouette value of 0.6499 with a
standard deviation value of 0.2419. In the identification process, the results obtained
that SMA has the best education quality in KSM.

49.1 Introduction

Education is one of the conditions for the country’s development. The education
system in a country has a goal to be achieved [1]. Many attempts were made to
achieve the success of the education system. This causes a lot of competition between
educational institutions and students [2]. Competition in education usually occurs
in a competent competition. Competence is the ability or skill to execute anything
without considering competitors, but only knowledge and abilities [2]. Verhoeff,
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Lawrence, Fulu, and others suggested that competition in education has excellent
benefits because it can increase studentmotivation and learning, evenweaker students
can survive by participating in the competition [3].

Indonesia is a developing country that has challenges in competition between
nations in the global era to improve the quality and productivity of educated people
[4]. One of the efforts made by the Ministry of Religious Affairs is the holding of
Kompetisi SainsMadrasah (KSM). KSM is a madrasah science competition that was
held in Indonesia. Initially, this competition was intended for students of Madrasah
Ibtidaiyah (Islamic Elementary School), Madrasah Tsanawiyah (Islamic Junior High
School), and Madrasah Aliyah (Islamic Senior High School). However, since 2016,
the KSM has expanded its reach to elementary, junior high school, and senior high
school students. KSM competition is held at the district/city provincial and national
levels [5].

The competition scores show the results of learning and the ability of students
to the learning system that has been applied. Roberta et al., in their research, also
stated that the results of a competition held could evaluate the quality of the education
system in a country [6]. The results of the competition can also represent schools that
need special attention to improving learning systems [7]. The technique to find out
schools that need quality improvement can use the clustering method [8]. Clustering
is a method for grouping data in multidimensional data based on the similarity of
data characteristics [9]. The success rate of the clustering process is at the center
of the cluster. The more precise cluster center in representing data differences can
provide better clustering results [10].

Elock Emvula Shikalepo has researched clustering on the quality of education
in rural Namibian schools. The clustering method used is the Five Cluster Center
Principals (CCPs) that have a good result [11]. Lotfi Nadji and Brahim Er-Raha have
also studied the clustering method in education. The method used for clustering is
the Within-cluster Sum of Square (WSS) method. The study successfully conducted
a cluster based on student quality at IBN-ZOHR University. In that research, recom-
mend the fuzzy c-means (FCM) method for clustering to determine the quality of
each student. Based on the suggestion of the research, this study will use the FCM
method to carry out the clustering process in identifying the quality of education in
Indonesia [12].

FCM is a technique for clustering data where at each point that is located in the
cluster is determined by the membership value [13–15]. Govindasamy and Velmuru-
gan also researched student performance in a class by comparing several clustering
methods such as k-means, k-medoids, and FCM. The results of this research on each
method using purity as a cluster evaluation are 0.375, 0.374, and 0.624, and the best
results in the research are using the FCM method [16]. Results using FCM obtain
good purity values. Based on these results, this research uses the FCM method to
cluster the quality of existing KSMparticipants to find schools that have good quality
education.
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49.2 Fuzzy C-Means (FCM) Clustering

Fuzzy c-means (FCM) is a method of clustering data whose membership value deter-
mines the existence of each data point in a cluster [15]. The centroid is used to deter-
mine the cluster of data. In the initial condition, the cluster center is not accurate and
needs to be repaired repeatedly until an accurate centroid is obtained based on the
membership value [17, 18]. The output of the FCM is the membership value of each
data point and the row of the centroid [19].

Clusters in FCM have a stage that is almost the same as fuzzy logic with the
initial stage to determine the value of the membership function of a data [20]. Initial
membership value (μik) of the FCM is defined in a randommanner to determine and
update the membership value (μik) using Eq. (1).

μik =
[∑m

j=1

(
Xi j − Vkj

)2] −1
w−1

∑c
k=1

[∑m
j=1

(
Xi j − Vkj

)2] −1
w−1

(49.1)

where Xi j is the initial data for the clustering, and Vkj is the centroid in FCM.Variable
i is the number of the data and c is the number of clusters. Variable w is the weight
of the data whose default value is 2 [13]. Centroid in FCM can be calculated using
Eq. (2).

Vkj =
∑n

i=1

(
(μik)

w ∗ Xi j
)

∑n
i=1(μik)

w (49.2)

The FCMmethodwill continue to iterate until it meets two conditions, namely the
iteration (t) and the objective function (Pt). The condition for FCM to cease based
on the objective function is Pt−1 − Pt < error (ε) [15]. The objective functions used
in the FCM method can be seen in Eq. (3).

Pt =
n∑

i=1

c∑
k=1

⎛
⎝

⎡
⎣

m∑
j=1

(
Xi j − Vkj

)2
⎤
⎦(μik)

w

⎞
⎠ (49.3)

49.2.1 FCM Algorithm

The steps to determine clusters using the FCM method [21]:

1. Input the data to be clustered, such as a matrix of size n × m where the number
of data samples (n), attributes per data (m) and ith sample data with i = 1, 2, …,
n and j-attribute with j = 1, 2,…, m (Xij).
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2. Determine the number of clusters= c,weight=w,maximum iteration=MaxIter,
error = ε, initial objective function (P0= 0), and initial iteration (t = 1).

3. Generating initial membership degrees with random numbers (μik) with i = 1,
2,…, n and k = 1, 2,…, c; as an initial partition matrix element (U). Calculate
the number of columns from the matrix using Eq. (4).

Qi =
c∑

k=1

μik (49.4)

with j = 1, 2,…, n. calculate the random matrix can be seen in Eq. (5).

μik = μik

Qi
(49.5)

4. Calculate the center of the cluster using Eq. (2).
5. Calculate the objective function using Eq. (3).
6. Calculate changes in the value of membership values using Eq. (1).
7. The FCM process stops on this condition:

a. Pt−1 − Pt < error (ε)
b. MaxIter limit reached

8. Define a cluster of data using Euclidean distance.

49.3 Silhouette Evaluation

The silhouette evaluation was proposed by Rousseeuw in 1987 [22]. The method
is often used to measure the quality of a cluster. An illustration of the silhouette
evaluation can be seen in Fig. 49.1.

Fig. 49.1 Silhouette
evaluation illustration [23]
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In Fig. 49.1 can be seen in the data xi located in Clusters A. Regions B and C
are clusters other than A. In the silhouette evaluation, there is also ai which is the
average length of data xi with data A and bi is the minimum of average line length
between data xi and data from each other clusters [24]. Based on the illustration in
Fig. 49.1, we get the silhouette value of the xi data [22].

49.4 Result and Discussion

This study uses KSM data in 2019 with a total of 11,457 data with the distribution
of data in 6 subjects which is biology, physics, chemistry, mathematics, geography,
and economics with the amount of data for each study such as 1116, 1105, 1106,
1125, 1120, and 1117. The data contains the score of the correct answer, the score
of the wrong answer, and the score of the wrong answer. Based on these parameters,
clustering can occur regarding the quality of education in each school. The score
data used is KSM participants consisting of several provinces with each province,
and it can be used as a sample of the quality of high school education in every school
in the regions in Indonesia. Samples of the distribution of data used can be seen in
Fig. 49.2.

In Fig. 49.2, the green lines indicate data with a score of questions that were
answered incorrectly. The blue color indicates the score data of the questions that
were answered correctly, and the data in orange are the score data of the blank
answer. The data will be clustered, including using 3 clusters, 4 clusters, 5 clusters,
and 6 clusters. Then, the results of clustering were evaluated using silhouettes. The
results used to measure the evaluation of clustering are the value of the silhouette
(Si) and also the distribution of data on the silhouette using standard deviation (Std).
Table 49.2 shows the results of the clustering process with 4 experiments.

Table 49.1 shows that the highest silhouette values limit to 1 are found in clustering
with 3 clusters. The high silhouette value with a low standard deviation represents
good clustering results with small data simulations. Figure 49.3 shows the results of
the silhouette of each subject area with 3 clusters. The results of silhouette values are
more than 0.50 which indicates good structure category according to the Kaufman
table. The next process is determining the label of a cluster. The technique that can

Fig. 49.2 Sample data on KSM scores
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Table 49.1 Results of clustering using the FCM method

Subject 3 Clusters 4 Clusters 5 Clusters 6 Clusters

Si Std Si Std Si Std Si Std

Mathematics 0.6499 0.2419 0.5783 0.2497 0.5910 0.2427 0.5642 0.2585

Chemistry 0.6195 0.2667 0.5266 0.2658 0.5385 0.2699 0.5364 0.2847

Geography 0.5220 0.2962 0.5265 0.3099 0.4933 0.3144 0.5049 0.3054

Physics 0.5941 0.2648 0.5539 0.2571 0.5542 0.2654 0.5764 0.2812

Economy 0.5773 0.3253 0.4937 0.3091 0.5161 0.3273 0.5361 0.3196

Biology 0.5663 0.2659 0.5406 0.2671 0.5285 0.2807 0.5143 0.2994

Fig. 49.3 Education quality identification results for each school

be used is to identify data through a cluster center to identify education quality, based
on the results obtained by using 3 clusters in Table 49.2.

Table 49.2 carried out the process of defining labels, namely excellent, good, and
fair. Labeling is obtained by identifying the cluster center and analyzing the data.
The analysis is carried out to determine cluster 1 included in the label excellent,
good, or fair. After the labeling process has been completed, next is to identify the
distribution of schools in Indonesia to be identified in each subject based on State
Senior High School (SMAN), Private Senior High School (SMA), Private Islamic
Senior High School (MA), or State Islamic Senior High Schools (MAN) who are
superior in terms of quality of education and schools can know the level of success
in teaching and educating their students. The results of each Senior High School
included in each cluster that has been labeled can be seen in Table 49.3. The table
contains the number of SMAN, SMA, MA, and MAN in each existing cluster.

Table 49.3 shows the distribution of education quality data in each high school
based on subject areas, specificallymathematics (math), physics (phy), biology (bio),
chemistry (chem), geographic (geo), and economy (eco). The results of identifying
the quality of each school in Indonesia can be seen in Fig. 49.3.

In Fig. 49.3, it can be seen that in mathematics almost all schools are weak in this
subject. In mathematics, the school categorized best in high school with a percentage
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Table 49.2 Centroid of clustering result

Subject Cluster Data Label

Wrong Null Correct

Mathematics Cluster 1 14.7775 5.7261 4.4964 Good

Cluster 2 19.3779 0.4471 5.1751 Fair

Cluster 3 7.8210 14.780 3.0010 Excellent

Chemistry Cluster 1 22.5352 0.7791 6.6857 Fair

Cluster 2 16.4525 7.3475 6.2001 Good

Cluster 3 9.0388 16.7895 4.1717 Excellent

Geography Cluster 1 15.7173 14.0193 10.2634 Good

Cluster 2 19.3867 4.5296 16.0837 Fair

Cluster 3 26.5779 1.3441 12.0780 Excellent

Physics Cluster 1 13.8807 5.6817 5.4376 Good

Cluster 2 8.2458 12.5996 4.1546 Excellent

Cluster 3 18.6352 0.5096 5.8552 Fair

Economy Cluster 1 19.9990 0.8497 9.1513 Fair

Cluster 2 12.0580 2.7344 15.2077 Excellent

Cluster 3 12.1813 8.8399 8.9789 Good

Biology Cluster 1 27.5889 1.5281 10.8830 Fair

Cluster 2 15.9453 14.0424 10.0124 Good

Cluster 3 19.4739 5.3286 15.1975 Excellent

Table 49.3 Senior high school distribution for each cluster

High school Cluster Subject

Math Phy Bio Chem Geo Eco

SMAN Excellent 3 0 7 3 13 10

Good 5 10 1 4 5 4

Fair 11 0 8 12 5 4

SMA Excellent 2 0 9 2 7 8

Good 2 1 0 2 1 1

Fair 3 4 4 3 1 3

MAN Excellent 76 98 207 81 241 179

Good 96 161 112 161 182 109

Fair 156 180 195 198 104 180

MA Excellent 87 101 145 77 164 140

Good 239 187 132 215 289 153

Fair 445 363 292 348 108 324
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of students at 30%who have high-quality education. In chemistry, almost all schools
are at a good level, but at SMAN, some students are dominantly weak toward this
subject and the percentage of students who are not experts in chemistry is around
65%. In geography, SMA is the most upper-quality school with a smart student
percentage of around 78%. SMA has sufficient quality because almost all students
cannot achieve good quality, while SMAN achieves the best quality acquisition in
physics with all students having good quality. In economics and biology, it has a
percentage that is almost the same as the best quality achieved by SMAN and SMA.
Based on the results that have been shown, it can be concluded that SMA is a school
that has good quality among other schools. In the comparison of results between
SMAN and SMA, the best results are obtained in SMA except in physics. In the
comparison of results betweenMA andMAN, the best results are obtained onMAN.
Based on this description, the school that needs evaluation and treatment regarding
educational development is the MA.

49.5 Conclusion

This research was conducted to find out education quality that has been applied
in several schools in Indonesia. This research is based on KSM 2019 scores using
clustering methods with several experiments. The best results are clustering into 3
clusters. Evaluation of cluster performance uses silhouette (si) and standard deviation
(std) on each subject data distribution, where math has a value of si = 0.6499; std =
0.2419, chemistry has a value of si = 0.6195; std = 0.2667, geography has a value
of si = 0.5220; std = 0.2962, physics has a value of si = 0.5941; std = 0.2648,
economics has a value of si = 0.5774; std = 0.3253, and biology has a value of si =
0.5663; std = 0.2559. The results obtained are high schools which are schools with
good quality among other schools. In the comparison of results between SMAN and
SMA, the best results are obtained in SMA except in physics. In the comparison of
results between MA and MAN, the best results are obtained on MAN. Based on this
description, the school that needs evaluation and treatment regarding educational
development is the MA.
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Chapter 50
Obstacle Avoidance with Sensors Using
Soft Computing Techniques

Amit Yadav, Garima Jain, Divya Mishra, and Dharvendra P. Yadav

Abstract Robotics design is an exciting design for engineer, researcher, and inter
disciplinary field of study. The purpose of this robot is to introduce the fundamen-
tals of robotics and control of smart robot. It should also be useful for engineer
and industrial persons. In this research paper, we compare micro-controller-based
program and virtual instrumentation program control. So, we implement the virtual
instrument control program for this robot tomake decisions like vision, task planning,
and obstacle avoidance. An autonomous robot, capable of performing different tasks
for a human who is physically disabled, has been designed and developed. To avoid
accident with unpredicted obstacles, the autonomous robot uses ultrasonic sensor
and finds range for recognition and mapping. The obstacle avoidance approach used
for this system is described. Since this approach depends deeply on the concert of
the ultrasonic sensors, these sensors and the consequence of their restrictions on the
obstacle avoidance algorithm and techniques are discussed in detail.

50.1 Introduction

The intelligent moving machine may keep away so many difficulties, move wisely,
and reach to the goal securely, precisely in such a least cost and least time. The
idea of fluffy rationale has been presented by Zadeh [1], which is broadly utilized in
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many designing applications, for example, versatile mechanical autonomy, picture
handling, and so on. Priorly, many moving machines were created utilizing various
strategies for a continuous way discoverer framework. Human–intelligent moving
machine has become a significant point in the field of robots network. A progressed
keen moving machine must incorporate abilities to identify human’s quality in their
region and decipher their movement for a functioning communication; the machine
should likewise have the option to follow the static and dynamic deterrent in its
way. The people and moving machines exist together to intently connect and play
out a specific measure of work. Insight and example acknowledgment innovations
have gained ground in mechanical technology [2], PC designing [3, 4], well-being-
related issues [5], and regular sciences [6]. This examination work is isolated into
two sections. The initial segment manages the increment of safe intelligent moving
machine (SIMM), which keeps up a specific relative positional connection between
the human and moving machine [7]. The canny machine can function as a right
hand for people in different circumstances. Communicating with nature and indoor
circumstance includes taking in and adjustment from evolving condition [8]. The
intelligent machine can fill in as a right hand for people in different circumstances.

50.1.1 Steps for Design and Development of Intelligent
Machine

Figure 50.1 depicts the flowchart of intelligent vehicle. The intelligent moving
machine is safe running motor which takes action according to the situations.

Figure 50.2 design a block diagram panel for giving the commands to our auto-
matic vehicle. In this section, our receiver antenna gets the information from theDAQ
card and start doing task. The vehicle moves forward, backward, left, and right, and
also avoids obstacle in his path. The UV sensor is used to detect the objects and gives
commands to control motor and speed of front wheels to take turns of automatic
vehicle. The speed of automatic vehicle is 10 km/h. It takes turn very fast in motion.

The commands will be forward, backward, left, and right. The command will be
transmitted through the DAQ card to the receiver station. Figure 50.3 depicts the
functional block which is shown below.

50.1.2 Proposed Work

On the basis of historical evidences microcontroller, embedded systems, and appro-
priate communication systems work to let us understand the engineering and define
the understanding of different difficulty detection and their verified solutions. The
state-of-art is that both microcontroller and moving machine took advance steps in
developing intelligent moving vehicle. This work focuses on the basic proposal and
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Start

Check start signal 

Identifying I/O port of DAQ
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and right 
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Fig. 50.1 Flowchart of intelligent vehicle

DAQ Signal Wireless
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Fig. 50.2 Block diagram of intelligent machine

CODE DAQ RF Signal Trans        
Receive 

Moving       
Machine 

Fig. 50.3 Block diagram of tran-receive system

advances of safe intelligentmoving vehicle which has the capability to avoid obstacle
in real time. These obstacles may be known or unknown, static or dynamic.
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50.2 Related Work

The most straight-forward approaches are for obstacle detection and depth estima-
tion, and there can be found different methods associated with motion control of the
independent moving robot.

50.2.1 Background

Arvind et al. [9] have suggested that obstacle location and shirking during route of
a self-ruling vehicle is one of the difficult issues. Investigating the earth utilizing
administered learning procedures has demonstrated to be a costly procedure because
of the preparation of various deterrents for various situations. Their paper concen-
trated on reinforcement learning (RL) systems is utilized to comprehend the dubious
condition dependent on sensor data to settle on the choice.

Diep et al. [10] proposed the procedure to present a strategy for swarm robot to
get the moving objective and to keep away from numerous powerful deterrents in the
obscure condition. In their work, the reenactment results are additionally exhibited
to show that the snag shirking and getting objective undertaking that can be arrived
at utilizing this technique, in which the robot is considered as a progression of water
spilling out of high to low.

Swapna Rekha et al., [11] proposed the soft computing which manages advance-
ment of surmised models in discovering answers for certifiable issues, and it is con-
sidered as one of the rising zones of research in all fields of designing and sciences.
In their paper, a thorough diagnostic point of view of delicate figuring procedures
and their application in apply autonomy have been outlined. Additionally, their paper
reveals insight into different issues and difficulties of the examined research zone
to show the predominance of delicate processing strategies in the advancement of
different applications in mechanical technology.

Reddy et al. [12] as indicatedby author the interest for autos ascends for everybody,
and there has been a ceaseless increment in the quantity of vehicle robberies. Their
paper additionally introduces another programmed motor locking framework which
distinguishes the liquor content on the driver, and the start framework consequently
kills if the liquor substance of the driver is more than the edge level. Their paper
displays another instrument for expanding the security for autos by utilizing unique
mark-based biometric security framework.

Levkovits-Scherer. et al. [13] in this paper propose a vision-based study onmonoc-
ular infrastructure that uses aMobileNet SSDCNN for deterrent discovery and crash
shirking in GPS-denied open air situations. Item discovery and arrangement are com-
putationally serious undertakings, and the handling is taken out away load up on a
ground control station that gets accessible symbolism and information of the UAV
during the self-governing flight.
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Adarsh et al. [14] in their paper introduced the exhibition correlation of ultrasonic
and infrared estimation methods crosswise over hindrances of various sorts of mate-
rials. As per the research, vehicle model is coordinated with the sensors, moving with
consistent speed toward various sorts of snags for catching the separation parameter.

Mohanty and Parhi [15] present the benefits of neural system and fluffy surmis-
ing framework. Their paper centers on the use of a versatile neuro-fuzzy induction
framework (ANFIS) to way age and snag shirking of a self-ruling portable robot in
an obscure static and dynamic condition.

Pandey et al. [16] in their paper exhibited the recreation of way arranging system
for a self-sufficient versatile robot. The figure shows recreation of the versatile robot
with four obstructions.At that point, it needs to design away towardwanted objective.
The route arrangement of a portable robot needs to distinguish every single potential
impediment so as to look for an impact freeway.

50.3 Objective of Paper

The primary objective of this research is to work and develop a real-time obsta-
cle avoidance machine to complete the defined job that involves distributed func-
tionalities. In this context, the core research objectives of the thesis are given
by:

1. To design and develop the machine in laboratory.
2. To design and develop an obstacle avoidance algorithm for moving machine.
3. To implement a research in laboratory for a defined and a required framework

which is required for vehicle and the obstacle avoidance structure.

50.3.1 Methodology

The graphical idea in likemanner defines non-programming specialists to accumulate
programs bymoving virtual depictions of laboratory gearwithwhich they are starting
at now common. The Lab VIEW programming condition, with at one point included
different models and the documentation, makes it simple to make little applications.
This is a favorable position on one side, yet there is also a particular risk of barely
caring about the skill required for considerate mindset of programming. For complex
estimations or colossal scale code, it is huge that the product engineer has a wide data
on the extraordinary Lab VIEW language structure and the topology of its memory
the officials. Also, it is possible to make appropriated applications, which pass on by
a server plot and are thusly less difficult to execute as a result of the characteristically
parallel nature of code.
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Fig. 50.4 Block diagram panel

50.3.2 Block Diagram Panel for IMM

The Lab VIEW is a graphical-based approach, so we start from the block diagram
panel. In Fig. 50.4, we design a code programming for our moving machine which
generates the signal in true/false conditions. If the condition is true, then our machine
will move forward, and if the condition is false, our machine will stop. In this panel,
the control output depends on five outcomes which are known as no action, forward,
backward, left, and right. These signals generate output which we can see at the front
panel and from here we can send the signals to the DAQ card. The front panel result
of Lab VIEW code is shown in Fig. 50.5. This work is totally radio frequency based
in this experimental setup no use of any type of chords. In programming code, four
keys have been used which gives the signal for moving to the machine. This machine
can be changing its position according to the path. So, it is called safe intelligent
moving machine (SIMM). The most exceptional Lab VIEW development outlines
offer the possibility of building and organizing different applications.

50.4 Results

Intelligent movingmachine has been developed which is moving forward, backward,
left, and right. This is a smooth running machine which is controlled by software-
based controlling technique. This is a machine which is highly convenient intelligent
machine for all the facts and figures of engineering purpose which will work more
efficiently in existent time engineering conditions. Thismovingmachine is absolutely
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Fig. 50.5 Front panel result of Lab VIEW code

in controlledwith a defined control stationmaintained at different steps. The resultwe
visualize in moving machine additionally adequately maintains a strategic distance
from the hindrances coming in its way detecting them through the sensor reaction. It
changes its movement very fast. When we provide a signal, it changes its directions
in 0.3 s. The trajectory angle with obstacle is 45° when machine is moving forward
and sudden change in its phase.

50.5 Conclusions

The intelligent moving machine developed in this work is smooth running and gives
fast response against all type of situations. This examination work accomplying
research center manual was intended for a course in mechanical autonomy at the
higher level understudies. The developed automatic intelligent machine also senses
and avoids the obstacles in its path. So, themovingmachine is very useful in industrial
and airport as a load vehicle. These Lab View programming ventures serve both
as a persuasive and as a support system for structure and advancement of smart
robots. In this research,we try to focus atminiaturized scale controller-based program
and virtual instrumentation program control. So, we actualize the virtual instrument
control program for this robot.
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Fig. 50.6 Intelligent moving machine

50.6 Experimental Setup of Intelligent Moving Machine

Figure 50.6 depicts the experimental setup of intelligent moving machine which is
used for industrial and defense application performing a task transforming load one
place to another place. Another application we can use in defense is autonomous
drone on border security purpose.
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