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PREFACE

About NCBE-2020

The main objective of this conference is to bring together the scientists, researchers,
engineers, scholars and students from institutions, universities, laboratories and
industries to exchange and share their experiences, new ideas, research results, the
practical challenges encountered, the solutions adopted and about all aspects of
Biomedical Instrumentation and Healthcare Engineering. This will give a platform to the
participants to promote focused discussion and interaction on numerous areas related to
biomedical engineering and technology to improve quality of life for common people of

society.

About the Institute

Since its inception in 1967, National Institute of Technical Teachers Training & Research
(formerly TTTI) Chandigarh has made rapid strides in the areas of Engineering and
Technology and other emerging areas like Educational Television, Entrepreneurship
Development, Rural Development, Industry-Institute Interaction and Educational
Management. Presently, the Institute conducts more than 400 short-term training
programmes annually for polytechnic and engineering college teachers, professionals and
managers of industries. The Institute offers six postgraduate programmes in Engineering
and Engineering Education through regular and modular modes. In addition to education
and training programmes, the institute renders extension services to polytechnics,
undertakes research and development projects and develops print and non-print

instructional material.

Proceeding of the conference has been published with ISBN: 978-81-948668-9-3

National Conference on Biomedical Engineering (NCBE-2020)was organized by Department
of Electronics & Communication Engineering, National Institute of Technical Teachers
Training and Research on January 22-24, 2020. Total 85 papers were received for the
conference and 46 papers were shortlisted by the committee.




Prof. (Dr.) Shyam Sundar Pattnaik

Director
NITTTR Chandigarh

MESSAGE

It gives us immense pleasure to host National Conference on Biomedical Engineering (NCBE-

2020) during January 22-24, 2020 in this Institute and to avail a unique opportunity to be
involved in an area meant to address the health issues of societal relevance.

Medical Instrumentation is a rapidly growing field embracing wide range of instruments Bio-
signals, Prosthetic Devices, Telemedicine, Robotic Surgery, Drug Delivery Systems, Patient
Safety, Biological Control Systems, Hospital Engineering and so on. Over the years, this
Institute has generated good expertise and in process of developing facilities in many of the
above areas. The efforts put in the research of various biomedical engineering issues
encouraged us to organise this national conference. This premier national academic
institute is dedicated to the promotion of science and technology will continue its endeavor

to impart quality training.

| hope that this occasion will prove to be a great source of inspiration, information and
motivation to all the participants.

Welcome to Chandigarh, the City Beautiful and have a great academic interactions.

(S.S. Pattnaik)




Dr. Sandeep Singh Gill
Professor & Head (ECE)
NITTTR Chandigarh

MESSAGE

The National Conference on Biomedical Engineering organized by the Electronics &
Communication Engineering Department of National Institute of Technical Teachers Training
& Research, Chandigarh is an attempt to focus attention of academicians, researchers,
practitioners and industry on the recent trends in biomedical engineering field, share ideas
from ongoing research and identify areas where further research is needed. An
overwhelming response has been received from the delegates from across the country. It is
heartening to acknowledge the fact that NCBE2020 has been sponsored by Department of
Scientific and Industrial Research, New Delhi. The invited and accepted contributions from

authors are presented in the proceedings.

Information provided in various papers and reproduced in the proceedings is aimed at
benefiting the Engineers and professionals. It is expected that the purpose would be served
in a satisfactory manner through in-depth discussion and interaction among participants
during the conference. | take this opportunity to record my heartfelt appreciation and
gratitude to all the authors, delegates, Department of Scientific and Industrial Research,
New Delhi, and the conference organizing team. My heartfelt gratitude is also reserved for
the Board and Director of NITTTR for their support and encouragement for the event which

has made it possible to enhance and disseminate the learning in this field.

(Sandeep Singh Gill)
Conference Chair, NCBE2020




Dr. Amod Kumar
Professor (ECE)
NITTTR Chandigarh

MESSAGE

Biomedical Engineering, in general, and Medical Instrumentation, in particular have made
tremendous progress in the last few years. Instruments are being designed to be minimally
invasive and with augmented "intelligence" for immense accuracy. Today, the simple
surgeon's scalpel has competition from sophisticated handheld devices that can cancel out
the tremors of the surgeon's hands! However, most new devices are prohibitively expensive
and beyond the reach of most patients in the developing world. As academician and
researcher, | am sure that by focusing on low-cost yet equally sensitive diagnostic
equipment, our country can make an enormous difference in the field of Affordable
Healthcare.

Biomedical engineering has been a strong forte of this Institution as far as teaching,
imparting training to students of various levels and research is concerned. We fully
understand its increasing importance for common man of the society and this was the
reason for the decision to hold a national conference on this topic where academicians and
researchers could deliberate upon critical aspects and synergize their efforts to address the
challenging issues. | am sure that eminent experts in cross-disciplinary areas will share their
knowledge and experience which will help quality research in the field, enhance alliance
with Industry and also provide much -needed exposure to the young students.

I, on behalf of Organizing Committee of the Conference, extend a very warm welcome to
you all. | hope that your stay at Chandigarh, the City Beautiful, will be fruitful and

memorable. | wish the Conference a great success.

(Amod Kumar)

Organising Chair, NCBE2020




Editorial Team - NCBE 2020

Department of ECE
NITTTR Chandigarh

MESSAGE

Welcome to the Proceedings of the 2020 National Conference on Biomedical Engineering,
Chandigarh, India. Ensuring a quality conference requires accepting papers that pass a
rigorous review process. A large number of papers were submitted for this conference from
different states and the papers included in the proceedings are those papers that have been
recommended by the reviewers. In this conference we have 6 technical tracks, 6 keynote
speeches, and 2 conference tutorials from Industry. The conference lasts for 3 days and
provides abundant activities including demonstration sessions on the first day and selection

of the best research paper award.

We would like to express our deepest appreciation to the authors whose technical
contributions are being presented in these proceedings. It is because of their excellent
contributions and hard work that we have been able to prepare these proceedings. The
significance of the research presented in this conference represents a step further towards

maturity in Biomedical Engineering and its applications.

We would like to thank all our keynote speakers who made all the efforts to synthesize the
materials and their wide and rich experiences to deliver distinguished talks. We would also
like to thank all our tutorial presenters for their great efforts in delivering interactive and
excellent tutorials that address the learning needs of all levels, undergraduates, graduates,
and professionals. We are very grateful to the Department of Scientific and Industrial
Research, New Delhi for giving financial support for conducting this conference, conference
technical program committee members, and the designated reviewers. Finally, we hope

that the participants shall enjoy the conference program and their stay in Chandigarh.

(Sandeep Singh Gill)
(Balwinder Singh)
(Garima Saini)

Editorial Team - NCBE 2020
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DESIGN OF A SMALL SIZE AXIAL MODE HELICAL
ANTENNA FOR UHF RFID WRISTBANDS

Namita Sharma', Garima Saini®
'ME Student, *Assistant professor
Electronics and Communication Department
National Institute of Technical Teacher’s Training & Research, Chandigarh

Abstract

In this work, two UHF RFID tag antennas named as tagl and tag2 are designed with slight variation in
their design, for far field and near field applications respectively. Both tag antennas are fabricated on FR4
substrate having electrical permittivity of 4.4 and loss tangent 0.02. Helix shaped meandering is done on
radiating patch of micro strip patch antenna. The return loss of tag2 antenna which is circularly polarised
is found to be -34.27 dB at 900 MHz which ensures good impedance matching and 99% power
transmission. The tag antenna designs are verified by doing simulation on HFSS software. The measured
read range of tagl and tag2 antenna is 2.5m and 8cm respectively.

Keywords: RFID, polarization, Axial Ratio, Return Loss, Impedance Bandwidth, helical antenna, Read
Range.

1. Introduction

The electronic applications of RFID (Radio Frequency Identification) are increasing day by day.
Depending upon the application, reading speed and cost, RFID uses particular frequency bands.
RFID tags mainly works in low frequency (LF) having 10-15 KHz range, medium frequency (MF)
with 10-15 MHz range, ultra high frequency (UHF) having frequency range of 850-950 MHz. In
terms of applications, RFID is categorised as near field application and far field application RFID.
Near field applications requires shorter read range, low gain, and wide band whereas high gain,
read rate and directivity are of much concern to far field applications. So the design of reliable
antenna is a big challenge. In the recent years, various techniques have been proposed to achieve
miniaturization, bandwidth enhancement, flexibility and impedance matching etc.

In the [1] wristband type RFID tag is discussed in which, measurement is done using arm model
having layered structure. Two step tuning mechanism is discussed in [2] to improve the impedance
matching and provides miniaturization. Parasitic tag for long read range and cylindrical ground
plane for gain improvement is discussed in [3]. In conventional identification and tracking
technique used for healthcare applications, NMHA (normal mode helical antenna) is designed with
linear polarisation successfully, but the design is very complicated. Due to linear polarisation, read
range is high but orientation problem exists. The axial mode helical antenna is circularly polarised
so the orientation problem rectifies. The size of antenna can also be reduced by using appropriate
substrate. Meandering is done over the patch of micro strip patch antenna in the form of helix to
achieve miniaturization.

2. Working Principle and Design Equations
Helical antenna works in two modes named as normal mode and axial mode. In NMHA, the
largest dimension of antenna must be small as compared to its working wavelength and in axial

1| Page
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mode helical antenna, the largest dimension of the antenna is comparable to its working
wavelength. The axial mode helical antenna can be approximated as array of N identical turns,
each of non uniform current and identical to that of others. NMHA can be approximated by the
combination of n small loops and n short dipoles connected in series. It can be understood as n
equivalent magnetic current over the ground plane [8].

In axial mode, helical antenna is circularly polarised and in normal mode, it is linearly polarised.
In axial mode helical antenna, radiated field is maximum along the helix axis. In NMHA, field
radiated by the antenna is maximum in the plane, normal to helix axis and minimum along its axis.
Designed antennas work on the principle of meander line and slots. The idea behind this technique
is to fold the metal back antenna and forth so as to make compact sized antenna. In antenna
designs, meander line section is modelled as inductor and slots can be modelled as capacitor.

The designed antenna is, micro strip patch antenna, having a radiating patch on the substrate.
Radiating patch is in the form of helix shape. The width, bandwidth, gain, resonant frequency (
f+) of the antenna is calculated using equations shown below.

&

fr

(1.1

T2 JGFD2

Electrical permittivity is considered for deciding the cost and size of the antenna. The application,
for which antenna is designed, works over some specific frequency range known as bandwidth.

BW = f’"f (1.2)

The bandwidth of the antenna is also found to be increased with the increase in height because
hfr hir frh 03

bandwidth is directly proportional to = but the parameter ¢ has limitation i.e. ¢ — 2=V&
therefore, height h of the substrate cannot be increased beyond certain limit. Gain can also be
increased by increasing the height of the substrate.

c

W

= 1.3
zfr W (Er‘+ 1}."‘2 ( }

Where W is the width of antenna. The radiation efficiency, bandwidth and the gain of the antenna
is found to be directly proportional to the width W.

3. Tag Antenna Designs and Configuration

Tagl is made up by etching the copper layer on FR4 substrate having thickness of 0.8mm,
electrical permittivity of 4.4 and tan delta equals to 0.02.The narrow rectangular gap ‘e’ as shown
in fig. 1.1, is provided at the feed terminal to accommodate the microchip Alien Higgs-4, which is
integrated with the tag antenna which resonates at 900MHz. The tags will operate in UHF FCC
(900-915MHz) band. Both tag antenna designs has the substrate of length 8.4mm and width 24mm
in ‘Y’ and ‘X’ direction respectively having height of 0.8 mm.

Slots in the patch helps in providing the compactness, improving the bandwidth and impedance
matching. Fig. 3.6 shows the antenna Tag2 with the ground plane of length ‘G1’ and width ‘G2’
equals to 110 mm and 29 mm respectively. Slots of different shapes have been cut in the ground
plane with asymmetry. Substrate over the ground has same dimensions as table 1. Circle C1 and
C2 has the radius of 2.82mm and 2.08mm respectively. Square R1 has side equals to 4.5mm.
Rectangle R2 with length and width equals to 6mm and 4mm respectively.

2| Page
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Fig.1.1. Antenna Tagl Configuration

Table 1 Dimensions of Tagl Antenna.

Rectangle Dimension(mm) Dimension(mm) Rectangular Dimension(mm) Dimension(mm)
X axis Y axis slot X axis Y axis

P 194 1 A 0.8 0.8

Q 19 1 B 0.6 0.9

R 19 1 C 1 0.5

S 19 1 D 1 0.5

T 1 2.8 F 1 0.5

V] 1 2.8 G 1 0.5

\% 1 2 Chip ‘¢’ 0.5 1

M 1 7 Substrate Width(mm) Length(mm)

24 8.4
Distance dl d2 d3 T4
20 = O
Value(mm) | 38.7[ 5.26 7.2 3.17

Fig. 1.2. Antenna Tag2 Configuration

4. Simulation and Result VValidation

Table 2. Tag2 Antenna Dimensions.

Antenna tag designs are simulated using HFSS software and results of designed antenna tags are
discussed in terms of return loss, impedance bandwidth, axial ratio, gain plots and radiation
pattern. Axial ratio and gain radiation pattern are very crucial parameters for simulation as they
both gives the equivalence between designed microstrip patch antenna
Axial ratio of tag2 antenna is 0.623 as shown in fig. 1.3 which shows that the tag2 antenna is
circularly polarised. Axial ratio of tagl antenna is 95.18dB as shown in fig. 1.4 which shows that
the tagl antenna is linearly polarised. S11 of tag2 and tagl antenna is -34.26 dB and - 20.55dB
respectively, which shows that tag2 antenna is better impedance matched than tagl antenna.

4.1. Parametric study
Different dimension of the patch of tagl and tag2 antenna are varied such as ‘w1’ as shown in
fig.1.5 to optimize the design. As the patch of both tagl and tag2 antenna is same, so parametric
study is done only for tagl antenna design.

ISBN: 978-81-948668-9-3
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Width ‘w1’ of slot ‘a’ is varied and corresponding change in S11 vs. frequency is seen as shown
in fig 4.7 and 4.8 respectively. There is slight variation in S11 due to variation in ‘w1’ .For wl
equals to 8mm, tag is best impedance matched.

Fig.1.3. Axial ratio of Antenna Tag2 Fig.1.4. Axial ratio of Antenna Tagl
Radiation Pattern
Fig.1.6. Simulated 2-D Radiation Pattern Fig.1.5. S11 of Tag2 Antenna
of Tag2 in E Plane

The radiation pattern of tag2 antenna as shown in fig.1.6 is approximately similar to the
radiation pattern of axial mode helical antenna, where field radiated by antenna is maximum
along the helix axis.Axial ratio of tag2 antenna is 0.623 dB which is less than 3dB for maximum
UHF band.As the tag2 is circularly polarized, it is concluded that it is axial mode helical tag
antenna.

Gain of Tag2 antenna is -20.97 dB and gain of tagl antenna is -11.1188dB as shown in fig.1.7
and fig. 1.8 respectively. Therefore tagl antenna has better read range than tag2 antenna as
according to friis equation; read range is directly proportional to gain of antenna.

4 | Page
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Fig.1.7. Gain of Antenna Tagl Fig.1.8. Gain of Antenna Tag2.

5. Results Validation

To verify the read range of designed antenna tags, experimental setup is shown below. In the set
up, Super Nova Skytech Reader with maximum output power 0.5 Watt is connected with a
reader of gain 9dB through co-axial cable. The tag is having Alien Higgs-4chip with - 20dBm
chip sensitivity and has power level of micron watt which is used to excite antenna.

Fig. 1.9. Tagl Read Range Measurement. Fig. 1.10. Tagl Read Range Measurement.

Fig. 1.11. Fabricated Tag2 Antenna. Fig. 1.12. Fabricated Tagl Antenna.
Ground plane of Tag2 antenna is made up with FR4 of 0.25mm thickness which gives flexibility
to it and it is used as band which is comfortable to wear as shown in fig. 1.13.

S|Page
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Fig. 1.13. Tag2 on Wristband.
Table 3 Application Comparison between Tagl and Tag2 Antenna.

Antenna Read range Application

Tagl(without ground plane) 25m In hospitals for patient
wristband, toll tax, vehicle
speed detection.

Tag2(with ground plane) 8cm For wristband applications, in
biometrics, as smart card

Table 4 Tag Performance Comparison

Paper Substrate | Length(mm) [ Width(mm) | Thickness(mm) | Read Axial

Range(m) | ratio
dB

Axial mode Air 680 680 300 - 2.2

helical

antennal4]

Axial mode Co2z diameter = 16.52 mm 16.8 - -

helical Hexaferrite

antennal[5] glass

composite

Patch AD1000 29 36.3 0.8 2.1 -

Antenna[6]

NMHA[7] FR4 29 8 1.8 2.2 -

Antenna Tagl | FR4 24 8.4 0.8 2.5 95.18

Antenna Tag2 | FR4 110 29 0.8 0.08 0.623
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Abstract: Classification of signals is one of the vital research areas in signal analysis. During the last
few years, many techniques are proposed for the Classification of Electrocardiogram (ECG) signals.
In this paper, we present Legendre Moment Invariants based robust algorithm as features and
backpropagation neural networks as a classifier. These moments are selected as features because
they are based on orthogonal Legendre polynomials. The extract features from ECG signals are
applied to the backpropagation neural network classifier. A backpropagation neural network is used
to categorize whether the given ECG signal is normal or abnormal. The backpropagation neural
network performed better than linear classifier. Hence, a backpropagation neural network is used as
a classifier in this paper. Simulation results are carried out using the proposed approach by
considering standard database signals. The simulation results shows that the suggested technique
provides better accuracy.

Key Words: Legendre Moments, Back Propagation Neural Network, Feature extraction,
Classification

1. INTRODUCTION

Electrocardiography is a technique for obtaining the electrical activity of the heart.
Biomedical signals are non-stationary signals, and hence random reflection might take place
in the time-scale. Thus, the effective diagnosis of heart rate variability and ECG signal
pattern might must be observed over number of hours. Thus, it is time-consuming for the
study and analysis of data. To overcome this drawback, computer-based review and
categorization of cardiac diseases can be beneficial in diagnosis [4]. Literature shows
numerous methods and algorithms for detection, feature extraction, and classification of ECG
signals during the last few years. Ramli et al. [5] discussed cross-correlation based analysis
technique to extract the ECG signal's essential features., The identified values using cross-
correlation techniques can be utilized to forecast the type of arrhythmias. For an automated
classifier Taseko et al. [6] suggested a technique. This classifier can be used with Kohonen
self- organizing maps and learning vector quantization algorithm. The pattern matching
techniques using non-linear input-output mapping and variations in non-linear signals for
example. ECG signal are used by artificial neural networks. The heart disease diagnosis is
mainly done using ECG signal. The literature shows several artificial neural network models
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under supervised and unsupervised category for feature extraction and classification.
Hosseini et al. [7] have proposed ECG signal classification technique using two-stage feed-
forward neural network. Two network architectures has been selected by them. The
architectures are to recognize heart abnormalities based on one stage as well as two stages
feed-forward neural networks. To improve the classification accuracy, we presented a
technique for Classification of ECG signals using Legendre Moment Invariants as features
and backpropagation neural network as a classifier. These moments are selected as features
because they are based on orthogonal Legendre polynomials. The extract features from ECG
signals are applied to the backpropagation neural network classifier. A backpropagation
neural network is utilised to classify normal or abnormal condition of the given ECG signal.

2. LEGENDRE MOMENTS AND THEIR INVARIANTS

Teague [2] proposed a method using orthogonal moments to recreate an image. Legendre
moments and Zernike moments are created on Legendre and Zernike polynomials
respectively.

Legendre moments of order (p) for a continuous signal F(¥) are [2,3] known as

2p+1) ¢ ¢
L, = (p—z)”Pp(x)f(x)dx
-1-1
1)
where p = 1,23,......0
The Legendre polynomial is represented in its - order in the below given equation

P00 =Y ayx = I gy 2)

2"n! dx"

The computation of Legendre moments of a signal having length N in discrete form
illustration is

Lp:%'ﬂf P (x ) f(X) @3)

Legendre moments and Geometric moments relation [3] is presented as

2p+1) &
L :(p—;)E apMj (4)
j=0

Pq

Where the coefficients a are determined from (2). It is observed from above relation that

Legendre moments depend only on Geometric moments of same order and lower orders.
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3. PROPOSED METHOD

The proposed approach comprises of two procedures called as feature extraction and
classification presented in Fig.1.

Database signals

\ 4

Legendre moment invariants
based Feature extraction

A\ 4

Classification using Back
Propagation Neural Network

A 4

Normal Abnormal

Fig.1. Proposed approach

Feature Extraction: In object recognition the feature extraction and selection are considered
as essential steps. An optimal feature set require valid as well as discriminating features. In
this paper for feature extraction, the invariants that is Legendre moment invariants to object
plane transformation for example rotation, scale, and translation, are utilized.

Classification: The classification is done using extracted features obtained by eq.(4). The
attained characteristics are applied to a backpropagation neural network for recognition. ANN
(Artificial neural networks) is the group of mathematical models. It is used to imitate the
biological nervous system's properties and is also a self-learning system which variate its
parameters. The change in parameter is considered on the basis of information which moves
through the network throughout the learning phase. ANN comprises layers defined as input,
output and hidden layers and the layer is formed of neurons. The performance of a
backpropagation neural network is better as compared to linear classifiers. Therefore,
backpropagation neural network is used in this suggested approach.

4. SIMULATION RESULTS

To validate the suggested approach, we have considered different ECG signals available in
the MIT-BIH Arrhythmia Database [9]. The database is freely available online and encloses
two-channel ambulatory ECG recordings of 48 half-hour excerpts. Theas are attained from 47
subjects considered by the BIH Arrhythmia Laboratory. We used 50% signals for training
and the rest of the 50% signals for testing. We collected ten lower ordered features using
eq.(4) since lower-order transform values represent shape characteristics of the signal.
Backpropagation neural network used input layer with 10 neurons, output layer having two
neurons and hidden layer with ten neurons for Classification. The ten features are applied as
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inputs to the networks. MATLAB software which integrates computation, and visualization
programming is utilized to implement the proposed method. An ECG signal sample of MIT-
BIH database is shown in Fig.2. The first ten lower-order Legendre moment values computed
for the signal are shown in Fig.2. and values for the same in Table 1. The accuracy of the
proposed method is 96%. The same experiment is repeated with Hu moment invariants [10]
and found that the accuracy is 88%. The results are shown in Table 2.

1200
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1050 ||

1000~ [

i
NSV ‘\‘ |
osol \ \‘H’,\/\», AL N A AL '

900 I L I . I . I .
0 20 40 60 80 100 120 140 160 180

Fig. 2. Sample ECG signal
Table 1. Legendre moment values up to order 9

Legendre Moments Computed values
LO 971.2556
L1 22.1835
L2 3.4727
L3 1.6026
L4 16.5261
L5 14.0129
L6 24.0291
L7 28.6293
L8 11.1957
L9 35.3302

Table 2. Simulation Results

Method Classification Accuracy
Hu Moments Invariants and Backpropagation 88%
N.N.
Proposed Method 96%
Legendre moment invariants and Back propagation
NN
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5. CONCLUSIONS

This paper suggests an efficient technique for the classification of ECG signals using
Legendre moment invariants as features and backpropagation neural networks as a classifier.
The proposed method comprises of step by step procedures for feature extraction and
classification. Legendre moment invariants are used to obtain the features. The reason for
selecting Legendre moment invariants is they are invariant and are based on orthogonal
Legendre polynomials. Finally, Backpropagation neural network is used to classify whether
the given ECG signal is normal or abnormal. The simulation results shows that the suggested
approach provides better accuracy. Our future work will be the use of evolutionary
optimization techniques.
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Abstract: This paper discusses the design and implementation of wearable slotted and compact 45°-
459-90° isosceles triangular microstrip patch antenna for medical body area network (MBAN)
applications. The designed antenna resonating at 2.36 GHz MBAN frequency. The proposed design of
wearable antenna offers measured impedance bandwidth (S;;< -10 dB) of 18 MHz with gain more
than 8 dBi. The antenna is fabricated using inexpensive foam substrate having thickness of 1.5 mm.
The overall size of substrate is 65 % 65 mm?’. The designed antenna is fabricated and tested. The
measured results are found to be in good agreement.

Keywords: Wearable, slotting, MBAN, RAT

1. INTRODUCTION

With incredible development in wearable electronics, it can be useful for the bio-centric
medical applications. These applications may include human body parameters measurement
such as electrocardiography (ECG), electroencephalography (EEG), body temperature, pulse
etc. These sensors can be worn on a human body and data can be transmitted continuously to
the central system. This can help doctors to analyze the patient’s body parameters effectively.
In wearable wireless data transmission, antenna is an integral part of the wireless network.
The antenna required for such system should have features like compact, low weight and low
profile. Microstrip patch antennas (MPAs) can be the suitable considering the feature of
wearable wireless systems. In literature it is studied that, wearable antennas have been
designed for Body Area Network (BAN) applications operating in the band of 2.4 to 2.5
GHz. This band can be suitable for on-and off body communication [1]. Recently, new
MBAN band have been designated for patient body parameters monitoring in the range of
2.36 — 2.4 GHz band [2]. Researchers have designed wearable microstrip antennas for
wireless medical telemetry services operates in the range of 1429 — 1431.5 MHz band [3]. It
is desirable that, the size of antenna should be compact at lower frequencies. Metamaterials
have been the research interest for many researchers. J. G. Joshi ef al. designed and fabricated
various wearable microstrip patch antennas using metamaterial structure [4-6]. These
reported antennas are compact in size, low profile and low weight. However, most of the
designed deals with reducing the size of antenna using metamaterial loading technique.

In this research work, an isosceles right angle triangular wearable microstrip patch
antenna is designed. By cutting the slot inside the radiating patch, the resonant frequency of
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proposed antenna shifted to lower side realizing the compact antenna. This antenna is found
to be suitable for medical applications.

2. ANTENNA DESIGN

............... l/\

Ground

plane
Radiating
Patch
________ Co-axial
feed
Y
2o - -
L &
, Foam
Substrate
(a) (b)

Fig. 1 Geometry of antenna design (a) Top side (b) Side view

Fig. 1 depicts the geometry of proposed isosceles right angle triangular (RAT) (45%-45°-
90%) microstrip patch antenna. The length L of patch is calculated using equation (1) [7].

c

f;=2L\/5—r (h

In equation (1), ¢ = 3 x 10% m/s, ¢, is dielectric constant of substrate and L is length of RAT
patch. The length of the right-angle triangle (RAT) MPA is calculated and optimized as 54
mm. The antenna is coaxially fed at location y = -6 mm. The inexpensive foam material
having thickness # = 1.5 mm, ¢, = 1.07 is used as substrate for design, simulation and
fabrication of proposed antenna. Standard SMA connector is used to feed the antenna at
optimum feed point location. The feed location is optimized in such a way so that, better
impedance matching and bandwidth has been realized. The antenna is resonating at 2.48 GHz
resonating frequency with better impedance matching. The surface current for this antenna
design has been studied and in this patch a rectangular slot is cut at appropriate location. By
cutting the slot, the electrical length of the surface current has been enhanced which in turn
shifts resonance frequency to lower side realizing compact antenna. The length and width of
the slot has been optimized as 15 mm and 1 mm respectively. Self -adhesive copper tape is
used as radiating and ground plane element. The antenna is first designed and then simulated
using method of moment based IE3D electromagnetic simulator. An infinite ground plane is
used for simulation of this antenna.
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3. RESULTS AND DISCUSSION
Fig. 2 presents simulated return loss characteristics of RAT MPA with and without cutting

the slot.
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Fig. 2 Return loss characteristics of RAT MPA with and without slot

From fig. 2, it is observed that, without cutting the slot, antenna is resonating at 2.48 GHz.
After cutting the slot inside the radiating element at appropriate location the electrical path of
current enhances and it shifts resonant frequency of antenna to lower side, thus realizing the
compact antenna. After cutting the slot, the antenna resonates at 2.36 GHz with impedance
bandwidth of 20 MHz. It is also observed that, by cutting the slot better impedance matching
has been observed as compared without slot antenna. It is studied that, the location and length
of slot plays significant role in designing of compact antenna. For appropriate location of slot,
the surface current distribution of antenna has been studied. It is studied that the electrical
length of surface current is enhanced if the slot is perpendicular to the direction of current. As
given in Fig. 3 (a) the current is maximum at center location of the patch. Therefore, the slot
is cut in such way that, it will be perpendicular to the direction of current. Fig. 3 (b) depicts
the surface current at 2.36 GHz with slot.

[ T S Y \“'\\.\-‘v,

(b)
Fig. 3 Surface current of RAT MPA (a) without slot (b) with slot

15|Page
ISBN: 978-81-948668-9-3



National Conference on Biomedical Engineering-NCBE-2020

Fig. 4 presents the radiation pattern at 2.36 GHz. It is required that, the gain of body worn
wearable antenna should be high. The realized simulated peak gain of proposed antenna is
more than 8.2 dBi. The radiation pattern is in broadside direction in both E- and —H plane.

10
0-
10 -
20

Gain (dBi)

=30 4
40 -
-50 - -90

-60

-30

_¢:00
30 ~ - m¢=90
60
90

Fig. 4 Radiation pattern at 2.36 GHz

Fig. 5 (a) and (b) presents gain and antenna efficiency over the MBAN band respectively. It
is observed that; the gain is stable and more than 8 dBi with efficiency up to 90%.
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Fig. 5 (a) Realized gain (b) antenna efficiency

The antenna has been fabricated and tested using Keysight VNA N9923A. The obtained
measured impedance bandwidth is of about 18 MHz as compared to simulated results. The
fabricated prototype is presented in Fig. 6 (a).Simulated and measured results are compared

and depicted in Fig. 6 (b).
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4. CONCLUSION

In this paper, the right angle triangular wearable microstrip patch antenna has been designed,
simulated and tested. The obtained simulated and measured impedance bandwidth is 20 MHz
and 18 MHz respectively. The antenna offers maximum gain of 8.2 dBi with 25% of
compactness as compared to antenna without slot. The simulated and measured results are in
good agreement.The antenna is low weight and low profile suitable for MBAN application.
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Abstract: Dealing with Inverse ECG (Electrocardiogram) involves various approaches. This paper
presented the description of recent developments happening in this area based on the present
scenario. Simulation studies performed to assess the performance with the image of 3D myocardial
infarction. Statistical models developed interfering effects of atrial activity. The effect of mesh
resolution investigates the accuracy. Transmembrane potentials, method of fundamental solutions, T-
wave alter nas distributions, and spatiotemporal models also presented. 3D coupled heart —torso
propagation models used with realistic cardiac data by using the finite element method. The total
variation method, low rank and sparse decomposition will reconstruct the endo and epicardial
potentials correctly.

Keywords: mesh resolution, transmembrane potentials, myocardial infarction, body surface

potential maps, and regularization, ventricular contraction.

Introduction: The inverse problem aims to analyze cardiac potential activities noninvasively
and to reconstruct cardiac electric potentials from body surface ECG measurements. It has no
unique solution. Several approaches have been developed. Computer simulation provides
information related to epicardial and endocardial potentials [1]. Statistical models developed
to measure atrial activity and body surface measurements during arrhythmia period [2].
Realistic torso heart geometry used to evaluate the relative error by using the effects of mesh
resolution [3]. Numerical methods are created aiming non-invasive mapping of the heart [4].
Missing electrodes can be estimated by the method of fundamental solutions [5]. The inverse
spectral method used to evaluate T wave alternas [6]. The location characterization and level
of myocardial infarctions have been determined using Wavelet clustering method [7]. The
authors of [8] employed the non-invasive method for the recovery of volumetric cardiac
source by the generation of data using a 3D coupled heart torso propagation. In [9], the
simulated cardiac surface and body surfaces potentials have been acquired by ECGsim

19| Page

ISBN: 978-81-948668-9-3



National Conference on Biomedical Engineering-NCBE-2020

software using the real human model. A novel framework based on total variation used to
reconstruct the cardiac electrical activities of premature ventricular contraction [11].

Simulation studies: A comprehensive and quantitative evolution of simulation study is
presented in [1]. A trans mural and non trans mural MI with different sizes and localizations
is simulated. The simulations here tested by utilising experimental data. But the results
obtained suggest the possible clinical data applicability. The MI substrate is identified
noninvasively by this technique throughout the 3D myocardium during single cardiac cycle.
The MI substrate identification and its border zone identification is of clinical interest. Here a
predefined threshold of Equivalent current density (ECD) distribution can be used for
identifying life-threatening cardiac Arrhythmias. The estimation of ECD from the BSMP
named as body surface potential maps throughout ST-Segment. Computer simulations were
executed to evaluate the performance concerning image the 3D Myocardial infarction (Ml)
sizes, number of electrodes, measurement noise, and errors. Hence this method can be
capable of estimating surface infarction and transmural and it provides information

concerning endocardial and epicardial infarction

Based on the Statistical approach: A more robust nonlinear averaging technique to the
background noise for ECG is presented in [2]. The geometric properties of the measurements
are used by this method in high dimensional measurement space whereas their time stamps
are ignored. This method recovers the denoised signal by approximating it by a Cartesian —
product B — spline model. The intrusive effects of respiration and uncontrolled atrial activity
is shown by a statistical model established in the context of ECG body. The surface
measurements are done through artificially induced arrhythmia beats by means of intra
catheter device. The results attained with the ensemble average is compared. It is then trailed
with an inverse solution and probabilistic inverse considering all epochs at one time. The
estimated position of earlier activated node for individual solution of the CARTO recorded
pacing site which coordinates the Euclidian distance among these two positions.

Based on Mesh resolution: An attempt made to examine the effects of the mesh resolution
on the accurateness of and inverse and ECG forward problem is presented in [3]. In this
technique first, the authors used the boundary conditions to compute the association among

potential distribution on the body surface and the established algorithm. Secondly, they
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implemented the algorithm in both realistic torso-heart geometry and concentric spherical
geometry. Thirdly the relative error among the obtained solutions and the analytical solution
is evaluated under different mesh resolutions conditions. Experiment results showed the

relative error in the inverse solution has been decreased.

Based on the Correctness of the transmembrane potential: An approach to reconstruct
transmembrane potentials (TMPs) from body surface potentials (BSPs) has been described by
[4] using two different models. The first model is based on the information about geometrical
cellular contours and has been named as microscopic model. The second model involves the
bidomain model, especially its isotropic steady-state version. This model has been analyzed
by assuming that an infinitely smooth boundary encloses the body and myocardial domains.
The Sobolov-Slobodetckij functional spaces have been assumed as the classes of
extracellular, transmembrane and body potentials. It is concluded in this paper that it is
possible to reconstruct TMPs on the intracellular domain surface for the cellular model. Also,
it has been concluded that a constant TMP and infinite set of TMP distributions on the
myocardial surface and in the myocardial domain respectively are included in the null-space
of inverse problem for bidomain model. So, it is possible to reconstruct TMPs up to an
arbitrary additive constant on the myocardial surface.

Based on the inverse ECG forward approach: An inverse-forward technique to estimate
12-lead ECG from BSP mapping using simulated and clinical data has been proposed by [5].
The proposed approach can accurately reconstruct ECGs during both depolarization and
repolarization for various features like overall morphology, amplitude, mean electrical axis
and other clinically relevant features used in cardiac arrhythmia diagnosis. An inverse-
forward interpolation scheme which employs BSPMs to inversely reconstruct the signals onto
an arbitrary interior surface has been employed. A modified version of the method of
fundamental solutions has been employed for the solution of the inverse problem of ECG. A
monodomain reaction-diffusion model coupled to a bidomain torso model has been employed
for generating the simulated data. In addition to this simulated data, the clinical data of
patient has also been used. It has been highlighted in [5] that this approach can also be used

for other lead systems.
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A Potential based inverse spectral method: Coll-Font et al. [6] investigated the application
of a potential based inverse method. This method is based on the estimation of beat-to-beat
altercation corresponding to a projection of T-waves segments. In spite of problems of
precisely defining the discordant regions, this approach presented the accurate results about
space information. [6] proposed this inverse solution named as inverse spectral method to
image the T-wave alternans’ spatial distribution on the surface of the heart. The performance
of the inverse spectral method has been compared with that of standard T-wave alternans
method and it has been found that the inverse spectral method is effective in detecting the

distributions of T-wave alternans up to 80% of the surface of the heart.

Inverse ECG modeling with spatiotemporal regularizations: To recreate the potential
distribution on the surface of heart another spatiotemporal inverse model is proposed in [7].
Then localization and extent of Ml s are characterized. Firstly, on the heart and body surfaces
a transfer matrix is developed to show the association among potential distributions. It is
developed with boundary element method. Secondly, the ECG problem is solved and
estimation of heart potential distribution utilizing a new spatiotemporal regularization method
is done. Lastly, the estimated heart potentials are assembled into healthy and infarct clusters.
Here the wavelet clustering method is applied which is further utilized to describe the
location and extent of Mls.

Based on investigating transmembrane current source formulation: The formulation of
the ECG inverse problem based on volumetric transmembrane current is presented in [8]. The
four inverse algorithms performance study is used to formulate this method. Here two
sparsely promoting approaches and two Tikhonov based approaches are used. A variable
splitting method for space regularization is joined through the discrepancy principle. It
provides the enclosed form for the updation of the regularization parameter which is attained
by ADMM named as alternating direction method of multipliers. In the direction of assessing
this study of the computed formulations, a simulation study is done. This was lead by
utilizing real cardiac data produced by a 3D coupled heart — torso propagation model. This
model was discretized employing the Finite element method. The aim is here to recuperate

the volumetric cardiac source by noninvasively.
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ADMM net solution: The ADMM named as Alternate direction method of multipliers based
neural network model is built to solve the inverse ECG problem [9]. This method allows
regularization parameters automatically selected. Here ECG sim software used the real
human model to find the simulated potentials on the cardiac and body surface. Hence much
accurate results are obtained to acquire sufficient data for cardiac surface and surface
potential. This resulted in the improved performance in recreating epicardial surface
potentials is observed as compared to the common regularization method such as Tikhonov,
methods. The iterative nature of this method makes it suitable for integration with neural
network. This was built a structure with 5 or more layers. The training parameters are
replaced with parameters in the original algorithm which needs to be find out by the L-curve
method. As individual layer parameters contribute in updating while the gradient is parameter
which are firstly fixed in individual iteration. The complex parameter combination is replaced
by some trained parameters in the original algorithm.

TV regularized low-rank framework approach: [10] employed total variation low-rank
and sparse decomposition for the solution of inverse ECG problem of reconstruction of
cardiac electrical activities of the premature ventricular contraction. The total variation has
been employed to determine the relatively smooth solution form the large number of inverse
solutions. To reconstruct the potentials with improved accuracy, the low rank and sparseness
characteristics of the potential background and potentials outliers respectively, have been
utilized by the low-rank and sparse decomposition approach. Using these approaches, the
electrical activities are retrieved with improved quality and premature ventricular contraction
region is determined accurately. The performance of this approach has been found better than

various Tikhonov and non-quadratic based traditional approaches.

Conclusion: This paper describes the various approaches to solve the inverse problem in the
electrocardiogram. Simulation models, statistical approaches, and wavelet clustering are used
to study the problem. Cardiac arrhythmia diagnosis can be improved by implementing soft
computing methods like neural networks. In future evolutionary optimization techniques can
be effectively used to improve the accuracy of the solution for an inverse problem in the

electrocardiogram.
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Abstract:

Utilization of ground and under water robotic systems in nuclear plants has been determined as very
complex but recommended practice. After a significant advancements in the robotic systems in the
last few decades, the main challenge of human involvement in highly toxic and combustible
atmospheres have been reduced to a certain limit. Robotic systems provides a best possible solution
to these challenges. This manuscript features state-of-the-art robotic inspection technologies
developed for Nuclear Power Plant waste management and other operations in the hazardous
environment. Also, this draft will focus on the developments and solutions after the Three Mile Island
accident. Finally this feature will comment on the future directions as well.

Keywords: Radiation, Nuclear Power Plant, undocumented worker, hazardous, disaster,
robotic system, manipulator, accuracy.

INTRODUCTION

Now a days, Robotics and Automation is highly used in multiple processes ofindustries e.g.
machinery, boilers and heat treating ovens, steering and stabilization of ships,vehicles
specially aircraft when thereis a requirement of good precision in product and also in
hazardous places in the industries like nuclear power plant (NPP), thermal power plant for
optimization. Nuclear generation wasprogressively greater in 15 countries all over worldsince
2016from which 12 countries decreased their nuclear power generation but 4 countries were
stable[1]. China, Hungary, India, Iran, Pakistan, Russia, South Africa became greatest in
nuclear production in 2016.

NPPs have an extremely hazardous conditions for humans as well as for the environment.
Specialattentioncan be focused on the Chernobyl disaster (1986), the Three Mile Island
accident (1979), and the SL-1 accident (1961) the Fukushima Daiichi nuclear disaster (2011)
due to which monetary costs and loss of life took place[2].In Chernobyl disaster, 28 firemen
and workers were died in few months due to acute radiation sickness [3]and few people were
also died later due to cancer caused by radiation. In June 2005, a largest study of nuclear
industry employees was conducted which shows that NPP workers have 10% higher risk of
all type of cancers excluding leukemia. undocumented workers who also called as theBio-
Robots,Radium Girls, Glow Boys, vernacular Nuclear Nomads, the Fukushima 50, Gamma
Sponges ,Liquidators, Atomic Gypsies, , Nuclear Gypsies, Nuclear Samurai and Jumpersare
found highly affected in these power plants[4].
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Fig 1: (a) Farmer Fukushima NPP employee diagnosed with radiation related cancer[5],
(b)Drummed nuclear waste[6]

In Nuclear power plant, robots are used in Tele-operation for high risk movement and for
observation to keep workers away from radiation, temperature etc[7]. Additionally, these tele
operation robots monitor pressure of vessels, pipelines and assemblies and also provide
assistance to workers for examination.The high risk task requires a smart robotic
technologyto escape from hazardous situations andsmart robotic system demandsadvanced
sensors and artificial intelligence. With this purpose, two types of robots are found to be used
in NPPs, These areautonomous robots as shown in (Fig 2(a)) whichneedcommandof an
employee in NPP.

Another type of robotsare Manipulator arms shown in (Fig 2(b)) which are mostly designed
as per the requirement of the usage in the NPP[3].

Fig2 : (A)Autonomous Robot [8], (B)Manipulator Arm[9]

Other requirements of robots in NPP is to dump the waste of NPP. In most area [8] covered
by robots will be toinspect welding cracks, leakages in the hazardous place.

RELATED WORK
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Numerousdevelopmentsin robotic systems inNPP are being made in last decade, these are
giganticrobots and manipulators which are remotely handling vehicles with variety of tools
and can be employed under water [10].Remotely operated manipulator or automatic
equipment are used to save the worker from high exposure of radiationwhich are still in
developing stage. The development of a robotics system prototype e.g. flange un bolter or
tube- repair robot in an excessive-radiation area, similarly a remotely inspection robot was
designed for hazardous environments in theyear 1985by T.Moore [11]. In 1995, Fulbright
and Stephens designed the stored waste autonomous inspector. The system was responsible
for radiation detection and positioning procedures. Radiation monitoring was included with
alpha and beta radiation [12].In 1999,A radiation detection robot was designed by
NSTC(nuclear safety technology centre) which was used to detect and collect obstacle with
the help of walking crawler wheel and mechanical manipulator [13].G Shan muga Sundar
research says that there are a lot of robots, those are dependent on their ability motions. Every
industry have different hazardous environment and need different type of robots. In NPPs,
they require more economical and flexible robots. Climbing robots require special framing
for proper movements or motions. The pneumatic robots are better in those places where
other robot fails [14]. One important reason is that robots designed for NPP are expensive as
compared to normal robots. David sands research says, according ISO standards of robot it
should be automatically controlled, multipurpose arm with 3 or more axeswhich should
bereprogrammable it is shown in (Fig 3(b)). They have designed a telescopic axis withan
absorbent pad in opposition to the box. They have used all the space in the best way and
resulted inexpensive bench top robotic arm but this a type of Cartesian robot and achieved the
result with mechanism as well as software [15].

An underwater robot is designed to look at the base of reactor vessel, reactor coolant system
andit al sore move particles from them (Fig 3(a)). In underwater robots, it is not possible to
just use one camera and operate easily.ltrequires 5 to 6 camerasat each side of the robot (top,
bottom, left, right both side edges etc.) then only operator can control vehicle easily[16].

| | ‘ (b)

Fig 3: () Under water robot [16], (b) Crawler robot for nuclear power plant for clearance[17]

It is difficult to expose radiation in NPP that’s whyrobots are used to inspect and caring of
components. They give external support to workers as frontiers in lesser radiation exposure
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and preforming consistently well in NP plant. It provides good efficiency, accuracy,
undesirable tasks. The robots are still expensive for many NP plant industries.

Limitation of Robotic systems in Nuclear power plant

In Nuclear power plant, robots installation is very challengingtask and in some cases it fails
to produce a promising results. Robots are very expensive projects. Due to their reliability
problems, humans require to control and operate robots because it is not possible to
completely automate the robot in NPPs.

Fractal robot in nuclear power plant application[18]

Fractal robots are similar to conveyor belts.Such robotsissimilar to a brick
shapedcubeequipped with motorsthatwill becontrolled by PC for movement, positioning as
well as rearrangements of its shapes.Fractal robots have capability of self —arranging. The
cubes will befunctioned by a robust mechanical design and controlled with the help of
embedded system. Fractal robot’s construction is difficult andit takes a lot of time to
construct as shown in (Fig 4 and Fig 5).

Designing these robots, it is required to create faceplates and borders. Materials are easily
available to fabricate and construct these robots. Different combinations of motors are used to
move platesandits shapes in two different directions with variety of movement anglesthat is
controlled by microcontroller and CAD system,operated by expert in relevant field. Possible
applicationsof fractal robots are to pick and place,L-streamers movements. These robotsare
suitable for nuclear power plants due to their compact size because NPPs have limited areas
for some specific operations.The design of fractal robot is shown in (Fig 5).

Apparatus of
Fractal Robot

4 v v v l
Construction of Fr“?a' Robot Computer Control Fractal Operating . ~
Fractal Robot Movement Implementation System Fractal-Bus
Mechanism i ) ' g
Fig 4: Fractal robots construction [19].
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Plate with mechanism

Frame (cubic)

Fig 5: Basic design of fractal robot in solid works 2016

The fractal robot mechanism is very similar to conveyor belt mechanism. These types of
robots are compact than conveyors and easily installed in any industries especially in nuclear
power plant.

GERR WHEFL

SHYARAT
DISTANCE

LEDGE— 45" mounted locks

Fig 6: Mechanism for motion[18]

Robot movement depends on the motors and gear mesh with other toothed component in
crossing which generates torque transmission in the component for motion in box as shown in

(Fig 6)
CONCLUSION

This manuscript elaborates in brief the problems faced by nuclear power plant in regard to
implementation of robots such as underwater robots, walking robots, manipulator arms and
surveillance robots in nuclear power plant which are quite successful. But all these robots are
ultimately controlled by humans through computers or any control systems. Through
exposure to nuclear waste the human are adversely affected by radiations. Therefore it is
required to design robots which do not require human supervision. So we have presented an
idea to design a robot which will be completely automatic and independent.
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Abstract- A Microstrip patch antenna which is loaded on omega structure metamaterial has been presented.
Theparameters like bandwidth, gain and efficiency has shown good improvement in comparison to antenna placed on
conventional ground plane. The bandwidth, gain and efficiency improvement are 780 MHz (15.92%), 3.4 dBi and
31% respectively. Results were verified bythe use of Vector Network Analyser (Rohde &Schwarz ZVL Network
analyzer). For the designed antenna measured results are in goodsaccord with simulated results.

Keywords— Metamaterials, Shared Aperture Antenna, Omega Structure, Bandwidth, Efficiency, Gain.
I. INTRODUCTION

Microstrip patch antenna is a type of antenna used for mobile applications in the frequency range 1-6 GHz.
It consists of three parts metal patch, dielectric material and ground plane. Microstrip patch antennas are the
devices having characteristics like planar profile, lighter weight and reasonable cost. These antennas are
thus easy to fabricate.

Metamaterialscan be considered like artificial materials that exhibit properties which otherwise donot exist
in nature. Metamaterials are composed of metallic inclusions in dielectric material [1-3]. Such kind of
materials obtainthose properties through their structure than their composition. The performance of antenna
improves using metamaterial structures [5]. There are different types of metamaterialsvis: Split ring
structure, Symmetrical ring structure, Omega structure and S Shaped Structure [6]. Omega structure
metamaterialwas first discussed by Engheta&Saadoun in 1992 and it consisted of Greek letter omega (Q2)
[4]. It is a combination of rods (wires) and rings. Material consisting wires have negative permittivity and
materials consisting of rings have negative permeability [9-10]. It exhibit negative permittivity and negative
permeability hence having negative index of refraction. This property of omega metamaterial improves the
parameters of antenna. Metamaterials can either be utilised as a substrate for base or can be used as cover
[7-8].

Microstrip patch antenna has been simulated and fabricated to operate at 5.5 GHz frequency. The paper will
focus on the design of patch antenna loaded on omega structure metamaterial. The antenna loaded with
metamaterial has lower frequency in comparison to antenna on conventional ground plane.
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The sections in the paper are organized as follows. The problem formulation is donein section Il. Section Il
consists of the designing part where the geometry of antenna structure on conventional ground plane as well
as antenna on omega structuremetamaterial is proposed.

In section 1V simulated results are discussed. In Section V description of VNA results are given are the
prototype is discussed in detail.

Il PROBLEM FORMULATION
A patch antenna placed on a conventional ground plane has numerous advantages such asplanar profile,
ease of fabrication, lighter weight etc. But it has drawbacks also that are given below.

1 BW is Narrow

1 Gain is low

1 Low efficiency

1 Antenna size is large.
It becomes difficult in microstrip patch antenna to achieve tradeoff between bandwidth and gain. Wider
bandwidth and higher gain and larger efficiency can be obtained by using metamaterials or by changing the
shape of antenna. Metamaterials enhance gain, bandwidth, and efficiency of antenna.
Frequency of operation get shifted to lower values because of coupling between two omega particles,thus
the antenna can be utilized for miniaturization at lower frequencies.

111 GEOMETRICAL OVERVIEW OF THE STRUCTURE

A. Antenna design on Conventional Ground Plane

A Square shaped patch antenna is designed utilizing IE3D without metamaterial having substrate of
thickness 1.5 mm.

Calculation foe the dimensions of antenna design are done with the aid of formulas mention through
equation (1) to (5).

The primary parameters in the design are:

« Frequency of resonance, f, = 5.5 GHz

» Dielectric Substrate of Relative permittivity, & = 4.4

« Substrate height, h= 1.5 mm

a)Effactive dielectric constant (b) Length Extension is

g \Yid ca)) )
o ol (Corere +0.3) (5 + 0.264) 2
71 { e (e, = 1)[1 + 12;] 2 (1) AL = 04128 = (h W ] ( )
2 A (sregy — 0:2580) (3 +0.8)

(c) Effective length (d) Actal length @)
(3) L= L,-‘r! oo 2&!.
(e) Patch width (5)
W= - 2
TGt 1)2
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Square patch antenna is designed by considering equal dimensions for length (L) and width (W) of antenna
i.e. L=W=12mm

B. Antenna design on Omega Metamaterial

Omega structure metamaterial is designed as a base substrate. Back to back interconnected omega cells
are designed on substrate as shown in Fig 1. This structure is combination of C shaped rings and two wires
connected at both ends of C shaped ring. Table 1 shows the parameters of omega cell.

Antenna was loaded on themetamaterialwhich consisted of omega shaped sructures. The metamaterial with
omega structure was designed using array consisting of four omega cells. Interconnected omega inclusions
were loaded in ground layer. At a height (dist)of 0.5mm, Omega structure was designed in reverse direction
from ground having same dimensions as that of ground layer omega cells. Dimensions of ground plane were
taken 26x26 mm? Other parameters of omega shape are given in Table 1. Antenna having dimensions
12x12 mm? was designed on omega metamaterial. Step by Step design of patch antenna on metamaterials
with omega structure is shown in Fig. 2.

(a) (b) (c)

Fig. 2 Antenma loaded on Omega metamaterial (2) Omega structure n Ground kiyer (b) Reverse
Omega Strcture(c) Antenna loaded onmetamaterial

(o)

Fig. 3: (a) Bottom View (b) Top View of Fabricated prototype Antenna loaded on Q shaped Metamaterial

C. Feeding Method

Coaxial feed is simple to fabricate and one of most common techniques. Coaxial feed has been applied to
patch antenna at a point along XY axis of antenna.

D. Fabricated Antenna

Performance of proposed antenna can be checked by fabricating it. The antenna was fabricated using FR4
substrate material with relative permittivity 4.4. Metamaterial was designed by keeping the metal as omega
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shapestructute while the remaining part of metal was etched away. Fig 3.reveals the prototype of fabricated
antenna.

IV RESULTS &DISCUSSIONS

A. Metamterial property

Metamaterial have property to reverse their phase in resonant frequency range. This property shows that the
designed material exhibit the behavior of metamaterial. Fig. 4 Shows phase reversal property of a
metamaterial.

S-Parameters Display
S-Parameters Display
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Fig. 5: ReturnLoss (811) of Antenna on Conventional Ground and on © Metamatarial

B. Bandwidth

The antenna’sBW is the value of return loss (Si1) below -10 dB. Bandwidth of antenna loaded with
metamaterial is between marked frequencies 1 and 2 that are between 4.53 and 5.54 GHz. Bandwidth of
simple patch is between marked frequencies 3 and 4 i.e between 5.43 and 5.66 GHz.

C. Gain

Gain of antenna loaded with metamaterial is around 5 dBi while antenna on conventional ground plane is
having gain around 1.5 dBi. Gain improvement is 3.5 dBi approximately.

D. Efficiency

Efficiency can be defined in terms ofthe delivered power and the power radiated/ dissipated within the
antenna. The antenna loaded on metamaterial has improved efficiency. Antenna efficiency is 42% without
metamaterial and with metamaterial is 73% approx. as shown in Fig 7.

E. Antenna Size reduction
The minimum area of patch which is resonant at 4.9 GHz is 14mm x 14mm = 196 mm2.
Area of patch antenna after the loading on metamaterial is 12mm x 12mm = 144 mm2.
Reduction in size(%)= 100 (original size — reduced size)/ original size

=100 (196-144)/196 = 26.53%

Overall reduction in the size of antenna is 26.53%.

34| Page
ISBN: 978-81-948668-9-3



National Conference on Biomedical Engineering-NCBE-2020

Total Field Gain vs. Frequency
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V EXPERIMENTAL RESULTS

Fig. 8 and 9 are showing the measured return loss & VSWR of antenna. These results are in accord with
that of simulated results. There are some minor discrepancies between the results of measurement and
simulation.This can be possibly because of coax-to-microstrip transitions connector side and also
imperfections in fabrication process.
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V1. CONCLUSION

A Square shaped patch antenna is designed using Zealand’s IE3D software without meta material as well
as with met material. Single coaxial feed has been applied to analyze the antenna’s performance on a simple
ground plane. Comparison of results is donefor antenna on the conventional type of ground plane and on
omega structure type ofmetamaterial substrate. An efficient patch antenna is placed on met material which
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has been designed with improved parameters like gain, bandwidth. Antenna placed on conventional ground
plane is resonating at a frequency of 5.5 GHz which has been shown a downshift to 4.9 GHz because of the
coupling effect of omega particles. Designed antenna has wider bandwidth 1010 MHz improved from
4.14% to as high as 20.06%, higher gain increased from 1.5 dB upto 4.9 dB and efficiency improved from
42% to 73%. The measurement results of the antenna are in good accord to that of simulated ones.

To further improve the parameters of antenna, different types of dielectric material having low losses can
be used and efficient antenna responses. Metamaterial structure can be designed using array of multiple cells
of omega structure.
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Abstract:

The advancement of nanoscale robots is giving rise to troublesome fabrication as well as control
difficulties. These gadgets are expected to work in microenvironment, where these robots work inside
the body to give critical new diagnose and treatment capabilities of a disease. For designing a
nanorobot it is significant to be familiar with the diverse features of a nanorobot. Such innovation like
medical nanorobots has clear medicinal ramifications. It would enable doctors to perform exact
intercessions at the molecular as well as cellular level. This paper portrays the behaviour,
appearance, methodology to embed and recover a nanorobot from human body, and use of various
medical nanorobots.

Keywords: Medical Nanorobots, Nanotechnology, Cell repair machine, Respirocytes

SECTION |
1. Introduction
A. Nanotechnology and Nanorobots

Nanotechnology is molecular assembling, building each particle or atom with the help of
nanoscopic robot arms. Nanotechnology tends to the development of novel Molecular
gadgets using the substance properties of atoms as well as particles. The method is to control
atoms independently and place them precisely where expected to create the ideal structure.
Sub-atomic assembling guarantees exact control of issue at the nuclear and sub-atomic level.
One significant ramifications of this acknowledgment is that in the following 10-30 years it
might get conceivable to build machines on the micron scale, containing parts on the
nanometer scale. Subassemblies of such gadgets may incorporate such valuable automated
segments as 100-nm controller arms, 400-nm mechanical GHz-clock PCs, 10-nm arranging
rotors for particle by-atom reagent sanitization, and smooth super hard surfaces made of
molecularly faultless precious stone [1].

B. Scope of this Survey
Various papers on Naotechnology and medical nanorobots are surveyed. lIssues like
behaviour, appearance, methodology to embed and recover a nanorobot from human body,
and use of various medical nanorobots. This paper has been divided into following sections:
In Section 1l, Various characteristics of nanorobots are given. Finally, conclusion of this
paper is given in Section Ill.
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SECTION 11

2. Characterstics of a nanorobot:

2.1 Chemical elements of medical nanorobots:

A micron scela nanorobot is manufactured from nanoscale parts and size range of these parts
is from 0.5-3 microns in diameter.

The extreme size for blood borne medical nanorobots is three micron and Carbon is the vital
component which is the form of diamond involving the main part of a medical nanorobots.
Whereas some other elements like oxygen, silicon, nitrogen, etc. can also be used for various
purposes in nanoscale component [2].

According to the medical point of view nanorobots have two spaces i.e. interior and exterior
and both spaces should considered independently. It is true that human biochemistry has
made by exposing the nanorobot exterior to the diverse chemical brew but the external
liquids of the nanorobot which is present in the interior space cannot intrude easily. For the
various chemical analyses it is very important for nanorobots to import various external fluids
or liquids. But the important thing here to be kept in mind is that the device should be airtight
and watertight. Only for some specific reasons these fluids should be pumped into the interior
of the device.

In many cases sufferers who go through a nano medical treatment look similar to a sick
person. However, treatment of nanomedical consists of an injection which is few cubic cm of
micro sized nanorobots. 1-10 trillion individual nanorobots are required for the typical
therapeutic dose but in very often cases it requires few million or billion individual devices to
be injected. The order of each nanorobots will be of 0.5 micron to 3 micron in diameter.
Nanorobots can follow the same instructions what the doctor tell them to do [3].

2.2 A typical nanorobot appearance:

It is very difficult to say the exact appearance of the generic nanorobots. It has been observed
that nanorobots travel through human bloodstream in characteristic dimensions of 500-3000
nanometers. The size of the non blood borne tissue traversing nanorobots are large i.e. 50-100
microns. So the actual work on nanorobots has not been done yet. When testing on designs
will get finished then various theoretical designs will get change.

2.3 To retrieve nanorobots from the body:

In modern era of 21 century nanodoctors wants to expel their therapeutic nanorbots from the
body of patient as quickly as nano devices will complete the job. So it can cause a quite
danger to the patient due to the malfunctioning of old nanorobots. Furthermore inoder to
reduce limitations from the old nanorobots, new nanorobots have designed with a high level
of redundancy.
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Few nanodevices have ability to remove themselves from the body through excretory
channels whereas others can be remove with the help of medical treatment. Whereas in few
cases,removal of procedure is quite simple for example in respirocytes. In this method, when
therapeutic purpose will finish it can be extract from circulation process. The acoustic
transmitters will give command to respirocytes and establish neutral buoyancy when the
blood which has cleaned, pass to patient’s body. However, some of the solid blood
components which do not maintain neutral buoyancy because they precipitate outward and
get added back to the cleaned plasma. But after some period of time plasma is filtered off by
1 micron filter and removes all the suspended respirocytes. This filtered plasma will then
recombine with the centrifugal solid and place inside patient’s body without any danger.

Acoustic messaging is the simplest method to send information into the body. All information
is send with the help of acoustic carrier waves at frequencies between 1-10 MHz. A
nanorobots that already working inside the human body with its own sensory and power
system. This nanorobot is helpful for the doctor to get result from the human body.

A navigational arrangement may be introduced within the body using navigational
component to track the location of therapeutic nanorobotos. Physical positions can be
identified by utilizing an in vivo common arrangement. But this method is not convenient to
address nanorobots exclusively because this principle is suitable only for few million devices.
Lung nano robots and respirocytes are examples of nano robots commonly used in medical
field which are shown in Figure 1 and Figure 2 respectively. A respirocyte artificial cell is
designed few years ago which is one micron in diameter. In respirocyte 18 billion atoms are
used to made spherical nanorobot. The respirocyte tank that can be pumped full of up to nine
billion O, and CO, particles. Afterward, gases can be discharged in a controlled manner from
the tank. A pressure up to 1000 atmospheres is used to store the gases. The action of natural
hemoglobin filled RBC’s is copied by respirocytes. But a respirocyte can provide 236 times
more oxygen per unit volume than a red cell [4].

Figure 1: Lung Nanorobot Figure 2 : Resiprocyte in an artery
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2.4 Medical applications of Nanorobots:

A curiously utilization of nanorobots is to transmit neutrophils cells or WBC’s to reach
aroused tissues and help for therapeutic process. In chemotherapy, nanorobots will help to
fight with cancer using exact chemical dose. A comparable approach can be taken to
empower nanorobot, to deliver anti HIV drugs. Such drugs delivery nanorobots have been
termed pharmacytes.It will also helpful to find hardening of arteries lesions in stenosed blood
vessels, mainly in coronary circulation and heal them either mechanically, chemically or
pharmacologically.

Other application of nanorobots in biomedical fields includes cancer treatment, removing
kidney stones, cerebral aneurysm, and treatment of defected DNA structures [5].

SECTION 111
3.1 Conclusion:

It is concluded that for implementation of nanorobots one should be familiar about its
characterstics, chemical properties, and the method to insert and retrieve a nanorobot from
human body. Nanorobots play significant role in diagnosis, testing, surgery, cancer detection
as well as treatment, nano dentistry, Gene therapy and many other treatments which save
human life.
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Abstract

Modeling of light transport in tissue requires measurement of optical characteristics of a biological tissue
for photothermal therapy. The knowledge of variation in the refractive index helps to characterize the
variation in optical properties like dispersion and extinction coefficients of a tissue. The thermal
dispersion of the refractive index can be well described by Cauchy equation. The aimof this paper is to
characterize the refractive index variation of a tissue phantom, as a function of temperature, for
photothermal therapy application. The refractive index variation was evaluated using differential total
reflection methods at different temperatures in a tissue phantom. Results show that the real refractive
index of water and the tissue phantom, in the presence of nanoparticles, decreases with rise in
temperature.

Keywords: Photothermal therapy, refractive index, thermal variation, biological tissue.

1. INTRODUCTION

Cancer is major cause of deaths globally and in 2018, it accounted for about 9.6 million deaths. Further
the rate of incidence for cancer is rising year after year [1]. Plasmonic photothermal therapy is a relatively
new way of treating local solid tumor with minimal invasiveness and reduced damage to normal tissue. It
involves the intravenous or intratumoral injection of gold nanoparticles to a tumor and the subsequent
exposure of NIR light. Here, the exposed light energy is converted into heat energy inside the tissue due
to plasmonic response of nanoparticles [2-4]. The heated region undergoes thermal ablation
or hyperthermia leading to denaturation of proteins, cytosol evaporation and cell lysis [5]. The
photothermal therapy mainly depends upon the optical properties of the tissue embedded with
nanoparticles.

Refractive index is a significant optical parameter of tissue and it is expressed as n = n+ in;,where
nandn.are real andimaginary parts respectively.Here,the absorption and scattering coefficients are
together known asextinction coefficient and reveal total loss of optical intensity in a medium[6,7]. The
understanding the variation of refractive index helps us to determine the photons directions and boundary
mismatch during simulation of light propagation in tissue.

The spectral and thermal dependence of the refractive index of tissues can be calculated by using Cauchy,
Cornu and Conrady dispersion equations[8, 9]. Cauchy dispersion formula provides more accurate
thermal and spectral dependent calculation than other dispersion formulas. The Cauchy dispersion
formula with temperature-dependent coefficients is defined asEquation 1 [9-11].

B(T) , C(T) D(T)
n(/'l,T)=A(T)+ /'l_2+)1_4+l—6 (1)
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In equation 1, the symbol). denoteswavelength in nm and the symbolsA(T), B(T), C(T), D(T)
denotetemperature dependent Cauchy coefficients ; T is the temperature of material in Celsius.The
thermally dependent Cauchy dispersion coefficients are defined as,

A(T) = 1.3208 — 1.2325-10°T — 1.8674-10°T%+ 5.0233-10°T° @)
B(T) = 5208.2413 — 0.5179T — 2.284-107T*+ 6.9608-10°T* 3)
C(T) = -2.5551-10° — 18341.336T — 917.2319T*+2.7729T° @)
D(T) = 9.3495+1.7855-10°T+3.6733-10°T* 1.2932-107T° )

2. MATERIALS AND METHODS
Water is the main constituentof the human body and is present in interstitial fluid, intercellular
fluid and blood plasma etc. Therefore, variations of refractive index with temperature plays an
important role for different tissues in wide applications. Here, deionized water is used tomeasure
the thermal refractive index variation. The temperature basedrefractive variation for water, in the
presence of nanoparticles, is measured for two different nanoparticle types as,

a) Solution with gold turmeric nanoparticles in water.

b) Solution with gold plasmonic blackbody nanoparticles in water.
For measurement of refractive index in tissue phantom at a different temperature, tissue-
mimicking phantoms prepared by using 1% agarose solution in water, with and without the
distributed gold nanoparticles. Prepared phantoms mimic base tissues of aqueous humor (human
eye) and hydrated stroma. After preparation of the samples, the refractive index was measured of
different temperatures by ATAGO digital refractometer (Model: Rx7000i) at 589 nm
wavelength.

3. RESULTS AND DISCUSSION

The real term of the refractive index of deionized water is measured by using a refractometer and
is also estimated by using Cauchy dispersion formula. The refractive index of the sample is
measured for temperature range of 25 to 50 °C. Due to the rise in temperature of water from 25
to 50 °C, the refractive index decreased as shown in figure 1. Also, the change in refractive index
of deionized water is calculated by using Cauchy dispersion equation is shown in figure 1. The
comparison between measured and calculated refractive index shows a relative error of 3.53x10°
%in the measurement data as shown in table 1.

As discussed the refractive index of water in the presence of nanoparticles is measured with two
different types of nanoparticles. Turmeric gold nanoparticles have shown lesser variation in
refractive index as compared to gold blackbody nanoparticle as shown in figure 2. The solution
with blackbody nanoparticle have small variation in refractive index,with rise in temperature, as
compared to the deionized water.

Table 1 — Relative error in the measurement of temperature dependent refractive index
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Measured Relative error in
Temperature Calculated refractive refractive index
(°C) refractive index index x10™
25 1.33224 1.33276 5.2
30 1.33171 1.33216 4.5
35 1.33112 1.33148 3.8
40 1.33045 1.33074 2.9
45 1.32972 1.32998 2.6
50 1.32894 1.32916 2.2

& Ri measurad
¢ Rl cakculated

Refractive index
-

Temperature{ C)

Figure 1 - Refractive index of water at different temperatures measured by using refractometer
and calculated through Cauchy equation.

The refractive index of the solution of gold nanoparticles decreased with a rise in temperature as
shown in figure 2. The solution with turmeric gold nanoparticles show more decay in refractive
index as compare to the solution gold blackbodies plasmonic nanoparticle.

Tomeasurement the refractive index of tissue, the tissue mimicking phantoms were prepared
using agarose powder in water for representing human spinal fluid and hydrated stroma. Further
the gold nanoparticles were added to the phantom. Measured thermal variation in the refractive
index of normal phantom and phantom with gold nanoparticles is shown in figure 3. The
refractive index of the phantom with and without gold nanoparticles show approximately similar
variationof the refractive index with temperature. The decay in the refractive index of agarose
phantom with and without gold nanoparticle is approximately 37.1x10™. It can be seen that the
tissuephantom shows more decay in the refractive index, with a rise in temperature,in
comparison to the solution of deionized water and gold nanoparticles.
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Figure 2 - Refractive index of water with different gold nanoparticles measured at different
temperatures.
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Figure 3 - Measured refractive index of agarose based tissue phantom with and without gold
nanoparticles at different temperatures.

4. CONCLUSIONS

The optical properties of tissue are mainly affected by the presence of water molecules, and other
solid constituents apart from the nanoparticles injected into the tissue for therapy. The index of
refraction of tissues is mainly defined in terms of the concentration of its constituents. Therefore,
the variation in the refractive index of water samples with and without nanoparticlesmeasured for
application towards photothermal therapy. Also, the refractive index variation was measured in
tissue mimic phantom with the rise in temperature. The real refractive index of water and other
samples decreases with rising temperature. This variation in the refractive index affects the
scattering and absorption coefficients of a tissue. Due to the change in optical properties of tissue

45| Page
ISBN: 978-81-948668-9-3



National Conference on Biomedical Engineering-NCBE-2020

the propagation of light is affected during photothermal therapy. Therefore, the reported thermal
variation ofthe refractive index plays a key role in the modeling of light propagation for
photothermal therapy.
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ABSTRACT

Breast cancer is the most common cancer in Women and most common cause of mortality among all
cancers in world. The number of causalities occurring due to the breast cancer is rising every year.
Breast Cancer is said to be disease of developed world as it is prevalent in high socio-economic status
women but currently it is emerging threat to developing world as it is diagnosed in late stages due to
lack of diagnostic techniques and human errors resulting in higher death rates. Mammography
Imaging is currently the most affordable techniques for detecting lesions and is the most efficient way
for early detection, however like any screening tool mammography is not perfect. To help radiologists
detect tumours in mammography images, image processing and image analysis techniques are now
used. In this paper, we propose an approach OTSU and Kapur Methods for obtained optimal
threshold value and based on threshold value a GLCM and HOG algorithm used for feature
extraction with high accuracy. To automatic Detection of lesions KNN and NB technigque used based
on Genetic Algorithm. The results show that this technique is more effective than the current
techniques in detecting suspicious areas in breasts, and particularly dense breasts.

Keywords- Calcification, Lesion, Mammograms, Segmentation.
1. INTRODUCTION

Breast cancer is the most common cancer in Women and most common cause of mortality
among all cancers in world. Breast Cancer is said to be disease of developed world as it is
prevalent in high socio-economic status women but currently it is emerging threat to
developing world as it is diagnosed in late stages due to lack of diagnostic techniques and
human errors resulting in higher death rates. Mammography remains the mainstay screening
technique for early diagnosis of cancer in which four bremsstrahlung x-rays are taken in
craniocaudal and medial/ lateral /oblique view. Major advantage of Mammography as
screening tool it increases survival by 33 percent.

In Mammography calcification remains the main finding for distinguishing benign (Early
stages of cancer) lesions from malignant (later stages of cancer) lesions. In benign stages
macro calcifications (size more than 0.5mm) are the findings whereas in the malignant
stage’s micro calcifications (size less than 0.5 mm) which are difficult to find on
mammography due to dense breast tissue and human errors. On screening with
mammography about 1 in 10 women have an abnormal finding on mammogram, but only
about 5 percent of these women have cancer telling about false positive results of
mammography.
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Patients had a good prognosis, if breast cancer detected at earlier stage. And for this X-ray
mammography is the most efficient way for early detection, however like any screening tool
mammography is not perfect. To help radiologists detect tumours in mammography images,
image processing and image analysis techniques are now used.

Due to the number of image processing techniques that arise in the current era of radiomics.
Deficiencies from Contrast-Enhanced Spectral Mammography (CESM) can be reduced.
CESM is a technique in which intravenous iodine contrast agent is injected which helps in
locating lesions by reducing image noise. is taken by abnormal tissue in breast. Radiologists
obtain two mammaographic images for CESM: one that looks like the normal mammogram
and a second image showing the contrast enhanced areas that can help to identify lesions [1].
Over the last years, there has been a growing interest in mammography imaging and analysis
techniques. A novel algorithm used for detecting earlier development of breast cancer using
mass region extraction and get exact shape using image processing technique [2] which help
radiologist to find micro calcification exact position and shape. In earlier stage breast cancer
detection challenging phase with no false positive in [3] using random forest algorithm for
detecting with high accuracy with used classified and regression method.

The use of a series of heuristics, for example filtration, which can require texture analyses to
detect irregularities automatically, is a common approach to the detection of abnormalities in
mammograms [4]. Such heuristic approaches suffer from a lack of robustness when the
number of objects to be described is high. However, statistical methods for addressing this
problem have been established. To increase the accuracy, different methods used for
classification and extraction of feature, in [5] propose a system of automatic classification
based on Dynamic Optical Breast Imaging technique with 71 percent efficiency. Due to dense
breast parenchyma it is difficult to find suspicious region and lesions with high accuracy in
[6] proposed Invasive Weed Optimization (IWQ) algorithm to segment the abnormal tissue
and Smallest Univalue Segment Assimilating Nucleus (SUSAN) was used for abnormal
tissue. In last literature review we proposed different techniques and algorithm for finding
lesions but not able to find the risk factor. A new technology was introduced [7] for the risk
assessment of breast cancer, i.e. an open computational framework based on fully automated
mammography analyses. This computational framework has been divided into four main
stages: breast segmentation, detection of region-of-interest (ROI), extraction of features and
risk scoring with false positive and false negative results below 0.001.

In this paper, we proposed a novel algorithm for threshold, feature extraction, and
classification of data set. The algorithm of OTSU and Kapur specifies the initial optimal level
in mammograms for the irregular masses. The chosen threshold is then used with the GLCM
and HOG algorithm to identify dense anomalies. For image extraction using the Gray-Level
Co-Occurrence Matrix (GLCM) and directed gradient histogram (HOG) method and for
automatic detection using Genetic algorithm-based k-nearest neighbours (KNN).

2. METHODOLOGY
In the proposed work firstly found source of CT Scan Images and then import in MATLAB
converted into .csv extension. Data set containing more than 300 images of CT Scan,
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classified into three categories benign, malignant, Normal.In next step of proposed work, we
done pre-processing process. In Pre-processingprocess, we extract the required image by crop
data set and using OTSU and Kapur algorithm for finding the initial optimal threshold of
Mammograms. Once obtain value of threshold, the GLCM and HOG algorithm used for
feature extraction like median, entropy and find abnormalities in Dataset. Based on features
of images, we trained or classified using KNN and NB (Naive Bayes) based on Genetic
algorithm.

The Fig. 1 shows the proposed work. In section Il (A) Pre-processing Techniques (Kapur and
OTSU threshold), in section Il (B) GLCM and HOG algorithm and in section Il (C) Classifier

(KNN and NB).

!
/ Mammograms /
1

Pre-processing Mammograms

!

Feature Extraction

»

Classification Algorithms

h A

Optimization Techniques

!

Fig.1 The Proposed method

I1(A) Pre- processing Techniques
In pre-processing process, we got exact part of image that we required, in this proposed
method we firstly crop image and then set threshold for find the optimal
solution.Thresholding is a non-linear process that transforms a gray-scale image into a binary
image where pixels are allocated to the two levels below or above the given threshold value.
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Image thresholding a simple technique, where we divide image into background and
foreground. Image threshold provides different methods for calculate threshold value.An
iterative method calculates threshold value using iteration method automatically and in fuzzy
thresholding using entropy to calculate threshold value. Image threshold provide good results
for high contrast image. To calculate threshold value using two methods OTSU and Kapur
and discuss in detail.

(i) OTSU Method
The approach taken by Otsu is a method of binarization with less global thresholds. It takes
bimodal distributions (one belonging to context and one to the text) and sets a threshold value
to minimize discrepancies between the two distributions [6, 7]. A computation model based
on the global Otsu thresholding algorithm was used in this study to expose non-text regions
with the fig.2 class of just one pixel. New techniques include a medium filtering, repeated
extension of Otsu's algorithm, a selective two-way bilateral noise reduction filter and a
standardization background and amplification process for eliminating the noise.
The following steps are taken:

1. Background estimation
Background removal
Bilateral filtering
Recursive Otsu thresholding
Recursive Otsu thresholding with hysteresis

ok~ wnN

A Priori Estimated
Information Background
Original , Binarizer ’ Fims
Image (Otsu) Interest
v
Final Post

: L — :
Bin Processing

Fig.2 The Otsu binarization method suggested for non-text regions to be identified with an
estimated background (EB).
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(i) KAPUR Method
The Kapur-based segmentation technique was initially proposed as a segmentation of gray-
scale objects using histogram entropy [8].The vector representing various values of Image

threshold represented as TH = [ty, ty, ..., tk-1], the Kapur’s entropy is given by:
k

-"?‘J“I.EI = fkﬂ*pur(THj = Z H_;IF (l)

bp=1

For the three elements, where C represents vector {R, G, B}. The entropy is usually
automatically calculated on the basis of the value of the threshold t chosen. The entropy can
be given for a threshold of three levels

t, E E

HE = Z 2 In (ﬂ}) 2
p=1 “o =
to E E

HE=)' T T (%) ©
=t 41 “t “a
L E E

HE = Zem(Z2) @
p=t,+1 ¥z wz

where PhZis the intensity levels’ probability distribution and wf,@f,....w5_; the

occurrence probability for k-levels. A short description is given in [11,12] and the
implementation in [10] of the Kapur-based thresholding technique.

Il (B) Feature Extraction

GLCM Algorithm

Extraction of features is a very important part of classification of patterns. Texture modelling
as a two-dimensional gray-level array variance to describe the image's texture. This set is
called the co-occurrence matrix of Gray Scale. The GLCM characteristics were measured in
four directions: 0°, 45° and 90°, 145° and 4 ranges. Five statistical measures are calculated
based on GLCM [13-18], such as energy, homogeneity, correlation, entropy and sum of
square varianceoffers five features for description and calculation. The gray level number in
an image determines the size of GLCM. G is the amount of gray used for each solution.The
matrix element P (i, j |Ax, Ay) is the relative frequency of two pixels separated by certain
value of pixel distance (Ax, Ay), that occurs within a given neighbourhood, with intensity |
and j respectively. GLCM characteristics pj, |j are mean and o;, o are standard deviation of P
(i, J), where

-1
oy = I P(i, jlAx, Ay) (5)

i=0
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HOG Algorithm
HOG is an efficient feature extraction scheme and a pedestrian can be identified according to
different classification algorithms under difficult conditions such as changes in deformation,
rotation or illumination. HOG feature extraction is divided into 3 stages.

A. Gradient Computation
In the extraction of the HOG feature, differential coefficients of the first order, f,(x, ¥) and

Iy (=, %), are computed by the following equations.
flxy)=Fflx+1,y)=flx—1y),
And

fylxy)=flyx+1)= fly.x—1), (9)
where f,.(x,¥) means luminance at (x,y). Magnitude m, direction & of the calculated
gradients are calculated by

m(ey) = [(F.29) + £, (10)

and
0(x,y) = arctan(f (x,¥)/f,(xy)) (11)

B. Histogram Generation

Histograms are produced following the calculation of direction and magnitude as follows:
1) Find out what class 8(x, v) belongs to,

2) Increase the measured class value by the previous step, and

3) Repeating operations above belongs to the cell for all gradients. Both values of the
neighbouring two classes are increased to minimize the aliasing effect. While
incrementing the operation.

Let &(x,v)belongs to n different classes, and nearest denotes a class that is nearest to the

class n. The incremented values m,and m,,,,....are computed as follows:

m, = (1— a)m(x,y) (12)

And
Myegrese = AM(X,Y) (13)
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Where o is a proportional magnitude distribution parameterm(x, ¥). a is defined by using

the distance from #(x, v) to class n and nearest,
a="2_(n+0.5), (14)

where b indicates a total number of classes.

C. Histogram Normalization
Finally, by combined all histograms belonging to a cell block a broad histogram is
generated. When you get the commonly combined histogram, standardization is as
follows.

— Vi
= T (49

N,

Where ¥, is the block's combined histogram vector, and # is an uniform vector, the
final HOG features.

Il (C) Classifier (KNN and NB)

KNN Classifier

We provide a brief description in this paper of the key classification system that This article
is about the KNN. After explaining the statistical basis of the KNN model, we explain how to
edit a KNN method and how to edit training sets using the genetic algorithms.

KNN Statistical Analysis
The KNN category is inspired by the analysis statistically of the posterior
probability p(H,|x) of the conditioned hypothesis H;, to point x of observation. Considering
a volume that comprises k patterns of the training set around the observational point and K[i]
patters belonging to hypothesis H;, then equation (16) is an approach of the posterior
probability of the class H;.

(x| Hp(HY ., Eli]
p(H x) = % & (16)

The condition of full A posteriori requires the decision to maximize the corresponding
posterior likelihood to be made for a given observation x. The KNN method fixes k, the
number of patterns included in the size which is the nearest (less distant) k pattern from the
observation point. The decision is taken by evaluating the values of k[i],i=1, ..., C, and
selecting the class which obtains a highest k[i] value, and, therefore, maximizes
approximation the posterior probability »(H;|x) given by equation (16). For measuring
distance, we use the Euclidean distance in this paper to hyper-sphere the volumes around the
observation point.

Naive Bayes Classifier
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The Naive Bayes category is based on the premise that the target value is based on the
attributes. The classification. In other words, it is presumed that the likelihood to track the
combinationa,,a,, .....a, is only the probability product for each attribute given the
instance’s target value:

P(ay,ay,.. "au|ﬁj) T argmaxy ey IL P[a’i|ﬁj) (17)

Oyp = argmaxy ., P(9;) I1; P[ai|ﬂj) (18)

The classification of Naive Bayes primarily avoids potential input dependency, Ii.e.
associations, and reduces the multiform question to several generic problems.It is noticed that
in a Naive Bayes classifier the number of distinct P(a;|8;) terms that must be estimated
from the training data is just the number of distinct attribute values times the number of
distinct target values- a much smaller number than if we were estimate the
P(a,,a,,....a,|d;) terms as needed for Bayesian theory.

3. RESULTS AND DISCUSSION

The proposed work was implemented using MATLAB. The Data set found from the institute
of Cancer research. The dataset contains 322 images of Mammography. The 60 percent of
total dataset images are used for training class and rest of 40 percent images forms the testing
set.Initially during pre-processing stage image is cropped and then different thresholding
method i.e. Otsu and Kapur methods which help to find the optimum Global threshold value
is applied. The resultant thresholded image are shown in Fig. 3 and is passed onto feature
extraction stage. The feature extraction is done using GLCM and HOG architecture and
fivestatistical measures correlation, Entropy, Energy, Homogeneous, sum of square variance
are extracted.These feature set makes the codebook and training of classifier is done through
feature codebook.Table.1 shows the values of extracted features of images belonging to each
class of data i.e. Normal, benign and malignant.

Table 1.Values for GLCM Features for 3 classes- Normal, Benign and Malignant s

Image | Class of Correlation | Energy | Entropy | Homogeneity | Sum of square
Id the Image Value Value Value Value variance
M1 Normal 0.0390 0.9954 0.3057 0.3041 1.7082
M2 Normal 0.0399 0.9950 0.2137 0.2112 1.8849
M3 Normal 0.0293 0.9902 0.4401 0.4378 1.2725
M4 Benign 0.0443 0.9933 0.1645 0.1627 2.0479
M5 Benign 0.0429 0.9944 0.2557 0.2542 1.8180
M6 Benign 0.0494 0.9908 0.2839 0.2807 1.5580
M7 Malignant 0.04172 0.9938 0.2834 0.2812 1.6776
M8 Malignant 0.0448 0.9855 0.2191 0.2147 1.7836
M9 Malignant 0.0417 0.9921 0.2452 0.2411 1.7127
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Figure A

Croppead Image Cropped Image

Figure B Figure C

Fig.3 Image of (A) Normal Case, (B) Malignant case, (C) Benign Case

The testing of classifier is done for the other set of images. The classifier will make the
decision of class of disease based on range of feature vector. During training phase classifier
learns the features and draws inferences about range of value. During testing phase, the
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classifier looks for best possible match between image to be tested and the codebook entries.
The range of values of each class act as learning data for classifier algorithm. The resultant of
classifier will be quantified by use of False positives, negatives and True positives, negatives.
The concatenation of GLCM and HOG make it able to show the homogeneity and
heterogeneity between the pixel of images and structure extraction of data set will help the
radiologist for finding the shape and the position of lesion spot with their clear image of
edges in surgery. These lesions are properly highlighted in the image and labelled through
use of this technique. The Fig. 4 shows set of images using HOG architecture which shows
clear position and shape. Because of better selection and distinction between training and
testing class, better convergence of Classifier is achieved.

Fillmrad image

Image Cropped 2

Figure B Figure B

Fig.4. Shape of the Malignant: (A) Filtered Image (B) Cropped Image

This detailed classifier comparison(KNN and NB) will serve as the best possible solution to
detect the lesions and radiologist will be able to get the maximum information from the
mammogram itself. The resultant of classifier will be divided in three classes: Normal,
benign and malignant. Using KNN we got 99.9 Percent accuracy and using NB 98 percent
accuracy. The simulation result shows KNN classifier is a better choice for classification of
breast lesion detection.

4. CONCLUSION

This paper presented a novel approach for classification of mammogram image into 3
categories. This algorithm proved to be an efficient alternative for detection and
classification. The KNN classifier proved to be the good solution and an aid to radiologists
for getting maximum information from the mammogram image itself. The efficiency of the
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process is found to be 99.9 percent. This method can be a good replacement in the field of
automatic detection of Cancerous images from the mammogram images. At every stage of
detection the algorithm proved to be an optimum approach. In future the work will be carried
out in the direction of improvement in feature selection and more optimum algorithms will be
deployed to define feature codebook.
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ABSTRACT

The advancements in manufacturing sector makes the fabrication of functional microstructures possible.
The applications of these functional surfaces vary from applications in our daily life to advance
engineering applications. Biomedical engineering is one of the most demanding area for such type of
surfaces for on different bio-compatible materials. Polymethylmethacrylate (PMMA) is a one of the
promising materials that is used for different biomedical applications such as contact and intraocular
lens, screw fixation in bone and vertebrae stabilization in osteoporotic patients and many more. In
present work, a microstructure on the surface of PMMA has been successfully fabricated using Ultra-
Precision machining process. The selective combination of feed rate, depth of cut and spindle speed were
chosen to generate microstructures. The surface characterization is done and investigated on the basis of
surface roughness and wettability (in terms of Contact Angle) by mechanical profiler PGI (120) and
(Drop Shape Analyzer DSA 100E) respectively. It has been found that aspect ratio plays an important
role in hydrophobic surface formation. A simple and promising approach has been used for the direct
fabrication. Highest contact angle of 89.88° was obtained for structure with aspect ratio of 0.167.This
approach can be used for generation of hydrophobic surfaces on PMMA by machining.

Keywords: PMMA, microstructure, wettability, biomedical application, Ultra-Precision machining.

1. INTRODUCTION

Hydrophobicity can be characterized as the conditions in which fluid does not spread on the solid
surface. The contact angle is equal to or greater than 90 °, with poor wettability and low surface-
free energy properties [1].In nature many species are available with hydrophobic surface, this
includes lotus leaves, rice leaves, rose petals, mosquito eyes, fish scale, shark skin etc. [2]. Many
researchers have been artificially fabricated such structure on the surface of various materials
including metal and its alloy, polymer etc. [3]. Polymethylmethacrylate (PMMA) is aone of the
promising materials that isused in many engineering applications due to its light weight, high
impact strength, scratch &wear resistant and with its high transmitting properties [4]. PMMA has
been used for biomedical application such as intra ocular lenses, dental restorative materials,
dental implants, hip and knee implants, screw fixation in bone and vertebrae stabilization in
osteoporotic patients and many more [5].Fabrication of hydrophobic surfaces can be achieved by
two approach i.e. by single step process and multi step process. In single step process direct
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deposition of material over the surface is done. The various single step process are wax
solidification, plasma techniques, electro spinning, vapor deposition, template method, one pot
reaction, Sol-gel processing, electrochemical synthesis and many more. In multi-step method, the
surface is typically rough and subsequently modified by the deposition of low surface energy.
The different method to generate the rough surface are chemical and electrochemical machining
(ECM), electric discharge machining (EDM), wire cut electric discharge machining (WEDM),
sublimation, laser machining, physical/ chemical vapor deposition, lithography, 3D printing
plasma treatment and many more [6].Single step fabrication has its own limitations. Thus some
of the researchers have presented durable and reliable fabrication method by micro-milling&high
speed micro-milling [7-8], EDM&micro EDM [9-10], WEDM &HS-WEDM [11-12],
conventional lathe & single point diamond turning (SPDT) [13-14] machining.

In current work hydrophobic surface was successfully developed using Ultra-Precision
machining on PMMA material.A quick and simple manufacturing method is demonstrated based
on variable feed rate approaches.Surface roughness and wettability were investigated for the
prepared surfaces. This manufacturing technique can be used for intraocular lens machining for
achieving hydrophobic properties.

2. THEORY OF HYDROPHOBICITY

Hydrophobicity depends upon the wettability of the surface. Wettability is measured in terms of
the contact angle (CA) made by the droplet of water on the solid surface. The solid surface can
be homogenous or heterogeneous and based on that the contact angles equation are established.
The different case of the contact angle obtained with solid surface are described below.

2.1. Contact angle for homogenous solid surface

For a truly homogenous surface, a three-phase contact line is introduced as shown in Fig.1.Thus,
According, to the Young’s equation [15]. we have,

cos 0, = —y”;/ L5k (1)
LA

Where 6,= static contact angle, ys4, ¥s.,Via are the solid-air, solid-liquid, liquid-air are
interference surface tension or surface free energy respectively. In this term air is used and is
same for all other gas such as liquid vapor.

vapour
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Fig.1Contact angle according to Young’s equation

2.2. Contact angle for heterogeneous surface solid surface (grooves filled with water)
According to Wenzel [16], it is assumed that the liquid fills up the groove of the rough surface.
Thus, non-dimensional surface roughness factor, Ris introduced which is defined as the ratio of
actual surface area to that of apparent surface area. Mathematically it is represented by

cos@ = Rcos 8, (2)

In order to achieve the contact angle more than the 90" the value of R > 1 as shown in Fig.2.

Fig.2 Contact angle made according to Wenzel equation
2.3. Contact angle for heterogeneous surface solid surface (grooves filled with air)
If the surface is composed of two fraction i.e. solid-liquid, liquid-air with contact angle 6;, 6,and
fractional areaf; &f,, then according to Cassie-Baxter state equation [17] as shown in Fig.3, the
contact angle (6.p) is given as
cosOcg = f1 (cos 6 +1) —1(3)

Fig.3 Contact angle made according Cassie-Baxter
3. EXPERIMENTATION

6l|Page
ISBN: 978-81-948668-9-3



National Conference on Biomedical Engineering-NCBE-2020

In initial stage, five sample of PMMA of 20mm diameter and 5mm thickness were prepared from
a long rod of PMMA in conventional Lathe through facing, turning and parting operation. Then
the prepared sample was held on the vacuum chuck with the help of fixture on SPDT single point
diamond turning. SPDT single point diamond turning (Precitech Nanoform 200) is one of the
ultra-precision machines, which is used for turning the surface of the materials to achieve its
surface roughness in nano level. It is used to produce the component with simpler cylindrical or
flat surface in the field of computer, electronics, defense and optical application. Some of the
parts of SPDT such as vacuum chuck, tool post, coolant supplier, spindle, control system for the
motion of spindle (+x &-x direction) and tool post (+z & -z) with high precision and diamond
tool with its enlarge vieware shown in Fig.4. Before performing any operation, the vacuum
pressure is usuallyset about -20 to 25 psi along with room temperature of 20°C. Once, all the
machine condition is set, a flat cut operation on sample with the diamond tool of nose radius 0.2
mm. This is done, so that the uneven waviness from the sample can be removed.

Magnified view of
diamond tool

Fig.4 Parts of SPDT machine

Once the flat cut on sample was performed, a microstructure withcutting condition parameter as
shown in Table.l, weresuccessfully fabricated on samples.The fabricated microstructure was
investigated on the basis of surface characterization and wettability properties by mechanical
profiler PGI (120) and Drop Shape Analyzer DSA 100E instruments respectively. Surface
characterization was done on the basis of roughness value in terms of height and width of the
profile. Wettability properties was measured on the basis of contact angle (CA) obtained. For
contact angle measurement, 4uL drops of distilled water at room temperature were poured on the
fabricated sample. Then, the average value of CA was obtained by measuring five different
positions of the same sample.

Table.1 Cutting condition parameter
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Sample no Spindle speed | Feed (um/rev) | Cutting  velocity
(RPM) (mm/min)

1 500 50 25

2 500 100 50

3 500 200 100

4 500 300 150

5 500 400 200

4. RESULT AND DISCUSSION

During machining of surface with different feed rate, a tool impression is always formed. This
tool impression depends whether the tool has blunt edge with nose radius or sharp edge. The tool
impression with nose radius formed is shown in Fig.5.

f

Fig.5 Tool feeds marks obtained on work piece surface

From Fig.5, the theoretical roughness height and width can be calculated and are represented by
equation (iv) & (V) respectively.

h=f2%/8r (iv)
Where, h= highest peak to the lowest peak value (mm), f = feed (mm/rev) r = nose radius (mm).
w=,(8xdxr—4xd?) (v)

Where, w = width of profile (mm), d = height of roughness (mm), r = nose radius (mm)
The roughness value with different feed rate obtained by equation (iv) & (v) and by mechanical
profiler PGI (120) in terms of theoretical and obtained aspect ratio are shown in Fig.6
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variation of aspectratio with feed
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Fig.6 Variation of aspect ratio with feed

From Fig.6, it is seen that as the feed rate increases, the theoretical aspect ratio increases. But in
case of obtained aspect ratio, it increases up to 300 pum/rev and then drastically decreases. This is
due to the fact, at larger feed rate profile height gets reduced and the spacing between the two
consecutives feed marks increases. Once the aspect ratio was calculated, contact angle for all
fabricated microstructure on sample was measured by contact angle measuring instrument. The
variation of contact angle obtained with feed rate is shown in Fig.7.

variation of contact angle with feed
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Fig.7 Variation of contact angle with feed

64|Page
ISBN: 978-81-948668-9-3



National Conference on Biomedical Engineering-NCBE-2020

Fig.8 shows the contact angle value obtained at different feed value. As, feed value increases, the
contact angle firstly decreases and then again its starts increasing up to certain feed value and
goes on decreasing. This is due to the fact that aspect ratio decreases after feed of 300 um. Due
to the manufactured microstructure for sample 4, a contact angle of 89.88 ° was obtained as
shown in Fig.8.

b

~

Fig.8Achieved contact angle due to fabricated microstructure

5. CONCLUSION
A hydrophobic surface is successfully fabricated on the surface of PMMA which is one of the
promising materials for biomedical application. Both surface characterization and wetting
properties in terms of aspect ratio and contact angle is studied. A simple and promising approach
has  been  demonstrated for the  direct fabrication  of  microstructures.
This approach can be used to make hydrophobic intraocular lenses.The following points can be
concluded from this feasibility study
e The roughness values for both theoretical and experimental results are close to each other
expect at the larger feed rate. This is due to reduction of profile height and increases
spacing between them.,
e Aspect ratio plays an important role for achieving the hydrophobic surface. Highest
contact angle of 89.88° was obtained at feed rate of 300 um/rev with aspect ratio of
0.167. Thus, hydrophobicity can improve by varying the feed rate between 300- 400
pum/rev.
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ABSTRACT

Photothermal therapy has attracted tremendous research in recent years due to its high potential to
revolutionize cancer therapeutics. This therapy possess minimal side effects as compared to the conventional
methods like surgery, radiation therapy and chemotherapy. In this study, the photothermal performance of
sodium fluorescein was studied in liquid suspension form. Experiments were conducted using 150 W halogen
light source. Also, the thermal stability of the fluorescein was evaluated. It suggests that for photothermal
therapy, the sodium fluorescein can be well used for attaining temperature rise in a specific region and
further confinement of temperature which can help in keeping the surrounding healthy tissue intact in real
application. Also, depending on the optical beam size, any superficial tumor of about 10-20 mm may be
treated thermally.

1. INTRODUCTION

Cancer is the subsequent driving reason for death all around, according to American Cancer Society
surveillance research, more than 1.7 million new cancer cases are expected to be diagnosed in 2019
[1]. Universally, around 1 of every 6 deaths is because of cancer [1]. Photothermal therapy is a
minimally invasive, local treatment modality that mainly relies on an optical absorbing agent,
which can absorb energy and convert it into heat upon stimulating by an electromagnetic radiation
i.e., near infrared irradiation or visible light.

Most materials of interest right now being examined for photothermal therapy are on the nanoscale.
But, these come with some drawbacks like aggregation, batch to batch variation and non-uniform
particle sizes. Dyes like methylene blue and indocyanine green are already being used for
photodynamic therapy and photothermal therapy. Indocyanine green has a major disadvantage that
it degrades at high temperature. Whereas, sodium fluorescein is suitable for this application as it is
known to selectively accumulate in cancer cells and thus can be used as a targeted photothermal
agent. Also, it does not degrade at high temperature. Sodium fluorescein is a well-established
organic compound. It is accessible as a dull orange/red powder marginally dissolvable in water and
liquor. The shade of its aqueous solutions shifts from green to orange. Increasingly concentrated
solutions of fluorescein can even seem red. It is generally utilized as a fluorescent tracer for some
applications. Fluorescein sodium is known to be used for ophthalmic angiography and angioscopy
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in indicative assessment of the fundus, in assessment of the iris vasculature, to separate between
viable and non-viable tissue, to survey aqueous stream, in differential finding of malignant
furthermore, non-malignant tumors. Fluorescein has assimilation most extreme at 494 nm and
emission limit of 512 nm (in water).

[2] Announced that the primary driver of accumulation of dye in cancerous cells is because of
changed metabolism among cancerous and typical cells. [3]. A neutral sort of fluorescein in
arrangement is more in the lower pH and the extracellular fluid in cancerous tumors is more acidic
than in normal tissues. The extent of the neutral and charged sub-atomic kinds of fluorescein is 1:3
for the medium with an ordinary pH (around 7) and 1:1 for the acidified interstitial method of tumor
upon acidification of outside medium the cells in culture began gathering sodium fluorescein. The
pH angle was proposed to assume a prevailing job in the intracellular gathering of the dye due to
the increasingly antacid pH inside the cell. [4] Sodium fluorescein gathering in more alkaline pH
media (i.e. inside the cell) may proceed provided that the neutral sodium fluorescein particle is
promptly dissolved in the lipid layer and can latently diffuse into the cell. [5] Studied the binding of
fluorescein sodium salt with three sorts of economically bovine serum albumin (BSA) of various
purity levels at 288, 298 and 313 K by fluorescence and absorption estimations at pH 7.50. [6]
Observed that at pH 7.5-8.5, the major sodium fluorescein absorbance in dilute solution (0.005%
w/v, or ¢. 13 uM) is at 490 nm, but the peak gets shifted to 460 nm as the pH is goes below 7.5. For
much diluted solutions of sodium fluorescein (0.000002%, c. 50 nM), the fluorescence emission at
513 nm follows the similar pattern. [7] Reported that the absorption coefficient of sodium
fluorescein lie between 67700- 79000M™ cm™. (67 700-79 000 M)

To access the use of sodium fluorescein for photothermal cancer therapy, the experiments are
conducted and photothermal response for different concentrations of sodium fluorescein is
measured and reported in this article.

2. MATERIALS AND METHODS

Sodium Fluorescein (Fluorescein Injection USP 20% wi/v) of Aurolab make was used for all the
experiments. Tablets of phosphate buffer from sigma life science were used to prepare buffer of

pH. Hydrochloric acid was used to adjust the pH of the samples. Sodium hydroxide pellets from
Sigma were dissolved in distilled water to make one Molar solution and this was used to adjust the
pH of the samples.

A 150 W halogen light source was used to irradiate the samples. The lamp came with a diachroic
reflector due to which most of the light transmitted by it lies in the visible region with some part of
near-infrared region. To eradicate the near-infrared light, an optical filter was used. Thus after
passing through the filter, the light obtained was solely in the visible region. The optical fiber
bundle of length 24 inches and diameter 0.5 inches was used to guide the light onto samples. Both
thermocouple (k-type) and a thermal camera (FLIR make) were used to measure the temperature
rise during irradiation. NI based portable data acquisition device that uses LabVIEW software, was
used to measure the temperature changes during the experiments.
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(@) (b)

Figure 1. Experimental setup showing (a) optical fiber and a thermocouple suspended in the
solution to measure the photothermal characteristics, (b) Typical thermal image of the temperature
rise over an area of interest.

3. RESULTS AND DISCUSSION

Different concentrations of fluorescein (0.0125%-10%) were prepared from the stock solution
which is originally of 20% concentration. Distilled water was taken as a control sample for
comparison. Irradiation was given for a duration of about 10 minutes. The measured temperatures
for such concentrations are shown in figure 2.
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Figure 2: Measured temperatures at 1.8 W as a function of irradiation duration for various
concentrations of fluorescein in liquid suspension.
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It can be seen from the figure 2 that the temperature rise in the control sample (water) was very less
about 3.6 C. Further, the maximum temperature rise was observed for 5% and 10% fluorescein
concentrations followed by that for 7.5% concentration. These values are 65.81°C, 63.06 C and
62.46 C respectively. The net temperature increase was observed to be around 36 C. Also, it can be
seen that the temperature increased almost linearly with increase in concentration of fluorescein.
The temperature rise of 36 C is sufficient enough to kill cancer cells due to thermal ablation [8].

Thermal stability of the dye was also evaluated. The fluorescein dye was heated and then cooled for
three consecutive cycles of 30 minutes each (including 15 minutes of heating followed by 15
minutes of cooling). These photothermal stability results are shown in figure 3.
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Figure 3: Thermal stability of 3 ml of the sodium fluorescein (10%) using 1.8 W visible light
source.

It is confirmed from figure 3 that sodium fluorescein is thermally stable and does not degrade at
high temperatures. So, it can be re-irradiated once it accumulates within the tumor. This also ensure
that there are no molecular or harmful chemical changes which occur due to the photothermal effect
[8]. Also, it can be seen from figure 1(b) that a region of about 20 mm is elevated uniformly to the
desired temperature and therefore a tumor of such dimensions may be thermally treated with this
setup.

4. CONCLUSIONS

In this study, the photothermal characteristics of fluorescein are investigated experimentally to
explore its possibility of use as photothermal agent for cancer thermal therapy. It is observed that
fluorescein shows concentration dependent temperature rise and the net temperature increase of
36'C, observed here, which meets such values required for a tumor cell kill. Further, depending
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on the beam diameter, fluorescein may be used to treat a superficial tumor of about 10-20 mm size.
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ABSTRACT

Continuous monitoring of human health through wireless systems is now a new most interesting and
emerging field for research. Ultra-wideband (UWB) is used for the persistent health monitoring
system (heart rate, blood pressure etc.). In this paper, miniaturized PIFA is designed with split ring
resonator (SRR) loading. The shape of SRR is in circular with a double ring.The suggested design has
the operating frequency of 5GHz with high gain. The suggested antenna design has an overall
geometry of 20mm x 20mm with its height of 4mm. The suggested designed is made on Fire-
Retardent-4 (FR-4) substratehaving dielectric permittivity gof 4.4 and thickness of 1.6mm. The
proposed antenna is designed using HFSS and its frequency response is comapared with the
generalized equivalent circuit of antenna by applying vector fitting with deviation graph.

Keywords- CSRR, HFSS, PIFA, SRR,UWB etc.

1.INTRODUCTION

Remote health monitoring through wireless telemetry is new emerging technology because it
gives accessibility of mobility, comfort and high level of patient health care surveillance [1].
Now the latest medical instruments and medical devices are embedded with radio frequency
(RF) technology for the improvement of the standard of patient regular health monitoring [2].
In the case of long-run health monitoring wired based monitoring is problematic and very
tedious with a huge amount of discomfort levels [1, 3]. The wireless remote health
monitoring system has removed smoothly problems due to wired systems [3]. Wireless
systems have reduced the risk of infection due to wired systems between electrodes and data
process circuitry [3]. Ultra-wideband (UWB) antennas are most suitable key for these types
of systems because ultra-wideband based technology has found the best merged conclusion
for establishing communication/wireless interface between medical sensing devices i.e.
sensors and telemedicine systems [4]. Sincer the antenna performance is affected due to
change of impedance and resonance frequency, ultra-wideband has better signal penetration
compare to high frequency bands for human body, [1-4].Ultra-wideband is mainly used
because of FCC authorized unlicensed use of spectrum for military and commercial
applications including medical and communications [5]. UWB has played an important role
in system efficiency due to its high channel capacity, low power consumption, carrier-free
propagation with minimum distortion. Monitoring through antenna can be ON Body Mode or
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OFF Body Mode. In case of ON body mode, it is essential for the establish communication
between sensors and devicesto implant transmitter onpatients’ body. Most of the health
monitoring systems are working either in the lower band of UWB which is less than 4GHz or
more than 8GHz. Middle-frequency bands of UWBaregenerally not preferred for the health
monitoring application due to either data rate or bandwidth & gain. In such cases, PIFA can
be used in place of antennas having patch in their design or horn antennas because it provides
high data rate, gain and bandwidth with miniaturized structure. Embedding of split ring
resonator/complementary split ring resonator (SRR/CSRR) is enhanced data rate and gain of
planar inverted-F antenna (PIFA) with the same geometry.

The inverted F antenna has solved the limitation of monopole and Microstrip patchantenna,
therefore the planar inverted-F antenna design is expanded version two basic antennas. The
major noticeable properties are like low profile, low cost and lightweight as in Microstrip
antennas with a low specific rate of absorption (SAR) under threshold value. PIFA is widely
used in wireless applications such as mobile, and other communicating devices. The
interaction with human bodies is less in the case of the PIFA [6-7].The bandwidth of PIFA
has more than the inverted-F antenna because of the rectangular plate in place of wires, which
is in inverted-F antenna design. The standard PIFA design is presented in Figure-1 which is
an upgraded form of inverted-F antenna design.

Litl,—W==2 (1)
fr= 4(L-W) (2)
L= L1 + Lz (3)

The L; & L, are denoted aslength &width of the patch of PIFA. The notation such as c, Aand
frare light velocity, wavelength, and resonating frequency of PIFA. The width of shorting
plate is represented by W and the distance from the feed point is represented by D. The
loading of metamaterial (SRR/ComplimentrySRR) on design enhances the bandwidth and
gain of the antenna.

A metamaterial is an artificial composite based structure have different electromagnetic
properties due to the structure which is not inherent/found in the natural materials. A
metamaterial is also named as unnatural materials. The structure of metamaterial can be
square, rectangular, ring, S-shaped and ohm shaped. Due to the structured metamaterial have
strong electromagnetic coupling property exist compared to the natural materials. A negative
reflective index isfound in metamaterials.A metamaterial has either one or both negative
permittivity er and permeability pr.
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Feed Point

Short Pin or Short Post

Figure- 1:Standard PIFA

Ring-shaped metamaterials are known as SRRor Complementary SRR when the split exists
in the rings. The naming of ring resonator is based on the materials and structure. If the
structure is design with the help of nonmagnetic material like copper then called split ring
resonator (SRR). And if nonmagnetic material is removed from the substrate then called a
complementary split ring resonator (CSRR). In case of the ring resonator, rings can be
consists of one or more with or without no of splits depending on requirements.Figure-2
shows the geometry of SRR which has two concentric rings with an outer & inner radius of
rs&r; respectively. The thickness of rings is denoted by ¢ and the gap between the rings are
represented by dwhereas gap of slit size is denoted by g.

-
1

-
W

Figure 2: Split Ring Resonator Structure Design

2. ANTENNA DESIGN

A. Standard and Proposed Antenna Design

The proposed work is designed on the standard geometry of PIFA. The standard PIFA is
consists of ground plane, substrate material, shorting port and patch layers. The proposed
work is used FR-4substrate material having permittivity - of 4.4, heightof 4mm from the
ground plane. Equations 1-3 are used to calculatethe length, width, and shorting plate of
proposed work design.Feed position is measured taking left top corner of the proposed
antenna design as a reference point.The feed of proposed work is placed at the position of
2mmx5mm from reference point with coax feeding of the radius of 0.7mm. Thetotal
dimension of the proposed planar inverted-F antenna is 20mmx20mmx4 mm with two
concentric double split ring resonator. The size of the patch of proposed work is
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8mmx12mm. the radius of inner and outer rings are 2mm and 4mm respectively and the
values of g, ¢, and d are taken as 1mm. Figure 3 shows the proposed antenna design
embedded with SRR.
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Figure 3:Proposed PIFA Design

B. Equivalent Antenna Circuit

A planar inverted-F antenna equivalent circuit model is extracted to demonstrate the link
between the antenna equivalent circuit and equivalent lumped element values with the
loading of SRR structure. A comprehensive formulation of the lumped equivalent circuit
model of PIFA at every stage is given with rational approximation of frequency response.The
resultant frequency response for error correction in case of a wide range of electrical and
microwave application vector fitting isapplied.For the conversion of frequency response data
into rational function vector fitting techniques is used. In the paper, the comparison is done
between Foster’s canonical admittance rational function and the simulated admittance data of
planar inverted-F antenna design with SRR. Rational function formulain s domain is written
below for calculation.

Tt

Y(s)=XN_, +d+e.s (4)

S—a¢

Where d and e are the coefficients of rational approximation of a higher-order function. In
case of the single-frequency i.e. operating/resonating frequency point a;and rare denoted as
the poles and residuals of antenna design in rational approximation method. The order of
approximation for rational approximation using vector fitting is represented as N. The
residuals riand the poles a; can be real or complex value function. Where d, e should be real
valuefunction. The order of the rational approximation function is always equal to the no. of
poles of design.The linear square fitting technique is used to convert the nonlinear problem to
linear. The initialization of pole is done to apply the vector fitting process with a set of initial
poles a; =0 when there is no initial pole exist.

a(s)Y(s) = q(s) )

Y(s)=1+3Zh-1— (6)

S—a¢
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Gy = E =d (7)
CO =e (8)
Y(s)=1+3YV = 1/Lt 9
- m=lg o, = (s+Rt/Lt)
L =—(10)
t
R, = —a;L; = - (11)

Tt

Where t is used to denote complex value poles. The complex value poles are conjugate pairs

and also known as complex pole conjugate pairs (CPP). In general of t™ complex poles and
residual branch,the equation will be

_ ZER{rt}s—ZER{rta;}

Y(S)t T s22%R{a,)s+|a|?

(12)

Using generalized formulas and equations from 5-12 the admittance of the t" series RLCG
branch can be written as equation 13 using circuit network theory.

1), Gee
Y(S)t = 52+(Izt Izt(CL)tz+LI§tC(t;tc L1 (13)

t Ct (LtCt ILtCt)

Each componentof the t" RLCG branch of the lumped equivalent circuit can be calculated
using the generalized equation from 5-13. Equations for RLCG component for t" branch is
written below.

1

Le = gns (14)
R, = L/(—2%{a,} + 2L, R{r,a;}) (15)
Ce = Lt(ZRtﬁn{rtla;}+ la¢|2) (16)
G, = Rl = —2%{r,a,}L.C; (17)

t

Each component of the branch are inseries RLCG networkand can be computed by using
written equations. Each branch elements are connected in parallel. The generalizedequivalent
circuit is presented in Figure 4.
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Figure 4:Equivalent Electrical PIFA Circuit

3. RESULT AND DISCUSSIONS
The designed antenna is simulated using Ansoft HFSS software. Vector fitting is done on
MATLAB software for error estimation &correction and the generalised equivalent circuit is
designed through Multi-Sim software.The bandwidth (=2GHz) and return loss (=-50dB) at -
10dB of antenna is considered for curve fitting estimation shown in Figure 5.In this, the
graph ofred dash lines isFoster’s canonical admittance rational function and the blue solid
line is simulated admittance data of planar inverted-F antenna design with split ring resonator
(SRR) from High frequency structure simulator (HFSS). Figure 6 shows the variation
between return loss of proposed work (blue) and frequency response curve fitting (red dash)
with deviation (green) graph. The deviation between both graphs are very small i.e. is
approximately + 0.01-0.1 which is 10% of the simulated data.
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Figure 5:Return loss of proposed antenna design with split ring resonator (SRR) loading and
frequency response vector fitting curve (FRVF) of proposed work.
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Figure 6: Deviation in the proposed antenna design with split ring resonator (SRR) loading

and frequency response vector fitting curve (FRVF) of proposed work with the overall

deviation curve.

4. CONCLUSION

In the paper, a miniaturized PIFA is designed for biomedical health surveillance applications
in the ultra-wideband.Ring-shaped metamaterial i.e. SRR is embedded on the PIFAwith
resonating frequency in C band of UWB spectrum. Also,the deviation is calculated using the
vector fitting technique. The generalized equivalent electrical circuit of the PIFA is designed
for resonating frequency with split ring resonator loading.
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ABSTRACT

In this paper, a Stacked Rectangular Dielectric Resonator Antenna excited by a microstrip line with
energy coupling through an aperture is investigated for bio-medical electromagnetic applications. This
novel design consists of two rectangular dielectrics having &, of 10.2 (Roger RT Duroid 6010/6010 LM)
and another layer having ¢, of 25 (Titanate-25). The antenna is designed over a substrate with ¢, of 3.38
(Arlon 25 tm), the loss tangent of 0.0025. Both the antenna and dielectric are separated by an infinite
ground plane. The proposed antenna has a radiation efficiency of 90.51% with a peak gain of 8.5 dB at 6
GHz. This antenna is resonating in three bands (i) 2.39 to 4.15 GHz with a resonating frequency of 2.47
GHz and bandwidth of 70.89% (ii) 4.38 to 5.27 GHz with from 4.52 GHz and BW of 19.76% (iii) 5.72 to
6.9 GHz with from 5.925 GHz and BW of 20.17%. It has been observed that this antenna is operating
well within the two ISM band i.e. 2.4 to 2.5 GHz and 5.7 to 5.85 GHz. This proposed antenna is a suitable
candidate to operate in the medical band for Bio-medical electromagnetic applications like microwave
skin cancer diagnosis, gastric electrical stimulator, etc.

Keywords- Dielectric resonator antenna, Dielectric wave guide model, Industrial scientific and medical
band, Gastric electrical stimulator.

1.INTRODUCTION

On an electrical front, the bodies of all human beings and animals are a complex network of a
noiseless high-speed communication system [1]. The electromagnetic fields in a biological
system are of great diagnostic value. This field of research is associated with many challenges
like clinical efficacy, robust design, security, power efficiency, and reliability in wireless links,
etc. The sensors embedded with an RF and Microwave antenna and high-speed processors are
used for various applications in biomedical devices, imaging systems, radiotherapy systems,
body area networks, and implanted devices, etc. Microwave and Millimeter-wave devices are
widely used in medical electronics for sensing, monitoring, and diagnosis of diseases [2]. Here
low power density, field strength, and temperature of radiofrequency fields are converted into
suitable varying currents. The real challenge in future health care and medical electronics lies in
the early estimation, detection, and treatment of diseases. Almost all the design approaches
include errorless calculations, effective tracking, acquisition, and high-speed processing of
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individual health parameters. It can be determined by the development of sensors and high-speed
communication hardware. The sensor network should be sensitive enough to determine the
absolute distance, minute motion monitoring, vital sign tracking, 2-D elevation, and azimuth
imaging and signature analysis. The rectangular dielectric resonator antenna is a competent
candidate to fulfill these above requirements [3, 4]. It shows some unique characteristics like
wide impedance bandwidth, miniaturized size, excellent radiation efficiency, high peak gain,
high stability in handling variation in temperature, and a simple feeding mechanism. The micro-
strip feeding technique is often preferred because of the ease of fabrication and implementation
of simple matching techniques. The major drawback in microstrip line feeding is the minimum
coupling of energy from the microstrip line to the RDRA under fully resistive matched
condition.

In this paper, a stacked structure is preferred to enhance energy coupling from the source to the
antenna and to increase the peak gain to 8.95 dB with high stability and to achieve radiation
efficiency up to 90.5% with minimum loss and high front to back ratio. This antenna is designed,
optimized, and analyzed by using industrial software HFSS ANSYS 14.0 which employs the
Finite Element Method (FEM) for computation [5].

1.STRUCTURE OF ANTENNA

The structure of the proposed geometry of the stacked RDRA is shown in Fig. 1 and 2. This
antenna consists of a multi-segment dielectric. A thin layer of Titanate (PD-25) with other
ingredients as dielectric having dimensions of 0.641 X 0.521 X 0.02A4 with permittivity &, =25
is inserted between the top dielectric of low permittivity and the bottom layer of the substrate. As
mentioned in Table 1 Roger RT Duroid 6010/6010 LM (tm) with permittivity &, = 10.2 acting
as the main radiating structure. It has three fundamental structures i.e. DRA2, DRA3, and DRA4
having dimensions 0f0.24 x 0.524 x 0.13, 0.641 X 0.521 X 0.034, and 0.64A1 X 0.521 x 0.154
respectively. The total antenna structure is placed over a substrate Arlon 25(tm) with &, = 3.38
and tan 6= 0.0025. The top of the substrate is covered by an infinite ground plane of dimension
100 X 100 mm? The ground plane behaves as an electrical wall with a shorted electric field.
The tangential component of the electric field is zero i.e. n X E = 0. The normal component of
the magnetic field is zero i.e. n. H = 0 [6]. A narrow slot is being etched over the ground plane
having dimensions of 0.031 X 0.481 to have an optimum coupling of energy. The slot
dimension controls the output radiation characteristics of the antenna. Bigger slot results in larger
coupling of energy from the micro-strip transmission line to the antenna but at the same time, it
results in creations of multiple higher-order modes [7]. So mode coupling will limit the
performance of the antenna. The narrow slot is selected which may reduce the output bandwidth
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Fig. 1: Geometry of the proposed antenna.

but it will reduce the effect of mode coupling and mode degeneration [8]. The stacked DRA is
fed by placing an open-ended microstrip transmission line below the substrate. The dimension of
the microstrip feed line is 66 x 7.15 mm?. Strong coupling occurs due to the presence of
dielectric with high permittivity. The permittivity of the dielectric and its dimension along with
the dimension of the aperture control coupling to the DRA [9].

Fig. 2: Simulated Structure of the Stacked RDRA

TABLE 1:

Structure Length Width Height Permittivity | Material tané

Substrate 100 mm 100 mm | 0.5mm 3.38 Arlon 25 (tm) 0.0025

DRA1 32 mm 26 mm 1 mm 25 Titanate (PD-25) 0.002

(Bottom)

DRA 2 10 mm 26 mm 6.3 mm 10.2 Roger RT Duroid 0.0023

6010/6010 LM (tm)
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DRA 3 32 mm 26 mm 1.57 mm 10.2 Roger RT Duroid 0.0023
6010/6010 LM (tm)

DRA4(Top) | 32mm 26 mm 7.87 mm 10.2 Roger RT Duroid 0.0023
6010/6010 LM (tm

2. DESIGN AND OPERATION OF THE ANTENNA

At high frequency, an accurate approximation can be obtained by employing Maxwellds
equations where parallel plate analysis of a cavity resonator will be completely replaced by both
capacitance and inductance. The electric field will influence charges on the surface of the
conductor, and the magnetic field will influence back e.m.f [10]. The electromagnetic field will
oscillate at frequency [11, 12] determined mainly by the dimension of the rectangular structure.
The dimension of the RDRA is calculated based on the dielectric waveguide model [13].
Dielectric waveguide model analysis is similar to a short magnetic dipole [14]. In this paper, the
RDRA is designed by setting the resonating frequency of 6 GHz. The length, height, and width
of the DRA are calculated by using an antenna design equation for normalized and resonant
frequency by using fig 2.17 on page no. 32 of DRA Handbook by A. Petosa [4].

2nW
=200 (1)
15F
fenz = Wor Ve (2)

Where, F= Normalized frequency, Wecm = Width of the DRA. The height of the RDRA is
calculated based on the principle of the image theory. Image theory reduces the physical height
of the RDRA by half while positioning the RDRA over a finite ground plane. The accuracy of
the design is proportional to the aspect ratio of the structure, feeding mechanism, and
permittivity of the chosen material. Practically the resonant frequency lies around 10% of the
calculated value. The isotropic in the azimuthal plane can be obtained by designing the antenna
longer on the x-axis.

3. EXPERIMENTAL RESULTS

Fig. 3: Plot of Return loss versus frequency.
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