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Assessment of Artificial Neural Network-based
Induction Motor Fault Classifier Using Continuous
Wavelet Transform

A.U. Jawadekar *, G. M. Dhole %, S. R. Paraskar ® and S. S. Jadhao *

DOL: 10.9734/bpi/nperiv7i3473E

ABSTRACT

lr_lduction motors are widely used in industrial, commercial, and residential applications due to their
significant advantages over other types of electric motors. These motors are subjected to a variety of
operating stresses that can result in faults. Bearing faults, stator interturn faults, and cracked rotor
bars are the most common recurrent faults in induction motors. Early detection of induction motor
faults is critical for reliable and cost-effective operation. Faults and failures of induction motor can lead
to excessive downtimes and generate large losses in terms of maintenance and revenues. The
purchasing and installation cost of equipment usually cost less than half of total expenditure over the
life of machine for maintenance. Maintenance cost is 15% to 40% of the total cost and it can go up to
80% of the total cost. In many cases, the failure of a critically loaded machine can bring an entire
industry process to a halt. The growing demand for high-quality and low-cost production has
increased the need for automated manufacturing systems with effective monitoring and control
capabilities.

- Condition monitoring and fault diagnosis of an induction motor are critical in the manufacturing
process. It can reduce maintenance costs and the risk of unexpected failures by allowing for the early
detection of catastrophic failures. There are many condition monitoring methods, including vibration
monitoring, thermal monitoring, chemical monitoring, acoustic emission monitoring, but all these
methods require expensive sensors or specialized tools. Whereas the current monitoring does not
require additional costly sensors as basic electrical quantities voltage and current are readily
measured by voltage and current transformers that are always installed as a part of the protection
system. As a result current monitoring is non-intrusive and may be implemented even if the motor is at
the remote end from the motor control center. Thus MCSA proves to be a low cost online
nondestructive fault diagnosis and detection system to provide accurate assessment of motor faults.
This chapter presents experimental results for multiple fault detection in induction motors using signal
processing and artificial neural network approaches. The continuous wavelet transform was used to
anzlyse motor line currents recorded under various fault conditions. A feedforward neural network
was used for fault characterization based on fault features extracted using continuous wavelet

transform.

Keywords: Artificial neural networks; continuous wavelet transform: induction motor; multiple fault
detection.

1. INTRODUCTION

As indyction motors are a critical component in the majority of industrial processes, any failure in the
machine has a negative impact on the industries. Early detection of motor faults is highly desirable to
reduce downtime and also for safety considerations, which necessitates condition-based monitoring of
the induction motor. Bearing faults, stator winding faults, and rotor faults are the most common
induction motor faults. Bearing failures account for roughly one-fifth of all faults. One-third of reported

* Department of Electrical Engineering, S. S. G. M, College of Engineering Shegaon, (M.S.), India.
“Cormresponding author; E-mail: anjali jawadekar@gmail.com;
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Study on Discrimination between Inrush and Fault in
Transformer: ANN Approach

S. R. Paraskar *"

DOI: 10.9734/bpilrtcams/v8/2606C

ABSTRACT

T_rapsformer protection is a critical issue in power systems because it involves accurately and quickly
distinguishing magnetising inrush current from internal fault current. An artificial neural network has
been proposed and demonstrated its ability to solve the transformer monitoring and fault detection
problem using a low-cost, dependable, and noninvasive procedure. This paper presents an algorithm
in which statistical parameters of detailed d1 level wavelet coefficients of signal are used as an input
to the artificial neural network (ANN), which develops into a novel approach for online detection

- method to discriminate the magnetising inrush current and inter-turn fault, as well as the location of

fault, i.e. whether the interturn fault lies in primary or secondary winding, using discrete wavelet
transfofm and artificial neural network (ANNSs). In the laboratory, information from controlied
experiments was collected using a custom-built single-phase transformer. Following feature extraction
with the discrete wavelet transform (DWT), a neural network model MLP was designed and rigorously
trained. It is also discussed the proposed on-line detection scheme.

Keywords: Neural networks; transformer; fault detection; discrete wavelet transform (DWT); inrush
current.

1. INTRODUCTION

Power transformers are critical components of any power system. As a result, it is critical to avoid any
malfunctioning of the necessary protective system. Differential progection‘has been L_Jsed as the
primary protection of power systems for many years. It houses the dlffereptnal relay, which operates
for all internal power transformer fault types and blocks cauged by _mrush current. The main
disadvantage of differential protection relays is the possibility of mlsoperatlon caused by the transient
inrush current that flows when the transformer is energised. The _mrush cu.rrent contains a large
second harmonic component. Most of the methods for digital differential protection of transformers are

based on harmonic content of differential current. These methods are based on this .fac‘t that the ratio
he fundamental component of differential current in inrush current

conditiqn is greater than the ratio in the fault condition.

) rmonic may also be generated during faults on the transformers. It might be
?:;Jfovigté?aetizicgfrl gThsa parallel cai)acilanceg or disconneqlefj t_ransformers. The second harmonic |ln
these situations might be greater than the second harmonic in inrush purrents.. Thgs, the c%mn}:)n_y
employed conventional differential protection based on second harmonic restraint will face difficulty |3
distinguishing inrush current and internal faults. Thus, an improved technique of protection is require

to discriminate between inrush current and internal faults [1].

To overcome this difficulty p i i i methods have been
i culty and prevent the mal-function of differential relay, many metho

res;’n{;;d to ztanl:Iyzlel and recognize inrush current and internal fault currents. As both inrush current

p
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Abstract

Power quality becomes a highly important issue in the power system operation due to the Increasing use of power electronic devices. Waveform distortions are frequent
4 | ) q

by the power quality disturbances such as sag, swell, Interruption, harmonics, flicker, transients, and notch. These disturbances cause malfunctions, Instabilities, and fail @
user equipment’s (1]

Itisimportant to select appropriate features for the classification of PQDs. In order to extract features from the captured signal, slgnal processing techniques are used. 1
features are further fed to the classifier. The feature extraction is done in two steps. To begln, the time domaln voltage signal is processed using signal processing techni
Second, extraction of appropriate feature is done using the processed signal, A well selected feature vector reduces the classifiers load (2], Features can be directly extra
the original time domain signals, and from the transformed frequency domaln signals. To convert the time domaln signal into a frequency domain signal, signal processi
techniques such as Fourier transform (FT), short-time Fourler transform (STFT), wavelet transform (WT), and S-transform (ST) are utilized,

The frequency contents in the signal were extracted using FT. The frequency content of the signal can be used to Identify some PQDs. However, FT is ineffective for trans
signals. This is due to the fact that FT only tells you if a frequency component exists, but not when it appears [2]. In order to get this information, the time-frequency loca
techniques are used. This enables you to obtain time-evolved signal components in different frequency ranges. This problem can be solved by using STFT, but it has a fix
size. The STFT approach is found to be insufficient for evaluating non-stationary signals. Hence there Is a requirement of efficient and powerful techniques for analysing

stationary signals [3-6]. Many researchers have recommended Wavelet transform for the analysis of PQDs to overcome the fixed window width problem of STFT (7). This
automatically adapts to give correct time and frequency resolutions. High-frequency signal components have a higher time resolution, whereas the low-frequency signal
components have higher frequency resolution with this technique, These characteristics make the WT ideal for analysing power system transients induced by a variety o

In Wavelet transform wavelet is used as the basis function, and it scales according to the frequency under consideration. The WT delivers superior results than the FT an
because the basis function is a wavelet rather than an exponential function. The WT divides the signal into several frequency levels and displays them as wavelet coefficii
itinuous wavelet transform (CWT) and discrete wavelet transform (DWT) are used based upon type of signal under study. CWT-based decomposition is used for conti
Agnals, while DWT-based decomposition is used for discrete time signals [8].

This paper proposes a discrete wavelet transform and KNN based approach for the classification of PQDs. The PQDs such as sag, swell and interruption are created by si
the emerging power system using MATLAB Simulink. These disturbances are further analyse using wavelet transform for feature extraction. The features extracted from
further used for training and testing the KNN classifier.
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Emerging Power System using S-transform and
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Abstract— Classification of Power Quality Disturbances
(PQDs) becomes a key issue for end-users in order to enhance
the Power Quality (PQ). S-transform (ST) based Support
Vector Machine (SVM) classifier is presented in this paper for
classification of PQDs in emerging power systems.  S-
transform is a new and powerful signal processing technique
used for feature ecxtraction in the PQDs classification
algorithms. In  this article, an cnergy threshold-based
algorithm for the classification of PQDs is also presented. In
this research work three PQDs namely voltage sag, swell, and
interruption arc considered under study. The data required for
the analysis of PQDs is generated by simulating the emerging
power system with these PQDs in a MATLAB Simulink
environment. By using S-transform, the non-stationary voltage
signal was transformed to extract the appropriate features
nceded for the classification of PQDs. For automatic
classification of PQDs, the features extracted using S-
transform are used for training and testing the SVM classifier.
The proposed approach uses less features hence the classifier
requires less memory and learning time. The simulation results
reveal that S-Transform in combination with SVM is an
effective way of classifying different PQDs in emerging power
system.

Keywords—  Power quality  disturbances, S-transform,
Support Vector Machine, Signal processing techniques.

I. INTRODUCTION

It has always been a top priority for electric utilities
around the world to reduce PQDs because they can have
adverse cffect on the reliability and security of electrical
power system. Faults in power system, increasing use of
power electronic devices, switching operation, penetration of
inverter-based rencwable energy sources, operation of
distributed generation, and improper grounding are the most
common causes of PQDs [1]. If the disturbances were caused
by the operating conditions of the emerging power system,
the power utility needs to immediately rectify these issues to
prevent a recurrence of the problem. The information about
the type of PQD and its cause is very important. This
information will help to make decisions and take corrective
actions for the improvement of power quality. Therefore,
power utilities must take some practical steps in order to
identify the types of PQDs that could arise from the
emerging power system 2]

PQDs have different characteristics, and we can classify
them on the basis of their characteristics. Voltage variation,
frequency deviation, transients, and presence of notches are
some of the common characteristics used to classify PQDs

(4]-
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A variety of signal processing techniques have been
proposed by many researchers for the classification of PQDs.

It is important to note that the PQDs are non-stationary
by nature. Fourier Transform (FT), Short Time Fourier
Transform (STFT), Wavelet Transform (WT), and Filter
Bank Method have been proposed for the analysis of signals
from various fields [5]. There is a large amount of work
being done on PQ that makes use of WT for analyzing power
signals. Nonstationary signals are decomposed into time-
scale distributions using the WT. WT is the widely used
signal  processing technique for the detection and
classification of PQ disturbances, but it has the limitation
that it is unable to estimate the Fourier frequencies and has a
local phase reference [6). The S-transform is a powerful
time-frequency analysis tool. The S-transform is widely used
in PQ studies as well as many other domains because it has
the ability to estimate the time localized Fourier frequency
spectrum and has a global phase reference. It also has the
capability to accurately detect the PQDs in a noisy
environment. This capability attracts many rescarchers to use
S-transform for the detection and classification of PQDs.
When using the S-transform instead of WT, you don't have
to test various mother wavelets to find the best one for a
better classification result, which is another benefit. The S-
transform is similar to the WT but with some phase
correction. In the case of PQDs with noise, the S-transform
produces patterns that closely match the disturbance type and
hence requires a simple classification method. By visualizing
the contour of the S-transform one can classify the type of
PQDs which is another advantage of the S-transform over
WT. Because of all these superior features, S-transform is
now significantly used in the classification of PQDs [7].

A variety of soft computing techniques are available in
the literature for the classification of PQDs. As far as
classification problems are concerned, SVM is the most
widely used supervisory algorithm available [8]. In this
paper, PQDs are classified using the unique combination of
S-transform and SVM. To classify PQDs in emerging power
systems, the featres from the S-transform are directly
applied to SVM.

Il. S-TRANSFORM

In the field of signal processing, the S-transform is
regarded as one of the most recent developments. A time-
domain signal is converted to0 a time-frequency
representation. Currently, it is used as a tool to monitor
power quality. S-Transform is able to accurately detect
disturbances in noisy environments, whereas Wavelet

Scanned with OKEN Scanner



PQDs. The classification algorithm developed based on
threshold values of Parseval's energy gives accurate results
for all cases of PQDs. A dataset is generated from the feature
vector by computing the Parseval’s energy for different cases
of PQDs for training and testing the SVM classifier. The
classification results show that the SVM classifier accurately
classifies the type of PQDs with 100% training and testing
accuracy.  The proposed approach was validated using
simulation waveforms. The simulation results reported in this
rescarch paper effectively demonstrate the ability of the
proposed algorithm to correctly classify the PQDs. We can
conclude from the analysis that the suggested methodology
outperforms existing methods. The proposed approach was
found to be much faster and simpler than other WT-based
approaches. The use of this technique on a broad scale could
improve the power quality monitoring system and finally the

quality of the power.
REFERENCES

[1] P.Gaoand W. Wy, "Power Quality Disturbances Classification using
Wavelet and Support Vector Machines,”  Sixth  International
Conference on Intelligent Systems Design and Applications, 2006,
pp. 201-206, doi: 10,1109/1SDA 2006.217.

[2] S Mistra, C. N. Bhende, and B. K. Panigrahi, “Detection and
Classification of Power Quality Disturbances Using S-Transform and
Probabilistic Neural Network,” IEEE Trans. Power Delivery, Vol 23,
pp. 280-28 7, Jan. 2008

3] Bhende, CN., S. Mishra and BK. Panigrahi, 2008. Detection and
classification of power quality disturbances using S-transform and
modular neural network. Electr. Power Syst. Res., 78: 122-128.

(4] S. Kaewarsa, "Classification of power quality disturbances using S-
transform based artificial noural networks,” 2009 1EEE Intemational
Conference on Intclligent Computing and Intelligent Systems, 2009,
Pp. 566-570, doi 10.1109/1CICISYS.2009.5357780.

[5] M Uyar, S Yidwim and M T Gencogly, “An expert system based
on S-transform and neural network for automatic classification of
power quality disturbances,” Expert Systems with Applications, vol.
36,n0. 3, Pant 2, pp. 5962-5975, April 2009.

[6] G. Gagparesc, "Automatic classification of power quality events using
S-Transform,” 2011 10th International Conference on Environment

7

(8]

Ml

(1)

[

(13)

(14]

(15

P e ing ML LS N XY

nat ‘
sPetection and ehardeterization of muliple

I a fist N-transiaim and devinion e
Al Provessing, Volume 23 fswe 4,
i

and vt o
10 1TV EELC 200 AL}
Mitan Bswal, BN ash, "
power quality \lulmlwmw\\ i !
Basedd classitied, hu:z:ml i
\
201, Bages 1071108 . R
Khoa, Ngo Minh, Dinh Thanh Vet :m-! t:ia:\;::\h‘l‘q:xmz“‘“\\,‘
i "l‘ :‘un :Itm\ o power quality "N“:N“u\‘u“\‘"lnl-l-l‘, Tntermational
:n“' k.u‘\ sarest feighbot classitier” o <0 !
Sy " qeonivs, 2003

Ny mposiim on Jodustrial bley aand K ALHaddad,

; ‘hamdy
R Kumat, B Singh, '\ \:‘:‘\,m:‘)‘;ﬂ:ut‘\a‘l\\:\l: Ui N+ Franstonm.
"Rew ool Power-Quall rin et i ILEE
':::‘:‘:;R:I\‘:\N Classifier and Rulc-llm:‘\"”:‘l‘ ':""\‘"\ I|:;, 12491258

X Y X, VoL, ) ,
Transactions on Industry l\l‘i""f‘""\"tl,“ 2150010
March-Apri) 2018, dot 10 LHOWTHA SIESEE0 o X
POK A Kuman Vo) Viayalakshmd, 'J M")“:'b“*“mm o

y Pl . ualiyy events !

; fClassification of power g el
:':\'t‘:::l::a:‘lnnc and S-Transform,” 2010 and l||t;‘|:\‘~1ll;:\l:?‘|l;\‘;:;: ““‘;\
on Contemporary Computing and Infarmaties ¢ oalf S5
284, dois 10 11091C31.2010 MI7978 P
Puliyadi Kubendran, Arun Kumar and l\\Rﬁml"‘“:‘m'\“d“m‘mm‘.g
“Detection and classification of compley "‘“\,“ . qu.‘ N l‘n‘l ditYerent
using S-transform amplitude mn.ln_\-lmsml de .‘“NI‘-I“*m ety
noise levels”, Intemational  Transactions ‘\n“*c\ ‘\‘Ho)
Systems, John Wiley & Sons, DOI: 10.10027etep. =5 oL . 3

. K a ch o
Swati R, Satao, Ravishankar 8 Kankale "A new ‘\{‘l‘“‘:‘\ or
classi J ovents using S-Transform®, 2016
classification of power quality events us R ation Control and
International Conference on Computing Communicatic
automation (ICCUBEA), 2010 ‘ R
M. Venkateswara Reddy and R Sodhi, "A Modifiad ‘\:'Immh:m\.m:n
Random Forests-Based Power Quqhw Assessment l»mmc\;\ 7,
IEEE Transactions on Instrumentation and Measuroment, vol. 07, o
1, pp. 78-89, Jan. 2018
P. Hariramakrishnan and S. Sendilkumar, “le\s\m“mtmn ot Power
Quality Disturbances using Hyperbolic S-Transtorm,™ in !n}clnflnox\al
Journal of Engincering Research & Technology (WERT), Special
Issue-2018.
Ravishankar ~ Kankale, Sudhir  Paraskar,  Saurabh  Jadhao,
"Classification of Power Quality Disturbances in Emerging Power
System with Distributed Generation Using Space Phasor Model and
Normalized Cross Correlation®, 2021 8th International Conference on
Smart Computing and Communications (ICSCC), 2021

Scanned with OKEN Scanner

G



Nagar Yuvak Shikshan Sanstha’s

Yeshwantrao Chavan College of Engineering O

(NAAC ‘A’ Graded Autonomous Institution Affiliated to Nagpur University)
Hingna Road, Wanadongri, NAGPUR-441 110

Certificate of Best Paper Presentation

is awarded to Sarika D. Patil, Akshay D Kadu & Pratik Dhabe,
for Best Paper in the Track- 16 (MODELING, SIMULATION & OPTIMIZATION) with the manuscript entitled
“Solve Selective Harmonic Elimination problem with a new Metaheuristic Optimization Algorithm”
with manuscript ID: 492, in
The International Conference on
“Recent Advances in Materials, Manufacturing and Machine Learning (RAMMML-2022)”
organized by
Department of Mechanical Engineering, Yeshwantrao Chavan College of Engineering, Nagpur,
in association with )
The Institution of Engineers (Maharashtra State Centre and Nagpur Local Centre)

held on 26th - 27th April 2022.

Dr. Jayant Giri Dr. R. B. Chadge Dr. U. P. Waghe

Conference Chair Conference Chair Patron
HOD Mechanical Principal,YCCE




Shier Gaganin Shikshan Sanstha’s
SHRI SANT GAJANAN MAHARAJ COLLEGE OF ENGINEERING
SHEGAON - 444203, DIST. BULDANA (MAHARASHTRA STATE), INDIA

"Recognized by ALCTE, New Delhi” Alfiliated 1o Sant Gadgge Baba Amravati University, Amravati
“Approved by the D11, M.S. Mumbai”
Pho: +918669638081/82 Emall: principal@ssprnce.ac.in, registrar@sspgmee,ac,in
Website- www. sspmce.ac.in

Fan: Q917265252340
3.3 Number of books and chapters in cdited volumes/books published and papers

Dy

R)
published in national/ international conference proceedings per teacher during ycar

Ycar: 2021-22

Sr. Name of the Title of the paper Name of the conference
N[ SR oo\ (] S N e N YR o .t
Analysis of Psychophysiological International Conference on Medical
. M.N.Tibdewal Effects on Meditation through Imaging Science and Technology (MIST
.\ . | Electroencephalogram | 2021)
Application of Modified
2 M.N.Tibdewal Restricted Boltzmanrj Machine
(mRBM) for denoising of

motion-Artifacted MRI scans

10th International Conference on

Emerging Trends in Engineering and

Technology - Signal and Information
Processing (ICETET-SIP-22)

Swapnil P. (bl etio G
3 _ Badar, c b‘mpt.emelnLa ic;nf L. 2nd IEEE International Conference on
Kamlesh R d Range Technology (ICORT-2021)
: Decoder
Khanchandani

Mrs. K.S%yas /Mr. V. S. Ingole Dr. M. N. ’l‘ib%?vé'?ﬁ,y
Prepared By N ON . HoD, EXTC







MIST 2021
CONFERENCE PROGRAM

December 1st-3rd, 2021
China Standard Time (GMT+8:00)

&

ONLINE-Microsoft Teams Meeting

For MIST 2021 Academic Exchange Only
Not for Distribution to the Public




Session 3_ Computerized Medical Imaging and Graphics

Time: 08:30-12:35, December 3, 2021 (GMT+8)
Session Room Link: http://www.academicconf.com/teamslink?confname=MI1ST2021

08:30-08:45

08:45-09:05

09:05-09:25

09:25-09:40

09:40-10:00

10:00-10:25

10:25-10:35

10:35-10:50

10:50-11:20

11:20-11:30

11:30-11:50

11:50-12:05

12:05-12:20

12:20-12:35

MIST1048

MIST1057

MIST1058

MIST1038

MIST1051

MIST1029

MIST1031

MIST1052

MIST1018

MIST1003

MIST1037

MIST1042

MIST1021

Facial Expression Annotation: from Sign Language to Pain Analysis
Dr. Emely Pujdli da Silva, University of Campinas, Brazil

Long-tone-burst Ultrasound Enhanced Microbubble Thrombolysis
Prof. Xianghui Chen, First Affiliated Hospital of Jinan University, China

Generative Adversarial Network for Medical Image Synthesis: A
Case Study in Realistic Knee Image Generation
Dr. Hong-Seng Gan, Universiti Malaysia Kelantan, Malaysia

Imaging and Computer Vision for Biomedical Robotics
Asst. Prof. Liangjing Yang, Zhejiang University, China

Brain Tumor Segmentation in MRI Images using Di-Phase Midway
Convolution and Deconvolution Network
Prof. PL. Chithra, University of Madras, India

A Bi-splitting Radial Curve Method for Region based Segmentation
of Tumour Detection
Mr. Radhamadhab Dalai, Birla Institute of Technology Mesra, India

BREAK

Imaging Noise Models, Poisson Noise Reasons and its Effect on
X-Ray Images

Asst. Sajid Ullah Khan, University of Lakki Marwat, Pakistan

Analysis of Psychophysiological Effects of Meditation Through

Electroencephalogram
Dr. Manish N. Tibdewal, Shri Sant Gajanan Maharaj College of Engineering,
India

Robotic Device for MRgFUS Applications in Veterinary Medicine
Ms. Anastasia Antoniou, Cyprus University of Technology, Cyprus

Digital Passports: Biometric & Vaccine Information
Prof. Khaled A. Nagaty, British University in Egypt, Egypt

Application of Wavelet Theory in Medical Imaging (Knee : Patella)
Dr. Belarbi Mansour, Mascara University, Algeria

Fractional Brownian Motion Model for Bone X-ray Images

Characterization
Dr. Khaled Harrar, University M’Hamed Bougara of Boumerdes, Algeria

Deterministic Global Optimization Methods for the Study of Inverse
Problems
Dr. Dmitri E. Kvasov, University of Calabria, Italy

S



MIST1052: Analysis of Psychophysiological effects of Meditation through
Electroencephalogram

Manish N. Tibdewal ", Dhanashri N. Nagbhide
Department of Electronics and Telecommunication Engineering, Shri Sant Gajanan Maharaj College
of Engineering, Shegaon, 444203, Maharashtra, India

Abstract. Meditation has a metaphysical influence on the physical as well as mental health of humans.
It promotes relaxation to the human being which is required for alleviating stress. This experiment
investigates the psychophysiological effects of meditation using an electroencephalogram (EEG). In
this research work, the analysis of EEG signals is done for cognitive effects on the human brain for
before and after meditation intervention of 25 subjects. The aim of this study is to analyze brain
functioning after a month of meditation intervention using statistical and spectral analysis. The
statistical and spectral analysis was performed through Sample entropy and Power spectral density
respectively. The statistical analysis shows that the Sample Entropy decreased after meditation. The
spectral analysis stated that theta power has increased 88 % of subjects whereas the alpha power is
increased for the entire subjects after meditation. These features index the meditation improves
relaxation, cognitive functions. In future, the work shall be extended by increasing more subjects with a
sustained period of meditation to present the more benefits of meditation.

Keywords: EEG; Meditation; Sample Entropy; Power Spectral Density

MIST1018: Robotic Device for Mrgfus Applications in Veterinary Medicine

Marinos Giannakou, Nikolas Evripidou, Anastasia Antoniou, Christakis Damianou”
Department of Electrical Engineering, Computer Engineering and Informatics, Cyprus University of
Technology, Cyprus

Abstract. Magnetic Resonance guided Focused Ultrasound (MRgFUS) constitutes an emerging
non-invasive therapeutic modality in modern oncology. Since application of this technology in
veterinary medicine contributes to optimizing therapeutic protocols and more rapidly translating
research into clinical practice, a robotic device intended for veterinary MRgFUS has been developed.
The device comprises a positioning mechanism dedicated to navigating a single element spherically
focused transducer operating between 1-3 MHz in four PC-controlled axes. All the motion stages are
actuated by piezoelectric motors, whereas two optical encoder setups are arranged on each stage, thus
providing precise position estimates. Sufficient accuracy and repeatability of motion were
demonstrated through caliper-based and Magnetic Resonance Imaging (MRI) techniques, with an
estimated mean positioning error smaller than 0.1 mm. Highly accurate motion was also confirmed
through visual examination by performing multiple ablations on a plastic film. For MR compatibility
assessment, quantitative evaluation was performed by calculating the signal-to-noise ratio during
device activation in a 1.5 T scanner using an in-house phantom, as well as through a more
comprehensive approach of quality assurance and a series of specialized tests. The system was proven
safe for operation inside the scanner without significantly affecting the overall image quality. Due to its
compact and simple design, it is easily transportable, ergonomic, and suitable for integration into the
bore of up to 7T MRI scanners. Upon veterinary validation, the developed system could be easily
translated into clinical medicine for treating abdominal cancer in humans with minimal design
modification.

Keywords: MRgFUS; Robotic Device; Veterinary Medicine
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Analysis of Psychophysiological effects of
Meditation through Electroencephalogram

Manish N. Tibdewal
Department of Electronics and
Telecommunication Engineering
Shri Sant Gajanan Maharaj College of
Engineering, SHEGAON, 444203,
MAHARASHTRA, INDIA
mntibdewal @ssgmce.ac.in

Abstract — Meditation has a metaphysical influence on
the physical as well as mental health of humans. It
promotes relaxation to the human being which is required
for alleviating stress. This experiment investigates the
psychophysiological effects of meditation using an
electroencephalogram (EEG). In this research work, the
analysis of EEG signals is done for cognitive effects on the
human brain for before and after meditation intervention
of 25 subjects. The aim of this study is to analyze brain
functioning after a month of meditation intervention using
statistical and spectral analysis. The statistical and spectral
analysis was performed through Sample entropy and
Power spectral density respectively. The statistical analysis
shows that the Sample Entropy decreased after meditation.
The spectral analysis stated that theta power has increased
88 % of subjects whereas the alpha power is increased for
the entire subjects after meditation. These features index
the meditation improves relaxation, cognitive functions. In
future, the work shall be extended by increasing more
subjects with a sustained period of meditation to present
the more benefits of meditation.

Keywords—EEG, meditation, Sample entropy, Power
spectral density.

l. INTRODUCTION

Meditation has been used to address the various health
related problems for ages. Basically, meditation is an activity
that supports to enhance the understanding of self realization.
Nowadays, the psychological stress arises from decrescent
work load, tends to insomnia, negativity, depression and many
other symptoms that turns into long term heath related issues.

Meditation is an effective solution to reduce the stress
which can remarkably affect on physical as well as mental
health as studied in previous [1], [2]. The EEG is a temporal
technique that record and monitor the electrical activity of
human brain cerebrum. The rootlet of EEG activity is the
electric potential within the neurons of the human brain. The
EEG activity produces oscillations at different types of
frequencies [3]. This technique used to analyze the effects of
meditation.

Dhanashri N. Nagbhide
Department of Electronics and
Telecommunication Engineering
Shri Sant Gajanan Maharaj College of
Engineering, SHEGAON, 444203,
MAHARASHTRA, INDIA
dhanashri4nagbhide@gmail.com

The EEG signal analysis is frequently grouped in frequency
bands: delta, theta, alpha, beta, and gamma. Delta band (0.5-4
Hz), the slowest and strongest brain wave which is mainly
involved with deep sleep or dreamless sleep is also found
during deep meditation. Theta band (4-8 Hz) is linked with
drowsiness, light sleep, concentration, deep relaxation, or
meditation. Alpha band (8-12 Hz) is related to relaxation,
calmness, or peaceful state. Beta band (12—-30 Hz) is associated
with normal awaking consciousness, high alert, active thinking,
angry, anxiety, or focus. Normally, a person functions in
frequency band during daytime. Gamma band (30-100 Hz) is
the fastest brain wave associated with hyperactivity or the
processing of information from different brain areas.

EEG studies have been used with different signal
processing techniques to mention the brainwave changes that
arise during meditating [4]. Dillbeck et al. found that
significant changes in frontal alpha coherence in TM practice
[5]. Incagli et al. conducted the meditation program to examine
the cognitive process [6]. Ahmed et al. studied the effect of
mental behavior through DWT [7]. Ahani et al. proposed
methods to analyze the changes of EEG and respiration signals
for meditation and control state [8]. Minggian et al. carried the
experiment to investigate the insight of mindfulness meditation
[9]. Fulpatil et al. examined the EEG signal during meditation
using a wavelet function [10].

Andrew et al. investigated the utilization of EEG screening
for personalized approach in the meditation [11]. Sobolewski
et al. explored the effect meditation impact on emotional
regulation [12]. Sharma et al. implied that regular meditation
practice can affect the positive impact on brain areas
especially, on frontal and parietal areas [13]. Frederick Travis
narrated the importance of narrow frequency bands that reflects
the different cognitive process [14]. Kora et al. elaborated the
different meditation styles on Brain waves concerning physical
and mental health [15].

Meditation produces changes in certain frequency bands. It
is essential to process EEG signals because of non-stationary,
highly non-linear, and stochastic behavior. Hence in order to
investigate the meditation impact on human brain, this study
examines EEG signals for before meditation and after a month



of meditation intervention. The analysis performed through
statistical and spectral features for 25 subjects using the
features: Sample entropy and power spectral density.

1. METHODS AND MATERIAL

In this work, the “Medicaid Neuro-Compact 2400’ system is
used to acquire EEG signals from different subjects using Ag-
Cl types of electrodes for analyzing the impact of meditation.
There are total 21 electrodes for data acquisitions with 10-20
international system. The sampling frequency (Fs) is observed
as 114 Hz. Here, the experiment conducted on 25 novice
healthy subjects between the age group of 16-50 year
including male and female genders.

The EEG signal recording is done before meditation and
after a month of meditation intervention for the same 25
subjects. Before meditation, the EEG data recorded when the
subjects are in a calm and relaxed state with their mind stable
for 10 min. The same subjects have performed meditation
continuously for a minimum 15-30 minutes daily for a month.
After a month of meditation, the EEG of meditators was
recorded for 5-7 min.

The prefrontal cortex is majorly responsible for the
cognitive process [9]. Thus, for analysis of the cognitive
effects of meditation the frontal lobe electrodes (F3, F4, F7,
F8, FP1, FP2, Fz) are used. Each epoch has a total of 912
samples. The EEG signals are sampled at 114 Hz over 8
second time duration. All the datasets are processed by
designing every step. The implementation is done through the
MATLAB (R2015a) 8.5.0.197613 platform. The ethical
clearance is acquired from the Government Medical College
Akola, Maharashtra, India.

The feature extraction carried by utilizing finite impulse
response (FIR) filter for the separation of EEG bands as per
frequency bands. FIR band pass filter process by assigning the
‘0.001’ value as band attenuation, ‘1’ value as the pass band
ripple and ‘20’ as the density factor.

All features are evaluated at the frontal electrodes for
various bands, including delta, theta, alpha, and beta. The delta
is excluded in the study because of its hyperactivity in nature.
The statistical and spectral analyses are performed by
extracting Sample Entropy and Power spectral density. These
features are extracted band wise for both control and
meditators group with frontal lobe channels of EEG time
series. The student t-test is performed to examine the
discrimination of control and meditators group. The p-values
estimated from the t-test show how better these data
discriminate between both cases. The equations for
computation of each of the features are demonstrated as below:

Sample Entropy (SampEn)

The Sample Entropy measures the randomness of a time
series. A high random brain indicates creativity or anxiety. It is
useful to obtain the nonlinear interrelations and complexity of

brain areas. The sample Entropy is one of the types of different
entropies.

It is a measure of information as the measure probability
distribution. The SampEn is less affected by the presence of
noise. So as to evaluate the SampEn, two parameters are
required, which is length of compared window m and
tolerance r. The SampEn [16] value is calculated for the time
series with N samples, as discussed below:

Am(r)]
B™(r)

sampEn(m,r,N) = —In[ Q)
Where, B™(r) = Probability that two vectors will match for
‘m’ samples and A™(r)= Probability that two vectors will

match for m + 1 samples.

Power spectral density (PSD)

The spectral analysis will illustrate the activity of brain over
different regions and different states, which reflect the general
arousal levels of brain. Power spectral density represents the
power distribution of EEG series per unit frequency. PSD is
evaluated using Fast Fourier Transform (FFT) quantifies the
amount of activity in a different frequency band of EEG signal
that reveals the strength of variation as the function of

frequency. @

Let x[n] = EEG data
Power = = Y3 |X[k]|? )

where, N = Length of EEG signals, X[k] = DFT of x[n].

PSD estimation is a non-parametric method utilized to
calculate the power spectrum of EEG time series as a function
of frequency while maintaining the balance between
smoothing in time and frequency resolution. The analysis is
performed through all four bands after averaging frontal
electrodes for before and after meditation intervention. All 25
subjects’ EEG signals processed using band pass filter. After
feature extraction each band is separated and hence delta,
theta, alpha and beta power is calculated as shown in fig.1.

Select EEG data
4
FIR
Band pass filter 1-30 Hz
v
) ) ) I}
FIR BPF FIR BPF FIR BPF FIR BPF
1-4Hz 4-8 Hz 8-12Hz 12-30Hz
) ) ) v
Delta power Theta power Alpha power Beta power
®3) (L)) (Pa) ®p)

Fig .1. Flow chart of PSD estimation

1l. RESULTS AND DISCUSSION

Statistical Analysis
According to the methodology the analysis of each
subjects’ EEG signals is done for before and after meditation.
The study estimates the statistical and spectral analysis after
2



averaging the seven frontal channels of EEG data. Here it is
demonstrated the features such as Sample Entropy and Power
Spectral Density. Table 1, shows the differences in statistical
and spectral features of all 25 subjects for pre and post
meditation.

It is inferred that the average sample entropy value for
average of theta and alpha band is decreased in meditators
whereas in delta and beta bands it is increased after a month of
meditation intervention. The theta and alpha bands’ sample
entropy is low for meditators as compared to the control group.
The sample entropy of delta band is 0.23 and 0.24, theta band

is 0.48 and 0.45, alpha band is 0.49 and 0.48, beta band is 0.68
and 0.69 for the control and meditators group respectively. A
high random brain indicates creativity or anxiety. Hence,
decreased sample entropy indicates decrease in randomness
and increase in non-linearity of EEG signals. As the non-
linearity increases, brain cognitive functions perform better.
The p-value is evaluated from student t-test for different
bands with < 0.05 as a significant level. Table 2 shows the p-
values for both features between control group and meditators

group.

Table 1: Sample entropy and Power features for before (control group) and after a month of meditation intervention

(meditators group)

Subjects/ Features EEG bands: Control Group EEG bands: Meditators Group
Gender/Age Delta Theta  Alpha Beta Delta Theta Alpha Beta
Sample entropy 0.23 0.45 0.5 0.6 0.25 0.48 0.46 0.65
S1/M/19
Power 180.52 23.85 0.25 497 153.58 27.14 7.1 1.58
Sample entropy 0.32 0.48 0.46 0.61 0.28 0.46 0.49 0.6
S2/F/19 Power 282.22 20.95 0.23 3.17 139.45 35.19 4.75 1.69
Sample entropy 0.26 0.52 0.51 0.62 0.29 0.49 0.47 0.75
S3/F/19
Power 120.39 27.9 0.4 15.64 128 41.7 19.34 3@
Sample entropy 0.22 0.51 041 0.63 0.29 0.36 0.54 0.
S4/F[22
Power 109.38 17 0.19 435 34.29 31.73 11.27 3.42
Sample entropy 0.24 0.42 0.47 0.7 0.21 0.49 0.47 0.64
S5/F/18
Power 137.19 38.33 0.27 3.53 531.35 85.4 50.79 1.26
Sample entropy 0.26 0.49 0.54 0.64 0.22 0.45 0.49 0.71
S6/M/32
Power 463.74 19.69 0.17 7.67 101.35 53.47 11.62 1.58
Sample entropy 0.28 0.47 0.51 0.57 0.24 0.5 0.48 0.93
S7/IM/29
Power 100.43 14.35 0.51 7.69 71.25 71.86 5.25 212
Sample entropy 0.2 0.48 0.47 0.88 0.25 0.44 0.54 0.78
S8/F/22
Power 624.08 14.01 0.2 1.92 71.25 14.35 18.86 212
Sample entropy 0.18 0.48 0.52 0.87 0.26 0.52 0.51 0.76
S9/F/23
Power 748.78 19.33 0.24 4.04 132.34 22.51 4.79 2.34
Sample entropy 0.28 0.47 0.42 0.69 0.27 0.48 0.48 0.68
S10/F/21
Power 132.85 65.16 0.69 5.46 90.11 62.76 9.62 45
Sample entropy 0.21 0.48 0.47 0.64 0.3 0.42 0.52 0.61
S11/F/50
Power 254.43 96.89 0.53 12.63 76.07 32.94 8.26 49
Sample entropy 0.22 0.43 0.5 0.69 0.23 0.52 0.52 0.67
S12/M/24
Power 132.71 34.34 0.15 281 428.47 65.8 20.74 4.13
Sample entropy 0.38 0.48 0.5 0.71 0.26 0.41 0.48 0.72
S13/F/18
Power 107.25 140.3 1.68 131.53 342.05 162.69 84.1 151.11
Sample entropy 0.21 0.5 0.53 0.74 0.25 0.38 0.46 0.7
S14/F/18
Power 1302.16 73.07 0.22 191 444.75 141,51 15.73 3.73
Sample entropy 0.19 0.44 0.51 0.67 0.23 0.49 0.51 0.77
S15/F/23
Power 324.08 17.46 0.15 5.73 154.49 19.64 12.58 1.27
Sample entropy 0.22 0.49 0.49 0.67 0.28 0.45 0.42 0.6
S16/M/24
Power 273.4 16.4 0.21 1.33 138.3 28.85 13.02 6.07




Sample entropy 0.21 0.49 0.48 0.57 0.22 0.45 0.49 0.59
S17/F/19
Power 253.62 20.01 0.51 3.63 159.16 71.85 8.23 7.73
Sample entropy 0.19 0.54 0.5 0.65 0.25 0.48 0.46 0.65
S18/F/16
Power 104.09 17.35 0.14 2.4 153.58 27.14 7.1 1.58
Sample entropy 0.19 0.45 0.55 0.71 0.21 0.38 0.55 0.7
S19/F/18
Power 337.26 24.22 0.09 3.62 127.95 60.78 17.95 1.52
Sample entropy 0.22 0.45 0.54 0.76 0.19 0.51 0.52 0.79
S20/F/18
Power 117.49 63.73 0.68 18.62 418.91 57.56 23.37 24.78
Sample entropy 0.2 0.51 0.49 0.72 0.23 0.51 0.41 0.78
S21/M/28
Power 397.05 10.98 0.41 3.22 154.16 55.61 10.57 2.86
Sample entropy 0.23 0.51 0.52 0.71 0.21 0.49 0.48 0.68
S22/F/18
Power 716.44 49.71 0.28 6.31 208.08 82.41 16.42 1.26
Sample entropy 0.24 0.48 0.49 0.56 0.25 0.49 0.48 0.56
S23/F/48
Power 159.17 28.34 1.02 18.99 1157.57 57.81 63.49 10.88
Sample entropy 0.2 0.49 0.51 0.71 0.19 0.52 0.44 0.76
S24/M/30
Power 476.73 16.97 0.26 1.45 164.58 24.05 15.31 2.38
Sample entropy 0.25 0.52 0.49 0.69 0.21 0.43 0.41 0.62
S25/F/18
Power 470.55 38.13 34.97 3.22 309.47 434 0.86 5.27

Table 2: p-Values of different EEG rhythms for Sample
Entropy and Power

p-value (EEG Band)

features
Delta Theta Alpha Beta
sample . 0Eo1 101E-01  106E-01  2.50E-01
Entropy
Power 101E-01  870E-04  7.71E-08  2.35E-01

Power Spectral analysis: The aim of this work is to
investigate the effects on human being brain after the
meditation. This is done by examining the different brain
rhythms. The Spectral analysis gives information regarding to
the existence of different frequency bands of EEG that reflects
the general arousal levels of the brain [18]. Here the spectral
analysis calculated by using FFT shows the power distribution
over the brain regions. The FFT method is utilized to convert a
signal from the time domain to frequency domain.

The maximum power value is extracted from the maximum
amplitudes of the EEG signals shown in Table 1. It is observed
that there is an overall increase in power after a month of
meditation, in theta and alpha bands compared with the control
group. While delta and beta band power decreases. Increased
power in the alpha band implies high activity while doing easy
tasks and theta band indicates subject alert to the external
environment [9]. Whereas the delta band and beta band power
are decreased in the corresponding subject.

From the analysis, theta and alpha bands are stronger with
respect to band power in meditators than the control group
which implies that theta and alpha changes appear from
meditation practice. The increases in alpha and theta band
power and decrease in frequency correlates with the lower
level of anxiety and a higher level of calmness [1]. As the

subject get calm it said that emotionally stable state and th
subjects can increase concentration level. The alpha and t@
band shows that p << 0.05 while delta and beta bands indicate
p > 0.05. From the observation of p-value, it is implied that
the theta band has a lower p-value while alpha band has higher
discriminating data set between the control group and the
meditators group as shown in table 2.

Through the power spectral analysis, it is perceived that
power in theta and alpha bands increases significantly which
supports and signifies the previous studies conducted on
meditation. It is stated that, after meditation, there is a
considerable increase in theta power for 88 % subjects’ and an
increase in alpha power for all the subjects. Whereas the delta
and beta bands power are decreased. Theta band is associated
with alertness, attention, working memory, concentration, and
increased awareness of surrounding. Hence, the psycho-
physiological effects are obtained by statistical and spectral
features as the evidence by alpha and theta bands.

IV.  CONCLUSION

The purpose of this innovative work is to analyse the
psycho-physiological effects of meditation. The spectral
analysis stated that theta power has increased 88 % of subjects
whereas the alpha power is increased for all the meditators
after meditation. From the quantitative analysis, it is stated that
meditation improves psychological parameters in terms of
relaxation, stress relief whereas, physiological parameters in
terms of cognitive abilities. In future, the work shall be
extended by increasing more subjects with sustained period of
meditation to enact the more benefits of meditation.
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Abstract—One of the key difficulties that might impact the di-
agnosis is motion artifact in MR imaging. A Restricted Boltzmann
Machine (RBM) may train itself using a probability distribution
over a set of inputs. As a result, RBM may be used to create
MRI scans that are devoid of artifacts. The suggested approach
for denoising motion artifact-induced MRI data uses a feedback
network to modify the existing restricted Boltzmann machine
(RBM). Because to RBM, the number of weights and biases
that must be calibrated is limited to visible and hidden layers,
considerably speeding up the training process. Once trained,
RBM output for a 256 x 256-pixel image takes roughly 2 seconds.
mRBM has a root mean squared error (RMSE) of 0.00343.
Because mRBM does not require repeat MRI, the speed and
accuracy of diagnosis can be increased.

Index Terms—MRI, mRBM, motion artifact

I. INTRODUCTION

Human movements are unavoidable and may lead to motion
artifacts during magnetic resonance imaging [1], [2]. The
motion artifact-induced MRI is generally degraded in its image
quality [3]. Because of the low SNR, such MRIs are not very
useful in diagnosis. Low SNR due to the gradient echos cause
blurring in the MRI images [4].

Restricted Boltzmann Machine (RBM) is used to extract
features from an image [5]. Typically hidden layers are trained
in an RBM using feature activation of its visible layer [6],
[7]. RBM has two biases which are distinctive features in
comparison to other methods reported in the literature [8], [9].
The hidden bias allows activation in the forward path.Visible
layer bias helps in the reconstruction of the RBM in the
backward direction. RBMs are shallow networks consisting of
only two layers - the visible layer and the hidden layer. Nodes
are interconnected across the layers but no two nodes of the
same layer are linked. RBMs are called restricted Boltzmann
machines because there is no intralayer communication.
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Department of Electronics and Telecommunication Engineering
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Figure 1 shows the proposed methodology of the modified
RBM. As shown in Fig. 1 (a) MRI scans are pre-processed
to remove the name and other printed information. The name-
removed output is then transformed into a 1-D array, with the
region of interest (ROI) moved in the center. Each pixe@
the visible layer gets its multiplying weight.When all of The
pixels of a 2-D image are processed through the visible and
hidden layers, a difference image is formed. This image is
then compared to the ground truth, yielding a different image.
The learning rate and the values in the difference image are
used to alter all of the weights and biases. In Fig. 1 (b),
a blinded sample with trained mRBM is used for real-time
motion artifact correction testing. The RMSE was calculated
using the ground truth and the generated output image. With
the available dataset, the minimal RMSE value can be as low
as 0.008.

II. LITERATURE REVIEW

Lyu et al. [10] employed a recurrent neural network to
reduce heart motion artifacts. They claim that their approach
produces superior image quality than any of the cardiac images
published in the literature. Lyu employed a recurrent neural
network to reduce heart motion artifacts in MRI images. They
integrated bidirectional convolutional long short-term memory
with multiscale convolution. They also recommended using
the same approach to rebuild missing frames in order to
improve temporal resolution. Zhao et al. [11] has presented
deep learning-based MRI artifact reduction (DMAR). They
were successful in lowering the RMSE to 0.068. They were
able to obtain a maximum PSNR of 23.38 dB. Oh er al. [12]
corrected motion artifacts in MRI pictures using unsupervised
deep learning algorithms. The photos were 320 x 320 pixels
in size. Their recorded PSNR was 24.47, which was higher
than the value given by pix2pix. They obtained a PSNR of
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Fig. 1. Concept diagram for the proposed methodology. (a) The proposed system architecture uses a blurry MRI scan and its corresponding ground-truth
version that was recaptured, as inputs. The name and other printed information are removed from the MRI images during preprocessing, and the data is
converted to a 1D array. The 1D array is then sent into the RBM, where each pixel on the visible layer gets its multiplying weight. After that, all of the pixels
are passed through the hidden layers, the weight of each hidden layer is multiplied, and the bias is added. To generate a difference image, the 1D output
image is transformed to a 2D image before being compared to the ground truth image. (b) The proposed method is tested in real-time on a blinded sample
using trained mRBM, with the resulting output image being used for RMSE estimates. We discovered that RMSE can be as low as 0.008.

34.13. Armanious et al. [13] proposed using cycle GAN to fix
motion artifacts. They received an MSE of 375.01 for the 256
x 256 image size. Cycle-MedGAN and Cycle-MedGAN V2.0
were also created. Ciric et al. [14] improved MRI scans by 100
times using motion estimation and mathematical expressions.
In addition, motion artifacts could be corrected in as little as
40 minutes to 4 hours.

Pipe et al. [15] employed Propeller MRI techniques to
fix spatial discrepancies by sampling K-Space data. Their
approach identifies and rejects data that has motion artifacts.
Diffusion-weighted imaging (DW) was employed by Liau et
al. [16]. They discovered that signal dropout occurs during
heart scanning and is proportional to the b value. To eliminate

motion artifacts in MRI, Smith et al. [17] employed a pulse
sequence, better scanning, and a specific pulse design. To
reduce motion artifacts, Goto et al. [18] employed regional
displacement interaction (RDI) and scrubbing. Wang et al. [19]
employed a convolutional constrained Boltzmann machine to
predict breast cancer pathological response. The feature map
is extracted using the CRBM, which is subsequently used
for classification. In both the visible and hidden layers of
their convolutional RBM model, they used a 2D block. They
utilized a standard PCR as a comparison. They were able to
obtain a maximum accuracy of 80 %.
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MSE. MSE was lowest at the learning rate of 0.02. (d) Plot of variation of the maximum number of iterations vs MSE. The lowest RMSE was produced
in 900 iterations. (e) Plot of variation of the mini-batch size vs MSE. A mini-batch size of 13 yields the lowest RMSE value. (f) Comparison of RMSE for
natural and artificially-induced motion artifacts in MRI scans. The average RMSE for natural motion artifacted MRI scans was lower than the average RMSE
value of artificial motion artifacted MRI scans. Hence the proposed mRBM system should be preferred in cases of natural motion artifacts occurring in MRI

scans.

All of the image files that needed to be trained were housed
in a single folder. The training inputs were set to a size of
256 x 256 pixels for the length and breadth of the images.

III. METHODOLOGY

We also tried 512 X 512 pixels and 1024 X 1024 pixels
as size variations. If there were any colored images, they
were transformed to grayscale, and all of the photos were
changed from their standard uint-8 format to double format
for mathematical computation.
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after 900 iterations.

We employed a conventional restricted Boltzmann machine
(RBM method) and adjusted its parameters based on the
difference between motion artifact corrected photos and their
ground truths. The number of learning iterations that could be
performed was limited to 900. We performed the algorithm
from 50 to 1300 iterations with a configurable step size of 50,
100, and 200 to get the optimal number of iterations for the
desired accuracy. The number of neurons in the hidden layer
was set to 256 and the size of the mini-batch data was set at
13 images. We experimented with changing the learning rate
from 0.01 to 0.04 in 0.1 increments. We also attempted Gibbs
sampling steps of 50, 60, 70, 80, 90, and 100. The RMSE was
minimized in all of these versions.

A. Details of training with mRBM

The entire input data was normalized between O to 1 using
equation 1 and 2.

an(i) = xz(i) — min(x) ()

Where,

xn(i) is difference between the current value and the minimum
value.

x(i) is the pixel value at i** location where i goes from 0 to
(m X n).

min(x) is minimum value in image X.

xnormalized(i) = zn(i)/(maz(z) — min(x))  (2)

Where,
xnormalized is the normal value of x.
max(x) is maximum value in image x.

For both visible and hidden layers, all starting biases were
set to 0. The seed point was chosen at random and mini-batch
data was loaded following the seed point for training. Each
neuron’s initial weights were created at random. We began
Gibbs sampling with the energy function. The hidden weights



were adjusted using sigmoid functions of the visible layer
weights. Equation 3 gives the sigmoid function.

S(w) =1/14 " 3)

Where,
S(w) is the sigmoid function at w.
w is the weight value of the other layer.

The weights of visible layers were adjusted as a sigmoid
function of the weights of newly discovered hidden layers. In
terms of ground truth, positive divergence (pd) and negative
divergence (nd) were calculated. As indicated in equation 4,
the network weights were changed according to the learning
rate specified and constructive divergence.

w(itr) = w(itr — 1) + € X (pd — nd) 4)

Where,

w(itr) is the weight value of the current iteration.
w(itr-1) is the weight value of the previous iteration.
€ is the learning rate.

pd is the positive divergence.

nd is the negative divergence.

The overall difference between the visible layer and the
ground truth image from the mini-batch with which we started
was used to update the bias of visible layers.

b(itr) = b(itr — 1) + € X (O(itr) — GT) 5)

Where,

b(itr) is the bias value of the visible layer in the current
iteration.

b(itr-1) is the bias value of the visible layer in the previous
iteration.

O(itr) is the output of the current iteration.

GT is the ground truth

hb(itr) = hb(itr — 1) + ¢ X (O(0) — O(itr))  (6)

Where,

hb(itr) is the bias value of the hidden layer in the current
iteration.

hb(itr-1) is the bias value of the hidden layer in the previous
iteration.

0O(0) is the output of the first iteration.

O(itr) is the output of the n?” iteration at which the node is
activated.

RMSE_\/ L

N A\
— - >_(0(i) = GT(i) (7)
Where,

RMSE is the root mean sqaure error.

m X n is the total number of locations

0() is the output of the i’ location.
GT() is the ground truth of the i** location.

The visible layer’s revised biases are presented in equation
5. Similarly, the hidden layer’s biases were adjusted using the
learning rate and the difference between the initial output and
the output of the last iteration, where the output image is
identical to the ground truth (as shown in equation 6). The
RMSE of a mini-batch image is calculated by comparing the
output of the last visible layer to the ground truth for that
image. The existing trained mRBM network is used to import
all of the training parameters, such as weights and biases.
Visible layer biases and hidden layer biases are examples of
these biases. The input is denoised using this trained network
after the accuracy is within the specified range. By comparing
the output of the last visible layer to the ground truth for that
particular mini-batch image, the RMSE is calculated (as shown
in equation 7).

B. Experimental Procedure

A group of local hospitals in Mumbai and Akola provided
us with 160 motion artifact-induced MRI images. The pho-
tographs were in the 32-bit Digital Imaging and Commu-
nications in Medicine format (DICOM). Before sending the
dataset, the hospital erased the identities of all patients for
data privacy reasons. All of the photos were saved in two
different datasets, one with 50 % training data and the
with 50 % testing data. The original graphics were 5127 py
512 pixels in size. The images were downscaled to a size of
256 x 256 pixels for analysis and speed optimization. Between
the labeling of the two images, there is a perfect correlation.
The images were upscaled to a resolution of 1024 by 1024
pixels to better comprehend the influence of size fluctuation.
We treated an entire range of 50 samples to 100 samples
with a configurable step size to optimize the amount of Gibbs
samples to be considered. The number of Gibbs samples and
the image size were both optimized. The mRBM’s mini-batch
size ranged from 11 to 14 images in 1 image increments. We
also attempted to create a motion artifact image and fix it for
better analysis. Finally, the mRBM’s mini-batch size ranged
from 11 to 14 images in steps of 1.We employed a rotation
and translation procedure to create the intentionally created
motion artifact images. The image was rotated by a 10-degree
angle and translated to a 10-pixel motion, and the final image
was created by averaging the original image with the rotated
and translated image. We utilized a motion blur filter with
fspecial for averaging, and the final image was created with
the imfilter function. For the required image and the generated
image from the modified restricted Boltzmann machine, the
RMSE was calculated.

IV. RESULTS

The image sizes were modified from 256 x 256 pixels
to 1024 x 1024 pixels, as shown in Fig. 2 (a). The RMSE
increases from 0.6 to 0.11 as the image size increases. The
sample steps were varied between 50 and 100, as shown in



TABLE I
COMPARISON OF THE PROPOSED MRBM WITH METHODS REPORTED IN THE LITERATURE

Method RMSE  Iterations  xecution — Number of = pg
time (Sec.) images

Tamada et al. [3] 0.01 80 - 40 -
Zhao et al. [11] 0.068 - - 375 23.38
Armanious et al. [13] 0.805 - - - 26.03
Oh et al. [12] 0.9078 - 32 150 34.13
Rotman ef al. [20] 0.013 120 159 7474 -
Proposed algorithm 0.00343 900 1.926 160 34.0875

mRBM

Fig. 2 (b). As a consequence, 80 sample steps and a 256x256
pixel image size were determined to be ideal.

When the learning rate (eps i.e. €) is altered between 0.01
and 0.04, the RMSE ranges from 0.0255 to 0.036. The effect
of iterations variation on the least RMSE is shown in Figure 2
(c). With a learning rate ranging from 50 to 1300 in stages of
50, 100, and 200, the minimum RMSE occurs at 900 iterations
as shown in Fig. 2 (d).

Because of the small size of the data set, the RMSE of
a minibatch of motion artifact photos ranges from 0.022 to
0.034. The effect of changing the size of the mini-batch from
11 to 14 images is seen in Fig. 2 (e). As illustrated in Fig.
2 (f), we compared 160 naturally induced motion-artifact im-
ages to programmatically induced motion-augmented images.
Artificially generated motion artifact images have an RMSE
roughly three times that of naturally occurring motion artifact
images. Artificially produced motion artifact images have an
error bar of 0.098, whereas naturally, caused-motion artifact
images have an error bar of 0.028. Both sorts of images
have the same error bar. As a result, the suggested method
outperforms the artificially induced method in the situation of
naturally induced motion artifact images.

A sample motion blurred MRI scan and it’s corresponding
mRBM regenerated output is shown in Fig. 3. The RMSE of a
trained mRBM can be as low as 0.00343 after 900 iterations,
as shown in Fig. 3. Because the error decreases exponentially
after the first 50 iterations, it is expected that at least 100
iterations will be necessary to fix any image with motion
artifacts.

A. Discussions

The suggested mRBM technique is compared to existing
methods reported in the literature in Table 1. The best approach
for RMSE is mRBM, which has a value of 0.00343. Tamada
et al. [3] and Rotman et al. [20] both have good RMSE in
the 0.01 area. Other methods have reported only 80 [3] to
120 [20] iterations, however, the suggested technique takes the
maximum number of iterations, ensuring greater quality. We
also discovered that after the first 50 rounds, our algorithm
works well, and we recommend at least 100 iterations for
good accuracy. After training, the suggested approach has the
best execution time of around 2 seconds, although others have
reported 3 seconds [12] and 159 seconds [20]. The proposed
approach has the second-best PSNR with 34.08, and Oh et
al. [12] has the maximal PSNR of 34.13. Rotman et al. [20]

utilized 7474 images, which was the maximum number of
images used in the reported literature. Others, including the
suggested technique, have samples ranging from a few hundred
to a few thousand (it is difficult to get motion artifact data since
most of the time rescan is immediately performed and such
data is then discarded to save memory).

We needed a ground truth as well as motion artifact-induced
images for this particular mRBM technique. To obtain rapid
results, we employed an eight-core processor with 16 GB
RAM and 6 GB of GPU. Because the entire network size
is dependent on the size of the image, tuning a network
like RBM is extremely challenging. Our network’s accuracy
is determined by the ground truth and their edge-to-edge
matching with previous scans. Because the photographs were
not aligned in the specific domain, we had to delete around 60
% of the images received. Only when the edge is not bl
can we align a ground truth image with the motion artifact-
induced image using an extra pre-processing step based on the
Canny edge detector.

V. CONCLUSIONS

Rescanning the MRI is the standard method for eradicating
motion-induced artifacts. It is now possible to fix motion
artifact photographs using advances in machine learning. The
proposed method takes a limited Boltzmann machine and turns
it into a closed-loop system that repeats until the error is within
acceptable bounds. This mRBM (modified RBM) allows us
to fix motion artifacts in less than 2 seconds with an RMSE
of 0.00343. PSNR of 34.08 was attained with the proposed
approach. The suggested approach required 900 iterations, and
we anticipate that in the future, researchers will be able to
employ this mRBM algorithm to fix motion artifacts in less
time.

DECLARATIONS

Funding information

No funding was involved in the present work.

Conflicts of interest

Authors V. R. Tripathi, M. N. Tibdewal and R. Mishra
declare that there has been no conflict of interest.
Code availability

Not applicable.



Authors’ contributions

Conceptualization was done by V. R. Tripathi (VT), M. N.
Tibdewal(MT), and R. Mishra (RM). All the literature reading
and data gathering were performed by VT. All the experiments
and coding was performed by VT. The formal analysis was
performed by VT and RM. Manuscript writing- original draft
preparation was done by VT. Review and editing was done by
MT and RM. Visualization work was carried out by VT, MT
and RM.

Ethics approval

All authors consciously assure that the manuscript fulfills
the following statements: 1) This material is the authors’
own original work, which has not been previously published
elsewhere. 2) The paper is not currently being considered for
publication elsewhere. 3) The paper reflects the authors’own
research and analysis in a truthful and complete manner. 4)
The paper properly credits the meaningful contributions of
co-authors and co-researchers. 5) The results are appropriately
placed in the context of prior and existing research.

Consent to participate

This article does not contain any studies with animals or
humans performed by any of the authors. Informed consent
was not required as there were no human participants. All
the necessary permissions were obtained from Institute Ethical
committee and concerned authorities.

Consent for publication

Authors have taken all the necessary consents for publica-
tion from participants wherever required.

REFERENCES

[11 S. Warach, J. Gaa, B. Siewert, P. Wielopolski, and R. R. Edelman, “Acute
human stroke studied by whole brain echo planar diffusion-weighted
magnetic resonance imaging,” Annals of Neurology: Official Journal of
the American Neurological Association and the Child Neurology Society,
vol. 37, no. 2, pp. 231241, 1995.

[2] D. Atkinson, D. L. Hill, P. N. Stoyle, P. E. Summers, and S. F.
Keevil, “Automatic correction of motion artifacts in magnetic resonance
images using an entropy focus criterion,” IEEE Transactions on Medical
imaging, vol. 16, no. 6, pp. 903-910, 1997.

[3] D. Tamada, M.-L. Kromrey, S. Ichikawa, H. Onishi, and U. Motosugi,
“Motion artifact reduction using a convolutional neural network for dy-
namic contrast enhanced mr imaging of the liver,” Magnetic Resonance
in Medical Sciences, vol. 19, no. 1, p. 64, 2020.

[4] S. Park, S. Torrisi, J. D. Townsend, A. Beckett, and D. A. Feinberg,
“Highly accelerated submillimeter resolution 3d grase with controlled
blurring in-weighted functional mri at 7 tesla: A feasibility study,”
Magnetic Resonance in Medicine, vol. 85, no. 5, pp. 2490-2506, 2021.

[5] M. Midhun, S. R. Nair, V. N. Prabhakar, and S. S. Kumar, “Deep model
for classification of hyperspectral image using restricted boltzmann
machine,” in Proceedings of the 2014 international conference on
interdisciplinary advances in applied computing, 2014, pp. 1-7.

[6] J. Yu and X. Yan, “Whole process monitoring based on unstable neuron
output information in hidden layers of deep belief network,” IEEE
transactions on cybernetics, vol. 50, no. 9, pp. 3998-4007, 2019.

[7]1 A. Almalaq and G. Edwards, “A review of deep learning methods applied
on load forecasting,” in 2017 16th IEEE international conference on
machine learning and applications (ICMLA). 1EEE, 2017, pp. 511-
516.

[8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

A.-r. Mohamed, G. Dahl, G. Hinton et al., “Deep belief networks for
phone recognition,” in Nips workshop on deep learning for speech
recognition and related applications, vol. 1, no. 9. Vancouver, Canada,
2009, p. 39.

U. Schmidt and S. Roth, “Learning rotation-aware features: From
invariant priors to equivariant descriptors,” in 2012 IEEE Conference
on Computer Vision and Pattern Recognition. 1EEE, 2012, pp. 2050-
2057.

Q. Lyu, H. Shan, Y. Xie, A. C. Kwan, Y. Otaki, K. Kuronuma, D. Li, and
G. Wang, “Cine cardiac mri motion artifact reduction using a recurrent
neural network,” IEEE Transactions on Medical Imaging, 2021.

Y. Zhao, J. Ossowski, X. Wang, S. Li, O. Devinsky, S. P. Martin,
and H. R. Pardoe, “Localized motion artifact reduction on brain mri
using deep learning with effective data augmentation techniques,” arXiv
preprint arXiv:2007.05149, 2020.

G. Oh, J. E. Lee, and J. C. Ye, “Unsupervised mr motion artifact deep
learning using outlier-rejecting bootstrap aggregation,” arXiv preprint
arXiv:2011.06337, 2020.

K. Armanious, A. Tanwar, S. Abdulatif, T. Kiistner, S. Gatidis, and
B. Yang, “Unsupervised adversarial correction of rigid mr motion
artifacts,” in 2020 IEEE 17th International Symposium on Biomedical
Imaging (ISBI). 1EEE, 2020, pp. 1494-1498.

R. Ciric, A. F. Rosen, G. Erus, M. Cieslak, A. Adebimpe, P. A. Cook,
D. S. Bassett, C. Davatzikos, D. H. Wolf, and T. D. Satterthwaite,
“Mitigating head motion artifact in functional connectivity mri,” Nature
protocols, vol. 13, no. 12, pp. 2801-2826, 2018.

J. G. Pipe, “Motion correction with propeller mri: application to head
motion and free-breathing cardiac imaging,” Magnetic Resonance in
Medicine: An Official Journal of the International Society for Magnetic
Resonance in Medicine, vol. 42, no. 5, pp. 963-969, 1999.

J. Liau, J. Lee, M. E. Schroeder, C. B. Sirlin, and M. Bydder, “Cardiac
motion in diffusion-weighted mri of the liver: artifact and a method of
correction,” Journal of Magnetic Resonance Imaging, vol. 35, no. 2, pp.
318-327, 2012.

T. B. Smith, “Mri artifacts and correction strategies,” Imaging={
Medicine, vol. 2, no. 4, p. 445, 2010. @
M. Goto, O. Abe, T. Miyati, H. Yamasue, T. Gomi, and T. Takeda,
“Head motion and correction methods in resting-state functional mri,”
Magnetic Resonance in Medical Sciences, pp. rev—2015, 2015.

L. Wang, L. Wang, Q. Chen, C. Sun, X. Cheng, and Y. Zhu, “Convo-
lutional restricted boltzmann machine based-radiomics for prediction of
pathological complete response to neoadjuvant chemotherapy in breast
cancer,” arXiv preprint arXiv:1905.13312, 2019.

M. Rotman, R. Brada, I. Beniaminy, S. Ahn, C. J. Hardy, and L. Wolf,
“Correcting motion artifacts in mri scans using a deep neural network
with automatic motion timing detection,” in Medical Imaging 2021:
Physics of Medical Imaging, vol. 11595.  International Society for
Optics and Photonics, 2021, p. 1159514.



06/09/2023, 17:39

IEEE.org IEEE Xplore

All

IEEE SA IEEE Spectrum More Sites

Application of Modified Restricted Boltzmann Machine (mRBM) for denoising of motion-artifacted MRI scans | IEEE Confere...

Subscribe  Cart Create Persc

&+ 9 Account  Sign

Subscribe

Browse v My Settings v Help v Institutional Sign In

Institutional Sign In

Q

ADVANCED SEARCH

Conferences > 2022 10th International Confe... 9

Application of Modified Restricted Boltzmann Machine (mRBM) for denoising of
motion-artifacted MRI scans

Publisher: IEEE

Cite This PDF

<< Results

Vijay Tripathi ; Manish Tibdewal ; Ravi Mishra  All Authors

40
Full
Text Views

Abstract

Document Sections

I. Introduction

IIl. Literature Review

Ill. Proposed Methods
IV. Experimental Results

V. Discussions

Show Full Outline v

Authors

Figures

References

Keywords

Metrics

More Like This

0 & © a
Alerts @

Manage Content Alerts

Add to Citation Alerts

Abstract:One of the key difficulties that might impact the diagnosis is motion artifact in MR imaging. A Restricted
Boltzmann Machine (RBM) may train itself using a probability di... View more

» Metadata

Abstract:

One of the key difficulties that might impact the diagnosis is motion artifact in MR imaging. A Restricted Boltzmann
Machine (RBM) may train itself using a probability distribution over a set of inputs. As a result, RBM may be used to
create MRI scans that are devoid of artifacts. The suggested approach for denoising motion artifact-induced MRI data
uses a feedback network to modify the existing restricted Boltzmann machine (RBM). Because of RBM, the number of
weights and biases that must be calibrated is limited to visible and hidden layers, considerably speeding up the training
process. Once trained, RBM output for a 256 x 256-pixel image takes roughly 2 seconds. mMRBM has a root mean
squared error (RMSE) of 0.00343. Because mRBM does not require repeat MRI, the speed and accuracy of diagnosis
can be increased.

Published in: 2022 10th International Conference on Emerging Trends in Engineering and Technology - Signal and
Information Processing (ICETET-SIP-22)

Date of Conference: 29-30 April 2022 INSPEC Accession Number: 21842902

Date Added to IEEE Xplore: 15 June 2022 DOI: 10.1109/ICETET-SIP-2254415.2022.9791510

» ISBN Information: Publisher: |EEE

» ISSN Information: Conference Location: Nagpur, India

https://ieeexplore.ieee.org/abstract/document/9791510 1/4



2021 2nd International Conference on Range Technology (ICORT) | 978-1-6654-4956-4/21/$31.00 ©2021 IEEE | DOI: 10.1109/ICORT52730.2021.9581844

Implementation of Combinational Logic for Polar
Decoder

Swapnil P. Badar*, Student Member, IEEE, Kamalesh Khanchandani
Department of Electronics and Telecommunication Engineering,
Shri Sant Gajanan Maharaj College of Engineering
Shegaon, India
*Corresponding author: swapnilbadar@ssgmce.ac.in

Abstract— Error free communication is possible due to
channel coding. Polar code has been identified by control
channel code for 5G wireless communication. In this paper we
implement combinational logic for polar decoder. As compare
to sequential circuits for polar decoder, the proposed
combinational logic circuit has low complexity in design. The
parallel architecture of proposed logic provides fastest logic for
the designing of polar decoder. Polar decoder by using
sequential bit decoding approach is also proposed here. The
design implementation and its simulations are done on Xilinx
platform using Verilog HDL. The analysis for complexity and
delay is done here.

Keywords—Polar decoder, Polar code, Combinational logic,
Channel coding, 5G.

I. INTRODUCTION

Polar code is identified as channel code for 5G wireless
communication (by 3GPP — third generation partnership
project). The role of channel coding is to recover the noisy
channel hence the reliable communication is possible. Such
type of channel code is known as Error Correcting Code
(ECC). According to Shannon’s theorem [1] the receiver can
receive correct information bit, if encoder and decoder
designed properly. These information bits can be recovered

at the receiver with coding rate R = % <C
C =maxI(X;Y) @)
p(x)

Where C is the channel capacity and /(X;Y) is the mutual
information between input and output and the maximization
is over the all probability distribution p(x) on the channel
input.

Polar code was first time introduced by Arikan [2] in
2009, which provably achieved channel capacity with low
complexity encoding and decoding algorithm. It achieved
maximum channel capacity as compare to Turbo codes [3]
and Low Density Parity Checked (LDPC) Codes [4][5][6].
Achieving maximum channel capacity for code is
challenging. These three turbo codes, LDPC and polar codes
are remarkable uses for wireless communication such as
HSPA, Wi-Fi, WIMAX, and LTE etc.

LDPC codes can effectively supports multiple code rates,
block length with better decoding latency and throughput
than other codes; hence it was selected for the data channels
of NR replacing the turbo code [7]. Whereas in 3GPP
Meeting in 2016, it was discussed that polar codes can have
best error correction capability at short length that are used
for control information hence polar codes was selected for
control channel coding replacing tail-biting convolution
codes (TBCC) of LTE [8].

Polar code is low complexity channel coding method
which can achieve Shannon’s channel capacity for any

binary input discrete memory less channel (B-DMC) W,
based on the idea of channel polarization. The code create N
synthetic channels from N independent uses of such channel,
which turn out to be less or more noisy than the original
channel. According to channel polarization, Bhattacharya
parameter is used to quantify the reliability of channel W.
The good bit channel has lowest Bhattacharya parameter,
which is defined as

ZW) = Zyer yW(|0OW (y|1) @

Here Y is output alphabet and input alphabets are {0,1} for a
binary memoryless Symmetric (BMS) channel W .
{W(y|x):x € X,y € Y} is the transition probability.

In this we paper, we implement combinational logic to
design polar decoder. The details of polar encoder and polar
decoder are explained. The combination logic is the
representation of equation used for decoding purpose. Th
equations of decoding can be formed from flow diagram
polar decoder. The f-function, g-function and partial sum
function equation are used to implement combinational logic.
We design SC polar code decoder by directly following the
polar code P (8, 5) decoding graph as it is. Also here we
present the design by structural way also, which constitute
component code for 4-bit polar code. Here the 4-bit polar
code is designed by combination logic. Polar decoder using
sequential bit decoding approach is also designed here. The
synthesis and simulation of SC polar decoder design has
been done on Xilinx platform.

This paper is organized as follows: Section II has the
details of polar code. The details about polar encoder are
mentioned here, with the formulation of code using
codeword. The representation of codeword is given in the
form of tree as well as in encoder graph. The concept of
polar decoder is given in section III. The decoding approach
is well defined using different function (f and g) with their
equivalent equations. Section IV has proposed work of
combinational logic for polar decoder. The combinational
logic is implemented for 4-bit polar code. This 4-bit polar
code is treated as component code. By using component
code we designed polar decoder. Polar decoder using
sequential bit decoding approach is present in this section.
The simulation and synthesis is done on Xilinx. The
synthesis result of proposed design and comparison with
present design is given in Section V.

II. POLAR CODE

Polar codes P (N, K) has (K) information bits and (V -
K) called frozen bits. It allowed to divide the N - bit input
vector u between reliable (message bits) and unreliable
(frozen bits) bit channels as due to channel polarization
effects. The predefined values of frozen bits are set to 0. The
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reliability sequence (position of reliable and unreliable bits)
will be known to encoder side and decoder side, which will
make easy to decode the bits at decoder side with error
correction.

A. Polar Encoder :

Polar encoder encodes the message bits (K) with frozen
bits (N — K). A polar code is a linear block code of length

N =2"and rate R = % The encoding process of polar code

can be represented by modulo-2 matrix multiplication. The
code word is

Here u is the inputs bits of length N (uq,uy, ... ....uy) and X
is the coded output bits of length N (x4, x5, ... ....xy), The

key point for this code word is polar transform Gy, which is
N X N generator matrix also known as n-th Kronecker
product with a basic kernel of 2x 2.

G2=[} 1
As N = 2" [ hence Gy can be written as
1 01"
Gy =Gon = | 1 1 = 6®G,n-0®G,m-2 4)
Code word for N = 2 is
X =uGy

[x1, %2] = [uy, u,] [1 (1)

x@ =[xy, x,] = [ug + Uy, uy) (%)

Here + operator indicates modulo 2 operation that is bitwise
xor () operation. X@ is the output decoded bits for N=2.

The polar transform for N = 4 is

1 0 0 O
oi-aoa|l 0]
11 11
Hence the code ward for N = 4 can be found as follows
X =uGy
1 0 0 O
[x1, %2, X3, %4] = [wg, Up, Uz, Uy % (1) (1) 8
11 11
X® = oy, %, %3, 200 = [ug, Hy + Us + Uy, Up + Ug Uz + Uy, Uy | ©)

The code word tree representation of equation (6) for N = 4
is shown in Fig. 1. Here the dotted rectangular box represents
the code word tree of N = 2 which follows the equation (5).

We can combine two component code ( cjandc, )
of N =4 to form the code ward N = 8. The code word tree
for N = 81is shown in Fig. 2 and its equivalent circuit graph
is shown in Fig. 3. The polar encoder graph is having xor
circuit elements, which follows equation (3). The rectangular
box in Fig. 3 shows the component code of N = 4.
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We may achieve the code word for highest values of N
by combing N/2 component codes.

x® = [uy +uy +us +uy, Uptuy, UstUup, Up)

x@; = [uz + uy, uy

x@4 = [ug + up,up]

Fig. 1. Polar encoder codeword binary tree for N = 4

x® = [x®, +x®, x®,]

uy U, Uz Uy Us Ug Uy Ug
Fig. 2. Polar encoder codeword binary tree for N = 8 @
€1
w P——>P P x1
uz D P Xy
uz @ D X3
Uy D X4
Us b X5
Ug D X6
Uy 5% X7
Ug Xg
C2

Fig. 3. Polar encoder graph for N = 8

III. POLAR DECODER

To decode the original signal from noisy signal at
receiver end, we need decoder. Polar code decoder uses a
successive cancellation (SC) decoding approach introduced
by Arikan in [2]. A code word is transmitted from
transmitter; which receives at receiver end with the output
vector y € YN, The channel W has an input alphabet X {0,
1}, an  output  alphabet Y and transition
probabilities{W (y|x): x € X,y € Y}. The receiver calculates
the log-likelihood ratio (LLR) vector ¢ =
(1,42, €3, .......€y) to decode the received message. These
LLRs are the input for polar decoder. The LLR can be
defined as

2, =1In (P(J/ilxi=0)> (7

P(yilx;=1)

Decoding binary tree of polar decoder is shown in Fig. 4.
This tree is for polar code P (8,3) where N =8 and K = 3



i.e. last three bits are message bits and 5 bits are frozen bits.
The same bit information is known to polar encoder side
with reliability sequence. At the decoder side, we have to
decode the bits from received vector at receiver side. These
received vectors have the LLR values received. The tree
shows the root or vertex node att = 0, which received all
LLR values. At each stage t of tree, the soft LLR values & =

{ay, @z, a3, ... ..., a,c-1 } are passed from parent nodes to
its child node and hard bit estimates S =
{B1, B2, B3 «we e vy Bye-1} are passed from child node to its

parent node [9]. Here in Fig. 4, consider a v root node has «a,,
LLR values and 3, received hard bit estimation at v root
node. Followed by next stage parent node having LLR values
a' and a”for left and right side respectively, whereas ' and
B" received hard bit estimations.

Fig. 4. SC polar decoder tree for Polar code P(8,3)

SC polar decoder tree can be depicted in its equivalent
XOR circuit graphs shown in Fig. 5, which would be seen to
be same as encoder side. The computations of the SC decode
pertaining to XORs in the graph; here the XOR functionality
will vary according to LLRs value at different steps in
decoding process [10].

Uy 5% (/ D Y1
i, D g Y2
U3 5 3% Y3
iy D Va
Us D ? Vs
Ug (? Yo

7 5%, Y7
Ug Ye

Fig. 5. Polar decoder graph for N=8

In the decoding process, the XOR operation is performed
according to LLR of various received vector. It has identified
by three operations which has f — function, g —function and
partial sum function, shown in Fig. 6. Fig. 6(a) is of
f —function. Here we consider a,and ay, are two available
LLRs value as inputs for XOR to compute LLR a.
according to function f [13].

ac = f(a'aJ ab)

a, = 2tan"*(tanh(a,/2) tanh(ay/2)) (8)
or
a, = sign(a,)sign(a,)min(|a,l, |a,|) ©

This equation (9) is min-sum approximation, where sign(.)
returns -1, if argument is negative and returns +1 in case if
argument is positive.

According to the value of output LLR («.) of f —
function, we get the first decoded bit 8, (hard bit). 3, bit
value is O for positive LLR value and 1 and for negative
LLR. Using a, and oy, and hard bit B., can compute for LLR
a, according to g function in equation (10).

g = g(aa' ay, Ba) = (_1)Baaa + ay (10)
e Pany a B Vany a B SN 3
Ba ) a a d ﬁa N Bc
N B
@ 5 a] b B
b By b d
(@ (b (©
Fig. 6. Bits decoding approach with (a) f function (b) g function and (c)

partial sum

Second hard bit detection can be achieved by g —
function shown in Fig. 6 (b); it depends on LLR value of ay.
From the decoded bits (B,, By), we can go reverse back that
is left side to right side for partial sum. By XOR function
[13], we can find partial sum B.and By from equation (10)
and (11), same is illustrated in Fig. 6(c).

B. = XOR (B.,By) (1)
Ba = Ps (12)

The SC decoding process is begin with f function (8)

(9) by propagating LLRs from the right hand edge of th
graph, to the top connection on the left-hand edge of the
graph, allowing the first bit to be recovered as shown in
Fig.5. decoding graph of SC decoder. f function
continuously calculates LLR using min-sum approximation
method till not reaching to first decoded bit. Once first bit is
decoded, it may go with g function of (10) to decode second
bit for a particular XOR to switch from bit propagation to
LLR propagation. Before using the f function to propagate
LLRs to the next connection on the left-hand edge of the
graph, allowing the corresponding bit to be recovered. Each
successive bit from top to bottom is recovered by using the
partial sum computations of (11) and (12) to propagate bits
from left to right. This process is continuously on till not
reaching to last bit. Binary tree of SC decoder of
P (8, 3) shown in Fig.4 also depicted the same thing. The left
child node a' = {a},a}, ......,ak_,} can be computed by f
function (8) or (9), whereas the right child node a” =
{ag,ag, . . ,at_1} can be computed using g function (10).
Here we assume the LLRs values of respective value of node
will be stored in internal LLR memory. The bit will be
decoded according to LLR value, when node traverse and
reach to leaf node.

The bit estimation in the SC decoder is based on the
previous bit values. To complete this decoding process, the
decoder takes (2N — 2) steps. To store LLR values, it
required channel LLR memory, internal LLR memory and
hard estimated bit storage memory to store the decoding bits.

IV. COMBINATIONAL LOGIC FOR POLAER DECODER

In this paper, we designed polar decoder for 8-bit using
combination logic of 4-bit polar decoder. The combinational
logic is developed from f and g function of equation (9) and
(10) respectively. Another implementation of polar decoder
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is done, which follows the polar decoder graph shown in Fig.
5.

A. Combinational Logic :

Combinational logic is made by using f-function
combinational circuit and g-function combinational circuit
with some additive gate for overall design of polar decoder
[12]

1. f-function circuit: The f-function circuit is implemented
based on equation (8) (min-sum) as discussed in previous
section. To implement this, we use a comparator circuit
which will compare two LLR values; multiplexer which
provide us the minimum values of LLT depends on control
signal generated from comparator; another XOR gate is used
for sign generation. All the combination of comparator,
multiplexer and XOR gate shown in Fig. 7 follows the min-
sum equation (8).

Comparator “a 7 Received
Cirguit LLR
< a Values
b

: sign(aq)
siyn(a‘.)4—G am(as)
sign(a,

Fig. 7. f-function circuit

2. g -function circuit: The g -function circuit is
implemented based on based on equation (9) as discussed in
previous section is shown in Fig. 8. To implement this, we
used an adder/subtractor circuit which will work depends on
previous estimated bit. Multiplexer gives the output LLR,
depends on previous estimated bit.

Previous
Estimated bit

Uy

Adder

«—— %7 Received
(+)
ay LLR
Subtractor —— a, Values

()

Fig. 8. g-function circuit

3. Polar decoder 4-bit: The polar decoder is implemented
using f —function and g —function circuit. The design of
this 4-bit polar decoder follows the circuit graph shown in
Fig. 9. This circuit graph shows the interconnection between
f —function and g —function to form combinational logic
for 4-bit polar decoder. The RTL schematic of 4-bit polar
decoder using combinational logic is shown in Fig. 10. The
simulation and synthesis of 4-bit polar decoder are done on
Xilinx platform.

4. Polar decoder 8-bit: According to circuit flow diagram
shown in Fig. 11, the 8-bit polar decoder can be
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implemented using two 4-bit component codes. Here we
design 8-bit polar using 4-bit polar decoder and some
f —function and g —function. The RTL schematic of 8-bit
polar decoder is shown in Fig. 12. The simulation and
synthesis of 4-bit polar decoder are done on Xilinx platform.

!

(@] «— ?<—e; He—— » | LLR,

A2, | < & Gt 2 | LLR,
Decoded E : Received LLR
bits 15y : ?‘ 6?‘ ¥3 | LLR3 at Receiver

| <= % Ya | LLRy end

s | «— e — ¥5 | LLRs

flg - iﬂ? Yo | LLRg

Polar 1 v ? 7 [LLR;

Decoder g - Ys | LLRg

(4 bit)

Fig. 11. Polar decoder graph for N=8 with using 4-bit polar decoder

i' Decoding flow

Fig. 12. RTL Schematic of polar decoder using two 4-bit polar decoder

B. Sequential Bit decoding approach:

As SC polar decoder is sequential in nature, the bits at
receiving side will be decoded one by one. Decoding of next
bits depends on preceding bits. Hence the roles of f and g
function are important in this case. Sequential bit decoding
approach of polar decoder used three types of function as



discussed in section III. These are f —function, g —function
and partial sum or xor function. The design of these
functions have to be done very carefully to get correct
output, as they will used many of times in overall circuit of
decoder. To design polar decoder for 8-bit, here we will
follow polar decoder graph as shown in Fig. 13. As per
decoder graph, we designed the polar decoder in the Verilog
HDL by considering pre-designed functions (f, g and xor)
as components in it. Simulations and synthesis are done on
Xilinx. The RTL schematic view of SC polar decoder is
shown in Fig. 14. The final outputs are decoded bits,
whereas the internal bits and LLR values are stored in
memory for decoding the bits.

The external input LLR values are given in pair to f-
function as y; Vs,V Vs, ¥3 V7 and y, vgto f-function f,
f7.f4 and filrespectively at first stage. These f-functions
calculate the internal LLR values and generate output LLR
values, which will be fed to nest stage f functions denoted
by fand f?. Here the output of fi! fi and £} fi! become
the inputs to second stage f-function f;?and f;? respectively.
The outputs of these f-functions feed forwarded as inputs to
f -function of stage three. Finally at stage three, the f-
function f;3 decoded the first bit u;. Using this pre-decoded
bit u; and output LLR values of f?and f, the g-function
decoded second bit u,. The process flow of decoding u,
and u, bits using f and g function is shown by color
dotted line in Fig. 13. Once u, and u, bits are decoded, it
goes reverse back using xnor-function, f-function and g-
function to decode the remaining bits. All these output bits
are decoded in sequential way.

Stage 3 : Stagezg Stagel
L ?}—@’ ,,,,,,,,,,,,, Pe—— Vi | LLR,
a, — P Pt ¥ | LR,
i o et s | LLR, Received
N \f ] data with
Uy Pe g Ya | LLRy Log
Decoded iis A — ys | LLRs |\ Likelihood
bits N 1‘ “ \_ Ratio (LLR) at
Y Pe Yo |LLRs |\ Receiver end
1 ?‘ ¥7 |LLR;
g Vg | LLRg
< Decoding flow
\ g

Fig. 13. Polar decoder graph for N=8 with flow details

Fig. 14. RTL Schematic of Polar decoder (8-bit) by bit decodeing approach

V. RESULTS

As per the functionality of polar decoders, both polar
decoders i.e. by using combinational logic and using
sequential bit-decoding approach is same, only we found
difference in delay and area (used LUTs). We reduce the
latency in the case of combinational logic as compare to

sequential bit-decoding approach design polar decoder. The
synthesis result of SC polar decoder using combinational
logic and using sequential bit decoding approach are shown
in Table. I. SC polar decoder using combinational logic is
efficient in terms of latency as compare to using sequential
bit decoding approach. While with respect to area and
dynamic power, the sequential bit decoding approach has
performed better than polar decoder using combinational
logic. But the delay parameter has a great role for high-
speed communication. It will make a great difference while
designing higher bits polar decoder like 32, 64 —bits and so
on. Table. I also show the comparison of proposed design
with existing design mention in various literatures. As
compare to work given in [13], the proposed work has
remarkable result for latency and area as well as dynamic
power. The proposed work is based on 2-bit SC decoder
[14] with iterative decomposition technique. The work
proposed in [12] has combinational and pipeline
combinational decoder with ASIC synthesis result. Out of
the proposed work present, we found 16-bit combinational
decoder result is related to our result shown in Table.I.

TABLE L COMPARASION BASED ON PERFORMANCE
PARAMETER
Proposed Polar Decoder [13]
2bSC [12]
Paramet- Usmi , Using decilttliler ¢ 6;,b‘lt )@
er Sequentia | ombinati |  2b SC | Wit combind
bit- iterative -onal
. -onal decoder
decoding . decompos decoder
logic ..
approach -ition
technique
Latency 3.351ns 3.105ns (1.5n-2) (1.5n-2) -
Area
(LUTs) 446 470 488 259 1479
Dynamic
Power 4.141 4.59 5.881 3.261 -
W)

*n- is no. of cycle

VI. CONCLUSIONS

In this paper, we proposed the polar decoder by using
combinational logic and by using sequential bit decoding
approach. The combinational logic for f function, g-function
and 4-bit polar decoder are designed, where 8-bit polar
decoder is designed using two 4-bit polar decoder. Polar
decoder using sequential bit decoding approach is design
with f, g and xor function. These function are followed their
mathematical equations. The proposed work has remarkable
result as compare to existing one. Polar decoder using
combinational logic is more efficient as compare to using
sequential bit decoding approach in case delay parameter.
But with respect to area and dynamic power, the sequential
bit decoding approach has performed better than polar
decoder using combinational logic. Combinational logic
makes design simple and will have the scope to design for
more number of bits. The proposed work is designed using
Verilog HDL. The synthesis and simulation are done on
Xilinx.
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Taxonomy and Open Challenges of an Innovative Bio-
Inspired PSO Algorithm for Optimization in Big Data
Analytics Application

AMITKUMAR MANEKAR

Abstract: Nature-inspired and Bio-inspired computing and artificial intelligence encompass
a wide variety of contemporary computer science, mathematics, and biological disciplines.
Biomimetic computer optimization techniques are indeed a brilliant way to launch innovative
and effective competitiveness methodologies that are based on the concepts and inspiration of
biological evolution. Inrecent decades, bio-inspired optimization algorithms gained popularity
in machine learning for overcoming significant challenges in engineering and science.
Unfortunately, these problems are frequently regressive and governed by many regressive
constraints, creating numerous problems such as time limitations and high dimensionality
in choosing the optimum solution. Recent advancements attempt to integrate bio-inspired
optimization algorithms to solve the problems of traditional optimization algorithms, which
represent a potential approach for tackling complex optimization problems. The state-of-the-
art of some contemporary bio-inspired algorithms, gap analysis, and their implementations
are presented in this paper.

Keywords: Genetic Bee Colony Algorithms, Fish Swarm Algorithm, Artificial Algae
Algorithm, Chicken Swarm Optimization, Grey Wolf Algorithm, Cat Swarm Optimization,
Bioinspired Algorithms, Particle Swarm Optimization

Introduction

The study of optimization is associated with identifying the optimal solutions to various
challenges. Day after day, we invented a lot of operations which we endeavored to refine
in necessary to come at the optimal resolution; for illustration, the trip to work may be
maximized based on the number of parameters such as traffic and distance. On the other hand,
the introduction of smart vehicles demands an optimization with a number of goals in mind,
namely reduced wind resistance, lower fuel consumption, and increased muscle potency [1].
These optimum solutions are determined by altering the algorithm’s parameters to give the
solution a maximum or minimum value. As a result, numerous optimization methods have
been proposed in past years with the objective of boosting existing solutions [2][3].

The conveyance of data is utilized to make successful judgments for big data analytics
in loT-based smart cities. During data collection and processing from smart devices on [oT
networks, information is recorded and processing on cloud servers. Additionally, to process
the huge quantity of observations, automatically massively scalable cloud computing is
necessary, which may enhance the system’s performance [4]. Conventional cloud-based data
processing systems, according the literature, are unable to achieve performance requirement
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Interactive Smart Mirror Using Raspberry Pi 4

AKSHAY J. AGRAWAL, VAISHNAVI S. KANHERKAR, KALYANI U. BONDE,
RADHIKA S. JADHAV AND AMIT S. MANEKAR

Abstract: [oT is a very emerging trend in today s world it has a variety of application in our
life. We are living in 21st century where all the work is done using technology and has become
an integrated part of life. The internet of things which is very trending now-a-days is used in
various electronic devices as we want all our work to be in fractions of a second. We come
up with solutions to problems which are very familiar to everybody, as we all go to corporate
offices at one time of our lifetime. As anyone go in any office for the very first time we don t
know anything about that office like about the infrastructure, various departments and all.
When we don't know anything we ask the receptionist for help and this is time consuming.
To solve this time consuming problems Smart Mirror is introduced which will act as the
information desk for new visitors, employees and clients. Also we have made our mirror
multitasked more information about that is available in this paper. Moreover we have added
matrix server in our mirror so that calling and chatting can also be done with this mirror.
This paper contains the problem statement and detailed technology stack along with our
project development idea and our results and conclusion. The internet of things, Al is used to
implement this project.

Keywords: IOT, Smart Mirror, Raspberry Pi, Voice Command, Magic Mirror, Matrix

Introduction

In this globe of fierce competition, each one needs a comfortable life and stay updated
with latest technology. Modern man has proposed high tech technology to make his life
at ease. People think necessary to be attached with the external world and they are willing
to grab the information easily. Whether it is through the television or internet, people
must have to be in contact with the present events happening all over the world. Internet
of Things (IoT) is a theory where an entity having the capability to gather and transmit
information over a network without the human contact to human or human to system. Due
to this technology people can do their task in faster and efficient way. In this we will design
and develop a smart mirror that symbolized an useful interface for glancing data in a co-
operate office.

In market various smart mirrors are available that acts as a mirror which display date,
time, image gallery but it is not sufficient as we can make our mirror more interactive. The
main property of the mirror will be that it will totally work as a computer or we can say more
than a computer. Now all will think that we have computer already then why one go for this
mirror, so the reason for this will be mirror will be available at the 50% cost of the computer.
Our mirror broadcast current temperature, weather details, and to-do list along with that we
have added the feature of voice command. In addition to that we have added matrix to our
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A Review on Pose Estimation and its Recent Progress

OmM MASNE, MOHIT BOHRA, GITA FASE,
KsHITIJ) KHILLARE AND AMITKUMAR MANEKAR

Abstract: Pose estimation is a challenge in computer vision field which has been researched
for quite some time, reason being the richness of applications that can benefit from such
technology. Pose estimation is one of the main components in problems which include the
approximation of object placement and location relative to the reference frame. It is the task
of using techniques such as machine learning methods to calculate the pose of a character
from a video or image by approximating the spatial locations of key body joints.

Keywords: Human Pose Estimation, Pose Estimation, Deep Learning, 2-D Pose Estimation,
3-D Pose Estimation, Multi-Person Pose Estimation

Introduction

Pose estimation is the procedure of approximating the location of the connections in some
human body or other objects and subjects. It has uses in tracking the motion of a person or
object, detecting gestures, analysis of changes in pose of a subject, human fall detection, etc.
Pose estimation is generally of 2 types — 2-D pose estimation and 3-D pose estimation. 2-D
pose estimation results in accurate position approximation in a particular plane or axis. In 3D
pose estimation, the results are generated in multiple planes or axis which can be used when
the results need to be used in 3D world. Pose estimation can be done by using images of a
subject or by using video for input and the output can then be used in the required fashion.

Many known methods of pose estimation include Deep Cut, Regional Multi-Person Pose
Estimation (Alpha Pose), Pose Net, High-Resolution Net (HR Net), Open Pose, Dense Pose.
Each method has its pros and cons. Some have better results with single object estimation
while some give better results when the environment is more supportive. Pose estimation has
applications in human activity estimation, motion transfer between objects, training robots,
detection of gestures, augmented reality, human fall detection, motion tracking for consoles,
full body / sign language communication (for use in accessibility, or a traffic policemen
signal understanding), a person falling or is sick.

Other applications include the analysis of basketball, volleyball, tennis, badminton,
and other sports, application of posture learning for body works or exercise and fitness,
applications in supervision enhancement and defence.

Litrature Survey

Pose Estimation

Pose estimation (PE) is widely explored in computer vision field. It includes approximating
the structure of'a subject’s body segments from input data obtained by camera or other devices,

&
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Life has been digitalized up to much extent. Digital endeavors have become central to everything. This'book provides deep
insights into significant and crucial #hanges due to toueh of digital innovationssin all the walks ofBusiness entities. The
distinguished ways with which leaders, organizations, people have traversed can be experienced and replicated by the
experimenters, learners and practitioners in the field of Management. This book will further contribute to comprehend the
connection of digital dimensions to business world and will prove to be a bridge between generation of the youth and the
experienced. Considering academics, the content in the book will enrich the teaching-learning phenomenon through case
methodology.

The chapters in this book are categorized into sections given below:
1. Digital marketing 2. Technological innovations 3. Digitalfinance
4. Digital learning and education
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Research, Shri Sant Gajanan Maharaj College of Engineering, Shegaon, Maharashtra for last 17 years
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Buldana, Maharashtra. His areas of Research interest include — Rural Marketing, Consumer Behavior,
Brand Management, Business ethics, Non-profit Organizations, and Entrepreneurship. He is having
around 20 research papers published.

Prof. Wechansing Zyamsing Suliya is an Assistant Professor in Department of Business
Administration and Research, Shri Sant Gajanan Maharaj College of Engineering, Shegaon, for 10 years.
He published 4 research papers in entrepreneurship and human resource management field. He is
pursuing his Ph.D in Mutual entrepreneurship in Rural Area. He is locally from tribal society, has keen
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Chapter 10

Analysis of Bluetooth Versions
(4.0,4.2,5,5.1, and 5.2)
for 1oT Applications

S. D. Padiya
https://orcid.org/0000-0002-7462-0187

Shri Sant Gajanan Maharaj College of Engineering, Shegaon, India

V. S. Gulhane
Sipna’s COET, India

ABSTRACT

IoT includes many sensors that have to collect the data and send it to the superior nodes; for such
interaction between the loT devices, various wireless technologies are available, like infrared, Li-Fi,
WI-Fi, Zigbee, Bluetooth, etc. Among all the available, Bluetooth proved the most promising short-range
wireless communication technology due to various factors. To fulfil the increasing demand for wireless
connectivity, the Bluetooth SIG must continuously perform up-gradation. Here, analysis of Bluetooth
versions are discussed based on the characteristics such as speed, bandwidth, range, power, message
capacity, beacon provision, compatibility, reliability, errors detection, correction capability, advertisement
packets, duty eycle, slot availability masks, and many more. This analysis concluded that all the versions
have their own set of merits and limitations. For the basic IoT applications (limited functionalities),
Bluetooth 4.0/4.2 is a good choice, while for the complex IoT applications (advance functionalities),
Bluetooth 5/5.1/ 5.2 is better.

INTRODUCTION

The Internet of Things (IoT) involves various wireless communication technologies to makes devices
capable of interacting with each other. Nowadays, IoT with various dedicated sensors, devices and wire-
less communication technologies making a human lifestyle easier and smarter. Therefore, in our personal
lives, IoT devices are becoming more prevalent and pervasive. Due to the IoT era, sensors are everywhere

DOI: 10.4018/978-1-7998-6988-7.ch010

Copyright © 2022, 1GI Global. Copying or distributing in print or electronic forms without written permission of 1GI Global is prohibited.



Implementing Data Analytics and
Architectures for Next Generation
Wireless Communications

Wireless communication is continuously evolving to improve and be a part of our
daily communication. This leads to improved quality of services and applications
supported by networking technologies. We are now able to use LTE, LTE-
Advanced, and other emerging technologies due to the enormous efforts that
are made to improve the quality of service in cellular networks. As the future

of networking is uncertain, the use of deep learning and big data analytics is a
point of focus as it can work in many capacities at a variety of levels for wireless
communications.

Implementing Data Analytics and Architectures for Next Generation
Wireless Communications addresses the existing and emerging theoretical and
practical challenges in the design, development, and implementation of big data
algorithms, protocols, architectures, and applications for next generation wireless
communications and their applications in smart cities. The chapters of this book
bring together academics and industrial practitioners to exchange, discuss, and
implement the latest innovations and applications of data analytics in advanced
networks. Specific topics covered include key encryption techniques, smart
home appliances, fog communication networks, and security in the internet of
things. This book is valuable for technologists, data analysts, networking experts,
practitioners, researchers, academicians, and students.

Topics Covered

» Artificial Intelligence = Network Optimization

* Big Data = Network Security

= Data Analytics = Smart Cities

» E-Health Systems * Smart Home

* Encryption Techniques = Wireless Communications
* Fog Computing = Wireless Networks

* |nternet of Things
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CHAPTER 1
INTERNET OF THINGS (10T)

1.1 Introduction

The Internet of Things (IoT) means a network with physical objects considered as “things”, like
sensors and actuators for the purpose of interconnection, and data exchange with each other over
internet to make system easier. In 1982 at Carnegiec Mellon University was discussed for the
concept of Internet connected machine “Coca-Cola Vending Machine” with ability to report its
inventory and temperature status of drink to the system. In 1999 at MIT's Auto-ID Center the
term “Internet of Things™ was coined by Mr. Kevin Ashton of P&G with role of radio-frequency
identification (RFID) to allow computers to manage all individual things.

For the intercommunication purpose loT devices have connections with each other, now a day
many loT systems involve smart sensor networks, which have mainly connected by a wireless
communication medium, generally known as a Wireless Sensor Network (WSN). Due to small
size and limited computational power, nodes of such networks are called, ‘motes'. Motes can also
directly connect to the Internet to integrate the web servers. The facility of motes interaction with

web servers allows for creating a web of'sensors called Web of Things (WoT).
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Figure 1.1) Application Areas of IoT
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loT with BLE Beacon comes with an basic knowledge with research
opportunities, planning and strategy. The book includes basic of Internet
of Things, Wireless Sensor Network, Data Aggregation in
WSN, Bluetooth, Bluetooth Low Energy and BLE Beacons.

Chapter 1 includes introduction, architecture, taxonomy and research
opportunities of loT.

Chapter 2 includes introduction, architecture, characteristic, security
parameters, and applications of WSN.

Chapter 3 includes introduction, challenges, and types of data aggregation
in WSN.

Chapter 4 includes introduction with versions of Bluetooth.

Chapter 5 includes introduction, working, features, market demand,
configurations, network topology, protocols and
profiles, architecture, versions and applications.

Chapter 6 includes introduction, features, market demand, configurations,
applications and research opportunities of BLE Beacon.

Prof. S. D. Padiya, assistant professor at SSGMCE, Shegaon (M.S.), India.
Having more than 10 years teaching experience and pursuing Ph.D. to
design and develop featherweight telemetry protocol for BLE Beacon in
loT.

Dr. V. S. Gulhane, professor at Sipna's COET, Amravati (M.S), India. Having
more than 20 years of teaching experience.
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