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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.  
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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. 

 

I 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) 
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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. I 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 
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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, I 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. I 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. I hope that your stay at Chandigarh, the City Beautiful, will be fruitful and 

memorable. I wish the Conference a great success.  

 

(Amod Kumar) 

Organising Chair, NCBE2020 
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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
1
, Garima Saini

2 

1
ME Student, 

2
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 tag1 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 tag1 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 
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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 ( 

) of the antenna is calculated using equations shown below.  

 
 
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.  

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

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

                 
 

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 

Tag1 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. 
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Fig.1.1. Antenna Tag1 Configuration 

 

Table 1 Dimensions of Tag1 Antenna. 

 

Rectangle Dimension(mm) Dimension(mm) Rectangular Dimension(mm) Dimension(mm) 

 X axis Y axis slot X axis Y axis 

      

P 19.4 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 

U 1 2.8 G 1 0.5 

V 1 2 Chip „e‟ 0.5 1 

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

    24 8.4 

 

 
 

4. Simulation and Result Validation 

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 tag1 antenna is 95.18dB as shown in fig. 1.4 which shows that 

the tag1 antenna is linearly polarised. S11 of tag2 and tag1 antenna is -34.26 dB and - 20.55dB 

respectively, which shows that tag2 antenna is better impedance matched than tag1 antenna. 

 

 

4.1. Parametric study 

Different dimension of the patch of tag1 and tag2 antenna are varied such as „w1‟ as shown in 

fig.1.5 to optimize the design. As the patch of both tag1 and tag2 antenna is same, so parametric 

study is done only for tag1 antenna design. 
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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 w1 

equals to 8mm, tag is best impedance matched. 

 

 
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 tag1 antenna is -11.1188dB as shown in fig.1.7 

and fig. 1.8 respectively. Therefore tag1 antenna has better read range than tag2 antenna as 

according to friis equation; read range is directly proportional to gain of antenna. 
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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. Tag1 Read Range Measurement. Fig. 1.10. Tag1 Read Range Measurement. 

 

 

 

 

 

 

 

 

 

 

Fig. 1.11. Fabricated Tag2 Antenna. Fig. 1.12. Fabricated Tag1 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. 
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Fig. 1.13. Tag2 on Wristband. 

Table 3 Application Comparison between Tag1 and Tag2 Antenna. 

 

Antenna Read range  Application 

    

Tag1(without ground plane) 2.5 m  In hospitals for patient 

   wristband, toll tax, vehicle 

   speed detection. 

    

Tag2(with ground plane) 8 cm  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       

antenna[4]       

Axial mode Co2Z diameter = 16.52 mm 16.8 - - 

helical Hexaferrite      

antenna[5] glass      

 composite      

Patch AD1000 29 36.3 0.8 2.1 - 

Antenna[6]       

       

NMHA[7] FR4 29 8 1.8 2.2 - 

       

Antenna Tag1 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 )(xf
 are [2,3] known as 
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Where the coefficients 
pa  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.  

 

 

  

 

 

 

 

 

 

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 

Database signals 

Legendre moment invariants 

based Feature extraction  

 

Classification using Back 

Propagation Neural Network  

Normal Abnormal 
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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. 

 
Fig. 2. Sample ECG signal 

Table 1. Legendre moment values up to order 9 

Legendre Moments Computed values 

L0 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 

N.N.

 

88% 

Proposed Method 

Legendre moment invariants and Back propagation 

NN 

96% 
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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 450-
450-900 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 (S11< -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 mm2. 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 et 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

(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) (450-450-
900) microstrip patch antenna. The length L of patch is calculated using equation (1) [7].

                                             (1)

In equation (1), c = 3 × 108 m/s, εr 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 h = 1.5 mm, εr = 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. 

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. 

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

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%. 

(a)                                                                                 (b)

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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(a)                                                                                 (b)

Fig. 6 (a) Fabricated prototype (b) Measured and simulated results (c) Measured return loss

(c) 

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 
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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 (MI) 

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 MI 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 MIs. 

 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 

(a) (b) 

(a) (b) 
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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.Itrequires 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]. 

 

Fig 3: (a) 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 

(a) (b) 
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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). 

 

Fig 4: Fractal robots construction [19]. 
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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. 

 

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 (Ω) 

[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 II. Section III 

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 IV simulated results are discussed. In Section V description of VNA results are given are the 

prototype is discussed in detail. 

 

II 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. 

 

 BW is Narrow 

 Gain is low 

 Low efficiency 

 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. 

 

III 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, fo = 5.5 GHz 

• Dielectric Substrate of Relative permittivity, εr = 4.4 

• Substrate height, h= 1.5 mm 
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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
2
. Other parameters of omega shape are given in Table 1. Antenna having dimensions 

12x12 mm
2
 was designed on omega metamaterial. Step by Step design of patch antenna on metamaterials 

with omega structure is shown in Fig. 2. 

 
 

 

 

 

 

 

 

 

 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B.  Bandwidth 

The antenna’sBW is the value of return loss (S11) 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%. 
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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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VI. 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 I 

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. Issues 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 II, Various characteristics of nanorobots are given. Finally, conclusion of this 

paper is given in Section III. 
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SECTION II 

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
st
 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 O2 and CO2 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 III 

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 = nr+ ini,where 

niandnrare 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].    

                𝑛  𝜆, 𝑇 = 𝐴 𝑇 +  
𝐵(𝑇)

𝜆2 +  
𝐶(𝑇)

𝜆4  +  
𝐷(𝑇)

𝜆6     (1)  

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/hyperthermia
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In equation 1, the symbolλ 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
-5

T – 1.8674∙10
-6

T
2
+ 5.0233∙10

-9
T

3 
  (2) 

B(T) = 5208.2413 – 0.5179T – 2.284∙10
-2

T
2
+ 6.9608∙10

-5
T

3 
  (3)  

C(T) = -2.5551∙10
8
 – 18341.336T – 917.2319T

2
+2.7729T

3 
  (4)  

D(T) = 9.3495+1.7855∙10
-3

T+3.6733∙10
-5

T
2
- 1.2932∙10

-7
T

3 
  (5)  

 

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 3.53×10
-

4
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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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 37.1×10
-4

. 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. 

 

Temperature 

(
o
C) 

Calculated 

refractive index  

Measured 

refractive 

index  

Relative error in 

refractive index 

×10
-4

 

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 
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Figure 2 - Refractive index of water with different gold nanoparticles measured at different 

temperatures. 

 
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 
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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 technique 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 mammographic 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 (IWO) 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 II (A) Pre-processing Techniques (Kapur and 

OTSU threshold), in section II (B) GLCM and HOG algorithm and in section II (C) Classifier 

(KNN and NB). 

 
Fig.1 The Proposed method 

 

II(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 

2. Background removal 

3. Bilateral filtering 

4. Recursive Otsu thresholding 

5. Recursive Otsu thresholding with hysteresis 

 

 
Fig.2 The Otsu binarization method suggested for non-text regions to be identified with an 

estimated background (EB). 
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(ii) 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 = [t1, t2, ..., tk-1], the Kapur’s entropy is given by: 

    (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 

     (2) 

 

     (3) 

 

     (4) 

 

where is the intensity levels’ probability distribution and  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. 

 

II (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
0
, 45

0
 and 90

0
, 145

0
 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 |∆x, ∆y) is the relative frequency of two pixels separated by certain 

value of pixel distance (∆x, ∆y), that occurs within a given neighbourhood, with intensity I 

and  j respectively. GLCM characteristics µi, µj are mean and σi, σj are standard deviation of P 

(i, j), where 

 

    (5) 
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    (6) 

 

    (7) 

 

    (8) 

 

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,  and 

, are computed by the following equations. 

 
And  

    (9) 

where  means luminance at . Magnitude , direction  of the calculated 

gradients are calculated by 

    (10) 

and 

   (11) 

 

B. Histogram Generation 

Histograms are produced following the calculation of direction and magnitude as follows: 

1) Find out what class  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  belongs to n different classes, and nearest denotes a class that is nearest to the 

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

     (12) 

And  

     (13) 
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Where α is a proportional magnitude distribution parameter . α is defined by using 

the distance from  to class n and nearest, 

     (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. 

 

      (15) 

 

Where  is the block's combined histogram vector, and  is an uniform vector, the 

final HOG features. 

 

II (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   of the conditioned hypothesis  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 , then equation (16) is an approach of the posterior 

probability of the class . 

 

     (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 , i = 1, . . ., C, and 

selecting the class which obtains a highest  value, and, therefore, maximizes 

approximation the posterior probability   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 

combination   is only the probability product for each attribute given the 

instance's target value: 

   (17) 

 

    (18) 

 

The classification of Naive Bayes primarily avoids potential input dependency, i.e. 

associations, and reduces the multiform question to several generic problems.It is noticed that 

in a Naive Bayes classifier the number of distinct  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 

 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 

Id 

Class of 

the Image  

Correlation 

Value 

Energy 

Value 

Entropy 

Value 

Homogeneity 

Value 

Sum of square 

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 

          
                       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. 

 

 
                    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 



National Conference on Biomedical Engineering-NCBE-2020 

57 | P a g e  

ISBN: 978-81-948668-9-3 
 

 

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 

mailto:vnd.mshr@csio.res.in
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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 𝜃𝑜 =
𝛾𝑆𝐴−𝛾𝑆𝐿

𝛾𝐿𝐴
(1) 

Where 𝜃𝑜= static contact angle, 𝛾𝑆𝐴, 𝛾𝑆𝐿, 𝛾𝐿𝐴 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. 
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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 𝜃 = 𝑅 cos𝜃0 (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 𝜃1, 𝜃2and 

fractional area𝑓1&𝑓2, then according to Cassie-Baxter state equation [17] as shown in Fig.3, the 

contact angle (𝜃𝐶𝐵) is given as 

                                            cos 𝜃𝐶𝐵 = 𝑓1 (cos 𝜃+1) − 1 (3) 

 

 

 

 

 

 

 

 

Fig.3 Contact angle made according Cassie-Baxter 

3. EXPERIMENTATION 
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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. 

 

 
 

Fig.4 Parts of SPDT machine 

  

Once the flat cut on sample was performed, a microstructure withcutting condition parameter as 

shown in Table.1, 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, 4µL 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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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.  

 

 
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 =  (8 ∗ 𝑑 ∗ 𝑟 − 4 ∗ 𝑑2)                                                                     (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 

 

Sample no Spindle speed 

(RPM) 

Feed (µm/rev) Cutting velocity 

(mm/min) 

1 500 50 25 

2 500 100 50 

3 500 200 100 

4 500 300 150 

5 500 400 200 

h 

f 
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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 µm/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. 

 

 

 

 

 

 

 

 

 

 

 

 

                

 

 

Fig.7 Variation of contact angle with feed 
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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 µm. Due 

to the manufactured microstructure for sample 4, a contact angle of 89.88 ° was obtained as 

shown in Fig.8. 

 
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 

 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. 

 Aspect ratio plays an important role for achieving the hydrophobic surface. Highest 

contact angle of 89.88° was obtained at feed rate of 300 µm/rev with aspect ratio of 

0.167. Thus, hydrophobicity can improve by varying the feed rate between 300- 400 

µm/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 c. 13 µM) 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
-1

 cm
-1

. (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% w/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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(a) (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. 

 

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. 

 

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 ɛrof 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. 

𝐿₁ + 𝐿₂ − 𝑊 =
𝜆

4
                                            (1) 

 

𝑓ᵣ =
c

4 L−W 
       (2) 

 

 

𝐿 = 𝐿₁ + 𝐿₂         (3) 

 

The L1 & L2 are denoted aslength &width of the patch of PIFA. The notation such as c, 𝜆and  

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 ɛr and permeability µr. 
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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 

r3&r1 respectively. The thickness of rings is denoted by c and the gap between the rings are 

represented by dwhereas gap of slit size is denoted by g. 

 
 

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 εᵣ  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 

2mm×5mm from reference point with coax feeding of the radius of 0.7mm. Thetotal 

dimension of the proposed planar inverted-F antenna is 20mm×20mm×4 mm with two 

concentric double split ring resonator. The size of the patch of proposed work is 



National Conference on Biomedical Engineering-NCBE-2020 
 

75 | P a g e  

ISBN: 978-93-86171-78-9 
 

 

8mm×12mm. the radius of inner and outer rings are 2mm and 4mm respectively and the 

values of g, c, and d are taken as 1mm. Figure 3 shows the proposed antenna design 

embedded with SRR. 

 

 
 

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.  

 

                                                   𝑌 𝑠 =  
𝑟𝑡

𝑠−𝛼𝑡

𝑁
𝑚=1 + 𝑑 + 𝑒. 𝑠                                  (4) 

 

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 αtand rtare 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 rtand the poles αt 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 αt =0 when there is no initial pole exist. 

 

𝜎 𝑠 𝑌(𝑠) = 𝑞(𝑠)                                             (5) 

 

𝑌 𝑠 = 1 +  
𝑟𝑡

𝑠−𝛼𝑡

𝑁
𝑚=1                                      (6) 
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𝐺0 =
1

𝑅0
=  𝑑                                                  (7) 

 

𝐶0 = 𝑒                                                            (8) 

 

𝑌 𝑠 = 1 +  
𝑟𝑡

𝑠−𝛼𝑡

𝑁
𝑚=1 =

1
𝐿𝑡

 

(𝑠+
𝑅𝑡

𝐿𝑡
 )

                 (9) 

𝐿𝑡 =
1

𝑟𝑡
(10) 

𝑅𝑚 = −𝛼𝑡𝐿𝑡 = −
𝛼𝑡

𝑟𝑡
                                    (11) 

 

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
th

 complex poles and 

residual branch,the equation will be  

𝑌(𝑠)𝑡 =
2ℜ 𝑟𝑡 𝑠−2ℜ 𝑟𝑡𝛼𝑡

′  

𝑠2−2ℜ 𝛼𝑡 𝑠+ 𝛼𝑡  2                                (12) 

 

Using generalized formulas and equations from 5-12 the admittance of the t
th

 series RLCG 

branch can be written as equation 13 using circuit network theory. 

𝑌 𝑠 𝑡 =
𝑠 

1

𝐿𝑡
 +

𝐺𝑡𝑐
𝐿𝑡𝐶𝑡

𝑠2+ 
𝑅𝑡
𝐿𝑡

+
𝐺𝑡𝑐
𝐶𝑡

 𝑠+(
𝑅𝑡𝐺𝑡𝑐
𝐿𝑡𝐶𝑡

+ 
1

𝐿𝑡𝐶𝑡
)
                    (13) 

 

Each componentof the t
th

 RLCG branch of the lumped equivalent circuit can be calculated 

using the generalized equation from 5-13. Equations for RLCG component for t
th

 branch is 

written below. 

 

𝐿𝑡 =
1

2ℜ 𝑟𝑡 
                                                    (14) 

 

𝑅𝑡 = 𝐿𝑡 −2ℜ 𝛼𝑡} + 2𝐿𝑡ℜ{𝑟𝑡𝛼𝑡
′                (15) 

 

𝐶𝑡 =
1

𝐿𝑡(2𝑅𝑡ℜ 𝑟𝑡𝛼𝑡
′  +  𝛼𝑡  2)

                              (16) 

 

𝐺𝑡 =
1

𝑅𝑡
′ = −2ℜ 𝑟𝑡𝛼𝑡

′  𝐿𝑡𝐶𝑡                          (17) 

 

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. 

 

 
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 휀𝑟  of 10.2 (Roger RT Duroid 6010/6010 LM) 

and another layer having 휀𝑟  of 25 (Titanate-25). The antenna is designed over a substrate with 휀𝑟  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 0.64𝜆 × 0.52𝜆 × 0.02𝜆 with permittivity 𝜺𝒓 =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 𝜺𝒓 =  10.2 acting 

as the main radiating structure. It has three fundamental structures i.e. DRA2, DRA3, and DRA4 

having dimensions of0.2𝜆 × 0.52𝜆 × 0.13, 0.64𝜆 × 0.52𝜆 × 0.03𝜆, and 0.64𝜆 × 0.52𝜆 × 0.15𝜆 

respectively. The total antenna structure is placed over a substrate Arlon 25(tm) with 𝜺𝒓 = 3.38 

and tan 𝛿= 0.0025. The top of the substrate is covered by an infinite ground plane of dimension 

100 × 100 mm
2
. 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 × 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 0.03𝜆 × 0.48𝜆  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 × 7.15  mm
2
. 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 𝐭𝐚𝐧𝜹 

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

DRA1 

(Bottom) 

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

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

6010/6010 LM (tm) 

0.0023 



National Conference on Biomedical Engineering-NCBE-2020 

83 | P a g e  

ISBN: 978-81-948668-9-3 
 

 

DRA 3 32 mm 26 mm 1.57 mm 10.2 Roger RT Duroid 

6010/6010 LM (tm) 

0.0023 

DRA4(Top) 32 mm 26 mm  7.87 mm 10.2 Roger RT Duroid 

6010/6010 LM (tm 

0.0023 

 

2. DESIGN AND OPERATION OF THE ANTENNA 

At high frequency, an accurate approximation can be obtained by employing Maxwell’s 

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]. 

𝐹 =
2𝜋𝑊𝑓0

𝑐  휀𝑟                   (1) 

𝑓𝐺𝐻𝑧 =
15𝐹

𝑊𝑐𝑚 𝜋 휀𝑟
                 (2) 

Where, F= Normalized frequency, Wcm = 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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Figure 3 shows the plot of return loss versus frequency. It is found that a maximum reflection co-

efficiency of -30 dB occurs at 2.47, 4.52, and 5.92 GHz. Stacked RDRA is resonating in three 

bands. Band-I: 2.39 to 4.15 GHz with resonating frequency (fr) 2.47 GHz and bandwidth BW of 

70.89%, Band-II: 4.38 to 5.27 GHz with fr of 4.52 GHz and BW of 19.76% and Band-III: 5.72 to 

6.9 GHz with fr of 5.925 GHz and BW of 20.17%. High bandwidth is obtained due to the 

formation of air gaps between each arm and the base dielectric and the ground plane. It reduces 

the Q-factor and increases the impedance bandwidth [15, 16]. Further enhancement in bandwidth 

can be contributed by the difference in permittivity between the substrate and the bottom 

dielectric. 

 

Fig. 4: Plot of VSWR versus frequency. 

Figure 4 indicates the VSWR at the input terminal of the antenna. It is observed that the value of 

the VSWR is well below the ideal standard value of 2 in the operating zone. So we are getting a 

wideband response from the antenna. From the input characteristics plot, it is observed that this 

antenna is more tilted towards the capacitive loading rather than the inductance loading. 

 

Fig. 5: Plot of Gain versus Frequency 

The far radiated field pattern of the RDRA is computed by using the Finite Element Method. The 

radiated field indicates that RDRA behaves as a magnetic dipole when it is operated in its lowest 

order mode. The figure shows the plot of gain versus frequency. For medium gain, this structure 
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employs the stack geometry of the RDRA. It is found that a maximum gain of 8.95 dB is 

obtained at 6 GHz. The lower band shows stability in the gain of the radiator. 

 

Fig. 6: Radiation pattern indicating E-plane co and cross polarization of the antenna(10 dB/div) 

 

Fig. 7:Radiation pattern indicating H-plane co and cross polarization of the antenna (10dB/div) 

Figures 7 and 8 show radiation patterns indicating E and H-plane co and cross-polarization of the 

designed antenna. It is observed that the difference between co and cross-polarization is more 

than 40 dB. It indicates that the polarization of a plane wave incident from a specified direction 

with given power density results in maximum received power at the antenna terminals [17]. 

4. APPLICATION 

This antenna is suitable to be used in the trans-receiver for wireless closed-loop systems around 

the body to manage pain by the gastric electrical stimulator. The required current for this 

application is around 2 to 6 mA with a stimulation pulse >330 mS. As this antenna is resonating 

in the ISM band, it is suitable for (i) wireless closed-loop implant system for autonomous 

management of diseases (ii) in the homodyne Doppler quadrature receiver at 2.4 GHz (iii) 

animal monitoring activity. It can be used in the device used for the diagnosis of microwave skin 

cancer. 

5. CONCLUSION 

A novel wideband stacked rectangular dielectric resonator antenna has been proposed. The 

simulated result shows that the proposed Stacked RDRA provides a stable wideband broadside 

radiation pattern over the operating ISM band with a peak gain of 8.95 dB near to 6 GHz. This 

proposed miniaturized design addresses two important issues i.e. bandwidth and gains at the 
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same time. Above mentioned features make this proposed radiator a suitable candidate to operate 

in the medical band for Bio-medical electromagnetic applications. By employing the array 

design, the performance of this antenna can be enhanced further. 
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ABSTRACT 

Molecular Imaging Techniques are used to visualise, analyse and elaborate target biomolecules from 

the organism of interest. The molecular imaging done simply by using the whole organism or a part of 

the organism without puncturing its body, it is called Non-Invasive Molecular Imaging Techniques 

e.g. Diffuse Optical Imaging(DOI), Fluorescence Light Microscopy (fLM), Cryo-correlative light and 

electron microscopy, optical microscopy, Atomic Force Microscopy,Synchrotron X-Ray 

microtomography, Near Infrared (NIR) Transmission Spectroscopy, etc. The sampling and analysing 

method involving puncturing the body of the organism of interest is called Invasive Molecular 

Imaging Techniques e.g. mass spectroscopy, dialysis (electro-membrane extraction) etc. The 

biomedical sensors are the transducers that sensethe biological, physical or chemical response and 

convert it into electrical signals. Breathing patterns were studied on a paper-based electrical sensor. 

The smartphones are the latest, cheapest, compact, omnipresent, handy computational devices which 

give high computational throughput and furnish a wide variety of imagers and sensors, all at an ease 

of tapping on a screen. The smartphones these days, have made the world a Global Village. They 

have a large array of in-built sensors. Biomedical sensing is not limited only to the electrical 

responses but it is literally about sensing the surrounding for accentuating an appropriate response to 

the stimuli. Biodiversity is a term defining the richness and abundance of all floral and faunal species 

along with their interactions in a niche of an ecosystem. The Island Biogeography Equilibrium theory 

justifies the area and distance effect on biodiversity as a function of immigration or extinction. A 

biodiversity-disease relation can is established. Biodiversity in microbiomes is vast and is 

characterised using next-generation sequencing. The marine microbiome is used in drug designing. 

Microbes exist in the healthy and diseased oral cavity, in carcinogenic tissues, gut and on skin. 

Biodiversity provides the scope of using different organisms as model organisms. 

Keywords: Non-InvasiveMolecular Imaging Techniques, Invasive Molecular Imaging Techniques, 

Biodiversity, Sensors, Microbiome, Molecular Imaging Techniques 

1. INTRODUCTION 

An eminent share of technology is devoted to exploring the welfare of the humankind. 

Technology is the need of the hour to get almost every other work done speedily. Even 

medicine field requires continuous advancements to touch new heights of precision. This 

article models the three sections: Molecular Imaging Techniques, the biomedical sensors and 

the significant role played by the biodiversity in research fields of biotechnology. 
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2. MOLECULAR IMAGING TECHNIQUES 

The techniques or methodologies used to elaborate and/or visualize the macro- and micro- 

molecules present inside a cell system viz. nucleic acids, proteins, enzymes etc.are called the 

Molecular Imaging Techniques. These techniques have enabled us to better understand the 

metabolomics, genomics, molecular dynamics, proteomics and other dynamic functional 

capabilities of the biomolecules. Based on sample extraction for further processing, the 

Molecular Imaging Techniques are classified as:Non-Invasive Molecular Imaging 

Techniques andInvasive Molecular Imaging Techniques. 

 

2.1 Non-Invasive Molecular Imaging 

No extraction of any sort is required to be done from the body of the organism of interest. 

Thus, no chance of contamination, infection or no loss in the biomass of the sample is sure. 

Diffuse optical imaging (DOI) enables non-invasive analysis of the samples, along with 

complementary techniques like fMRI (functional Magnetic Resonance Imaging), BOLD-

fMRI DOI (Blood Oxygen Level Dependent fMRI DOI), cerebral blood volume-fMRI 

(CBV-fMRI) and arterial spin labelling (ASL-fMRI or DOI). The DOI involves the analysis 

of concentrations of deoxyhaemoglobin and oxyhaemoglobin in the bloodstream of an 

affected functional site (mainly, the brain) in the body in a non-invasive manner. These 

techniques include an elaborate study on the spectroscopic, the spatial and the temporal 

resolutions of the sample under consideration. [1] 

In the experimentation phase, the head was anatomically divided into five segments-the skin, 

the skull, the cerebrospinal fluid (CSF) and the Brain Grey Matter and the Brain White 

Matter. An MRI scan was performed taking these five segments into the picture and the 

resulting data was divided as the functional scan data and the anatomical scan data. Motion 

correlation and Haemodynamic response analysis were accomplished under the functional 

scan data. The anatomical scan data was bifurcated as tissue segmentation data and the 

optode (optical detector) localization data. All this data was subjected to Monte Carlo 

Simulations (taking absorbance at 830nm and 690nm) and based on this, the Optical Forward 

Model was suggested. The functional scan data and the Optical Forward Model made up the 

fMRI Projected Response Function. [1] 

Parallelly, the DOI data was being assessed for the change in optical density using the 

modified Beer Lambert’s Law. The change in haemoglobin orientation was termed as DOI 

Measured Response Function. The final stage of this study involved the spatio-temporal 

correlation study of the fMRI Projected Response Function and the DOI Measured Response 

Function. [1] 

Crucial information about the molecular dynamics of various proteins in a cell could be 

determined or visualizes using the electron microscopy and the fluorescence light 

microscopy(fLM). The molecular level reactions are now readily available for interpretation. 

Exploring the novelty of cryo-correlative light and electron microscopy and optical 
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microscopy on viral, prokaryotic and eukaryotic systems has enabled the scope of enriching 

the sources of information giving large databases for research. [2] 

In 2015, the Function Biomedical Informatics Research Network (FBIRN) published the 

significance of developing theenormous fMRI database for research purposes by large 

scientific communities and; for infrastructure resource sharing, thus, cost-cutting in the 

Human Imaging Database is achieved. The Data Grid can be accessed from any corner of the 

world and can be used multiple times. Evidently, Bioinformatics is an important emerging 

field in the field of biotechnological and medical researches. [3] 

Atomic force microscopy is used to characterise biological samples along with fluorescence 

imaging. This technique enables to acquire images with super-resolution surface topography 

and allows to determine the intermolecular interactions of the biomolecules inside a cell at 

any given condition and time. The fluorescence tagging to the protein helps to gain access to 

its localization inside the cell. [4] 

The inflammatory and non-inflammatory diseases of the glomeruli and the renal tubules 

injuries in the mammalian kidney can be analysed using differential synchrotron X-Ray 

microtomography using a patterned particle accelerator. Special markers designed for the 

same. Quantification of these markers can be done using Western Blotting. 3D Tracing 

Algorithms are set to determine the stages of lesions in the micro-vasculature of the renal 

tubules. [5] 

An age-independent lifestyle disease spread worldwide – Diabetes (Hyperglycaemia or 

Hypoglycaemia), is till date measured by invasive techniques which have high infection/ 

contamination causing tendencies. These can be curtailed by non-invasive sampling 

technique called Near Infrared (NIR) Transmission Spectroscopy. The particular 1310nm 

incident beam from a semiconductor laser diode was projected onto the S302C light power 

probe which detected the incident light passing via the sample glucose solutions set at a 

particular concentration. Later, this data was transmitted to the computer system using the 

PM100USB. The experimental conclusion resulted in a fitting curve suggestive of the fact 

that with increasing glucose concentration(mg/dl), the output power value(mw) decreases. [6] 

2.2 Invasive Molecular Imaging 

It includes the physical, mechanical or chemical extraction of a sample of a target 

biomolecule, cell, tissue or organ from the organism of interest to analyse it.e.g.: enzyme 

extraction, protein extraction, etc 

To look into the chemical aspects and reactions of metabolites (primary and secondary), an 

analytical technique to define a unique ionic mass to charge ratio is employed. This technique 

is called mass spectroscopy. The results appear as a spectrum (Detected ionic intensity 

versus the mass to charge ratio). The technique involves steps as follows: 

 Sample collection, isolation of the target organ 

 A photograph is taken to vacillate 
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 Dry the sample, transfer the sample to the appropriate matrix and perform micro-

extraction. 

 Mass Spectroscopy Analysis 

 MS Image Generation 

Mass spectroscopy can be carried out at different levels of spatial scale: (SIMS) Secondary 

Ion Mass Spectroscopy (nm), (MALDI) Matrix-assisted Laser Desorption Ionization (µm), 

(DESI) Desorption Electrospray Ionization (mm), (LC-MS) Liquid Chromatography-Mass 

Spectroscopy(m), in-situ MS (km). [7] 

Yet, another invasive technique is the ionic diffusion of a charged analyte of interest through 

an organic-supported liquid membrane to an aqueous pH-adjusted solvent system comprises 

of the Electro-membrane extraction. The target molecules are extracted from the cell.It is a 

kind of diffusion isolation technique based on the charge of the analyte. For extracting basic 

analytes, pH must be adjusted between 7.0-14.0 to ensure protonation of the target molecule. 

The Cathode (positive electrode) is placed in an aqueous solvent system and the Anode is 

placed in the sample. For an acidic analyte, the polarity is reversed. [8] 

3. BIOMEDICAL SENSORS 

The biomedical sensors are the transducers that sense or probe the biological, physical or 

chemical response and convert it into electrical signals. These signals can be analyzed in the 

form of spectra, concentration values, adsorption or optical density (OD) values, etc. 

Breathing patterns were studied on a paper-based electrical sensor. Paper is a bad conductor. 

Paper being a hygroscopic material, is apt to check humidity while inhaling and exhaling. 

The change in the ionic concentration helps to generate electrical signals that can be then 

primers for further diagnosis. Breathing, technically, is indicative of any small or large 

anomaly with the normal functioning of our lungs and subsequently the circulatory system. 

Cardiac arrest, Streptococcal infections (pneumonia), Asthma, Sleep Apnea, Chronic 

Obstructive Pulmonary Disease etc. can be diagnosed using such a sensor. After the 

recording is done, the data could be uploaded to the cloud server and mass datasheets can be 

generated in a stipulated timeframe to gain a high research throughput. [9] 

The paper-based sensor or transducer is applied as a facemask and connected to an amplifier 

and signal processing unit backed by a Li-ion battery. It can be connected via a wireless 

Bluetooth connection to a smartphone and accessed using a software application. During the 

expiration, the moist air exits the nostrils and gets caught in the cellulose fibers of the paper. 

Thus, increasing ionic conductivity. But, during inspiration, the moisture layer trapped in the 

cellulose fibers of the paper shrinks and the ionic conductivity decreases. (bell-shaped graph) 

These are the impediments: It requires a high power supply. If the paper folds, the sensors 

may crack thus leading to the careful handling of the fragile sensor. 4ᵒ C is the freezing point 

of water and the possibility of formation of icicles in the cellulose mesh of the paper 

increases. This may lead to a drop in conductivity. [9] 
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The smartphones are the latest, cheapest, compact, omnipresent, handy computational devices 

which give high computational throughput and furnishing a wide variety of imagers and 

sensors, all at an ease of tapping on a screen. How easier can life get! The smartphones these 

days, have made the world a Global Village. Currently, mobile sensing, optical microscopy, 

telepathology, education, patient monitoring, allergen sensing, ultrasound imaging, diagnosis 

of infectious diseases, electrochemical sensing of the analytes, air and water quality 

detection, eye anomaly diagnosis, citizen science etc are some of the utilities of smartphones. 

[10] 

But the small hardware structure and large software application necessity is a challenge to 

achieve high performance. Bench-top instruments relatively, provide greater precision but 

investing in an instrument each specialized to perform a task is impracticable – financially 

and expanse wise. [10] 

Biomedical sensing is not limited only to the electrical responses but it is literally about 

sensing the surrounding for accentuating an appropriate response to the stimuli. Even 

calibrating the gears and wares that we use in our daily life for specific activities plays a vital 

role in determining the effectiveness and well-functioning of our body parts. 

Mountaineering Boots are footgear relatively loose and greatly aerated as compared to the 

climbing shoes. So, these boots cause greater requirement of biomechanical access to the 

terrain to gain a finer grip in an exchange increased heartrate is evident. The climbing shoes, 

in contrast, are relatively lighter and involve less loss of free heartrate volume for the 

strenuous activity of climbing. The help to efficiently tackle small grips. The chances of 

spasms involved could be reduced in this way. The BORG value for the mountaineering 

boots (12.9 ± 4.2) suggests that high exertion is involved as compared to the climbing shoes 

(10.2 ± 2.1). Thus, we can accept the hypothesis that climbing shoes are a better choice for 

physical activities involving small grips like mountaineering, etc. [11] 

4. SIGNIFICANCE OF BIODIVERSITY IN BIOTECHNOLOGY 

Biodiversity is a term defining the richness and abundance of all floral and faunal species 

along with their interactions in a niche of an ecosystem. There are many levels of 

biodiversity. Some of them are species diversity, genetic diversity, population diversity, 

higher taxonomic diversity and finally, ecosystem diversity. The study of biodiversity in a 

particular area is called alpha diversity. When the relationship between the biodiversity of 

two areas is being compared it is called beta diversity. 

According to the Island Biogeography Equilibrium theory, the larger the island the larger 

will be the number of species (area effect) present there and near the island to the mainland, it 

will have a large number of species (distance effect), at the equilibrium point of immigration 

and extinction occurring in that particular island. Here, the term island refers to the 

biodiversity-rich pocket in any ecosystem that is taken for analysis. This theory was first 

proven for an island for arthropods by first extinguishing them from the island using 

pesticides and then allowing them to reappear on it. 
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Using R software for statistical analysis various tests and relationships were tested on the 

biodiversity-disease risk parameters studies. The results were hypothesised to be either 

non-monotonic left or right-skewed or a monotonic asymptotic relationship between parasite 

abundance and host diversity. Which means that with increasing host diversity, parasite 

abundance can become constant (monotonic asymptotic amplification) or can decrease very 

steeply (non-monotonic left-skewed amplification) or decrease less steeply (non-monotonic 

right-skewed dilution). Also, the location and shape of this curve can determine the parasite-

host relationship or the biodiversity-disease relationship. [12] 

The microbiome is a collection of all microorganisms sustaining in a microenvironment e.g. 

oral cavity. The oral cavity in the human body is a habitat to numerous microbiotas. Fungi 

(mainly Candida) inhibits our oral cavity. Saccharomyces cerevisiae, Penicillium, 

Aspergillus, Geotrichum, Hemispora, Scopulariopsis, and Hormodendrum species (Jabra-

Rizk et al., 2001; Salonen et al., 2000; Schuster, 1999) are sometimes isolated too. The 

microorganisms living in our buccal cavity have the potential of causing sporadic diseases. 

Next-generation sequencing technique enables to characterise and classify the oral (buccal 

and palatal) microbiome. This microbiome varies drastically during diseased and healthy 

conditions. [13]  

Not only the healthy parts of the body have a microbiome, but, carcinogenic tissues too have 

a distinct microbiome. Proteobacteria, Firmicute, Bacteroidetes, Actinobacteria are some of 

the common microbes found in the human ovarian carcinoma and play a distinct role. The 

Shannon and Simpson Indices are calculated to gain an upper hand on the species richness 

and abundance. [14] 

Another notion of biodiversity is the fact that organisms can be genetically modified to attain 

or study certain theoretical results. They can be used as “models” for research studies. They 

can be xenograft and genetically engineered models. Some of the prominent models are C. 

elegans, lab rat, mouse, jellyfish, Arabidopsis, Saccharomyces cerevisiae, Escherichia coli, 

Drosophila melanogaster etc. [15] 

The marine ecosystem has an extensive biodiversity, most of which is unrecorded and 

unknown to the humankind. The marine natural products are sources of food, packaging, agar 

extract, medicine, pearls etc. The antibiotics extracted from marine bacteria and alga are 

crucial in drug designing as new sources of drugs are always required to treat multi-drug 

resistance. [16] 

5. CONCLUSION 

This article reviews the recent trends and findings in the field of Biotechnology and addresses 

the Molecular Imaging Techniques, the recent biomedical sensors and the biodiversity 

applications at a glance. 
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Abstract:  

In today's world various technologies is evolving around healthcare like WSN, IOT, RFID, Bar code 

scanning etc. RFID is in use for healthcare from long now, with help of RFID track of inventory, identify 

of patients, and improved patient safety, patient monitoring, reducing of errors in adverse drug effect, 

medication dosage errors etc can be done. Human errors are high as staff in hospitals is already 

overloaded and some errors are due to negligence of staff too. RFID technology provides various 

advantages but due to some issues like technological challenges, security and initial cost for setup and 

training of staff face issues in using this technology fully. 

Keyword : RFID, Healthcare, Hospitals, Issues in adoption of RFID for healthcare. 
 

I Background 

RFID System : 

RFID [Radio Frequency Identification] is technology which is successful in many industries like 

agriculture, supply chain, transportation, warehousing, construction, library, tolls on highway etc 

[1,2,3]. RFID has the potential for monitoring, tracking and storing read data in real time. This 

technology is better than bar code reader as there is no line of sight as in bar code and RFID's are 

also used with collaboration of IoT and WSN. RFID system includes RFID reader and RFID tags. 

RFID tags are of three types: Active tags, Passive tags and Semi-passive tags. 

 

RFID Reader: RFID readers are also known as RFID interrogators they communicate with tags 

and collect information and store that information to computer or some middleware [middleware 

processes and stores the information received from tags if network is large or no computer is 

connected with readers[3]. 

 

RFID TAGS: Tags is of three types: 

 Active tags. 

 Passive tags. 

 Semi-passive tags. 

Active RFID tags have internal power source and these types of tags which reads readers 

frequency and send revert signals by its own i.e., no external power is required for sending  signal 

back to reader/interrogator. As active tags has their own power therefore the range of 
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communication of these tags has more than other tags, approximately range of active tags is from 

10-15 meters. An active tag has a storage capacity of 128 Kbytes [1]. Passive tags are those tags 

which do not have internal power source so, passive tags receives power from interrogator radio 

frequency to revert back the signals to reader, passive tags contain capacitor which is charged 

inductively by readers radio frequency. Semi-Passive tags are those tags which have their own 

power source but still they use readers radio signals power for sending signal back to reader. 

Range of semi-passive and passive tags is in the range of few meters approximately 1 meter [4, 

1,5]. Passive tags and semi-passive tags have storage capacity of less than 128 Kbytes [1]. An 

RFID system uses frequencies for low cost and for short range is from 30-500 KHz, short range 

tags use inductive coupling. High cost devices and longer range 900 MHz-2.5 GHz is used [4], for 

long range electromagnetic coupling is used. These tags reply with fixed frequency which is 

different for each tag which will help in identification of item to which tag is attached. RFID 

technology is not new first RFID tag was introduced by Mario W. Cardullo [6] but used later 

when organizations start using these tags for different applications. 

 

RFID in Healthcare System: 

Approximately 1.5 million people in the USA suffer from medication errors each year, and this 

has brought about extra healthcare costs of roughly $ 2.3 billion in 1993 and $ 3.5 billion in 2006 

[7]. So to avoid such a big loss RFID system has various potential benefits in the field of 

healthcare as listed in Figure. 1 

 

 
Figure 1.  RFID in Healthcare System 

 

Inventory Tracking : By implanting RFID tags on medical devices which are not used most 

often can easily retrieve their location easily which saves time of nursing staff ultimately they 

give more attention to patients and healthcare centre can utilize their equipment they have more 
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efficiently which will reduce the cost of renting these devices or losing customers [8]. 

Identify Patients: Most of the medical errors occur due to misidentification of patients in 

hospital, i.e., wrong treatment given to misidentified patient. RFID tags are used for identification 

of correct patient. RFID tag enabled smart band that can be scanned to identify patients before 

giving any kind of treatment. These tags must have stored the basic information about patient 

name, sex, blood group, allergies, treatment in process and medical history if any [3,9,10]. 

Patient Tracking : RFID's are initially used for tracking objects, animals and vehicles etc, but 

with the usage of tags in healthcare old aged patients can be track easily, disabled patients and 

new born children by which new born can be protected from theft, old aged and disabled persons 

can easily located and provide required treatment. These RFID tags are highly useful to track 

psychiatric patients [11, 12]. 

Patient Monitoring : Accurate identification of patients while operating, proper tracking of 

patients especially for senior citizens and person with certain specified disability, reducing errors 

in adverse drug effect, keeping the track of medication of dosage, getting medical treatment on 

time which is possible for patients at home or at remote locations with the help of active RFID 

tags, sensors especially used for medical like heart rate monitor sensor and IoT will improve 

patient safety [3,13]. Similarly, the use of RFID enabled smart bandages will help to get the status 

of after surgery patient [14]. 

Patient Drug Compliance: Combination of RFID tags on patients and bar code on medicine 

packages will limit the medication error. This is very common that patients take wrong medicine 

or incorrect sequence of medicine at home these types of issues are also traced by using RFID 

tags, these tags are attached to medicine container every time a container opened it sends signal to 

healthcare centre which is traced by either system or staff of hospital, if any issues find then an 

alert will be send to the patient via internet or SMS. The system also sends notification if 

medicine is expired [3,10]. 

Cost Saving : With the increase of use of technology in any field  will  definitely reduces man 

power as most of the data is automatically stored and managed, data which stored in records on 

paper and files now can store data directly to computer which will reduce paper work and data is 

easily manageable too. With inventory tracking saves cost of renting medical devices. Usage of 

tags save man power, clerical work and other cost benefits which will helps improving budget 

issues in healthcare. 
 

RFID Adoption Issues : 

An RFID tag has many advantages in the field of healthcare, but still this technology has many 

adoption issues like: 

 Communication range limitation. 

 Lifetime of active tags. 

 Electromagnetic interference. 

 Technological challenges. 
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 Security, privacy & data management challenges. 

 Organizational & financial challenges. 
 

Communication Range: RFID tags has limited range which is a issue in using this technology. 

To increase the range of data transmission RFID is used in collaboration with other technologies 

like WSN and Zigbee network technology. For the collaboration with the IEEE 802.15.4 Zigbee 

network technology. Researchers from [15-19] collaborate RFID tags with Zigbee network. RFID 

is used as front end user and for end user Zigbee technology is used. After collaboration of two 

technologies range is increased to the extent that data transmission is even possible for multiple 

floors. Zigbee has a special feature that this technology can connects with other readers 

automatically [20]. 

 

Lifetime of Active Tags: An RFID active tag has to send/receive signals by its own power, but 

battery used in active tags is too small, so there is an lifetime issue of these tags. In order to save 

power tags are used with sleep and wake up modes which will save power. As active tags have to 

monitor and send signal to middle ware all the time so energy loss is still a problem for these 

types of tags. A solution is to make these tags which generate their power own. Two leading 

techniques are used for generation of power within tags are: 

 Micro-Electro Mechanical System [MEMS]. 

 Thermoelectric Generator [TEG]. 
 

Micro-Electro Mechanical System [MEMS] : MEMS generate power from Mechanical 

vibrations which are produced from electrostatic and electromagnetic to electric power. To 

regenerate power movement is needed but in healthcare system movement is limited for patients 

so this approach will not work [1,21,22]. 

 

Thermoelectric Generator: Thermoelectric technology works on concept of transducers two 

different ends of two different materials are set to different temperatures that produces output 

voltage. This concept can be used for health care issues as two different temperatures measured 

from human body too [1,23,24]. 
 

Electromagnetic Interference: Radio signals from RFID tags may produce electromagnetic 

interference with biomedical devices, this interference will produce adverse effect on working of 

biomedical devices. EMI generated from tags could be the reason to switch off the biomedical 

devices which could lead to risk of patient’s life. 
 

Technological Challenges : There are few technical issues with RFID tags as they are not as 

reliable as barcode readers as RFID tags reading depends on read distance, angle of rotation and 

RFID tags are also difficult to read if tags/readers are near dielectric, water etc [2]. Lacks of 

wireless infrastructure in healthcares to support this technology will also an issue [1]. 

Security, Privacy and data management challenges: They cover various issues like security 
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and privacy of data. Huge amount of data generated by RFID tags is not secure as this data is 

transmitted through radio waves to middleware which can be easily accessed. RFID tags also 

store information like Insurance, blood group, allergies, medication etc which can also easily 

intercepted as there is no encryption on RFID tags and data stored in these tags. Unencrypted data 

stored in tags is also a violation of government regulations [3,25]. 

Organizational and Financial Challenges : RFID tags price reduced significantly but still to 

implement RFID tags and RFID readers in collaboration of other technologies like WSN, IoT etc 

in healthcare requires a large amount of investment. As tags are required for patients, doctors, 

nursing staff, other staff and visitors etc along with passive tags and active tags, RFID readers, 

middleware software, database for data collection and high speed internet is required too [26-

27,28] . Study [29] in an American hospital shows rate of interest through a 5-year of 2%, with a 

payback period of 4 years approximately. 

Along with financial expenses some organization challenges are too like training of nursing staff, 

doctors etc as they all are already over burdened with their routine task, it's difficult for them too 

to learn about all this technology and its working principals. 

 

2 Conclusion : 

In this paper a comprehensive review of RFID in healthcare and issues, it is found that RFID tags 

technology is useful for the healthcare and hospitals especially for those people who are 

bedridden, senior citizens, psychiatric patients and other too. In spite of giving many advantages 

like error reduction in medical health care, Patient tracking and improving patient safety there are 

many adoption issues like communication range, technological, organizational and financial 

challenges. 
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Abstract 

Multimedia applications such as online games, high definition video, online video calling etc. are 

augmenting rapidly with the ever increasing demands of user which can be accommodated byOptical 

code division multiplexed system because of its adjustable cross-correlation. Cross-correlation of the 

OCDMA codes is a crucial factor to consider while designing a code because spectral amplitude code 

with λc>2 are vulnerable to multiple user interferences. In multimedia services, higher weight codes are 

required for better signal to noise ratio (SNR) but greater code weights (1) increases code length in zero 

cross-correlation codes or (2) increase the cross-correlation in non zero cross correlation codes. 

Therefore, in this work, mapping free hybrid double diagonal identity matrix (DDIM) OCDMA code 

technique is discussed with the integration of novel diagonal identity matrix (DIM) codes and double 

diagonal weight (DDW) codes. Proposed codes can be constructed for any weight ≥4 and stimulatory 

investigation results of proposed code are also presented.  Direct detection is carried for proposed code at 

30 Gbps data speed employing coherent light sources and moreover comparison has been performed by 

taking same input parameters for existing codessuch as Walsh Hadamard codes, Double diagonal weight 

codes, Enhanced double weight codes, Multi-diagonal codes, Multi-identity high power codes,and 

Random diagonal codes. Results reveal that DDIM codes provide better BER and SNR due to λc<1, 

presence of multiple weights, improved security because of the presence of code hybridization and 

moderatecode lengths. 

 

Keywords: Optical code division multiple access (OCDMA), Double diagonal identity matrix (DDIM), 

Double diagonal weight (DDW),  Multiple Access Interference (MAI) 

 

1. INTRODUCTION  

Optical code division multiplexing is prominent nowadays due to potential of accommodating 

different number of users asynchronously which can share the entire bandwidth of channel [1]. 

Effective reception can be taken for the application such as voice, video and image using optimal 

filtering of received signal for getting better quality with code (variable or non variable) [2]. 

Diverse optical codes are incorporated in the systems for better performance. Numerous studies 

have been reported in the field of OCDMA by using codes with constant weight and length [3,4]. 

OCDMA with spectral amplitude coding is one of the techniques which can be employed in the 
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optical communication systems to cope up with interference issues because of cross-correlation 

between different codes [5-7].  

Cross-correlation in the OCDMA codes is an important postulate because OCDMA codes with 

λc>2 are more prone to multiple user interferences due the interference of codes at multiple 

places inside user assigned code. For better signal to noise ratio, higher weight codes are 

necessary but suffer from limitations such as increased code lengths (bandwidth wastage)and 

increased cross-correlation (in case of NZCC). Moreover, security of the OCDMA codes is a 

prominent concern which can be enhanced by designing logic operation through optical gates, 

digital signal processing, virtual user schemes, data scramblers etc. However, all these 

aforementioned techniques make system costly and complex. Therefore simpler and bandwidth 

efficiency improved codes are needed for security enhancement.  

So, in this work, security enhanced, performance improved, and an OCDMA code with moderate 

bandwidth efficiency is proposed. Utmost parameter of better performance is less than 1 cross-

correlation, enhanced security due to hybridization of two different codes which lower the 

probability of estimation at eavesdropper‟s receiver and variable cross-correlation. A mapping 

free hybrid double diagonal identity matrix (DDIM) OCDMA code algorithm is discussed with 

the integration of novel diagonal identity matrix (DIM) codes and double diagonal weight 

(DDW) codes. Proposed DDIM codes can be constructed for any weight ≥4 and data can be 

decoded with cost effective direct detection. Moreover, integration of lasers instead of light 

emitting diodes increase the potential of the SAC OCDMA system to cater even high data rates 

such as 30 Gbps. Moreover, to the best of author‟s knowledge, comparison of OCDMA codes at 

30 Gbps high data speed considering Walsh Hadamard codes, Double diagonal weight codes, 

Enhanced double weight codes, Multi-diagonal codes, Multi-identity high power codes, Random 

diagonal codes has not been accomplished so far. Investigation revealed that DDIM codes 

provide better BER and SNR due to λc<1, presence of multiple weights, improved security 

because of the presence of code hybridization and moderate code lengths (moderate bandwidth 

efficiency).      

2. ALGORITHM FOR HYBRID DOUBLE DIAGONAL IDENTITY MATRIX CODES 

In order to get λc<1, hybrid DDIM codes are discussed in this section which provide code 

lengths equals to zero cross correlation codes but have more number of weights which increase 

signal to noise ratio of signal. For the construction of the DDIM codes, three different matrices 

are constructed as follows: 

1. Code matrix generation of diagonal identity matrix codes (DIM) 

2. Code matrix generation of  diagonal double weight codes (DDW) 

3. Hybridization of DIM and DDW codes 
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2.1 Code construction of diagonal identity matrix codes (DIM) [8] 

The Generalized code construction algorithm is explained below. The code construction steps 

and algorithm is described as: 

Step 1: Choose the value of number of users (K) and weight of code W=2, 3, 4 …., N for every 

user. 

Step 2: Calculate the length of the code as: 

              L=K * W, L is length of the code matrix (DIM)                                                   (1) 

Step 3: Size of basic balanced matrix 

               IB=2 xW (Balanced), IBis basic matrix of DIM code                                          (2) 

Step 4: Basic matrix of order Y x Z is constructed for any number of users as: 

                                   (3) 

Where UE is Upper End and LE is Lower End 

Step 5: For K users, matrix M with size K x L is shown in equ. (4). Final matrix has three steps 

and first is intermediary matrix M
1
. For making the M

1
 matrix, IB should be repeated K -1 times  

                              (4) 

 Repeat the process for K X L times as shown in matrix M
2
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                          (5) 

Fill zeros in the empty spaces of matrix M
2 
to make final matrix M as given below  

 

  

                                                                                                                                      (6) 

2.2 Code construction of double diagonal weight codes [9] 

For constructing code matrix of DDW, K x N, following steps are given: 

1. Code weight of each user is 2.  

2. Every two codes have cross correlation 1.  

3. Code length is equal to K+1.  

4. Every two codes should have combination of 121 and cross-correlation value 1 as given 

below: 

     

 

 

 

 

In order to increase the users, a simple mapping scheme is applied which can retain properties of 

code. Code matrix for 5 users is given as: 

 

1 1 0 0 0 0 

0 1 1 0 0 0 

0 0 1 1 0 0 

0 0 0 1 1 0 

0 0 0 0 1 1 

1 1 0 

0 1 1 
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Codeword for User1 = λ1  λ2 

  User2 = λ2  λ3    

  User3 = λ3  λ4   

  User4 = λ4  λ5   

  User5 = λ5  λ6  

DDW codes have weight 2 fixed.  

2.3 Hybridization of DIM and DDW codes to construct variable cross-correlation DDIM 

codes 

1. First construct DIM code matrix for desired number of users and code weight for DIM is W-2, 

here W is total final code weight of DDIM.   

2. Construct DDW codes for desired number of users (same as in case of DIM) 

3. Final code length of DDIM code is calculated same as DIM code  

L=K * WDIM, L is length of the code matrix (DDIM)                                (8) 

Here, it is important to note that weight of DIM code is considered only. Use DIM code weight 

only for calculation of entire code length. 

4. Combine row to row of DIM codes with DDW codes. Combination is such that DIM code‟s 

row act as base row and do not shit but DDW code rows fed after row shifting operation. Shift is 

such that DDW codes row R1 is shifted to the right WDIM-WDDW places for first code and then for 

second code R2, WDIM-WDDW places left and so on. 

5. Hybrid code is constructed after row shifting operation. 



National Conference on Biomedical Engineering-NCBE-2020 
 

107 | P a g e  

ISBN: 978-81-948668-9-3 
 

 

3 EXAMPLE OF DDIM CODE CONSTRUCTION     

Let us consider users (K)=7, total weight =6 

3.1 Construction of DIM code (λc=0) 

Then DIM code weight= W-2=4, Length=28, IB=         1 1 0 0 

                                                                                 0 0 1 1   2 x 4 

                                                            1100000000000000000000000011  

                                                            0011110000000000000000000000 

                        Final code MDIM=       0000001111000000000000000000 

                                                            0000000000111100000000000000   

                                                       0000000000000011110000000000 

                                                       0000000000000000001111000000 

  0000000000000000000000111100 7 x 28 

3.2 Construction of DDW code (λc=1) 

User 7, W=2, L=K+1=8 
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Basic matrix= 1 1 0 

 0 1 1                   11000000 

  01100000 

 00110000 

 MDDW=     00011000 

 00001100 

                                                                  00000110 

 00000011 

3.3 Row shifting and matrix combining operation 

First row operation 
 

DIM code‟s first row + DDW code‟s first row after (WDIM-WDDW) places right row shift 

1100000000000000000000000011 + 00110000 = 1111000000000000000000000011 

Second row operation 
 

DIM code‟s second row + DDW code‟s second row after (WDIM-WDDW) places left row shift 

0011110000000000000000000000 + 10000001 = 1011110000000000000000000001 

Repeat this operation till 7
th

 row and final code becomes as 

 

 

 

 

 1111000000000000000000000011 

                                                                  1011110000000000000000000001 

                                                                  0000111111000000000000000000 (9) 

                                         DDIM=            0110000000111100000000000000 

                                                                  0000001100000011110000000000 

                                                                  0001100000000000001111000000 

                                                                  1100000000000000000000111100   7 x 28 

 

4. SYSTEM SETUP 

 

For the investigation and demonstration of proposed DDIM codes, Optiwave‟s Optisystem
TM 

is 

considered. Block diagram of proposed diagonal identity matrix SAC–OCDMA codes system is 

shown in Fig. 1. Lasers are employed to emit different wavelength signals followed by encoder, 

intensity modulator, and bit stream of data for each user. Each user is selected by combining 

different wavelengths and these are chosen from code matrix. Mach Zehnder modulators are 

employed to convert electrical to optical data conversion and code is given in equ. (9).     
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Signals are accumulated and fed into single mode fiber. At receiving side, incoming signal is 

first split and sent to decoding section of each user. The implementation of SAC–OCDMA 

system using direct detection technique for using generalized code is done. The received signal 

fed to the optical bandpass filter of particular frequency according to the user code. Further, 

photons made to incident at the photodetector (PIN) followed by the low pass filter and 3-R 

regenerator. BER analyzer is incorporated in the end for the Q of reception and BER. 

 

 

 
Fig. 1 Block diagram of proposed Hybrid DDIM code based system   

 

                                                 
Fig. 2 (a) Quality of received signal at 55 km   Fig 2(b) Quality of received signal at70 km 

 

The comparison analysis of data received after a distance of 55Km and 70 km has been shown in 

fig. 2 (a) and (b), from where it is proven that the effect of Multiple access interference in hybrid 

DDM code due to cross correlation less than 1 does not reduce the quality of the signal much at 
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the receiver side. Comparatively less bit error rate exists in hybrid DDIM code due to the 

existence of cross correlation less than 1. 

5. RESULTS AND DISCUSSIONS 

 

For better understanding, we have implemented the existing coding techniques and our proposed 

coding technique at same environment consisting same input parameters. The variation in BER 

with respect to the transmission distance for existing and our proposed coding technique can be 

seen in Fig. 3. Major reasons of Q factor decrease in all OCDMA codes are attenuation, 

dispersion, scattering, and nonlinear effects which increase with the distance increase. In Figure 

3, BER is worst in the case of Walsh Hadamard code due to cross correlation of 2 which means 

that the data of two users interfere at two wavelengths due to which there are more errors in 

desired data reception. 

 
Fig. 3 Variation of log (BER) with SMF 28’s length 

 

The performance of Walsh Hadamard code is followed by Double diagonal weight codes due to 

presence of only 2 wavelengths with cross correlation 1. Multidiagonal and SWZCC codes 

exhibit better performance as compared to DDW codes because of the presence of 

multiwavelengths (>2). MHIP codes have potential to carry high power and but due cross-

correlation performance falls below SWZCC. Random diagonal codes have lower code lengths 

but have more cross-correlation. Finally, DDIM codes performs best due to better SNR because 

more number of ones in code, highly bandwidth efficient with <1 cross-correlation as given in 

Table 1.     

 

Table 1 Code length, cross-correlation of different SAC OCDMA codes for 7 users 

 

SAC OCDMA codes Weight, User Code length Cross-correlation 

Walsh Hadamard [10] 6, 7 N =  2
M 

8 

2 
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Double diagonal weight [9] 2, 7 L=K+1 

8 

1 

Enhanced double weight 

[11] 

6, 7 L = K* (W-1) 

35 

1 

Multi-identity high power 

codes [12] 

6, 7 L=K+i, i=5 (when user 7 

and W=6) 

12 

5 

Random diagonal codes 

[13] 

6, 7 L=K+B+i x 2 

16 

2, variable 

Shift ZCC codes [14] 6, 7 L=K x W 42 

Multi diagonal codes [15] 6, 7 L=K x W 

42 

0 

Double diagonal identity 

matrix codes 

6, 7 L=K × WDIM, Where 

WDIM=WTotal-2 

28 

<1 

 

Increase in data rate cause decrease in the time of  bit slots that are reserved for the each pulse 

and ultimately effect of pulse broadening (Dispersion) becomes more aggravated. This 

phenomenon exhibits more errors in the received chip code based pulses. In Fig.4, evaluation of 

diverse SAC OCDMA codes is accomplished in terms of Q factor at varied data speeds. Results 

revealed that maximum correct code detection with high Q factor is in DDIM codes followed by 

multi-diagonal codes. It is important to note that due to zero cross-correlation, at some points, 

MD codes surpass performance of DDIM codes. Potential of supporting high bit rates is least in 

case of random diagonal codes and Walsh Hadamard codes.  

 

 
 

Fig.4 Performance of different SAC OCDMA codes at varied time of bit slots in terms of Q 

factor 

Speed (Gbps) 
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Fig.5 Variation of signal to noise ratio with the increase in number of users 

 

Fig. 5 depicts the effect on signal to noise ratio with the increase in number of users in case of 

different OCDMA codes. It is evident that there are two effects of user increase (1) more weight 

should be included (2) code length increases. In case of non zero cross correlation codes, there is 

abrupt increase in cross correlation such as in case of WH, RD, MHIP and therefore SNR is less. 

DDW showing worst SNR because of very low code length and presence of fixed two ones in 

one code. MD and SWZCC have SNR lower than DDIM codes because larger code lengths but 

in DDIM, weight is high, code length is moderate low, cross-correlation is less than as shown in 

Figure 4.   

 

Due to less noise spectral density, presence of multiple code in one hybrid code, higher weights, 

variable cross-correlation and moderate code length, DDIM code is capable to remain un-

decoded and show less probability of correct code detection eavesdropper‟s receiver. However, 

in the DDW and WH codes, due to less code length (number of trials are less for eavesdropper to 

detect correct code word) probability of correct code detection by eavesdropper, is highest. 

MHIP codes has tolerance to nonlinear effects and but lower code lengths and fixed places of 

cross-correlation can make easy for the eavesdropper to detect the code (difficult at starting but 

easy after checking the cross-correlation pattern. SWZCC and MD codes are performing better 

because of longer code lengths which in turn increase the total number of trials of eavesdropper 

to know correct code. Thus, it is perceived from fig.6 that DDIM codes are more secure.   
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Fig. 6 Probability of correct code detection by eavesdropper with variation in encoded 

pulse SNR 

Due to less noise spectral density, presence of multiple code in one hybrid code, higher weights, 

variable cross-correlation and moderate code length, DDIM code is capable to remain un-

decoded and show less probability of correct code detection eavesdropper‟s receiver. Probability 

of Pcorrect at eavesdropper is calculated as given in equ.10 

𝑃 𝐸 =
1

𝑛𝐶𝑊
− 𝑛𝐶𝜆𝑐

 
 

1

2
 
𝐾

.  
1

2
  

Where P(E) is probability of Pcorrect at eavesdropper, 𝑛𝐶𝑊
 are the total cases (combinations) 

with users and code weight, 𝑛𝐶𝜆𝑐
  are cases (combinations) with users and cross correlation. 

Presence of the total pulses is half for the total users and total pulses and therefore (
1

2
)𝐾 is added. 

However, probability of the eavesdropper to detect the correct codeword is ½. 

        

However, in the DDW and WH codes, due to less code length (number of trials are less for 

eavesdropper to detect correct code word) probability of correct code detection by eavesdropper, 

is highest. MHIP codes has tolerance to nonlinear effects and but lower code lengths and fixed 

places of cross-correlation can make easy for the eavesdropper to detect the code (difficult at 

starting but easy after checking the cross-correlation pattern. SWZCC and MD codes are 

performing better because of longer code lengths which inturn increase the total number of trials 

of eavesdropper to know correct code. Thus, it is perceived that DDIM codes are more secure.   
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Multiple access interference has direct relation with the number of users such that as users inside 

same medium increases, MAI also increases. In Figure 7, we have evaluated the multiple access 

interference from optical time visualize when users in each code increased from 7 to 52. MAI is 

least in two cases such as multi diagonal codes and proposed DDIM codes however less MAI is 

in MD codes. Codes with more cross correlation generally have more MAI because data interfere 

at multiple places. Also, there are other factors which effect the MAI such as power of signals, 

distance of fiber, and receiver. DDW codes are observed performing worst.     

     

 
Figure 7 Effect on Multiple access interference with variation of number of users 

 

 

CONCLUSION 

 

A hybrid double diagonal identity matrix code algorithm is demonstrated with the incorporation 

of diagonal identity matrix and double diagonal weight codes. Proposed DDIM code can be 

designed for any number of users in multimedia services for weight >4. Proposed code is 

mapping free and direct detection employed which provide simpler and cost effective solution. 

Cross-correlation is variable which depends upon number of users and weight of the codes but 

typically less than 1. Code length is moderately low because of hybridization of DDW weights 

into DIM codes after shifting operations. Security of the OCDMA codes is a prominent concern 

which can be enhanced by designing logic operation through optical gates, digital signal 

processing, virtual user schemes, data scramblers etc which make system costly and complex. 

Therefore, a simpler and bandwidth efficiency improved codes such as DDIM are needed for 

security enhancement. To the best of author‟s knowledge, comparison of OCDMA codes at 30 



National Conference on Biomedical Engineering-NCBE-2020 
 

115 | P a g e  

ISBN: 978-81-948668-9-3 
 

Gbps high data speed using coherent light sources and considering Walsh Hadamard codes, 

Double diagonal weight codes, Enhanced double weight codes, Multi-diagonal codes, Multi-

identity high power codes, Random diagonal codes has not been accomplished so far.Results 

reveal that DDIM codes provide better BER and SNR due to λc<1, presence of multiple weights, 

improved security because of the presence of code hybridization and moderate code lengths 

(moderate bandwidth efficiency). Proposed DDIM codes are flexible, easily extendable, and has 

great application in future OCDMA based networks. 
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Abstract:  

Rapid growth of population and aging are forcing to rise in healthcare expenses. Healthcare system 

provide smart monitoring even without hospitalization. The advancements in the area of Wireless sensor 

networks and wearable body sensors make it possible to develop efficient and smart healthcare system. 

Wearable body sensors detect unavoidable and unforeseen situations that can help to provide necessary 

help. This paper reviews wireless sensor networks for health monitoring system and wearable body 

sensors.  
 

Keywords: Wireless Sensor Networks (WSN), Wearable Body Sensors (WBS), Healthcare, 

Smart Sensors. 

 

1. INTRODUCTION 

Overall, the elderly population is increasing and getting older that rise in healthcare cost. With the 

advancements in healthcare prospective to change quality of life is continuing to increase. Today, 

worldwide over 850 million people suffer from chronic diseases and facing many health 

problems[1].So it is better to be periodically monitored for prevention of disease and early 

detection of emergency conditions. Smart Health care system provide monitoring even without 

hospitalization. The intensification of research in the area of WSN has carried the innovative 

revolution by measuring physical quantities in disaster management, earthquakes, industry, 

medicine, care of dependent people and healthcare management. Medical and WSN researches 

have solved number of dangerous challenges that we face in daily life, Healthcare monitoring 

being one of them[2]. 

A WSN comprises of numerous sensor nodes placed on specific area, which organized 

into a co-operative network that can able to communications, computation sand sensing. Body 

area parameters are sensed by WBS devices and form Body Area Network(BAN). Wireless Body 

Area Network (WBAN)is special purpose WSN that integrates WBS and various networks to 

facilitate remote patient monitoring[3]. 

Researchers in WSN and health area are continuously work collectively to deliver un-

interrupted and efficient smart healthcare monitoring. WSN provide sextens ive services in 

healthcare for people with various physical and mental disabilities by monitoring their patterns 

regularly[4]. Human physiological activities observed are patients’ heart rate, body temperature, 

blood pressure, muscle movement and other critical data. It is become possible with WBS to have 

necessary monitoring at home[5][6][7].During the recovery time the WBS may provide necessary 

and un-interrupted feedback. The monitored activity has studied by doctors, physicians and 
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caregivers located at remote places[8]. Wearable devices (WS) have great importance in to create 

smart Wireless health monitoring system. 

The WSN and hence a WBSN are equipped with limited energy sensor nodes 

(WBS)having in adequate lifetime[9]. Limited and inadequate lifetime sensors emphasize the 

need for energy conservation optimized protocols so that sensors used in healthcare systems can 

provide long term un-interrupted support .In [10] comprehensive study of energy conservation 

challenges is carried out along with techniques to overcome these short-comings which eventually 

enhances the lifespan of WSN based systems.  

The Paper explores WSN with WBS for healthcare monitoring Section 2: healthcare monitoring 

system. Section 3: Wearable body sensors. Finally, Section 4: concludes the paper. 

 

2. WSN BASED HEALTHCARE MONITORING SYSTEM 
 

WBS carried by the patient, form Body Area Network (BAN), and sensors deployed in the 

environment form Personal Area Network (PAN). BAN These two are connected to a backbone 

network via a gateway node. Healthcare professionals monitor the real-time health information of 

patients via graphical user interface (GUI)[11]. 

The WBS measure electrocardiograms (ECG), blood pressure(BP),electromyo graphs 

(EMG),body temperature, Oxygen level. The gathered information by body and environmental 

sensors is sent to the Base Station(BS) periodically according to the patient category for further 

assistance [1].Alerts in emergency conditions generated by the application are reached via 

Personal Digital Assistants, smart phones, mobile devices like laptop etc. Fig 1 depicts the outline 

of a simple WSN application and WBAN scenario and Table 1. summarizes the different 

subsystems in WSN healthcare system. 

 

 
Fig 1.WSN health care system[1] 

Users of healthcare system are categorized as: 
 

Children: In this group nuclear families having babies, infants who are unable to taking care of 

themselves required continuous monitoring.  
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Elderly and chronically ill: Persons having cognitive disease like Alzheimer’s disease and 

Huntington’s disease or medical disorders like heart, respiration etc. and sudden falls in elders 

[8][12]. 

Caregivers: Provide assistance to the elderly and the chronically ill persons. 

Healthcare professionals:  Professional caregivers that are responsible for continuous 

monitoring and giving the instantaneous response in emergency conditions[1]. 

WSN healthcare system has revolutionized in the healthcare field by providing great assistance to 

all these users explained above. 
 

Table 1: Subsystems working of WSN healthcare monitoring system [1] 
 

Sub system Roles 

Body Area Network (BAN) Sensors carried by elderly and babies Electro Cardio 

Gram(ECG), Electromyograph(EMG), Blood Pressure Sensor 

Node, Pulse oximetry Sensor Node 

Personal Area Network(PAN) Environmental sensors belong to patient like Temperature, 

luminosity, humidity 

Provide rich contextual information regarding patients 

Gateway to WAN Provide connection among Sensors (BAN and PAN 

sensors)and WANs 

Wide Area Network(WAN) Gateway relays information 

Monitoring Application(GUI) Heart of system that processes the information 

Real time monitoring that provides uninterrupted help in 

emergency conditions 
 

3.WEARABLE BODY SENSORS (WBS) 
 

There are lots of wearable devices containing sensors that are accounted for human monitoring 

systems according to situations. WBS sense unexpected situations by monitoring unforeseen 

physiological conditions and sent the information to Base station for timely care of patients [8]. 
 

Inertial Sensor Node: These sensors are used in many medical applications according to required 

specifications. These are inexpensive portable and wearable sensors that having magnetometers, 

sensing unit accelerometers (measure acceleration forces)and gyroscopes (measures angular 

velocity and orientation). In [13] wearable inertial sensors are integrated with a Back Propagation 

Neural network algorithm in movement recognition system to identify six types of healing 

exercises applied in frozen shoulder therapy. Sensors provided acceleration and angular velocity 

signals are used for training purpose of Neural Networks. 

EMG Sensor Node: Electromyograph, performs the recording of electrical activity of muscles 

body.EMG governs the electric potential produced by muscles when electrically and 

neurologically excited, that leads to analyze any medical anomalies[14]. EMG is used to diagnose 
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neuromuscular diseases. EMG signals are used as control signal for artificial arms, hand sand 

lower limbs. In [15] EMG sensor is very low power consumption and works for long time. 

Blood Pressure (BP) Sensor Node: Today’s stressful, tensional lifestyle or because of some 

hereditary factors are reasons of hypertension because of BP variation. Sudden fluctuation in BP 

can become life threatening and requires immediate attention. BP sensor plays important role in 

uninterrupted monitoring consistently of patient’s situation and alert the personnel in case of 

emergency. The hardware structure comprises of a real-time hypertensive patients’ monitoring 

system which can cater to the immediate demands of an emergency[16][17]. 

Pulse Oximetry Sensor Node: Blood oxygen level indicates of how well the body distributes 

oxygen from the lungs to the cells, and it can be important for people's health. Pulse Oximetry 

monitor patient’s Oxygen Saturation level (SpO2). It is wear on a delicate part of the patient’s 

body. In this light is transmitted through the delicate part to a Photo detector implanted in the 

human body and detects the varying intensity of light absorbance[18]. 

 

4. ENERGY EFFICIENT MECHANISMS FOR MONITORING SYSTEMS: 

Energy is one of the utmost importance for making the wireless WB Sun-interrupted use in WSN. 

Most of the energy is consumed in communication system[3]. An energy efficient mechanisms to 

conserve power continuously to wearable and other environmental sensors will make it more 

attractive and acceptable. In [9], for applications such as physical activity recognition, user 

location detection, social interaction detection, and physiological parameters supervision final 

decision in choosing the efficient solutions for global energy saving arexamined.  
 

Table 2: Energy Efficient Mechanisms 
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V CONCLUSION 
 

The paper has reviewed Wireless Sensor Networks for health monitoring system that plays very 

important role in today’s life. The sensor network system consists of wearable body sensors and 

environmental sensors. Body sensors measure the physiological parameters of interest and 

environmental sensor senses the surrounding parameters and then relay information to base 

station. Wireless monitoring system is very much helpful in case of emergency to provide 

timely appropriate care to patient. Wearable devices used in monitoring systems are nowadays 

used as normal household items. High cost, Lifetime & lightweight are design challenges that are 

currently faced by users. Researchers are continuously working hard to design and develop 

wearable devices that leads to development of smart, heterogeneous and efficient monitoring 

systems. 
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ABSTRACT 

In this paper, the free space optical (FSO) communication network with dense wavelength division 

multiplexed (DWDM) is proposed. During this course of work, DWDM-FSO network in the Patiala 

region of Punjab, India has been appropriated and investigated its performance in different weather 

seasons. This work has been designed to observe the possibility of FSO communication in the 

proposed network with the wavelength of 1550 nm onwards. The simulation results have been 

observed by analyzing the bit error rate and Quality factor with power variation according to weather 

conditions. During this, particularly for rainy weather, the repeaters are used after every 1 km to 

achieve acceptable results on each node. 
 

Keywords: Dense wavelength division multiplexing (DWDM), FSO, line of sight, 

attenuation, repeater. 

1. INTRODUCTION 

FSO communication is a communication system, where an optical carrier is used for transfer 

of information/data. Further, it has been established that to cover short distances, optical links 

can be deployed using infrared laser light, LEDs and low-data-rate communications [1]. In 

optical communication, the current approaches of research have been used to increase the 

total capacity of medium. The usage of internet has increased many folds at the time of global 

success; hence higher system capacity is required. Many multiplexing techniques have been 

introduced for the purpose to improve the capacity of the communication system [2]. These 

techniques include aperture averaging, diversity or amplification of signal, long reach 

orthogonal frequency division multiplexing and WDM system [3]. In FSO, the process of 

trans-receiving and other atmospheric attenuations like scintillation, geometrical losses, 

absorption, atmospheric turbulence, scattering etc. have occurred in the troposphere [4]. The 

main causes of attenuation are weather conditions of the taken region. So that the attenuation 

can be gained due to weather conditions [5]. FSO communication networks are classified into 

three types on the basis of locations and network range are Optical Wireless Satellite 

Networks (OWSNs), Optical Wireless Terrestrial Networks (OWTNs) and Optical Wireless 

Home Networks (OWHNs) [6]. Many calculations and research studies have been conducted 

on the weather of different regions [7]. In Canada region, to analyze the attenuation of rain on 

mailto:1Simrankatron@gmail.com
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FSO performance the different types of modulations like pulse-position modulation (16-

PPM), and differential phase shift keying (DPSK) have been studied. It was observed that as 

compared to the low rain rate, the result with a high rain rate, the SNR and BER has been 

drastically degraded [8].  

The Changsha region, China has been taken out for FSO transmission in heavy rain season 

and established point to one point (P2OP) communication. Further it was observed that the 

communication links work efficiently up to 3.0 kilometer with rate of data up to 1.50 Gbps 

with spectrum slicing WDM technique in Heavy rain season [9].  

These kind of observational studies are very useful for FSO in future use [10]. It can improve 

the system capacity in order to achieve high speed network facilities. FSO will work 

efficiently in any weather conditions with appropriate placement of repeaters. The paper is 

arranged into four sections. After introduction, Section 2 details the working idea in which 

gaps with the aim and previous studies have been discussed. In Section 3, we have explained 

the working of proposed DWDM-FSO communication network. Finally, Section 4 describes 

conclusions and future work are made. 

2. IDEA 

Many researchers worked on this topic and observed that point-to-one-point (P2OP) 

communication with rate of data of 1.50 Gbps at the distance of 2.50 km in various weather  

[8, 9]. During present work, P2MP communication in a network with data rate of   5.0 GB per 

second/channel with the acceptable results has been investigated. The results at every node of 

the network have been observed for all weather conditions. 

The attenuation factors with the duration of seasons are described in Table 1. This table 

represents that throughout all seasons, rain has highest attenuation.  

Table 1: Seasonal details with respective attenuation. 

 

 

 

                  3. 

Proposed DWDM FSO Communication Network 

In this network, each input has been generated by a different optical source. To combine the 

signal from individual sources to the transmitting channel, an optical multiplexer has been 

used. However, at the receiver end to carry out the different carriers before photo-detection of 

individual signals, a De-multiplexer is required [12]. In this present piece of work, NRZ 

modulation format with Pseudo code generator has been used to implement a stream of 5 

Weather Duration/Time Period Attenuation (dB/km) [4] 

Clear sky 

weather 

March to June 0.230 

Rainy 

weather 

July to  September October  9.640 

Fog weather December to February 2.370 
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Gbps data rate per channel. Further, the eight multiplexed signals with 0.5 nm of channel 

spacing are transmitted over a FSO channel.  

The architecture of the proposed DWDM network shown in the Fig.1. The 8-continuous 

wave (CW) laser sources have been used to generate 8 channels of different wavelengths 

which starts from 1550nm. The power of per CW laser has been adjusted according to the 

weather. For example for a Clear season, foggy season and the rainy season input power are 

20 dBm, 30 dBm and 40 dBm respectively. The Mach-Zehnder Modulator has been for 

modulated purposes. To combine the entire signal, a multiplexer (8:1) has been used to 

multiplex the channels. Then over an FSO network the modulated signal has been transmitted 

with 5 nodes spreading over different lengths. The architecture of sending and receiver sites 

is shown in Fig.2. 

 

 

Fig. 1. Free Space Optical network architecture [13]. 

Table 2 explains the input parameters of FSO channel necessary simulation.  In FSO 

channels, the transmission distance between transmitter and receiver end is defined by Range 

parameter. The two main parameters which effect the laser power, are Attenuation and 

Geometrical loss. In this work, we have considered the attenuation factor to characterize our 

proposed network. The relation between these parameters is defined in equation of FSO as 

given [11]: 

PReceived= PTransmitted
𝑑𝑅
2

(𝑑𝑇+𝑞𝑅)2
× 10−𝑎𝑅/10  

Where:  

dR: Receiver aperture diameter (m) ; dT: Transmitter aperture diameter (m); q: Beam 

divergence (mrad); R : Range (km); a: Atmospheric attenuation (dB/km). 
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Table 2: Parameters of FSO Channel 

Input Parameters Range 

Input power Clear sky weather: 20.0 dB 

Foggy weather: 30.0dB 

Rainy weather: 40.0 dB 

Wavelength 1550 nm onwards (8 channels with equal 

channel spacing of 0.5 nm) 

Bit Rate  5.0 Gbps 

Transmitting Distance Punjabi University to New Green Park: 5 km 

New Green Park to Tagore Theatre: 4 km 

Tagore Theatre to Rajindra Hospital: 2.5 km 

Rajindra Hospital to Tejbagh Colony: 3 km 

Tejbagh Colony to Punjabi University: 5 km 

Extinction Ratio 30 dB 

Attenuation (dB/km) Adjustable (According to Table 1) 

Transmitter Aperture Diameter  5 cm 

Aperture Diameter of Receiver  20 cm 

Divergence of Beam  2 mrad 

 

 

Fig. 2. Architecture of transmitter and receiver (Node) in FSO network. 

At each node of ring network, an optical add-drop multiplexer (OADM) which was used to 

receive a signal from drop port and it will transmit another signal from add port. In case of 

the rainy season, very high attenuation (9.67 dB/km) has been observed which yield the 

unacceptable performance. Hence, repeaters (OADM+ optical amplifier) are needed after 

every 1 km of distance for the purpose to continue network communication. On the receiver 

end, any signal from eight channels can be received at every node of the network by tuning 

the filter to desired wavelength. At the receiver end of every node, to converting an optical 

signal to electrical signal PIN photo-detector has been used.  
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 4. RESULTS AND DISCUSSIONS 

In this paper, Optisystem simulation software of Opti-wave has been used for the simulations. 

In the graphical indications, it is detailed that the proposed network is performing efficiently 

and suitable for FSO transmission at a data rate of 5.0 Gbps during whole year. Fig. 3 

describes the Quality factor (Q) variation with respect to the wavelength at each node for 

clear sky season. This figure shows that the node 3(2.5 km) has high Quality factor (Q) than 

other node, the reason behind it is that the distance between node 3 and node 4 is less than 

other. Due to large transmitting distance, node 1(5 km) and node 5 (5 km) showed the lowest 

Quality Factor (Q) throughout all the nodes. The variation of Quality factor (Q) over the 

wavelength is due to induces crosstalk and non-linearities among channels.  

 

 

Fig. 3.  Q factor Variation with respect to the wavelength at each node for clear sky 

season. 

The variation in Q-Factor with Frequency for foggy season has been described in Fig. 5. As 

compared to other nodes, node 3(2.5 km) and node 4(3km) have high Q-Factor because these 

nodes have less channel distance than other nodes. Node 2 shows the average Q-Factor as 

compared to the other nodes. On the other hand, node 1(5 km) and node 5 (5 km) show the 

lowest Q-Factor, because these nodes have largest transmitting distance than other nodes. 

 

 

Fig. 5. Q factor Variation with respect to the wavelength at each node. 

During the rainy weather, the scattering of laser beam due to droplet size which will 

ultimately reduce the link range. The repeater or amplifier has been used in order to 

overcome the scattering and attenuation due to the raindrops. As shown in Fig. 7 a node 4(3 



National Conference on Biomedical Engineering-NCBE-2020 

 

127 | P a g e  

ISBN: 978-81-948668-9-3 

km) showed the lowest Q-Factor than all the other nodes. On the other hand, the last node 5 

(5 km) showed the maximum Q-Factor than other nodes. The optical amplifier after 1 km of 

FSO channel can be used due to high attenuation and scattering properties of raindrops. This 

is the last node of the network, so this is also a reason for the high output value.  

 

Fig.7. Q factor Variation with respect to the wavelength at each node for rain season. 

V CONCLUSION 

In this work, the weather conditions of city Patiala, Punjab, India have been analyzed. An 

FSO communication network throughout the city has been proposed. The FSO 

communication performance through all weathers of Patiala city has been observed. In all the 

weathers, the results in terms of Bit Error Rate and Quality-Factor (Q) at each node of the 

network have been calculated. It has been concluded that in rain season there is a need of 

repeaters or amplifiers after every 1 km due to more attenuation than the other clear and 

foggy seasons. Further, it has been concluded that the rainy season output Q-Factor is better 

than other seasons.      
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Abstract:  

 A 1× 4 multiple input multiple output (MIMO) patch antenna is designed for the operation of the S 

band in this research paper. This research focuses on the planning of a circular slot rectangular patch 

to boost the efficiency of S band applications such as radio location services, amateur radio services, 

fixed radio services, fixed microwave services, advanced wireless services (AWS-1 and AWS-2), 

mobile satellite services, etc.The design consists of 4 antenna elements placed in the serial order. The 

proposed antenna is designed on a FR4 substrate with the thickness of 1.6mm, dielectric constant 

4.3.The antenna features a size of 160×50mm2. By the line feed techniques, the impedance matching 

between the patch and feed line is achieved. The designed antenna is resonant at the 

variousfrequencies. The maximum return loss -28.968 dB achieved at the 2.148 GHz. Radiation 

efficiencyis achieved more than 87%. This design shows several performance parameters like Return 

loss, Gain, Directivity, Bandwidth, Efficiencies, VSWR. 

 

Keywords- MIMO antenna; Circular slot; Return loss; Efficiency; FR4 substrate;CST 

studio suite software 2018. 

 

1. INTRODUCTION 
 

Wireless networking involves the propagation of data over a range without any of the 

involvement of conductive material or cables. The need to communicate wirelessly is rising 

day by day [1].Massive data transfer speeds, low transmitting power and large channel 

capacity [2] are crucial for wireless connectivity development in the future seasons. The main 

technologies for forthcoming wireless communication systems are MIMO[3]. In 1998, 

Pioneer Foschini [4] initially researched the MIMO technology. MIMO have numerous 

antennas at the sender and receiver side. By installing multiple antenna elements which 

improves data rates, gain and covers the large area [5]. Mutual coupling is very important 
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matter that has got to be taken care in MIMO system. Turn down the mutual coupling effect, 

expand the MIMO system medium capacity in a linear manner with an integer of 

uncorrelated mediums [6]. To defeat the mutual coupling between the components the 

distance need be more. It is tough to get a desire distance between the components so various 

varieties of formations are used to gain the minor distance [7]. Numbers of techniques are 

presented for control the mutual coupling between the antenna components like in 

conjunction with the neutralization line [8], supplementary break (split) rings resonators [9], 

engraved slots on the bottom [10], and electromagnetic band gap structures (EBG) [11]. 

Herein design of circular slot patch antenna considering the S-Band applications such as 

amateur radio services, the fixed radio services, radio location services, the advanced wireless 

services (AWS-1 and AWS-2), the fixed microwave services, the mobile satellite services etc 

[12]. Section 2 presents the debate on the antenna design. Section 3 gives the simulated 

results of the design antenna. Section 4 gives the conclusion of the paper. 

 

2. ANTENNA DESIGN 
 

With the support of CST studio suite software 2018, the MIMO antenna system was 

developed. The front and bottom geometrical arrangements of the built antenna system are 

shown in Figure 1. Patch as ground formed by the pure content of copper.4 identical 

rectangular patches antennas are arranged in 1 × 4 (row × column) pattern. An Antenna is 

simulated on FR4 substrate by permittivity 4.3, height, width and length numerical values 

are1.6 × 160 × 50 mm3respectively.The performance of antenna depends upon the 

dimension of the antenna components. So, the dimension of an antenna has been calculated 

by using the following equations [13]. 

Equation (1) is used to calculate the width of the rectangular patch is given by  

 

W =
1

2∗fr∗ μ0ε0
 

2

ϵr +1
=

v0

2∗fr
 

2

ϵr +1
 (1) 

 

And effective dielectric constant of the substrate material is calculated using equation 2 is 

 

εeff =
εr+1

2
+

εr−1

2
[1 + 12 

h

w
 ] −

1

2                          (2) 

 

 The extension of the length for the patch is solved by: 

ΔL

h
= 0.412

(εreff +0.3)∗(
w

h
+0.264)

 (εreff −0.258 ∗(
w

h
+0.8)

(3) 

The actual length for the patch antenna is solved by: 

Le = L + 2∆L(4) 

L = 
λ

2
− 2∆L(5) 
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The calculation of the ground dimension is calculated by the following equation is: 

                                                               Lg= 6h + L                                        (6) 

Wg= 6h + W(7) 

Where, Lg= Length of the ground plane. 

Wg= Width of the ground plane. 

             W= Width of the patch. 

             L= Length of the patch 

 
(a) 

 
(b) 

Fig. 1. Geometrical configuration of the antenna. (a)Front view (b) Bottom view. 
 

Show in the table 1, the parameter for the 1 × 4 MIMO antenna system is: 
 

Table -1 

Parameters of the designed antenna. 

Parameters 

 

Dimensions (mm) 

Ws × Ls 

 

160 × 50 

WP × LP  

 

29 × 26 

Wg × Lg  

 

36 × 10 

Wf × Lf 

 

5.30 ×12 

Circular Slot 

(radius) 

6 
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For improved the performances of the antenna, the optimization values are used. The 

numerical amount of the groundcan be decreased up to certain level, whenever additional 

decrease then we would failto gain the right outcomes. Circular slot is etched on the patch 

and decreased the value of the bottom plane helps to get the right outcomes. 

 

3. ANTENNA  SIMULATED RESULTS 
 

In this part, simulated outcomes debatedone by one. Simulated outcomes are attained like 

Return loss, Bandwidth, Directivity, VSWR, Gain and Efficiency.Simulated return loss 

resultsof all the 4 antenna elements are obtained (figure 2). 

 

 
 

Fig. 2. Simulated return loss results. 

 

S11as well asS44outcomesareidentical. For 1
st
 resonant frequency, it gives -15.27 dB return 

loss numerical amount at 2.23 GHz with the bandwidth 0.4382 GHz (2.5172 GHz- 2.079 

GHz). 2
nd

 resonance achieved at 3.32 GHz with -20.60 dB. The third resonance attained at 

3.57 GHz with -21.31 dB return loss values. The second and third resonance covers the band 

between 3.9607 GHz- 3.0731 GHzwith the bandwidth 0.8876 GHz. 

S22as well asS33resonant at the2 identical frequency bands. For 1
st
resonant frequency 0.3009 

GHz (2.3173 GHz- 2.0164 GHz) bandwidth attained at 2.14 GHz. It provides -28.96 dB of 

return loss numerical amount. 2
nd

resonant attained at 3.55 GHz frequency with -23.22 dB 

numerical amount. 0.8342 GHz (3.9547 GHz- 3.1205 GHz) bandwidth is attainedfor 

2
nd

resonance band. 
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Table- 2 

Simulated Return loss, Gain, Directivity results. 

Antenna 

Elements 

Resonant 

Frequency (GHz) 

Return Loss 

(dB) 

Gain  

(dB) 

Directivity 

(dB) 

1 2.23, 3.32,3.57 

 

-15.27, -20.60, -21.31 

 

3.0, 3.93, 4.49 3.48, 4.45, 5.01 

2 2.14, 3.55 

 

 

-28.96, -23.22 3.0, 4.48 3.55, 5.0 

3 2.14, 3.55 

 

 

-28.96, -23.22 3.0, 4.48 3.55, 5.0 

4 2.23, 3.32, 3.57 

 

-15.27, -20.60, -21.31 

 

3.0, 3.93, 4.49 3.48, 4.45, 5.01  

The gain can affect the direction in which the antenna operates [13]. The highest gain 4.49 dB 

attained at 3.57 GHz for the antenna 1 and antenna elements 4. Show in table 2, gain is 

alternating between 3.0 to 4.5 dB with gain differing of below 1.5 dB.  
 

 
Fig. 3. Gain Result 

 
Fig. 4. Voltage standing wave ratio results. 
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VSWR is a task of reflection coefficient, which express the power repeated from the antenna 

[14]. Whenevernumerical amount of VSWR is one, in that case no power is 

reflected/repeated from the antenna. Show in the Table 3, the VSWR values of the antenna 

elements are less than 2. 

Table- 3 

Simulated VSWR, Efficiency Consequences. 

 

Antenna 

Components 

Resonant 

frequency 

(GHz) 

VSWR Efficiency 

(%) 

1 2.23, 3.32, 3.57 

 

1.416, 1.205, 

1.188 

91, 88.6, 88.1 

2 2.14, 3.55 

 

1.073, 1.148 89.0, 87.59 

3 2.14, 3.55 

 

1.073, 1.148 89.0, 87.59 

4 2.23, 3.32, 3.57 

 

1.416, 1.205, 

1.188 

91, 88.6, 88.1 

Higher the efficiency betters the performances of the antenna [15]. Show in the table 3, the 

maximum efficiency 91.0 % obtained at the frequency 2.23 GHz. In table 3, the efficiencyis 

differingbetween 88.1 to 91.0% with the efficiency differingbelow 3%. 
 

4. CONCLUSIONS 

In this work 1 ×4 MIMO patch antennas is successfully designed, simulated and presented on 

FR4 substrate for S band application such as the advanced wireless services (AWS-1, AWS-

2), the fixed radio services, the mobile satellite services, amateur radio services etc.It gives 

the positive outcomes. The primeobjectiveto designed to this antenna to build up the 

performances like return loss, efficiency etc. The designed antenna provides 91 % efficiency 

at the resonant frequency 2.23 GHz. The highest antennagain 4.49 dB attained at 3.57 GHz.  
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Abstract: 

Next-generation passive optical network (NGPON) should be based on time and wavelength division 

multiplexing (TWDM) as per the ITU-T G989.2 recommendations. The performance of symmetric 80Gbps 

NG-PON based on TWDM has been assessed in this paper.For downstream transmission eight 

wavelengthsfrom 1596 nm to 1601.6 nm with 0.8 nm channel spacing have been selected as per the ITU-T 

recommendation G.989.2,Similarly,for upstream transmission wavelengths are ranging from 1524 nm to 

1529.6 nm. The performance of the system has been observed for varied input power from 0dBm to 

3dBm.For downstream, the maximum Q-factor obtained is 7.37, 9.13, and 11.08 for the power level of 

1dBm, 2dBm, and 3dBm respectively. Similarly for upstream transmission maximum Q-factor of 13.7 and 

minimum Q-factor of 7 have been observed. Overall the system performs well for a 20 km fiber link with 

acceptable Q-factor >6dB for 1024 ONUs. 

 

Keywords: PON, TWDM-PON, NGPON. 

 

1. INTRODUCTION 
 

Fiber optic cables are most popular because of their immunity to electromagnetic interference, 

large bandwidth and low noise [1]. The passive optical networks (PON) are developing at a fast 

pace, and presently, the major focus is on reducing the cost of optical networks [2]. Optical 

broadband access network design is a solution for next-generation networks, and the cost-efficient 

networks like fiber to the home (FTTH) and fiber to the curb (FTTC) are becoming very popular 

due to their flexibility. [3-4]. PONs which are based on FTTH are better for multi subscriber 

systemsdue to their high capacity and low attenuation [5]. To provide triple-play services, many 

architectures were proposed for linking the fiber from the central office (CO) directly to the 

subscriber’s end. Such approaches increase the system cost [6]. The main characteristic of the 

network is to achieve a high data rate. Also, the network should have the capability of handling 

wavelength multiplexing, de-multiplexing, add drop, splitting, combining and amplification, etc. 

[7].Different multiplexing techniques such as optical code division multiple access (OCDMA), 

wavelength division multiplexing (WDM), time-division multiplexing (TDM), hybrid WDM/TDM 

PON can be used in PONs [8]. The established PON standards are broadband PON (BPON) ITU-T 

G.983, Gigabit PON (GPON) ITU-T G. 984, Ethernet PON (EPON) IEEE 802.3, 10 gigabit-

capable passive optical networks (XG-PON) ITU-T recommendation series G.984.1, and next-

generation PON2 (NG-PON2) ITU-T G989.2. Also, according to FSAN and ITU-T, the NG-PON1 

(XG-PON) has the role of a midterm upgrade to GPON without affecting the infrastructure, while 

mailto:simranjit@live.com2
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NG-PON2 will be a long-term solution in PON evolution. According to the standards, NG-PON2 

technology should outperform NGPON1 technology in terms of an optical distribution network 

(ODN) compatibility, bandwidth, capacity, and cost-efficiency [9]. As per ITU-T G989.2 

recommendations, NG-PON2 should be based on time and wavelength division multiplexing 

(TWDM). PON based on TWDM inherits the advantage of flexible resource allocation to end-

users with variable traffic demands [10]. As the PON standards were evolving, one of the main 

emphasis was on increasing data rates. Because of the exponential increase in data demand,the data 

rate is of practical interest for the research community so a PON with a high data rate is the desired 

network. In this work, the performance of the symmetric 80Gbps NGPON network with a high 

split ratio has been evaluated. 

 

2. SIMULATION SETUP 
 

The performance of 80Gbps symmetric next-generation passive optical network (NG-PON) has 

been assessed in this work. The simulation setup of the system is shown in figure 1.For 

downstream transmission, eight transmitters with wavelengths starting from 1596nm and spacing 

of 0.8 nm are used. Each downstream transmitter transmits a 10Gbps data rate.After multiplexing, 

all these wavelengths are transmitted over 20 km of single-mode fiber (SMF). On the receiver side, 

wavelengths are de-multiplexed by an array waveguide grating (AWG) and a 1x128 power splitter 

splits the power of each wavelength. A total of 128 ONUs are connected to each power splitter.  As 

the power of every downstream wavelength is split into 128 parts for 128 ONUs, high downstream 

power inthe optical line terminal (OLT) is required. To increase the system power budget Raman 

amplification has been utilized and the transmission fiber itself is used asan amplification medium. 

For Raman amplification,a pump wavelength of 1535nm is used. For the uplink, eight wavelengths 

starting from 1524 nm with 0.8nm wavelength spacing are deployed, where each wavelength is 

shared by 128 ONUs. Each ONU operates at a 10Gbps data rate in the allotted time slot. 

 

 
Figure 1: Simulation architecture of symmetric 80Gbps TWDM PON 
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For upstream transmission, the TWDM scheme is used, where each ONU transmits data as per 

allotted time slots. As eight wavelength pairs are used and each serves 128 ONUs, hence the 

system is designed for 8×128=1024 ONUs.  Each group of 128 ONUs shares a common upstream 

transmission wavelength. The upstream data of all ONUs from eight wavelengths is multiplexed 

by using AWG and is transmitted over 20 km fiber. At OLT, the upstream wavelengths are 

demultiplexed and received. The start time and end time of transmission for an ONU are given by 

following equations (1) & (2). 

Switching Starting time=Time Slot× (1/ (Bitrate)) × (Sequence length)/Split …….. (1) 

Switching Ending time =Time Slot× (1/ (Bitrate)) × (Sequence length)/Split+ (Time 

window)/Split......... (2) 

In the simulation system, each assigned time slot is of 0.2ns. The time slot of first ONU starts 

from 0ns and end at 0.2ns, the time slot of 2
nd

 ONU is from 0.2 ns to 0.4nm, similarly for further 

ONUs the time slot of 0.2nm is dedicated. The simulation parameters in this simulation setup are 

listed below in table 1. 

Table 1. Simulation parameters 

NAME VALUE 

Fiber length 20 km 

Bit rate (Upstream/Downstream) 80 Gbps 

Split per wavelength 128 

Total Number of ONUs 1024 

Number of wavelengths (Downstream) 8 (1524-1529.6) nm 

Number of wavelengths (Upstream) 8 (1596-1601.6) nm 

Channel spacing (Upstream/Downstream) 0.8 nm 

Attenuation of Fiber 0.2 dB/km 

Pump wavelength (for Downstream) 1535 nm 

Pump power (for Downstream) 400 mW 

Input Power Transmitter (Downstream) 0,1,2,3 dB 

Input Power Transmitter (Upstream) -10 dB 

Sequence length 256 Bits 

Time window 56.6 x10
-9 

second 

 

3. RESULTS AND DISCUSSION 

The results for the proposed system have been evaluated in terms of Q-factor for both downstream 

and upstream. The effect of the downstream transmitted poweron the Q-factor is observed. In the 

case of upstream, transmitted power is fixed to -10dB and the performance for all ONUs in terms 

of Q-factor is also evaluated. The observed results for downstream and upstream are explained in 

the following sections. 

3.1 Downstream results 

For the proposed system, the results in the case of downstream have been evaluated by changing 

the downstream power of the transmitter. The transmission length of fiber is fixed to 20 km, which 

is the minimum requirement for 80Gbps NG-PON as recommended by ITU-T. The transmitted 
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power per wavelength is set to 0, 1, 2, 3dB in four simulation scenarios. The obtained values of Q-

factor have been plotted for 1
st
, 64

th
 and 128

th 
ONU for each downstream wavelength. 

 
Figure 2: Q-factor vs. wavelength at downstream receivers for transmitted power = 0dB 

 

Figure 2, shows the variation of Q-factor vs. wavelength for 1
st
, 64

th
 and 128

th
 ONUwhen the 

transmitted power of each downstream transmitter is 0 dB. At this power value, the response of the 

system is not acceptable because almost all values of the Q-factor are below 6. The Q-factor for 1
st
 

ONU at 1600.8 nm is 6.19 which is acceptable, but the system performance of the whole system is 

not up to mark. Further, the results have been evaluated for 1dB, 2dBm, and 3dBm downstream 

power, which are shown in Figure 3, Figure 4 and Figure 5 respectively. 
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Figure 3: Q-factor vs. wavelength at downstream receivers for transmitted power= 1 dB 

From figure 3, it has been observed that Q-factor is above acceptable value for each downstream 

transmitter wavelength in the case of 1
st
 ONU and 64

th
 ONU. The Q-factor for 128

th 
ONU is more 

than 6 for all wavelengths except 1596.8nm where the Q-factor obtained is 5.93 which is close to 

an acceptable value. So, it has been concluded from the graph that the system performs 

satisfactorily at a downstream power level of 1 dBm. 

 
Figure 4: Q-factor vs. wavelength at downstream receivers for transmitted power= 2 dB 

 

In Figure 4, the graphical variation of Q-factor at 1
st
, 64

th
, 128

th
 ONU for each wavelength with the 

downstream power value of 2dBm.The system performs well with Q-factor more than 6 for all 

cases. The maximum Q-factor value achieved is 9.13 at 1596nm for 128
th

 ONU. The minimum Q-

factor value observed is 7.47 at 1598.4nm for 128
th

 ONU. In Figure 5, the graphical variation of Q-

factor at 1
st
, 64

th
, 128

th
 ONU for each wavelength at the downstream side is shown forthe 

downstream transmitted power value of 3dBm per wavelength.The system performs well and Q-

factor is more than 6 for all the cases. The maximum Q-factor value achieved is 11.08 at 1596nm 

for 128
th

 ONU. The minimum Q-factor value is 9.1 at 1598.4 nm for 128
th

 ONU. 
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Figure 5: Q-factor vs. wavelength at downstream receivers for transmitted power= 3 dB 

3.2 Upstream results 

For upstream eight wavelengths from 1524nm to 1529.6nm with 0.8nm channel spacing have been 

used. A group of 128 ONU shares a single wavelength for sending their upstream data. At OLT, 

each wavelength corresponds to the combined data of 128 ONU’s working at a common 

wavelength. 

 

Figure 6: Q-factor vs. wavelength for upstream at OLT 

The results have been evaluated at 20km transmission distance for -10dBm upstream transmitted 

power per ONU. The upstream results are shown in Figure 6. All Q-factor values are above 

acceptable values i.e. 6. The maximum Q-factor value achieved is 12.7 at 1527.2 nm. 

 

4. CONCLUSIONS  

In this paper, a system architecture of symmetric 80Gbps PON with 1024 ONUs have been 

presented, the performance of the proposed system is tested for varied downstream transmitted 

power. Out of the considered 0dBm, 1dBm, 2dBm and 3dBm downstream power per wavelength 

cases, the system performs well for the power levels above 1dBm. At 0dBm power level, the 

obtained Q-factor is less than 6 which is unacceptable. For downstream, the maximum values of 

the Q-factor obtained are 7.37, 9.13, and 11.08 for the power level of 1dBm, 2dBm, and 3dBm 

respectively. For upstream transmission,the maximum Q-factor of 13.7 and the minimum Q-factor 

of 7 is observed. Overall the system performs well for a 20 km fiber link with acceptable Q-factor 

>6dB for 1024 ONUs. 
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Abstract 
With every year air conditioning units are increasing rapidly all over the world and air conditioning 

system has not only become integral part of every institution but also of our lives. Moreover, as the 

air quality is degrading in every part of the world so, it has become a necessity to keep a check on the 

air quality of the room we are taking our breaths in. Authors have proposed to include air quality 

index in every air conditioner being manufactured so that the three inputs: temperature, humidity and 

air quality, these inputs can be controlled by a single unit by adjusting the compressor speed 

according to variation in these inputs. 

 

Key words: Air Conditioning System, Internal Air Quality Index (IAQ), Neural Networks, 

Fuzzy logic, Neuro-fuzzy  

 

1. INTRODUCTION 

The air conditioning unit provides a comfortable environment during summers and has 

become an essential part of our daily lives. Research has been done in this area to include 

more than just one parameter i.e. temperature control as is done in most of the air 

conditioning units and to make them robust to apply under various situations and 

environments [1].The main effort in air conditioning system are uneven conditions, extreme 

nonlinear factors, interaction between parameters of environment, variation in such 

parameters and unfeasibility to model the system accurately [2]. As a human being spend 

most of the time indoors so index air quality has an effect on the wellness and generative. All 

this led many researchers to develop and improve the existing Air conditioning systems and 

include different parameters that can be regulated for indoor air quality. Till now, 

temperature and humidity are determined by the air conditioning system [3][4][5][6][7]. 

Various design techniques have been implemented for better efficiency of an air conditioning 

system like Programmable Logical Controller (PLC), Fuzzy and Neuro-Fuzzy. 

 Input temperature and humidity information have been given to PLC to test fresh and 

revert air by sensor through analog input module [3]. As, Neuro-fuzzy assure merge the 

erudition capacity of neural network and holding capacity of fuzzy logic much of research 

have been done in this field. Neuro-fuzzy control has also been found to be superior to fuzzy 

logic algorithm because of its inherited adaptability and learning capability [4]. The neuro-

mailto:tamsahans444@gmail.com
mailto:amritameek@gmail.com
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fuzzy controller with two inputs: temperature and humidity have been implemented by [5] 

that control the compressor speed. 

           As, energy consumption is also a major factor in Air conditioning system so in [6] the 

authors have tried to reduce energy consumption using (ANFIS-CART) Adaptive network 

based fuzzy inference system classification and regression tree systems. Researchers in [7] 

uses temperature and humidity as inputs and four output as speed of compressor and fan, 

direction of fin and operating modes and have found that proposed technique increases  

function in of systems. It has been proved in [8] that control sensitivity can be increased 

using neuro-fuzzy in spite of temperature variation. In [5], neuro-fuzzy algorithm has been 

found to be having better control of output, adaptive to weather and room environment and 

energy efficient in comparison to fuzzy algorithm. The software named TRNSYS used two 

kinds of control strategy in a university classroom building [9]. In [10] problems related with 

air quality index of indoors are summarized. 

 

2. AIR CONDITIONING SYSTEM 

Air Conditioning system (ACs) works on removing heat, moisture from enclosed space and 

provides comfortable environment. Fig.1. shows block diagram of ACs which consist of four 

parts, controller, compressor, heat flow exchanges and temperature sensor. The compressor is 

the most important part as it compresses the refrigerant vapor. On exchanging liquids for gas, 

it extracts heat from the air around it. The temperature sensor senses the room temperature 

which is fed to error detector which in turn finds the difference between temperature of the 

room and the set temperature. The controller works on reducing this error and sends an 

equivalent current to the compressor so as to reduce the difference between set temperature 

and reference temperature to zero. This loop continues until the desired temperature is 

achieved. As soon as the desired temperature is achieved the error becomes zero and that 

cuts-off the compressor for particular time till the temperature of room varies again [11]. 

             Most important applications of ACs to drop the temperatures and humidity of the 

room which consists electronics devices as computers as they produce a lot of heat, in 

hospitals for delicate machinery. 

 

 

 

 

 

 

 

Fig.1. Block diagram of air conditioning system [12] 

It consists of Controller, Compressor, Heat flow exchange and thermostat. 

Compressor- It is used to compress the gaseous refrigerant.  

Condenser- It transport gaseous state to liquid by cooling down. 

Thermostat- It compares the actual temperature with the desired temperature. 

Heat flow 

changes 

Compressor Controller 

Temperature 

sensor 

Set 

point 
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Controller- It is a closed loop mechanism used widely in control systems that utilize feedback 

such as PID, PLC. It aims to compute the error obtained in desired temperature and actual 

temperature of the room. 

 

2.1 Index Air Quality (IAQ) 

Air quality index defines as the air which is free from dust, smoke and other gaseous 

impurities. It causes serious health effects and ranges in ppm (parts per million). Groups 

which highly sensitive to AQI are children, elderly, people with asthma and allergies. Each 

country has its own air quality index based on its own standards. As humans spend most of 

the time indoors hence good air conditioning systems designed accordingly to minimize the 

index air quality which provides fresh air and comfortable environment [10]. 

 

3. FUZZY LOGIC 

Fuzzy logic controls the system in terms of rules and linguistic values. It uses human’s 

knowledge based on experiences to command the systems. Fig.2. shows block diagram of 

fuzzy controller consists of four main parts: 

(i) Fuzzification converts crisp inputs into fuzzy inputs which applies to rule base. 

(ii) Rule base consists rules to command the system.  

(iii) Inference mechanism assess the rules to choose appropriate inputs.  

(iv) Defuzzification converts fuzzy inputs to crisp values. 

 

       INPUT 

 

 

 

 

 

 

 

      

 

   

      OUTPUT 

                           

 

   Fig.2. Block diagram of Fuzzy Controller [5] 

 

4. NEURO-FUZZY 

Neuro-fuzzy is combination of Fuzzy Neural network (FNN) or Neuro fuzzy system (NFS). 

It merges the learning capacity of the neural networks and control capacity of a fuzzy logic 

control system. It is consists of five layers. The first layer describes input variables, second 

FUZZIFICATION 

RULE 

BASE 

INFERENCE 

MECHANISM 

DEFUZZIFICATION 
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layer consists of input membership functions, third layer called as secret layer contains fuzzy 

rules and fourth layer consist output membership functions and fifth layer describes output 

variables. 

 

 

Fig.3. Architecture of neuro-fuzzy system [4] 

 

5. CONCLUSION  

In recent years, development of air conditioning systems ameliorate thermal comfort of 

indoors highly. New method for air supply has potency of saving energy and also provides a 

comfortable environment. Moreover optimized controllers and consideration of many inputs 

including air pollutants along with temperature can make an air-conditioning unit a major 

necessity of today. 
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Abstract:  
 

In these days, cost effective optical fiber cable offers almost high bandwidth and more advantages 

over all previously used transmission media. To fulfil the demand of higher data rate and large 

bandwidth, new communication system required that have large bandwidth and support large number 

of end users .Now optical fiber is used for communication to support large number of customer 

because it have large bandwidth.  This network is a setup between central office and customer for the 

number of  different services like communication purpose , data, video and audio services to the  

different customers by  different medium like copper wire, optical fiber or with a  hybrid combination 

of copper and fiber sowe proposedthehybrid orthogonal frequency multiplexed radio over fiberWDM 

passive optical network for 2688ONUs and it  achieve high, efficient band-width allocation, distance 

covered up to 180km  for wire and wireless access synchronously. In thenetwork , Each one  of the 

Optical Line Terminal use 240 Gbit∕s of bandwidth with 8  different downstream wavelengths, and one 

of the Optical Line Terminal corresponds to 2688 ONUs. In case of upstream same number of user 

are supported.  By using optical heterodyne detection, the radio over fibernetwork implements the 

wireless access. 

 

Keywords: Optical Frequency Division Multiplexing Technique (OFDM); Radio Over 

Fibercommunication (ROF); NG-PON; Optical Heterodyne; Quadrature Amplitude Modulation 

(QAM). 

 

I Introduction 

 

With increase of internet demand, system needs very high data rate and large bandwidth. 

Communication system requires large bandwidth and large number of users. These objectives 

are achieved by using different multiplexing and modulation format. Optical passive 

networks plays important role to meet the requirement of users [1]. The 

opticalcommunication data  rate could be transmitted up to range of Terabit per second (Tb/s) 

in long haul distance  network [2]. On the contrary, wireless communication which provide 

high mobility is becoming so popular and it provide more scalability and flexibility[3]. To 
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take proper advantage  of the huge capability and capacity of optical fiber and the portability 

of  wireless scheme, the  hybrid use  of wireless and optical networks shows more 

advancement in theresearch purpose [4]. 

 

Optical wireless technology is mainly important for short-range high speed transmission. To 

further extend the  network capacity utilization of the  Wavelength Division Multiplexing 

(WDM) systems, possible solution  can be of opting high spectral efficiency formats joined 

with higher bit transmission rates could be used as prospective solution [5]. For the 

advancement of technology a next generation PONs format is used which provides large data 

bandwidth and high quality of service (QOS). Wave-length division multiplexed passive 

optical network (WDM-PON)is better solution for itsnumerous adavantages like higher 

bandwidth, enhancedtransmission security and flexibility to support large number of local 

users. Combine system of Wavelength Division Multiplexing and Radio over Fiber Passive 

Optical Network is used which increases the link capacity and bandwidth and decreases the 

costs of the access network.  

 

With ROF systems aactual revolutionof  combination of opticalfiber and wireless access is 

achieved. A latest techniquePON/ROF conjunction is to use the Radio Frequency subcarriers 

on the optical fiber with passive optical network is merge  so that the user infirmation signal 

and the  modulateddata in formofradio frequency  signal could be transmitted to wired and 

wireless end users in network[6] .The millimetre- frequency wave band, specifically the 

licensed free spectrum availableat the 60 GHz carrier frequency range, is at the spectral 

forefront for the high-bandwidth hybridwirelessoptical communication networks[7]. In case 

of recent progress in Next-generation Wireless local area network (WLAN), The 60 GHz 

frequency band provide greater spectrum efficiency with the introduction of newdevelopment 

in IEEE 802.11ad and diverseWi-Fi standards. The high data rates that could be proficientin  

60 GHz spectrum band of frequencies in wireless end user provide enormous amount of 

advantages likesuperb immunity from interference in unwanted signal, high network safety, 

and frequency reuse. 

Spectrum efficiency and channel robustness are the main key features of Optical Frequency 

Division Multiplexing (OFDM) which are mainly used in broadband communication system. 

OFDM is a modulation as well as multiplexing technique for the origin of several 

telecommunication standards counting Digital Terrestrial Television (DTT), WLAN and 

digital radio broadcasting. Optical - Orthogonal Frequency Division Multiplexing (O-OFDM) 

provideadvantage of electronic equalization and resistance againstdifferent multipath fadingto 

achieve  more impairment-tolerant, Ultra-high-speed systems [8]. Mostly the new recent 

research focus on using Non- Return- to- Zero (NRZ) coding patterns while using optical 

OFDM system. 
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II System description and results 

 

System consisting of dual direction communication from central office to user end and vice 

versa. A PRBS is operated at 30Gbps which creates a random sequence of bits according to 

different operation modes used. A simulator Optisystem is taken into consideration to realize 

the work of this segment.  Wavelength division multiplexed orthogonal frequency divisional 

passive optical network is studied and improved from reported works. All components are 

taken as cheap solution to high cost OFDM passive optical network supporting many users. 

Setup is shown in Fig.1.1. 

 

 

 

Figure 1.1 System setup of hybrid WDM-ROF-OFDM passive optical network with APD 

The binary bit pattern is aimed to estimated the features of random data. In this work, eight 

transmitters are specified for downstream communication at different laser frequencies and 8 

transmitters at same wavelength as downstream for upstream signal. Frequency starts from 

193.1 THz with 100 GHz channel spacing to mitigate effects of crosstalk in ultra-dense 

WDM OFDM systems. Continuous wave lasers to provide light frequency at 12 dBs 

launched power to MZM modulators for electrical to optical conversion. Each transmitter 

consists of quadrature amplitude modulator and produces two parallel signals from serial data 

transmitter. After the operation of real and imaginary data, it feds to the generate subcarriers 

which are orthogonal. This modulator is called OFDM modulator and taken to this system 

due to its plenty of advantages. OFDM is a MC (multicarrier communication method) used to 

separate the given band of frequency into sub carriers; every stream is carrying low data 

speed. Number of subcarrier are defined 512 in this work with 1024 FFT points. OFDM 
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modulator followed by intensity modulator referred as machzehnder modulator with 60dB 

extinction ratio. 

 

An ideal multiplexer combines the 30Gbps signal from eight different wavelengths and 

transmit overall speed of 240Gbps followed by optical spectrum analyzer and signal time 

domain analyzer for inspection. In order to propagate signal, symmetrical dispersion 

compensation is considered because if better contraction of pulse after 25-25 Km. Single 

mode fiber of 25 Km is considered first having attenuation 0.2dB/Km at c band and 17ps/Km 

dispersion along with nonlinear effects. Optical fiber exhibits the loss of 5dB and 

compensated by introducing erbium doped fiber amplifier of same gain after 25 Km. All the 

dispersion compensation fiber and amplifiers are studied and implemented after calculation 

for optimal power and length. Whole loop is made up of 25Km SMF, 10Km DCF and 25Km 

SMF with three amplifiers of 5dB gain. Next stage is of reception after transmission of WDM 

OFDM signal to realize passive optical network. WDM demultiplexer is first component and 

route specific wavelength to certain port starting from 193.1 THz to 193.8 THz with spacing 

of 100 GHz. Avalanche photo diodes used to convert optical signal to electrical signal. 

Avalanche photo diode has very high sensitivity as compared to others diodes like PIN. 

Erbium doped fiber amplifier is used that’s having broad bandwidth; thousands of channels 

can pass through it in single time. It is mostly used in single mode fiber. Optical network unit 

receives the signal of particular wavelength and splits into 256 wired and 80 FSO users. This 

component made up of optical fiber and requires no power externally for operation, thus 

called passive divider of signal. Splitting ratio of 256 users for each wavelength is taken and 

80 users for free space optical link support 336 users within acceptable range of BER and Q-

factor. 

Free space optical link is having major advantage that it is easy to install and purely based on 

optical signals i.e. no conversion of optical signal to electrical domain is required. Free space 

optics also save the trenching cost as in case of optical fiber. In this system the flexibility to 

get signal for transmitter is high as user can choose optical fibers, free space link and 

electrical radio waves. 

 

(a) 
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(b) 

 

(c) 

Figure 1.2 Eye diagram for 256 optical fiber users and 80 FSO users for (a) Optical fiber 

users (downstream) (b) FSO users (downstream) (c) optical fiber based users (upstream) 

Parameters of FSO for clear weather are studied with 0.1 dB/Km attenuation. Beam 

divergence is 0.1 mrad and distance support 1Km with transmitter antenna as short as 10cm 

and receiver 15 cm. As beam divergence more, than quality reduced and less bit error rate for 

short beam divergence. 
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Figure 1.3Effect of beam divergence of FSO on Q-factor 

Each wavelength after split ion is processed by OFDM receiver consisting of heterodyne 

receiver to receive the real and imaginary signal with help of local oscillator with same 

properties of laser of each wavelength. Four APD photo detectors are for optical to electrical 

conversion of data and fed to OFDM demodulator.  

 

Fig 1.4Comparative analysis of APD and PIN photo detector 

 

Figure 1.5 Graphical representation of system with and without dispersion compensation 

This visualizer show the user  bit error rate (BER) of an electrical and wireless signal 

observed at the receiver end. It couldgive result in form of  BER by emplying different 

algorithms like Gaussian and Chi-Squared and developunlike form of metrics to be observed 

the eye diagrams, For example Q- factor, jitter, varied eye-opening and eye height, 

extinction-ratio, etc. It could also use Forward Error Correction (FEC)method,  toplotand 

observe bit error rate pattern and estimation of networkcorrection and limits. For decision, 
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Quality factor should be more than 6 and BER 10^-9 according to international 

telecommunication union. 

 

III Conclusion 

 

We designandanalyzed a bidirectional hybrid orthogonal frequency multiplexed radio over 

fiber WDM passive optical network for 2688 users downstream which consists 256 for 

optical fiber and 80 users for free space along with the radio signal. Coherent detection 

OFDM is proposed as it is more efficient from direct OFDM system and former results 

higherflexible band-width distribution for wired and wireless access network synchronously. 

Centered on the configuration of network, Single OLT attains 30 Gbit∕s ofdata rate and 8 

downstream wavelengths signal,with 2688 ONUs downstream receiver end. In case of 

upstream same number of user are supported. The NRZ-OFDM provide the identical 

transporting stuff like the RZ-OFDM format. NRZ modulation format uses half the 

bandwidth in RZ modulation format. By using NRZ-OFDM and coherent detection 

technologies, the network provide higher band-width proficiency and outstandingsignal 

transporting property at 180 km transmission distance, at the other end downstream signals 

provide improvedreceptionconstellations and low bit error rate.WDM-OFDM passive optical 

network for bidirectional communication is demonstrated. Comparison has been made for 

different receiver detectors such as PIN and APD. It is noted that with the use of APD system 

can prolongs distance to 180 Km where PIN can able to cover 60Km link distance for same 

users wired and wireless.EVM is reported more in PIN and less in APD case. With hetero 

dyne detection without any addition of radio signal from input, radio signal appears on 

reception side. Concept of long distance reach using APD and free space transmission is 

realized in this work.  
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Abstract 

In this research work, a new printed antenna is developed and to select the appropriate substrate, the 

performance of various substrate like Rogers RT/Duroid 5880, FR4, polyimide, Silicon nitride, gallium 

arsenide, silicon arsenide and Teflon at millimeter is investigated by using a patch antenna. The 

performance parameters like gain, antenna efficiency, reflection coefficient, VSWR and bandwidth of 

different substrateare computed and compared at 30GHz frequency. After comparison it is observed that 

the polyimide and Rogers RT/ Duroid 5880 are highly efficient substrate at millimeter wave which can be 

further be used to design highly efficient wireless massive MIMO devices. 

Keywords- Millimeter, Substrate, Teflon, Efficiency 

 

1. INTRODUCTION 

In the electromagnetic spectrum, the millimeter wave frequency scale band stretches from 

30GHz to 300GHz. The width of space in this band is from 1 mm to 10 mm in order to facilitate 

the use of smaller antennas. Path loss is proportional to frequency square, otherwise this high 

frequency band has a high path loss [1]. Transmissions within the 57–64 GHz range are subject 

to resonance from both the oxygen molecule and are generally reduced [2]. Rain fade is a serious 

problem even over relatively short distances, which limits the connection range at this frequency 

band of 60 GHz. In 2012, the IEEE association published IEEE802.11ad to support wireless 

local area network (WLAN) solutions that run in the 60 GHz millimeter-wave band of the world. 

Wireless 60-GHz networking benefits from gigabit-per-second network connection speed while 

increasing radio system capacity and spectrum efficiency [3].To achieve high data rate, antennas 

for 60 GHz communication systems should have a high bandwidth and a lower gain to account 

for the high path loss at these frequencies [4].A lot of attention is being devoted to the huge 

unlicensed frequency band near 60 GHz for short-range network communications [5].  

The 802.15.3c design document envisages and describes a number of applications such as 

uncompressed high-definition video streaming, wireless distributed computing, etc. 

[6].Microstrip antennas play an important role in the rapidly growing data transmission field and 

without developments in microstrip antenna innovation we can't think of any breakthrough in dat

a transmission today. A patch antenna consists of a conducting patch, ground and the non-

conducting substrate material [7,8]. Each performance parameter of antenna depends upon the 
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dimension of patch substrate and ground plane. Also, the properties of substrate material effect 

the performance of antenna. Different substrate material has different properties at different 

frequency so there is need to investigate the performance of patch antenna by using different 

types of substrate at millimeter wave for efficient design. 

This paper has been organized as in section 1, the patch antenna is introduced and the importance 

of substrate for antenna design is discussed at millimeter wave, in section 2, the different 

properties of the substrate material has been discussed, In section 3, the designing of patch 

antenna is done by using different types of material and the different performance parameters for 

antenna is discussed and compared with each other. 

 

2. CHARACTERIZATION OF VARIOUS SUBSTRATE MATERIALS  
 

Choosing a decent substrate is the first step in designing an antenna. Mainly the substrate in 

microstrip antennas is provided for the antenna's mechanical support. The substrate must consist 

of a dielectric material to provide further protection, which could not affect the antenna, circuits 

and transmission line's electrical efficiency.In the millimeter wave range (f > 25 GHz), the 

surface wave excitation, dielectric loss, copper loss is of particular concern. In order to 

accommodate the requirements, material comprising the dielectric constant in the range of 2.2 to 

12 may be used as a substrate. The performance of antenna depends upon the properties of 

substrate material, so here in Table 1 various properties of some commonly used substrate 

material are listed. 
 

Table 1 Properties of some commonly used substrate materials [10-14] 
 

Properties Teflon Rogers RT/ 

Duroid 5880 

SiAs FR4 Si3N

4 

GaAs Polyimid

e 

Dielectric constant (εr) 2.1 2.2 11.9 4.4 6.3 12.94 3.5 

Tangent loss (tan δ) 
0.001 0.0009 - 0.25 0.0014  - 

Thermal Conductivity 

(w/cm.k) 

0.0026 0.0020 0.0014 - 0.42 0.46 0.0026 

Coefficient of 

thermal expansion 

(ppm/k) 

16.0-108.0 0.55 6.30-

6.40 

- 6.00 5.70 16.0-

108.0 

Solderability Good Very Good Good  good Good Good Good 

Cost Low High Low Low High 
High 

     High 

 

When a microstrip antenna's substrate material and dimensions are modified a change in system 

performance. Therefore, it is important to know the effect of changing dielectric substrate 

material in order to introduce appropriate accuracy in the antenna design. A series of simulation 
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and measurements on various substrate materials for rectangular patch antenna (Rogers / RT 

Duroid 5880, FR4, polyimide, silicon nitride, gallium arsenide, silicon arsenide, TFEE, etc.) is 

studied and analyzed on millimeter wave and submillimeter wave. CST Microwave Studio 

performs architecture, simulation, and measurements. 

 

3. DESIGNING OF PATCH ANTENNA AT MILLIMETER WAVE BY USING 

VARIOUS SUBSTRATE  

In this section, rectangular patch antennas are designed at 30GHz frequency by using substrate 

materials like Rogers RT/Duroid, FR4, polyimide, silicon nitride, teflon. The performance 

parameters like gain, antenna efficiency, reflection coefficient, VSWR and bandwidth of 

different patch substrate antennas are compared. 

The dimension of rectangular patch is computed by using the equations below [15]. Here length 

and width of the rectangular patch are calculated by using equation (1-2) 

L
N

L
eff




 2/
)12(
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                                                                         (2)    

 

Where N is an integer, εeff and εr are the effective and relative dielectric constants, respectively. 

Also, to minimize the surface wave effect in the printed circuit board, the following expression 

can be used to calculate the upper limit of the substrate thickness h. 
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And the effective dielectric constant has been computed by using equation a 
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And here due to fringing effect, the increase in length is given by using the following equation 
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The length (Lf ) and width (Wf ) of 50 ohm transmission feed line is calculated by [16]  
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Here M is an integer and h are the substrate thickness. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Dimension of RMPA at 30GHz using 

Rogers RT/ Duroid 5880 substarte material 

Length of Substrate (Ls) 20.00 mm 

Width of Substrate (Ws) 20.00 mm 

Height of Substrate (h) 0.525 mm 

Length of  Reactangualr Patch (L) 12.00 mm 

Width of  Reactangualr Patch (W) 14.11 mm 

Length of feed line (Lf) 5.20 mm 

Width of feed line ( Wf) 0.54  mm 

Figure 1. Top view of patch antenna at 30GHz using 

Rogers RT/Duroid 5880 

 Figure 2 Bottom View of patch antenna at 30GHz using Rogers 

RT/Duroid 5880 
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The performance parameters of different substrates-based patch antennas are listed in Table 3, where it is 

clear from the table that size of patch for polyimide-based antenna has (11.21×12.0) mm, which is 

compact as compare to the other substrate-based patch antenna. The return loss and VSWR of Rogers 

RT/Duroid substrate-based patch antenna is -30.48 dB and 1.061 respectively, which is minimum at 

30GHz frequency as compare to other substrate patch antenna, it means Rogers based patch antenna has 

low dielectric and substrate losses, which will maximize the efficiency of patch antenna. The gain and 

directivity of the polyimide based patch antenna are 7.53dB and 8.45dB respectively which is high as 

compare to other patch antenna listed in Table 3, means that such substrate based patch antenna can direct 

the radiations to particular direction very effectively as compare to the other substrate based patch 

antenna, on other side FR4 based patch antenna has low Gain and low efficiency. The antenna efficiency 

of Rogers based patch antenna is 95.77%, which is higher than other substrate-based antennas. The 

radiation efficiency of Rogers based patch antenna is 96.32% which is more effective as compare to the 

other designed patch antenna. The larger is the bandwidth more will be the data rates, so it is clear from 

the Table 3 that Teflon based patch antenna has wide bandwidth that is 2.737GHz as compare to the other 

substrate-based patch antennas. So, by observing all the important performance parameters mentioned in 

Table 3, we can conclude that Rogers RT/Duroid 5880 and polyimide substrate-based patch antennas 

have better performance than other substrate-based patch antennas in term of gain, directivity, efficiency, 

but in term of bandwidth Teflon based patch antenna has wide bandwidth. 
 

4 CONCLUSION  

From the above research it has been conclude that the different substrate material had different 

properties at millimeter wave. It is found that the polyimide and Rogers RT/Duroid 

Table 3. Parameters of mm-wave patch antenna at 30GHz by using various substrate materials 

Substrate 

material 

FR4 Polyimide Rogers RT/Duroid 

5880 

Si3N4 Teflon 

Size ( Ls ×Ws) 

of patch antenna 

at 30GHz (mm) 

 

(11.61×15.84) 

 

(11.21 ×12.0) 

 

(14.16 ×12.31) 

 

13.16 ×14.35) 

 

(14.56×11.60) 

Return loss (dB) -12.85 -13.89 -30.48 -11.41 -25.10 

Gain (dB) 4.72 7.53 6.57 6.74 6.030 

Directivity (dB) 7.76 8.45 6.721 7.42 6.27 

VSWR 1.589 1.505 1.061 1.734 1.117 

Antenna 

Efficiency (%) 

51.21 83.88 95.77 87.91 94.88 

Radiation 

Efficiency (%) 

54.97 87.42 96.32 96.33 95.98 

Bandwidth 

(GHz) 

2.313 0.841 2.322 1.495 2.737 
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5880substrate material has high antenna efficiency, gain and directivity as compare to other 

substrate material used in this paper. The FR4 material has high losses and low gain at millimeter 

wave which cannot be ignored for highly efficient antenna design. 
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Abstract:  
 

Diabetes mellitus is the 6
th
 largest cause of death due to any chronic disease across globe. A person with 

diabetes can live a normal and long life if the disease is detected well in time and is well managed. But to 

be timely known about the disease, one must need proper diagnosis and for this identification he/she has 

to move to the doctors and specialists for appropriate medical facilitations and consultations. This 

problem could easily be solved by prediction using Machine Learning algorithms. Machine learning is a 

great asset in prognostic analysis of probability of diabetes in the patient based upon certain attributes. 

In this paper, five machine learning algorithms namely: SMO, Naïve Bayes, Bagging, Random Tree and 

J48 are applied on a dataset procured from Pima-Indian-diabetes database which has been sourced from 

Uci-repository and the best out of these are evaluated. All the simulations and evaluations has been 

carried out using Weka tool and the parameters for evaluation includes: Mean absolute error, RMS error 

and correctly classified instances and incorrectly classified instances. 

 

 Index Terms: Diabetes mellitus, Machine learning, Naïve Bayes, Weka tool. 

 

1. INTRODUCTION 
 

Diabetes is a metabolic disorder that causes high levels of sugar in human blood. This is mainly 

due to the ineffective use of insulin by the body's metabolism or the lower insulin production by 

the pancreas, which is not enough for the human body. 

Glucose is nothing more than the amount of sugar that is present in human blood. In addition, 

insulin is a type of hormone that is produced by beta cells in the pancreas and maintains adequate 

glucose levels [5].Insulin allows use of glucose by body from carbohydrates present in food for 

providing energy to body or to store glucose for future use. Insulin is the only hormone which 

prevents body to suffer from hyperglycemia or hypoglycemia. 

Some facts and records of diabetes: 

Institute of Health Metrics and Evaluation reported that diabetes is the biggest cause of death in 

2016 up from in 2005 and India is known as world capital for diabetes 

International Diabetes Federation emerged the diabetes as “Lifestyle epidemic” influenced 415 

million people worldwide in 2015. 
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Company Novo Nordisk reported that 60 % urban Indian women are at risk of diabetes 

Diabetes mellitus can be broadly classified under following four categories: 

1. Type1 Diabetes  

2. Type 2 Diabetes 

3. Prediabetes 

4. Gestational diabetes. 
 

Machine learning: Machine learning is an application or subset of artificial intelligence that 

enables the machine to learn independently without human intervention or precompiled 

programming. In machine learning the machine are expertise to recognize and learn from various 

patterns, statistics, direct experience and instructions [6]. It enables machines to react according 

to its surroundings, just like a human does. 

Machine learning algorithm applies a mathematical description of the system called the 

mathematical model which is applied on some data called the training data. This is done so as to 

make prediction or decision without pre-programming to execute any task. Machine learning 

algorithms sometimes are also referred to as the method of predictive analysis [7]. Machine 

learning algorithms analyses the past data to make decisions about the future values in an 

accurate manner. 

The various examples of available machine learning algorithms include: Support Vector 

Machine (SVM), decision tree, Naïve Bayes, bagging, Random Forest, Random tree, Adaboost, 

J48 and Multilayer perceptron etc[2]. 

 

2. LITERATURE REVIEW 
 

Aisha, Solanki et al. [1] conducted research to identify a prototype capable of predicting the 

probability of diabetes in patients as accurately as possible. How to identify prediabetes using 

two sorting algorithms (decision making and naive Bayes). 

Choudhury and Gupta. [2] This research mainly aims to see the detection of diabetes through 

machine learning techniques. In addition, Indian PIMA data for people with diabetes is used in 

machine learning techniques such as artificial neural networks, decision trees, random forests, 

naive berries, closest neighbors. k, support vector machines and logistic regressions, and the 

results are discussed in their pros and cons. 

Abawajy et al. [3] this research project explores the mining method of predicting diabetic 

forecasts from medical history. 

Kanchan B et al. [4] A PCA study was conducted to determine the minimum number of features 

required to improve the accuracy of different machine learning tracking algorithms. 

Devi et al. [5] this study examines the early prognosis of diabetes using a variety of data mining 

techniques. The data set extracted 768 instances from an Indian PIMA dataset to determine the 

accuracy of the exploration data methods used in the predictions. 
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Anand et al. [6] discusses the relationship between the risks of diabetes, which is likely to 

develop from a person's daily activities, such as: indicators such as BMI (body mass index), 

waist circumference, etc. 

Plis, Bunescu et al. [7] the author describes a solution that uses the general model of 

physiological blood sugar dynamics to create information properties for a support carrier 

regression model formed in specific patient data. 

Tomar and Agarwalz. [8] This article proposes an efficient disease diagnosis model for breast 

cancer, hepatitis and diabetes based on the selection of hybrid characteristics (HFS). 

 

3. METHODOLOGY 
 

Methodology basically describes the stepwise analysis of the procedure followed in the 

preparation of current study that is the prediction of diabetes mellitus using machine learning 

algorithm and evaluation of the best efficient algorithm out of various algorithms. The finding of 

the best algorithm is very necessary as there a huge number of the predictive algorithms 

available in machine learning. The best has to be figured out to be used in order to have the 

accuracy of prediction as maximum as possible. This paper reveals the basic knowledge about 

various types of diabetes and the efficient algorithms for the prediction of diabetes based upon 

certain attributes. For this purpose, various classification algorithms are trained with the patients’ 

dataset. The dataset has been procured from the Pima-Indian-Diabetes-Dataset sourced from 

UCI-repository.   

 
 

Fig.1 Methodology to be followed 
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WEKA (Learning Science for Waikato Knowledge) is a collection of different data from 

machine learning and data mining algorithms that can be applied directly to the data or retrieved 

from JAVA code. In this paper the same machine learning tool has been applied for training and 

classification of dataset. Also the evaluation was carried on the basis of output parameters given 

by the WEKA tool viz. MAE, RMSE, CCI, and ICI. And on the basis of these criteria some of 

the algorithms have also been compared the best of them that is in the terms of efficiency and 

accuracy is evaluated. The methodology followed for current study is as described by the 

flowchart depicted as  

 

4. ALGORITHMS DESCRIPTION 

A. Bagging 

It is bootstrap aggregating. It is an ensemble based metadata algorithm. As being based on 

ensemble learning technique it combines various algorithms and makes the prediction after 

considering all the results from individual algorithm’s outputs 

 

 
Fig.1 Application of bagging on WEKA tool. 

B. J48 

In essence, C4.5 decision tree is referred to as J48 classifier in WEKA tool using JAVA. It is 

based on the divide and conquers policy. In this a kind of Binary tree (in case of continuous 

attributes) or n-ary tree (in case of discrete attributes) is created. 
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Fig. 2 Application of J48 on WEKA tool. 

C. Naïve Bayes 

It is categorized under the supervisor machine learning algorithm. Naïve Bayes algorithm 

predicts the probability of an object (or event) with certain feature that comes under the specific 

group or class. It initially divides the training dataset into some frequency table, also called 

subclass; then applies Bayes’ probabilistic approach to find probabilities of each subclass. The 

class with the highest probability is the prediction’s result 

 
Fig.3 Application of Naïve Bayes on WEKA tool 

 

D. Random tree 

A random tree is a controlled classifier and a general learning algorithm. It is able to handle both 

classification and regression problem. It produces many learners to finally result in a strong 

learner. It is the foundation for building of Random Forest. 

 
Fig.4 Application of Random tree on WEKA tool 

 

E. SMO 

SMO is a method for training the support vector machines. It is used to solve the problem of 

quadratic programming raised during the training of SVM. It is classified as the optimization 

algorithm for training (deep learning) of SVM; which makes the use of N-dimension hyperplane 

to classify various events and instances into N subclasses 
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Fig.5 Application of SVM on WEKA tool 

 

5. PERFORMANCE EVALUATION AND COMPARISON 

TABLE I 

VARIOUS PERFORMANCE PARAMETERS 

Classifier MAE RMSE CCI ICI 

Naïve 

Bayes 

0.3456 0.4663 67.84% 32.16% 

SMO 0.362 0.6016 63.80% 36.20% 

Bagging 0.4478 0.5202 59.51% 40.49% 

J48 0.5202 0.4766 65.10% 34.90% 

Random 

tree 

0.4278 0.5551 61.43% 38.57% 

 

The mean absolute error is an average of the absolute errors lei| = |yi-xi|, where yi is the expected 

result and xi is the real or true value. The square error of the mean root is the square root of the 

average of the square differences of the root mean between forecast and actual observation, 

which are nothing but errors. In the WEKA tool,% of correctly classified instances indicate the 

accuracy of the model. 

 

6. CONCLUSION 
 

Five well-known machine learning algorithms are presented in this document, namely - The 

SMO classifiers Naïve Bayes, Bagging, Random Tree and J48 were applied to the data set that 

was acquired from the Pima Indian Diabetes data set from the Uci repository. These algorithms 

are evaluated based on various parameters as described in the table: 1. Naive Bayes has been 

found to perform better than any of the other four algorithms to apply five times all of the 

algorithms in the same data set. 
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Abstract 

In this paper, a vibrant bandwidth distribution method named as Minimum Execution Time (MET) is 

proposed to assign bandwidth in a resourceful manner. Also, Weighted Round Robin (WRR) is used 

to compute the path for communication between different users. These are combined for dropping 

probability of call blocking to enhance eminence of service in Generalized Multi Protocol Label 

Switched (GMPLS) system. The WRR technique is used for load balancing scheduling which helps in 

calculating the minimum energy consuming path between different nodes. The planned procedure 

includes estimation of smallest amount of time necessary to complete the demand and bandwidth is 

assigned to a new client accordingly. As a result, bandwidth gets assigned in a proper means using 

this method. The variation of blocking probability is premeditated on basis of number of demanding 

users and number of wavelengths accessible at an instant when the client asks for demand in GMPLS 

optical arrangement. The consequences discovered reduction in blocking probability with escalating 

accessible wavelengths.  

Keywords—Blocking Probability; Minimum Execution Time, Weighted Round Robin; Generalized 

Multi Protocol Switching 

I.  INTRODUCTION AND MOTIVATION 

Now a days, the main confront is to attain the quickly rising bandwidth requirements and 

diverse Quality of Service (QoS) necessities [1]. Such requirements get sustained by the side 

of data protection and optical fibers are capable of achieving these targets for 

telecommunication purpose [2]. The gesture and controlling costs for GMPLS systems is less 

than packet switched networks, thus, is adopted by optical networks [3].  

In present world, researchers are working on jamming probability within GMPLS optical 

systems. Bouzid et al. considered a fusion of methods from QoS and MPLS-TE known as 

DiffServ-aware Traffic Engineering (DS-TE) [4]. The investigators evaluated structural 

blocks of QoS-DS, MPLS-TE and DS-TE in comparison to each other and analyzed the 

fundamental divergence and relationship between them for improved assimilation. The 

comparison demonstrated that DS-TE worked as MPLS-TE with an understanding to QoS-

DS and assisted in enhancing the eminence of traffic communication in terms of waiting 

period. Hemamalini et al. showed the performance of Balanced Minimum Execution Time 

task scheduling algorithm with other algorithms such as Min-Min, Load Balanced Min-Min 

(LBMM), Minimum Execution Time based on execution time, makespan, completion time 

and load balancing [5]. Sabiya et al. proposed a packet-scheduling regulation for downlink 

interchange in 802.16 networks to enhance performance [6]. The weight of every queue in 

different classes was dynamically determined on the basis of present traffic parameters using 

the fixed WRR weight at the commencement of every base station round. Simulations 
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evaluated presentation of load-aware weighted round robin (LAWRR) algorithm and 

explained average delay and packet failure reduced and average throughput improved in 

comparison to WRR. Wason et al. proposed an algebraic system to shrink the overcrowding 

probability for wavelength-convertible systems in wavelength division multiplexed optical 

network [7]. The outcomes illustrated that overcrowding probability gets decreased to a little 

value by means of projected system. 

By now, efforts are being made in the vicinity of jamming probability for MPLS systems 

and WDM optical set-ups. The effort in our work is made on jamming probability estimation 

within GMPLS systems. The proposed model is coupled with GMPLS optical networks to 

allocate bandwidth dynamically and compute the path which has not been done in literature. 

The donation in the existing knowledge is in the method that the number of users handled in 

the network increases by use of the intended minimum execution technique and weighted 

round robin algorithm. 

 The paper includes four parts. The basics of GMPLS systems and encouragement at the 

back of planned work are discussed in first part. The proposed work is explained in the 

second part. Then the third part includes the results and lastly we concluded our work in last 

part.  

1.1 Generalized Multi-Protocol Label Switching 

Evident control of MPLS systems aimed at engineering to recognize its extensions in its 

universal structure called GMPLS which supports improvement in terms of network 

switching for fiber, wavelength and time switching in conjunction with packet switching over 

MPLS [8]. The strategy acclimatizing GMPLS reduces the expenses [9]. The most important 

difficulty in optical arrangements is Routing and Wavelength Assignment (RWA). Most of 

the revisions have been conceded that considered RWA problem [10, 11]. The GMPLS 

structure suggest an approach to execute IP with various way allotments depending on the 

precincts occurring because of left over dispersion built on the light wave path [12]. GMPLS 

helps in resourcefully completing the choice of optical associations [13, 14]. The label 

comprises of oblique standards suggested by the transmission medium utilized as pointed out 

in fig. 1.1. 

 

Fig. 1.1 GMPLS packet format 

II. PROPOSED ALGORITHM 

A dynamic bandwidth allocation technique called Minimum Execution Time is proposed for 

handing over the bandwidth in well-organized style for appropriate employment of accessible 

assets. Weighted Round Robin is being used to find the path between different nodes for 

dropping overcrowding probability within GMPLS light path system and thus, enhancing 

quality of service.  
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In proposed algorithm, location of clients and servers is distinct in the particular 

arrangement region. The users are dynamic in nature nit static. The wavelengths and link 

rates are particularly defined taking the routing table and stability of link in consideration. 

After that, the coverage area between the fellow users is considered along with maintaining 

the routing table. The detachment of all clients and server is examined. If this detachment is 

less than or equal to nil then the routing table is revised. But if detachment is more than nil 

then the servers are investigated for minimum instance utilization to finish the assignment. At 

this instant, when the requirements from various users take place, the moment to finish the 

assignment by every server is predicted and particular server performing the assignment in 

smallest expected implementation time is given to relevant users. This is the reason for 

naming the algorithm as Minimum Implementation Time algorithm. When the distribution of 

servers to different clients gets completed, the accessible wavelengths are handed over to the 

challenging users. The data rates are estimated to sustain the stability of links and are made 

available to the users. After the distribution of bandwidth, WRR is employed to figure out the 

path between diverse users. The performance is calculated in terms of overcrowding 

probability within GMPLS systems. 

III. PROPOSED NETWORK 

In this part, a plot enclosing entire GMPLS system with diverse clients positioned at their 

locations is represented. It illustrates the locality of servers sited in the system. The graphs 

represent the scenarios of GMPLS system with the users generating requests to other users 

and the establishment of connections between these users using MET.  

The Fig. 3.1 is plotted for the GMPLS optical network including clients and servers at their 

particular locations. Also, it depicts the requests arising from one user to the neighboring 

users in the network. The red stars in the network area represent the position of the users 

generating requests. The blue squares on the right side represent the position of servers 

performing the function of allocating wavelength and link rates to the challenging clients 

maintaining the routing table and network stability.   

 
Fig. 3.1 Situation of GMPLS optical network representing the requests generated  
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The Fig. 3.2 corresponds to the development of GMPLS system enclosing clients and servers 

on their particular locations. It reveals the handing over of server with smallest amount of 

implementation moment to the challenging clients in GMPLS system. The red lines represent 

correlation between clients and server. The specific plot shown here, last server is predicted 

to finish given assignment at first and is chosen for establishing connection between given 

users. 

 
Fig. 3.2 Development of GMPLS system representing connection establishment 

IV. RESULTS AND DISCUSSIONS 

 In this part, the consequences are designed for blocking probability on the basis of 

number of wavelengths accessible when the demand from user occurs. Various plots are 

presented for different parameters like traffic load and available wavelengths. 

 
Fig 4.1 Blocking Probability versus number of available wavelengths 

Fig. 4.1 illustrates the correlation between overcrowding probability in GMPLS system and 

amount of wavelengths accessible when demand arrives. The graph represents that the 
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planned approach is capable to attain small blocking probability with escalating number of 

wavelengths. The projected method employs the theory of least completing time and thus the 

wavelengths get accessible recurrently. Therefore, the number of accessible wavelengths 

rises. The call drops reduces due to which the blocking probability diminishes to small 

values. As a result, the quality of service for the entire GMPLS network enhances. 

 

 

Fig 4.2 Blocking probability with respect to load 

The variation of blocking probability after hybrid optimization with respect to the growing 

number of users within GMPLS system is plotted in Fig. 4.2. When the traffic consignment 

amplifies, bandwidth gets engaged, consequently, the client requirements get jammed and by 

utilizing projected method, extra users can be involved with no jamming as the channels get 

accessible frequently due to the employment of minimum execution time theory. The plot 

reveals the rise in blocking probability with the enlarged traffic load but it is restricted one 

and its value remains very low which is tolerable to achieve high link stabilities using the 

anticipated method.  

V. CONCLUSION  

 A novel algorithm is proposed for optimizing the bandwidth distribution and path 

computation in a well-organized way for appropriate consumption of existing assets and 

moreover for dropping overcrowding probability within GMPLS systems. As a result, the 

quality of service enhances. The WRR procedure is utilized for load balancing arrangement 

that facilitates in estimating the least energy consuming path. The anticipated method 

manages the consignment inequalities on target users to broadcast requirements in the 

GMPLS systems. Hence, the accessibility of bandwidth rises as assignment gets finished in 

least amount of time. This further shrinks the tempo of call crash and additional calls gets 

hold in the network and thus the blocking probability in the network diminishes. 
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Abstract 

In this article, a basic fixed reception apparatus with a position of safety, single feed, lightweight, little 

size, and the most huge with low SAR has been intended for the C band application. SAR (explicit 

ingestion proportion) is a length that estimates how sent energy is consumed by human tissue or it is 

characterized as that the force assimilated per mass of tissue and has a unit of watts for each kilogram 

(W/kg). A fixed reception apparatus is a kind of radio receiving wire with a position of safety that can be 

mounted on a level surface. This pre-owned ease Rogers 6202PR (misfortune) substrate with dielectric 

consistent (∈_r=2.94) and misfortune digression is 0.02. The element of the radio wire proposed 

30*30mm and the fix has a 25*25mm measurement. This fix receiving wire resounds on 2.408 GHZ 

working frequencies with a recurrence range from 2-3 GHz with return misfortune - 19.9819 separately. 

The SAR of this radio wire is 0.547 W/kg at 2.408 GHz. This S-band application is reenacted with CST 

2016. This S-band application is for WiFi. 
 

Keywords: Patch antenna, SAR (specific absorption ratio), Return loss, Directivity, Gain, Efficiency, 

E field and H-field, Far-field 

 

1.INTRODUCTION 

These days‟ mobile phones become an essential part of our life and the antenna is the most important part 

of a cell phone that transmits and receives radio waves through the air. A few years ago the monopole 

antenna is very widely used. Which is large and operates on a single frequency, but the current patch 

antenna is used for many applications. This is small in size, low profile, low cost, lightweight, high gain, 

high directivity, and low SAR (specific absorption ratio). Mobile phones use an external antenna on the 

top of the cell body, but at the present internal antenna is used. This uses up a low area in mobile 

telephone sets with the better performance [1]. The external antennas are easily broken so that patch 

antenna is extensively being used [2]. The antenna uses the Radio Frequency (RF) which used for 

transmitting and receive the signal, it is a very significant factor for communication, but electromagnetic 

waves (EM) or radio waves that disturb human body tissues and prime to solemn health threat as 

recounted by the world health organization (WHO) [3]. When the human body tissues receive EM 

radiation waves more than the SAR standard that is 1.6 w/kg over 1 g for head and 4 w/kg over 10 g for 
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hand ankles, feet, wrist. The human body can prime to dangerous diseases such as brain tumors, cancer, 

sister chromatic exchange (SCE) [4].  

Antenna design: 

The patch antenna designed using CST software microwave studio used Rogers 6202 (lossy) as a 

substrate having 2.94 dielectric constant and height is 1.52mm.The dimensions of the patch antenna as a 

substrate of 50mm*60mm (length*width) and the patch has dimensions of 35.50mm*44mm 

(length*width). Then the patch is used for this antenna which is flat on the surface of the substrate and 

used low-cost material Rogers6202  lossy. Standard 0.547 w/kg is very low for this antenna. Brain, Fat, 

Scalp, and Skin are used which are human body materials and used for the design of this antenna. The 

SAR of this is very low as compare to the other research papers, but at a different frequency.The 

dimensions of the antenna can be calculated by the following equations:  
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Table no.1 Parameter and dimension of a patch antenna 

 

Fig 1: Proposed  Patch antenna  

 

 

 

Parameters Dimensions 

   Substrate  (length*width)                   50mm*60mm 

Ground  (length*width)               50mm*60mm 

Patch     (length*width)                   35.50mm*22mm 

Feed line(length*width)                   25mm*1mm 

  Height of  substrate                  1.52mm 
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2.RESULTS AND DISCUSSIONS  

The s-parameter, VSWR, directivity, gain, far-field result, H-field, E-field, total efficiency, 

surface current, current density, power loss, power flow, and SAR were calculated for this simple 

microstrip patch with low SAR as given below.  
 

Return loss:The antenna works on 2.408 GHz resonating frequency and the return loss at this 

frequency is -19.981dB  as shown in figure 2. 

 

 

Fig 2:  Return loss at resonating frequency 

The S parameter represents in three plots of impedance plot, admittance plot, and polar plot are 

given below. The antenna reflects the power with -19.981dB as shown in the above plot. 

 

Fig#: Polar Plot                                         Fig4: Admittance View                            Fig5: Impedance View 

Directivity and Gain: Directiviy is a fundamental antenna parameter. The proposed antenna 

radiates the waves with 5.599 dB directional directivity at 2.408 operating frequencies as shown 

in fig.6. The gain was obtained from simulating the model in CST studio. The maximum gain of 

the proposed antenna was observed as 4.29 dBi as displayed in fig 7. The simulated results were 

in good accordance with the measured results. 
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Fig 6: Directivity                                                                Fig 7: Gain 

VSWR: The voltage wave standing ratio in operating frequency 2.408 GHz gives a minimum 

VSWR is 1.2227dB. The simulated results were in good accordance with the measured results, 

as revealed in fig  8. 

 

Fig 8: VSWR 

Efficiencies: The total efficiency and radiated efficiency respectively, are -1.787 dB and -1.254 

dB as presented in fig 9 and 10. 

 

Fig 9: Radiation efficiency                                        Fig 10: Total efficiency 

Radiation patterns: As illustrated in these figures, the radiation patterns were omnidirectional in the E-

plane and a monopoly-like pattern in the H-plane at the frequencies of interest, which makes it a 

competitive choice for many applications. The far-field, electric field and magnetic field are respectively -

7.41, 18.52 and -33 dB A/m.  
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Fig 11: Radiation pattern of patch antenna 

        

Fig 12 Magnetic field  of antenna                     Fig 13: Electric field of antenna 

Table no.3 Parameters of Brain, Bone,fat,skin with thickness. 

Tissues Thermalconductivity(W/k/m) Heat capacity (kj/K/kg) Thickness 

Brain 1.13 3.675 6 

Fat 0.201 2.5 4 

Bone 0.41 1.3 8 

Skin 0.293 3.5 3 

Table no.2   parameters with result values 

               Parameters          Result values  

  Gain 4.27669 

VSWR   1.2227 

Return loss          -19.981 

Total efficiency -2.157 

Radiation efficiency       -1.287 

H-field (A/m)            58.4 

E-field (v/m)       16.51e+03 

SAR (W/kg)        0.547 
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3.CONCLUSION 

The patch antenna has been designed with better performance due to height for the substrate 1.52 

mm. The return loss, VSWR, Gain, Directivity,Total efficiency, Radiated efficiency, 

SAR(specific absorption ratio), Electric field, Magnetic field, and other parameters were 

calculated. 
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Abstract 
 

Optical Burst Switching (OBS) is the WDM based network with lot of advantages and challenges. 

Burst assembly is key issue to implement OBS network. The burst assembly is the responsibility of 

ingress node.Ingress node receives packets from different sources and combines in the form of burst 

called burst assembly. Ingress node also manages the offset time which is followed by concerned 

burst. The core node is responsible for scheduling, signalling and contention resolution. In this paper a 

dynamic burst size adjuster approach is proposed in queuing model at ingress node. The performance 

of proposed approach is evaluated on 21 nodes simulation network topology. The performance of 

proposed approach is superior under the self-similar and prioritizes traffic in term of queuing delay, 

dynamic burst size and burst assembling time. The results are evaluated with comparing to the basic 

time-based and length-based approaches. Additionally priority of incoming packets is dealt separately 

in queue model. So, the proposed approach is suitable for varying traffic rate with different priority.  

 
1.INTRODUCTION 
 

In OBS networks, distinctive types of information from the entrance sources are assembled at 

an entrance node is called ingress node into single information burst, which is forwarded to 

core optical network. The packets with a common destination egress nodes and demanding 

the same precedence of administrations are accumulated into a burst at the edge ingress nodes 

[1]. To avoid buffering and processing of information burst at each intermediate node called 

core node, a control packet also called burst header packet (BHP), with the length of coming 

burst and arrival time of the information burst is sent ahead of the burst. The BHPs are 

forwarded on committed control wavelengths, while the information bursts follow the 

associated BHP’s on isolated wavelengths as shown in Figure 1. The lag of time between 

BHP and the concerned information bursts is called offset-time which is set adequate to 

enable the processing of BHP at the core node [2, 3]. 

 

 
 

Figure 1: Network layout of OBS network [3] 
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An ingress edge node receives the internet protocol (IP) based traffic from the different 

access networks into data bursts and is also responsible for generation of BHP which setup 

the path to the egress edge node as shown in Figure.1.2 [4]. The primary elements of ingress 

edge nodes are: burst aggregation, routing, wavelength assignment, signalling, generation of 

BHP and determination of the offset time. The core node receives and processes the BHP to 

provide the required services to concerned burst. Basically, the core node is designed for 

switching the data burst from one input port to the output port without processing it. The core 

node also performs the contention resolving task. The egress edge node dismantles the burst 

into IP packets back and transmits them to the IP access network. The entire functionality of 

core node and edge nodes is shown in Figure 2. 

 

 

a)  

 

 

 

 

 

 

 

 

 

 

 

 

 

figure 1.2: OBS functional diagram [3] 

 

2.BURST ASSEMBLING STRATEGIES 
 

The burst assembly is the initial step of OBS network in which various types of packets from 

different sources are aggregated at the ingress node to generate a burst.  The waiting time in 

queue and length of generated burst are two basic parameters in burst assembly. The burst is 

generated on the basis of the same destination address or similar types of services 

requirements of incoming packet. The burst assembly impacts the traffic parameters as a part 

of the network for example- burstiness of traffic and traffic self-similitude. The overall delay 

can be reduced by reducing the packet burstification delay. Due to increases the burst size, 

burstification delay also would increase. It is therefore imperative that one strikes a balance 

between these two objectives when designing and implementing a burst assembly algorithm. 

[4]. 
 

2.1 Burst Length or Threshold based Algorithm  

Fixed burst size is utilized as an only parameter in this algorithm that is Ln to choose length 

of bursts produced at ingress node. Once the estimation of Ln has been finished, a burst is 
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aggregated and forwarded to the respective output port. The primary disadvantage of this 

approach is that delaying upon stream of incoming packets at ingress node, it might take long 

for Ln to become and bring about undesirable postponements of burst completions [5]. With 

a little estimation of Ln, when traffic is too high, an excessive number of bursts will be 

created bringing about high control overhead forced at the core nodes.  

 

2.2 Time-based Algorithm  

Time-based burs assembly approach uses time-period (T) as a basic parameter for data burst 

creation. All the data packets arrived during this time-period has been assembled into the data 

burst. The multiple queues are set with respective time-period according to the quality of 

service required by different data packets. The initial base value of all the time-periods is zero 

for all queues. All the data packets are assembled into burst and forwarded as per the size of 

time-period (Tlim). The effective size selection of Tlimis very critical task in this approach as a 

large size may increase queuing delay at ingress node and small size may prompt the 

overburden to network because of the high number of small burst generation.[6] 

 

2.3 Time/Length Hybrid Algorithm  

A hybrid approach counters the limitations of burst length and time based approaches [7, 8]. 

According to this approach a burst is aggregated when either length length or time has been 

completed prior. The burst size is padded to the size of Lmin, whenevertimeis completed first 

and burst size is not equal to or more than the desired Lmin. But, the performance of hybrid 

approach has been degraded during the low traffic period which results delay.  

 

2.4 Burst Assembly Algorithms with Traffic Prediction  

Several variations of the above mentioned algorithms were presented in literature but the 

algorithms which use traffic prediction are more attractive [9, 10]. The traffic prediction is a 

more impressive parameter choice than time and length. The burstification delay can be 

reduced by accurately adjust this parameters. Basically prediction rate is used to adjust Lmin 

and T. These approaches predict incoming traffic before burst assembly [11, 12]. These 

algorithms were proposed for those networks, which generate traffic at unpredicted rate. The 

main motive of theses approaches to maintain the synchronization between the incoming 

packets and burst assembling. The burst length threshold can be adjusted between the upper 

length and lower length threshold values according to the fixed maximum time limit. The rate 

of incoming packets is used to decide the values of upper length and lower length threshold. 

Every burst length is calculated at the end of prediction-time according to the last burst length 

value and current incoming packet rate. The burst assembling scheme of these approaches are 

more efficient as compared to other approaches which smoothens the incoming traffic and 

reduced burst delay and also reduces the data loss to some extent. But, to calculate the 

accurate threshold range is very difficult task in this approach [13]  

Table 1shows the parameter based analysis of all discussed approaches. The time and size are 

common parameter which used with almost all the approaches. The rate of incoming traffic 

reflects the queuing delay and control overhead. If time is fixed then queuing delay will be 

moderateand because of the varying size of burst, control overhead will be increased. If the 

size is fixed then queuing delay will be increased at very high and control overhead will be 
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low. The approaches which use the traffic prediction are giving the better results but, it’s very 

difficult to select the appropriate threshold in traffic prediction approach. Not a single 

approach is considering the priority of packet as a parameter. So, the packets with high 

priority may be dropped due to queuing delay or congestion in the network.  

 

Table 1 Parameter based analysis of various burst assembly approaches 

Burst Assembly 

Approach 

Considered Parameters Queuing 

Delay 

Control 

Overhead 

Burst 

Size 

Time Size Traffic 

Predictio

n 

Variabl

e/Fixed 

Time Based 

Algorithms 

Yes No No Moderate High Variable 

Burst Length 

Based Algorithms  

No Yes No Very High Low Fixed 

Time/Length 

Based 

Algorithms 

Yes Yes No Moderate Moderate Variable 

Burst Assembly 

Algorithms with 

Traffic Prediction 

Yes Yes Yes Low Low Variable 

 

3. PROPOSED APPROACH 

The proposed algorithm basically decides the size of burst and burst assembling queue 

dynamically for specific category of traffic. In this approach different category queues are 

implemented according to the priority of incoming traffic. The priority of packet is analysed 

by Priority Evaluator in terms of Quality of Service (QoS) requirements of packet. Figure 3 

shows the structure of queues for n category of traffic. According to the category of traffic, n 

numbers of queues (cat 1 to cat n) are implemented in order of ascending priority level. The 

Priority evaluator receives the packets and forward to the respective category of queue for 

burst creation. 

 
Figure 3. Queue structure for n categories of queues 

Transition Count Number (TCN) is the discrete number of steps between the Low Burst Size 

(BSlow) andHigh Burst Size (BShigh) which decide the size of burst and queue dynamically. 
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The size of transition count number is not same for entire queue. It varies according to the 

priority category of queue. Every TCN has a specific limit between the Lower Bond (Lbond) 

and Upper Bond (Ubond)  which uses to decide the queue size as shown in Figure 4. 

 

Figure 4. Discrete steps of transition count numbers 

Queue size can be decrease as well as increased between smallest Burst Size (BSlow) and 

largest Burst Size (BShigh). If TCN count exceeds the upper bond then the burst size will be 

increased to next step of TCN. If TCN count drops down blew to the lower bond then size of 

queue will be decreased by one step [14, 15]. 

Figure 5shows a queue model of category m queue and dynamic characteristics of TCN at 

ingress node in OBS network. T low and T upper are the transition points to increase or 

decrease the TCN count as well as Burst Size (BS). The TCN changes according to the 

specific value of T low and Tupper. If  there is no need to change the size of queue and burst 

then TCN count remains same. 

According to proposed algorithm, there is n number of queue model for n number of queues 

in terms of priority levels in burst assembling module of OBS. Number of steps will be 

increased with decreasing the priority. 

 

Figure 5. (a) Queue model for m category of queue. (b) Dynamic transition count 

number approach 

Figure 6 shows the flow diagram of proposed approach, which decides the size of burst 

dynamically and continuously. The size of TCN and numbers of steps between BSlow and 

BShigh are predefined to avoid the control overhead on network. 
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Steps to adjust the size of burst as: 

a) Priority Evaluator receives packet and determines the priority and send to respective the 

queue in queue pool. 

b) Set the maximum threshold (Tmax) value. Tmax is the maximum time limit in which 

burst to be created. 

c) When a received packet reaches at the specific queue a timer starts. If the value of timer 

is less than or equal to the Tmax value then Qsize will be checked. But, If the Qsize is 

less than Tupper and greater than Tlow then a new burst will be created otherwise the 

size of burst will be changed.   

d) The value of TCN depends on Tlow and Tupper. TCN will be increased by one if it’s 

value is greater than Tupper otherwise TCN will be decreased by one. 

e) TCN is decreased if it’s value is less than Lbond and the size of queue and burst will be 

decreased accordingly. The value of Lbond and Ubond will also be decreased to smaller 

TCN (e.g n-1) otherwise queue and burst size remains unchanged. If the value of TCN 

is greater than Ubond then size of queue and burst be increased by one as well as the 

Lbond and Ubond will be increased to greater TCN (e.g n+1) otherwise the queue and 

burst size remain same as Figure 4. The steps (c) to (e) repeat again to adjust the size 

according to rate of incoming traffic. 

f) Reset the timer and go to step (c)  

 

Figure 6. Flow Chart of Burst Size Adjuster approach 



National Conference on Biomedical Engineering-NCBE-2020 
 

188 | P a g e  

ISBN: 978-81-948668-9-3 
 

 

The proposed algorithm limits the size variation of burst which result to reduce the control 

overhead and queuing delay in OBS network.  Additionally, Prioritize traffic is treated under 

special consideration.  

 

4. SIMULATION RESULTS AND DISCUSSION: 

NS2 software is used to evaluate the results of proposed approach. Figure 7 depicts a 21 node 

topology for simulation where a WDM link is connecting node-0 and node-1. WDM link is 

having p number of wavelengths with transmitting rate 50GB/s. Node-14 to node-20 are 

generating self-similar traffic as node-14 and node-17 are injecting prioritize traffic and else 

nodes are injecting low priority traffic. 

 

Figure 7. OBS topology 

Following assumptions are made in simulation: 

 Average packet length is 1000 Byte. 

 Smallest burst size is 60KB and largest burst size is 900KB assumed. 

 Lbond is the minimum data burst length and Ubond is 300KB (it’s variable also). 

 Input traffic is uniformly distributed for connected nodes. 

 40% to 60% traffic is prioritized which is randomly distributed.  

 Each WDM link has 4 wavelengths. 

 FIFO is implemented for each queue. 

 The maximum burst creation time is 150ms. 

 Proposed algorithm is evaluated by comparing with basic three assembling approaches.First, 

the length based approach with 80 Mb of threshold value. Second, the time based approach 

with 30ms timer threshold value and the last, traffic prediction approach. During the variable 

offered-load circumstances, the proposed approach is performing well in terms of queuing 

delay and dynamic burst size decision for prioritized traffic. The performance of proposed 

approach improves with increasing the load at ingress node. 

Figure 8 shows the average delay time of high priority packets in queue with respect to 

increasing load for all cases. At starting, queue size is not dynamically changed but after 

some time the performance of proposed approach is increased with the load. During the 

heavy load conditions, the proposed approach imposes delay is about 45% less than that of 

length based assembly approach, about 30% less than that of timer based assembly 

approachand about 10% less than that of traffic prediction based approaches for high priority 

traffic. So, It has been observed that the proposed approach perform well under varying load 

scenario for prioritized traffic. 
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Figure 8. Queuing delay with respect to load(prioritize traffic) 

Figure 9 shows the average burst length at ingress node. Small burst size puts the high 

overhead, so large burst size is better for network.  It has been observed that with increasing 

load the time-based approach decreases the burst size which increases the control overhead 

on network. When the load decreases, the burst size is increasing in time-based approach. 

Other side, according to length-based approach the high number of bursts are created with 

increasing load which overloads the network. The proposed algorithm basically decides the 

size of burst and burst assembling queue dynamically which improve the performance 

network in terms of end to end delay. 
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Figure 9. Burst size of prioritize traffic with respect to load 

5. CONCLUSION 

New dynamic burst assembly approach is proposed and results are plotted (or simulation is 

done) for 21 nodes. The algorithm is proposed to handle the self-similar and prioritized 

traffic. The results are analysed under the variable traffic environment. The proposed 

approach has been preforming well as compare to time-based, length based and traffic 

prediction based approaches. At the start, queue size is not dynamically changed but after 

some time the performance of proposed is increased with the load. During the heavy load 
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conditions, the proposed approach impose delay is about 45% less than that of length based, 

about 30% less than that of timer based and about 12% less than that of traffic prediction 

based assembly approaches. So, It has been observed that the proposed approach perform 

well under varying load scenario for high priority traffic.Additionally, priority of incoming 

packets is treated separately in queue model. So, the proposed approach is suitable for 

varying traffic rate with different priority.  
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ABSTRACT 

Wireless sensor-network (WS/N) is network of sensors with the facility to sense, operation and 

exchange data. WS/Nhas been progressively used up in various application areas including 

engineering to smartly monitoring thefar-offplaces at low cost.WS/N depends on the parameters such 

as network-lifetime, packet delivery ratio, cost factor, data aggregation, throughput,available energy 

at nodeand quality of service.Theenergy-consumption is the main issue which is to be considered for 

enhancing the performance of WS/N and can be minimized appreciably by switching the 

communication media to off when network is inactive.In this paper various existing energy 

conservation algorithms for WS/N using optimization algorithms have been studied and analyzed for 

accurate working of WS/N. The investigations provide major information for designing an energy 

efficient, reliable and robust WS/Nprotocol to guarantee proper communication among the network. 

Keywords—Wireless sensor-network; Optimization;Clustering; Cluster-Head; Energy 

conservation. 

I. INTRODUCTION  

WS/N is aautomaticresponsive network that comprises of enormoustiny sensors. The packet 

communication is done by these sensor-nodes among allwithin their communication range. 

Moreover, they are well planned to sense the data, observe, and identify the physical-quantity 

of the actual environmental conditions. Recently, WS/N has increased attention among users 

and researchers as a dominant technological platform with remarkable applications.This 

become a significant research area for understanding many applications inclusive of 

bothstraightphenomenon monitoring systems and importanttask for data-streaming 

applications such as armed forcesoperations, surveillance services and atmospheric 

monitoring systems [1]. WS/N has finite computation power, memory resources and battery 

back-up, so maximizing the network lifetime, energy conservation is essential measure for 

enhancing the network performance.Any WS/N is serving its goal only if it is alive. 

Therefore, the network-lifetime is a necessary parameter for the adequate working of WS/N 

and can be extended by jointly applying various energy efficient techniques. Another 

challenge is optimization of the energy consumption which can make the wireless 

communication system perform better. So, conservation and optimization of energy is the 

recent research area still need to explore for better performance evaluation of WS/Ns [2].  

In this research paper, various existing energy optimization algorithms are explored in WS/N. 

The different algorithms are examined anda comparison is presented. In the section II, the 



National Conference on Biomedical Engineering-NCBE-2020 

 

192 | P a g e  

ISBN: 978-81-948668-9-3 
 

 

WS/N architecture, advantages, disadvantages and applications are discussed. Section III 

reveals the existing literature related to energy conservation in WS/N, section IV provides 

research issues and challengesand in Section V conclusion is specified. 

II. ARCHETECTURE OF WS/N 

WS/N is a formed with a numeral sensor-nodes organized over largeecologicalvicinity. 

Adesign of a WS/N is presented in Fig. 1 [1]that connects through the Internet.Thesensor-

nodes can accomplish the data-packet broadcast between them within their transmission 

range. WS/N comprises of sensor-nodes that sense surrounding area and keep up a 

correspondence either among in between them or to the sink. The sensor-node model consists 

of several randomly organized sensor-nodes and base-station (BT) or a sink-node that is 

positioned closer to the transmission range. The BTbroadcaststhe request to all the 

neighbouring sensor-nodes tocarry out the sensing job and revert back the sensed-data to BT 

as a response of that broadcasted request.  

 

 
 

Fig.1 The Sensor-Network Model [1] 

 

Fig. 2 Architecture of a standard sensor-node [3] 

 

The structural design for wireless sensor-node is as shown in Fig.2 [3]. A sensor-node 

incorporates a detecting unit for data acquisition, an embedded processor for neighbouring 

data processing, a communication unit to allow the exchange of data between joined devices 

and a battery as power supply. This incorporates four majorbuilding blockssuch as a power 

supply unit ,a sensing subsystem with sensors (single or multiple),ADC (analog to digital 

convertor for data acquisition), a µ-controller and memory-unit for neighbouring data 

processing (processing subsystem block) and a radio subsystem (wireless data-

communication) 

A. Advantages of WS/N 

Network can be setup without predetermined infrastructure.It stays away from plenty of 

wiring and appropriate for the distant places such as deep forests, countryside areas, and hilly 

areas or over the sea [4].It is flexible andcan add-up new devices at any point of time.It can be 

contacted by using a centralized monitor and implementation expenditure is cheap. 

B. Disdvantages of WS/N 

Easily troubled by surroundings (large space due to signal reduction,walls, microwave etc.)It 

is less secure as hackers can hack any point by entering into the network and acquire all the 



National Conference on Biomedical Engineering-NCBE-2020 

 

193 | P a g e  

ISBN: 978-81-948668-9-3 
 

 

valuable data.Relatively low speed of transmission & reception. More complex to organize 

and low speed as compared to a wired-network.It‟s Still Costly [4]. 

C. Applications of WS/N 

 Area Monitoring: This is a commonapplication of WS/N where sensor-nodes are 

deployed over aenvironmental region to monitor variousoccurrences [4].  

 Health Care Monitoring: There are many health care monitoring applications e.g. overall 

monitoring of ill patients in hospitals and at homes,body situation measurement and 

position of the person.  

 Forest-fire Detection: To detect initialization of fire stroke in a network, the Sensor-

nodes may be deployed in afforest. These nodes are capable of measuring gases, 

humidity and temperature that are generated fire by plants and tree[5]. 

 Natural disaster prevention: WS/Ns have efficiently deployed to monitor the change in 

the water level in real time. Also, can effectively proceed well before the time to avoid 

the consequences of calamities liketsunami, floods etc [6].  

In spite of above many more applications such as data logging, building construction etc. 

D. Algorithms for Optimization of WS/N   

Optimization is the method of obtaining the best result under a given set of conditions. The 

word optimum signifies as minimum or maximum value as outcome of any computational 

process under certain circumstances. Energy-efficiency, scalability, node density, QoS, cost 

and application-demand requirement are the challenges need to consider while designing a 

WS/N. This requires optimization of both „hardware‟ (H/W) and „software‟(S/W) to make 

WS/N efficient. The primary goal of the protocols associated to sensor network is to deal 

with problems related to energy-conservation. Some of the optimization algorithms 

incorporating evolutionary model and swarm Intelligence are Ant Bee Colony optimization 

(ABC) [10], Spider Monkey (SMO) optimization[11], Bacterial foraging optimization 

algorithm [12], Ant colony optimization (ACO) [14], (DE) optimization [15],Particle Swarm-

optimization (PSO) [19] and many more.Some of the optimization algorithms are 

summarized as follows: 

S. 

No. 

Optimization 

Technique 
Significance 

1 

Ant Colony 

Optimization 

(ACO) 

Ant species is the inspiration for ACO method. The food foraging 

behaviour of Ants discovers the food-source, and then coming back to 

their origin place, leaving overdue a track of pheromone.All other ant 

membersextensively followingprobablemeans of route, and the 

establishing the run-way will attain as shortest-route. Ant members 

opt the shortest-route and trail pheromones in situation of 

extendedpaths. Also, there is a similarity between Ants foraging and 

Routing. So ACO can be used in solving various routing problems of 

distributed networks [14]. 
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2 

Particle 

Swarm 

optimization 

(PSO) 

PSO algorithm is a computational method based on population of 

swarms known as particles. These particle movement is directed by 

best position in the hunt area in addition to the complete position of 

swarm. This is repeated unless an optimum solution achieved. This 

optimization algorithm is a multi-dimensional technique to be used for 

localization, deployment of nodes and energy efficient clustering and 

routing [19]. 

3 

Genetic 

Algorithm 

(GA) 

Genetic Algorithm is an evolutionary algorithm based on random 

searching in the space via selection, cross-over and mutation and 

acquires the best chromosome for the next generation [16]. GA can 

handle parallelism and computational complexity of WSN problems. 

This optimization technique can be incorporated in WSN clustering, 

deployment, routing and aggregation. 

Other than above, many more optimization techniques are also available for wireless sensor 

networking optimization issues using Evolutionary methods for energy conservation to 

enhance the Network Lifetime of WSN. 

III. RELATED WORK  

The distinctiveenergy optimizationschemesin the WS/Nhave been discussed in forthcoming 

section. Energy-consumption is the major issue which is to be considered for enhancing the 

performance of WS/N. Another challenge is optimization of the energy consumption which 

can make the wireless communication system perform better. So, conservation and 

optimization of energy is the recent research area still need to explore for better performance 

evaluation of WS/Ns.The extensive literature has been reviewed as follows: 

J. Wang et al. [9] proposed amended „Stable Election Protocol‟ (SEP) which employs a 

movable-sink through nonuniform Sensor Node (SN)allocation for WS/N. CH was 

nominated on the basis of minimization of remaining node energy and the linked additional 

node energy. Two approaches proposed for choosing cluster head (CH) i.e.direct approach 

and indirect approach The Simulatedresults of modified SEP algorithm servebetter network-

lifetime and energy efficiency in comparison to traditional routing algorithms such as 

LEACH and SEP. 

Ado Adamou ABBA ARI et al. [10] presented „energy-efficient biologically-inspired 

clustering-protocol‟ which used proficient and rapid searching characteristics of „Artificial 

Bee Colony‟ (ABC) algorithm. A centralized methodof clustering was assumedwhereas the 

informationrouting procedures were appreciatedvia distributed technique. The experimental 

results of the presented protocol were compared to the existing clustering as well as routing 

protocols. The results revealed that the proposed protocol outperforms in terms of delivered 

data and lifetime of network 

Tina Gui [11] studied the mechanism of „Spider Monkey Optimization‟ (SMO) in the field of 

WS/Ns and formulated the cluster based mathematical-model. Furthermore, the presented 

method aimed to enhance the QoS and low energy consumptionin comparison to the existing 

routing protocols. The experimental results gave a precise evaluation of the different 

protocols such as LEACH, SMO-C & EAMMH.The results revealed that the proposed SMO-
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C outperformed in terms of increased network lifetime, better head selection, QoS and less 

energy dissipation.  

Praveen Lalwani et al. [12] focused on solving two troubles (i) CH selection and (ii) Routing 

using Bacterial Foraging Optimization Algorithm (BFOA). The CH selection method was 

formulated with fresh fitness function based on distance and residual energy.Alsothe routing 

was proposed with novel fitness by considering energy and distance. The proposed algorithm 

wascarefullyexamined on various scenarios to illustrate its performance and evaluated with 

conventional approaches such as EADC, DHCR and Hybrid Routing. Experimental results 

depicted that proposed algorithms performed better than existing ones. 

P. C. Srinivasa Rao [13]projected an energy-efficient CH selection algorithm based on 

„Particle Swarm Optimization‟ (PSO) known as PSO-ECHS.The algorithm used an energy-

efficient scheme of particle encoding and fitness function for various parameters such as 

sink-distance,intracluster-distance and residual-energy of sensor nodes. The scheme was 

simulatedcomprehensively on different scenarios of WS/Ns by changing number of sensor-

nodes and the CHs. The outcomes wereanalysed with some already available algorithms for 

instanceLEACH, LEACH-C, E-LEACH PSO-C, and LDC to demonstrate superiority of the 

proposed algorithm in terms ofnetwork lifetime,number of data packets received by the base 

stationand total energy consumption. 

J. Wang et al. [14] projected an „Ant Colony Optimization‟ (ACO) based clustering 

schemeparticularlywith mobile-sink for automatic domesticsystems. The network was 

separated into numerous clusters and CHs were selected within each cluster and 

communication planned. The ACO algorithm was operated in the work in order to locate the 

most favourable mobileroute. The simulatedoutcome from this study showed that the 

proposed algorithm considerably improved performance of domestic network when using 

mobile-sinks in terms of network lifetime and energy consumption as compared LEACH and 

Mobile-P algorithms. 

R. S. Elhabyan et al. [15] formulated the problem of CH selection as a single-objective 

optimization difficulty, aspiring to attain clusters tomaximizenetwork energy-efficiency and 

link quality. The inventedissue was resolveby simulating three different optimization 

approaches named GA(„Genetic-Algorithms‟), DE („Differential-Evolution‟) and PSO 

(„Particle-Swarm-Optimization‟). The performance of the proposed protocol was evaluated 

against PSO-C and LEACH and in terms of packet delivery ratio (PDR) and acceptable 

energy consumption. 

Vipin Pal et al. [16] presented a GA („genetic algorithm‟) based centralized clustering-

algorithms for CH election to have a better load-balancing innetworkas compared to the 

conventional clustering algorithm.The number of CH for a round was optimized by the 

projected scheme too. The Simulations showed that the planned solution found the optimal 

CHs and lengthen network-lifetime than the conventional clustering algorithms like LEACH 

and LEACH-C. 

Vimalarani C. et al. [17] proposed an EPSO-CEO („Enhanced-PSO based clustering-energy 

optimization-algorithm‟) for CH selection in WS/N. The performance parameters such as 

throughput, normalized overhead, PDR, network lifetime, remainingpower, delay, number of 

active nodes and total energy consumption were evaluated through simulations. The results 
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were compared with the competitive clustering methodologies which showed that the 

proposed algorithm enhanced the routine functioning of WS/Nby minimizing the total energy 

consumption and increasingnetwork lifetime.  

Deepak Sharma et al. [18] investigated that traffic heterogeneity raised by rising node 

number, packet length etc. in the WS/N. The TEAR protocol applied todecrease the load of 

network and toenhance the better performance than stability time of everynodes. 

M.Nandhini et al. [19] presented ahybrid routing algorithm forprotectedecologicalmonitoring 

process by firefly algorithm .the simulated results revealed thatrecovered the network from 

the connection loss easily without the use of  velocity information. 

Xuxun Liu [20] proposed the ACO algorithm to discover the optimumroute in the network in 

comparison to global optimization techniques.Routing is employed for finding the minimum 

path in the WS/N. The instance convergence decided uncertain. 

 

The design of WS/N is summarized on the basis of above literature shown in Table-1:  

 

TABLE-1 Summary of the Literature 
 

Protocol/ 

Algorithm{Refere

nce No.] 

 

Goal 

 

Parametric Remarks Results Achievements 

modified Stable 

Election Protocol 

(SEP) [9] 

Routing CH selection, shortest path 

approach used 
energy efficiency, network lifetime 

Performs better over traditional 

routing algorithms such as 

LEACH and SEP 

ABC[10] Clustering centralized clustering process 
Network-lifetime and the number of 

transferred packets. 
 improved energy efficiency 

Spider Monkey 

Optimization 

(SMO) [11] 

Routing data-driven routing protocols 
low energy-dissipation, better CH 

selection 

low energy consumption and 

High QoS 

Bacterial Foraging 

Optimization 

Algorithm [12] 

Clustering and 

Routing 

proposed the routing with new 

fitness value 
power, distance metric 

Perform better than tradtional 

schemes such as DHCR, EADC 

and Hybrid Routing. 

PSO-ECHS[13] Clustering 
sink distance, residual energy and 

intra-cluster distance  

total energy-consumption, number 

of data-packets received, network-

lifetime 

compared with some already 

available techiques 

namelyLEACH, LEACH-C, E-

LEACH,PSO-C, and LDC 

ACO[14] Clustering 

CH to collect data directly 

through short range 

communication. 

Reduce energy consumption and 

extend network lifetime 

Better than LEACH and 

Mobile-P algorithm 

Evolutionary 

approaches (GA, 

PSO, DE) [15] 

Clustering CH selection, 
maximized the network energy-

efficiency and link-quality 

evaluated against PSO-

C&LEACH in terms of PDR 

and acceptable power 

consumption 

centralized 

clustering (GA 

based) [16] 

Clustering 
optimized the number of CH over 

a round 

the best possibleCHs and increased 

network-lifetime 

evaluated with LEACH and 

LEACH-C 

PSO based-

clustering energy-

optimization 

(EPSO-CEO) [17] 

Clustering 

throughput, residual 

energy,normalized overhead, total 

energy consumption, PDR, 

network-lifetime, 

minimizing the total consumed 

power and increasing the network-

lifetime 

compared with the competitive 

clustering methodologies 
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TEAR protocol[18] Routing 
Traffic maintained by increasing 

node number, packet length 

used minimize the traffic and to 

enhance performance in terms of 

stability 

performedbetter during stability 

period  

Hybrid routing 

algorithm[19] 
Routing 

simply recover the network from 

the connection-loss 

FFA used to find the shortest path 

in secure 

informationcommunication process 

Used for secure environmental 

monitoring process 

ACO[20] Routing 
To discover the best route in the 

network 

better than global optimization-

technique 

 used in different dynamic-

application 

IV. RESEARCH ISSUES AND CHALLENGES 

The issues that affect the overall performance of WS/N including several security 

problems, privacy issues, less delay, less routing overhead, data gathering and channel 

impairments solutions.Also, there are still interesting problems for investigating the lifetime 

of network. The few design-issues of the WS/N must be taken into consideration [13]. 

 Energy Consumption: Energy consumption is a major issue for WS/Ns as limited energy 

resource of the sensing nodes determines their lifetime. This is necessary to minimize 

energy consumption of sensing node as limited energy resource regulates the lifetime of the 

network. The design of sensor-nodes is dependent on Battery type that can affect 

overcharge or discharge problem in regards to low consumption of the sensor network.  

 Network Lifetime: Network-lifetime is related to energy consumption as the transmission 

power is proportional to distance square. So multi hop routing protocol will consume less 

energy than direct communication. Lifetime of the network directly associated to the 

available battery of the sensor-nodes which is fixed and should be utilized efficiently. 

 Data Aggregation: With the arrival of healthcare applications,biomedical sensorsare 

developing rapidlyfor monitoring of vital body signs of patients where in all sensors 

collectively send data to the central server. CHs transmits the accumulated data over lengthy 

distances and for maintaining the smooth functioning of the network additional saving of 

energy and prolonging of network life is mandatory [12]. 

 Cost Effective: The cost of sole node is very essential to validate the overall cost of the 

network so manufacturing cost must be considered. 

 Coverage and Connectivity: This is mandatory to handle coverage inside the WS/Ns along 

with efficient utilization of energy. A WS/N should also be ablefor adapting to altering 

connectivity due to the breakdown of nodes. The routing-protocols should also be capable 

to dynamically selectSNin their paths. 

 Quality of service: InstantaneoustransmissionalongWS/Ns is required to be maintained via 

minimum delay, maximum bandwidth efficient data delivery, less energy consumption, 

longer network lifetime etc. as QoS parameters. 

The literature survey highlights that various algorithmsand optimization techniqueshave 

been used to improve network-lifetime and energy consumption for WS/N systems.The work 

can be further extended to have the better results from techniques and optimization 

algorithms for enhancing network lifetime and lesser energy consumption.Correspondingly, a 

few gaps have been found which need to be resolved. 
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 Till now, not much research has been done on clustering energy optimization. Therefore, 

there is a need to develop improvedclustering algorithm for cluster head selection using 

nature inspired optimizationtechnique for energy conservation in WS/N. 

 Energy efficiency is considered using various algorithms in the literature but energy 

saving needs to analyze and explore using suitable modified optimization algorithms. 

 Very few researchers work on optimization of energy algorithms to provide better 

throughput, prolonged network lifetime, so energy conservation is an open challenge to 

optimize energy constraints using various optimization techniques. 

V. CONCLUSION 

In WS/N is a fast promising field for concurrent applications which adds a large collection 

of resource inhibited nodes. From the existing literature, it is observed that the major factors 

that influence the design of WS/N are energy consumption, node deployment strategies, data 

aggregation and gathering schemes, fault tolerance, storage and processing capabilities of a 

node, latency, and scalability. Most of the protocols that are recently developed, considered 

some of these parameters to improve network performance. The major factor considered in 

all research works is energy consumption. From the survey analysis, it is observed that each 

existing protocol could not satisfy all the QoS parameters together.Hence, the selection of a 

protocol should be application dependent. It is also anticipated that this paper will bring an 

insight to the researchers to overcome the shortcomings of the available one and to design 

new-fangled protocols for the more efficient, reliable, and robust wireless sensor network. 
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ABSTRACT 
External insulin injection is required in patients suffering from diabetes to aid quickly. Diabetic 

patients sugar level changes each minute, so to make it in control a controller is needed. Insulin 

injection for diabetic patients is a topic of major research in order to improve their life with the 

help of controller .Controller helps the patient in many ways as it works on the difference between 

the desired output and the actual output .The classical controllers are not a total fit to the problem 

as diabetic patients are increasing day by day. To inject external insulin to the patients accurately 

PID controllers are mostly used which detects the patient need and automatically gives the 

appropriate amount of insulin dosage. 

Keywords – PID controller, conventional techniques, PSO, Fuzzy logic. 

1. INTRODUCTION 

According to a latest survey 131.5678 million births take place per year while 55.29 

million people die per year for various reasons like natural calamities, accident, illness etc. 

Because of changed lifestyle and eating habits human have become prone to many 

diseases, diabetes being one of them. In spite of advancements in medicine field still 

people are dying because of such chronic diseases [1]. According to a recent survey, in 

2012 around 347 million people suffered from this issue and in 2031, it is expected to rise 

more. 

Diabetes mellitus is increasing day by day caused when pancreas decline to make insulin. 

Such patients require to check glucose level manually using insulin on a regular basis and 

their glucose level is required to be measured by test strip. If level found higher or lower 

than the required level of glucose in blood, insulin can be inserted directly to insulin pump. 

In some cases high variations in glucose concentration are found, to avoid this, research is 

going on to develop new control algorithms by simulating the insulin dose [1].  

 

2. NEED OF CONTROLLER  

Proportional integral derivative (PID) controller is mainly used in the industry to control 

different loops in various processes. It works on the error between the desired output and 

the actual output. This controller is maximally used in daily life. The externally applied 

insulin dosage helps in controlling the sugar level automatically. The Controller detects the 

patient need and automatically gives the appropriate amount of insulin dosage, it can be 
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more or less [3]. Proportional, integrative and derivative gains are three main parameters 

of a PID Controller [2]. 

                                               𝑢 𝑡 = 𝑘𝑝𝑒 𝑡 + 𝑘𝑖  𝑒  𝑡 𝑑𝑡 + 𝑘𝑑
𝑑𝑒

𝑑𝑡
   (1) 

 
Tuning of PID controller  

Tuning means to set the values of parameters of PID controller, Kp, Ki and Kd in such a 

manner so as to get a desired response. There are many methods fortuning of PID 

controllers such as conventional techniques, Fuzzy technique, Neuro- Fuzzy Technique 

and optimization techniques. 

3. CONVENTIONAL TECHNIQUES 

Conventional techniques are established on graphical or analytical approach for controller 

parameter setting. These techniques are very quick but fail for complex systems or where 

unexpected input such as noise, load disturbance or modeling errors disturb the system so 

extra tunings are required in such cases. Some conventional techniques are described 

below:- 

4. COHEN COON TECHNIQUE 

Its second name is offline method. The response of steady state is found low as 

comparative to Ziegler Technique [3]. The Limitation of this is that it is used only as 

offline method and the advantage is that it provides fast response time. 

 

5. AMIGO TUNING OR ASTROM-HAGGLUND TECHNIQUE 

This technique has many uses in the process industry .This technique is only for those 

whose behavior can be approached by integrator plus time delay [2][4]. 

 

6. CHIEN-HRONES-RESWICK TUNING TECHNIQUE 

Chien-Hrones-Reswick (CHR) helps to choose a compensate for control application in 

which the control parameter are adjusted according to process industry. This controller has 

better settling time than AMIGO but an overshoot of 20%. Graphs are shown below 

between the amplitude and time. 



National Conference on Biomedical Engineering-NCBE-2020 
 

202 | P a g e  

ISBN: 978-81-948668-9-3 
 

 

 
  

Fig : 2 Time behaviour of (i) Cohen , (ii) Astrom-Hagglund  (iii) Chien-Hrones Reswik 

methods [3] 

 

As seen from the figure 2(i) Cohen coon has the fastest response while Astrom hagglund 

method has the least overshoot as can be seen from fig 2(ii) where as fig 2 (iii) has large 

overshoot but lesser settling time than Astrom(AMIGO) method but not better than Cohen 

Coon method so it is not a efficient method .  

 

7. METAHEURISTIC OPTIMIZATION TECHNIQUES 

 These can be classified as evolutionary like Genetic Algorithm, physics-based like flower 

pollination algorithm and swarm-based like particle swarm optimization. All these 

algorithms have been successfully used for the tuning of PID controller. The fitness 

function used in these algorithms utilizes the time or frequency domain characteristics of 

the output of process to be controlled. For PID controller the dimensions used by these 

algorithms are 3 as all these algorithms generate 3 optimized values in terms of Kp, Ki and 

Kd for PID optimization. Other control factors are different and vary with one optimization 

algorithm to another as discussed below. 

 

8. PARTICLE SWARM OPTIMIZATION  

It is found to be tough in solving non-differentiable problems, non-linear and one of the 

best optimization techniques. It is inspired by the social behavior of bird flocking. 

Numbers of particles fly in the search space to find global solution for some problem 

using the individual best solution found by each particle. In doing so the birds in the flock 

track the bird which is closer to the food [6][1][2].  
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9. GENETIC ALGORITHM 

The study of high dimensional is largely done by using Genetic Algorithm. Selection, 

Crossover and Mutation are three main functions of genetic algorithm. This algorithm also 

solves the non-linear problems .By using these three functions allow making of new 

offspring. [7][6][2]. The proper flow is described below:- 

 
                                          Figure 3: Flow Chart of Genetic Algorithm 

 

 

Genetic algorithm is found to have better results as compared to Zeigler-Nichols method 

[7] while PSO-PID has been found to have better response than GA-PID [10]. 

 

10. FIREFLY ALGORITHM 

It is a technique motivated through the lightning pattern of flies. Its sparkle acts as a hint 

for the other fly. It is one of the best algorithms. It uses the following biological ideologies 

[11]:   

i)  The first ideology is that each fly will attract to another fly. 

ii) The Second ideology is that fly get attracted toward the fly having more brightness [2].  

The function is given in equation (2)   
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𝛽 = 𝛽𝑂exp(−𝑥 ∗ 𝑟2)                         (2) 

Where 𝛽𝑂 is attractiveness factor, x is attractiveness 

 

11. FUZZY LOGIC 

Fuzzy logic controls the system in terms of rules and linguistic values. Basically, it 

converts the former strategy into a new strategy [8]. Its Block diagram is shown in fig4. It 

contains four steps:- 

1.) Crisp input is converted into Fuzzy input which is known as fuzzification. 

2.) Rules are made to check the structure. 

3.) Interface Engine is made to choose appropriate inputs. 

4.) Defuzzification converts fuzzy inputs to crisp values. It is the opposite of Fuzzification.  

 
Firefly algorithm and fuzz logic are found to give better result as compared to Ziegler 

Nichols method. 

 

12. CONCLUSION 

  

Diabetes is a metabolic disease in which patient are unable to reply to external 

insulin, such patient want insulin injection. Conventional as well as optimization 

techniques for PID controller tuning are fully analyzed in this review paper. Insulin 

injection for diabetic patients is a topic of major research in order to improve their 

life with the help of a controller. As it can be easily seen that classical controllers are 

not found as efficient as optimized controller techniques are so, most of the research 

is mainly going on the development of new and hybrid optimization algorithms. It 

has been concluded that the metaheuristic optimization technique performs better in 

optimizing the PID controller parameters for making of optimized PID controller as 

compared to the conventional algorithm. 
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ABSTRACT 

 

Tunnel FET is a versatile device to replace MOSFET in low-power high-performance designs. This 

paper explores the Vertical tunnel FET with a dual material gate with the introduced layer of SiGe in 

the channel/source junction using Sentaurus computer-aided design simulation technology (TCAD). 

Since MOSFET is reduced below 45nm, there are problems such as short channel effects arise, IOFF 

Leakage current rises significantly as edge voltage non-versatility such as the Subthreshold Slope or 

swing (S) is limited to 60mV/decade. As Tunnel FETs smothered the 60mV/decade confinement level 

through the use of quantum-mechanical B2BT to improve this circuit's efficiency for low-power 

applications. It is found that scaling in the thickness of the gate oxide along with higher dielectric 

constant oxide content can exponentially increase the current of the device. At the same time, by 

increasing the tunneling barrier diameter at the edge of the drain channel, the dual material gate 

structure reduces the ambipolar current. Unlike the traditional TFET, we took into account active 

methods such as underlapping of the gate-on-channel and different concentrations of drain doping up 

to 5 x10
20

 cm
−3

 used to overcome the ambipolar conduction. 

 

Keywords— Tunnel-FET(TFET), Vertical-TFET, MOS-FET, Band-2-Band Tunneling (B2BT), 

Subthreshold Swing or Subthreshold Slope(S), Low Power(LP), Work Function (WF) 

 

INTRODUCTION 

With the continuous down scaling of the conventional metal-oxide-semiconductor field effect 

Transistor (MOS-FET) limits of its performance. Due to scaling degradation of the channel 

length, MOSFET device leads to increase various short channel effects (SCEs) such as hot 

carrier effects (HCE), drain induce barrier lowering (DIBL), mobility degradation and very 

high OFF state current [1-3]. To address these issues, an alternate transistor has been 

evaluated to achieve lower subthreshold slope (SS < 60 mV/decade) with respect to the 

MOSFET at room temperature using the Band-2-band tunneling technique [4-5]. One such 

device is the Tunnel field effect transistor (TFET) to replace the traditional MOSFET to 

overcome the limitations of short channel effects and improve the device's input 

characteristics such as steeper sub-threshold slope (SS), low threshold voltage (VT) with high 

ION/IOFF current ratio [6-8]. TFET works on the principle of Band-2-band tunneling (BTBT) 

of current-generation loading carriers regardless of the MOSFET working on the Drift-

Diffusion mechanism [9]. With the above listed benefits of TFETs also comes with the own 

sets of issues that include weak ION current and device's ambipolar behavior as TFET 
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operates for both positive and negative voltage. Some strategies are connected to make these 

issues better. For example, on source side, Heterostructure using small band gap materials 

such as Ge, InAs, SiGe is presented to improve drive current [10-11]. High k-dielectric oxide 

material will also enhance the on-drive current. Ambipolar flow control techniques integrate 

heterostructure using wide band gap materials such as silicon in the drain-channel region into 

a comparative relationship. 

 

1. EXPERIMENTATION 

 

DEVICE PARAMETERS AND SIMULATION MODELS 

     
 

 

Fig. 1(a). SchematicBird’s-eye view of VerticalTunnel FET (V-TFET) with embedded 

Si1−xGex layer between source and channel. (b)Cross-section diagram of the of Vertical 

Tunnel FET (V-TFET). 
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Fig. 1(c) Calibrated drain current characteristics of Vertical TFET compared with that of the 

corresponding conventional Vertical TFET [09]. 

 

Figure 1(a, b) displays the schematic representation of the proposed Vertical Tunnel FET 

(VTFET) consisting of the source, channel and drain of silicon material with the added 10 nm 

silicon-germanium layer in the input characteristics tube. The channel length (L) of the 

device with source is 70 nm, drain length is 20 nm. The TCAD's schematic representation 

represented V-TFET with a metal gate working function (𝜙m) of 4.15 eV, and HfO2[3] as the 

2nm thick oxide layer. Figure 1(c) defines the standard vertical Tunnel FET configuration of 

silicon material calibrated with curve drain characteristics.Silicon material-based structure 

includes (p++ type) of 5x10
20

 cm
−3

 source doping concentration, (n+ type) of 1x 10
15

 cm
−3

 

channel doping concentration, and (n++ type) of 1x 10
18

 cm
−3

 drain doping concentration. 

The simulation of the device is carried out using a 2-D and 3-D simulator using a non-local 

pathband-2-band tunneling model with no quantum effect due to simplicityin the sentaurus 

device TCAD simulator package.In addition, the Lombardi's mobility model and the Standard 

Shockley-Read-Hall recombination are also used for simulation work [11-12].  

  

RESULTS AND DISCUSSIONS 

 

1.1 Vertical Tunnel FET(n-type) with different dielectric constant k. 
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Fig. 2. (a) Transfercharacteristics of Idsvs Vgs as a function of different dielectric constant for 

gate oxide. 

(b) Schematic diagram showing different colour representation for different oxide.  

 

Figure 2(a) shows the transfer characteristics at Vds = 1V for specific dielectric constant 

content at gate oxide with a value of ɛ  =22 (HfO2), ɛ  = 7.0 (Si3N4) andɛ  = 3.9 (SiO2). It is 

shown from the figure that the higher the dielectric constant value, the greater the ON-state 

present. Sub-threshold slope (SS) with sub-threshold voltage (VT) will also improve. From 

above analysis it can be inferred that the higher dielectric constant value will be used for 
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further study of the parameters. HfO2 is about. 5.6 times greater than the SiO2 as shown in 

Figure 2(b) for specific oxide color representation. 

 

1.2 Vertical Tunnel FET(n-type) with mole-fraction x of SiGe and work function. 
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Fig. 3(a)Transfercharacteristics of Ids vs Vgs as a function of different mole fraction of Si(1-

x)Gexform x=0.4 to x=0.8. (b)Ids vs Vgs as a function of work function variation from 3.8 eV 

to 4.3 eV. 

We used the concept of hetero-material in Vertical TFET device to get better device 

efficiency. Because Germanium (Ge) is low bandgap SiGe is used as a source-channel 

interjection with a lower bandgap of 0.7eV than that of silicon material (1.1eV). SiGe as 

source material increases the tunneling area at source-channel junction, contributing to ON-

current rise as shown in figure 3.Improved ION current and IOFF current registered at x=0.8 as 

1.357 x 10
-05

 (A/μm) and 2.281 x 10
-16

(A/μm). Figure 4 demonstrates the properties of the Ids-

Vgs switch with work function variance. The work function variation is taken from the value 

of 4.3 eV to 3.8eV. The ON-current will also rise proportionally as the work function 

increases, but the graph switches to the left side and raises the OFF current. This will also 

reduce the ION/IOFF ratio. 

1.3 VerticalTunnel FET(n-type) with variation of gate-source voltage in Ids vs Vds 

transfer characteristics. 
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Fig. 4Transfercharacteristics of Ids vs Vds as a function of different Vgs varied from 0.4 V to 

1.0 V. 
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Figure4 shows the simulated output characteristics of Ids vs Vds with the variation of the Vgs 

voltage form (0.4 V to 1.0 V) of n-type Vertical TFET device for high dielectric gate oxide. 

Equivalent to MOSFETs, the Vertical TFET also displays the saturation behavior, since the 

higher value of Vds is independent to the tunneling barrier width. However, up to Vds< 0.4 V, 

the drain source current will vary linearly to the drain source voltage. For higher value of the 

Vgs the tunneling probability is more which lead to increases in the drain current. 

1.4 Vertical Tunnel FET(n-type) for ambipolarity reduction. 

 

  

-1.2 -0.8 -0.4 0.0

10-18

10-17

10-16

10-15

10-14

10-13

10-12

10-11

10-10

10-9

10-8

10-7

10-6

D
ra

in
 C

u
rr

e
n
t 
(I

d
s
) 

A
/m

m
 (

L
o
g
 S

c
a
le

)

Gate Voltage Vgs(V)

Gate -on-channel 

underlap

ambipolarity

 reduction

   

 

Fig. 6(a)Schematic diagram of gate underlap technique for the reduction of ambipolarity. 

(b)I-V characteristics showing ambipolarity suppression. 

 

Figure 6 (a) displays schematic diagram, and (b) demonstrates the Ids-Vgs transfer 

characteristics of Vertical TFET as a feature of the Gate underlap area to minimize ambipolar 

conductivity. As this reduction of gate interaction with drain region renders the tunneling 

barrier larger which results in a reduction of ambipolarity even if the Vgs is biased negatively. 

 

2. CONCLUSIONS 

Vertical tunnel FET was investigated in this paper with some issue of scaling. Simulation and 

measurements of TCAD sentaurus were used to enumerate the dynamics of the embedded 

Si1−xGex/Si gated diodes operating within the vertical TFET. With the increase in Germanium 

content in terms of mole fraction, work mechanism and dielectric constant k, the device 

characteristics are considered to be increasing and Furthermore, the ambipolar reduction also 

done with the technique of gate underlap region. Nevertheless, there is still room left for 

improving the functionality of the unit with an appropriate option of the material for 

heterojunction. Vertical Tunnel FET is thus considered to be a promising candidate for 

wireless low-power applications, and suitable for future technology. 
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ABSTRACT 

This paper presents the recent research on design and development of wearable microstrip patch 

antenna used for body area networks and biomedical applications. To enhance the performance of 

these wearable antennas, various antenna design techniques like modifying antenna geometry; using 

substrate of appropriate material; by ground modification and by appropriate antenna feed 

techniques have been used and examples of these techniques are discussed in this paper. Recently 

metamaterial is used to enhance the performance of these wearable antennas. So the use of 

metamaterial in the design of these wearable microstrip patch antenna and its responses are also 

discussed.  

Keywords: Biomedical, Body area networks, Microstrip patch antenna, Wearable. 

1 INTRODUCTION 

The body area network (BAN) devices are becoming popular and getting into the widely 

spreading medical environment. The equipments used for these BAN applications must be 

lighter and small. Various researches are going on to develop a low profile, light weight and 

small size wearable biomedical devices. The size of antennas used in these systems decides 

the overall size of these devices. The use of low profile miniaturized antenna in these systems 

reduces the size of the devices. The microstrip patch antennas (MPAs) have thin profile; 

small size; low weight, conformal and low cost. Because of all these advantages, the MPAs 

are preferred in the body worn biomedical systems. The antenna should be made of 

biocompatible material and should not harm the human body tissues and the patient should 

not feel discomfort while wearing the antenna. The characteristics of the antenna also should 

not get change adversely because of the biological parameters of the body [1].  Therefore, 

MPAs are the most suitable antenna for these wearable biomedical devices. Numerous 

techniques have been developed for miniaturization of these wearable MPA but each of them 

has some limitations. Therefore, the research on the development of these antennas is very 

important for developing the efficient and small size wearable devices to be used for BAN 

applications. A number of researches are carried out to develop various antenna design 

techniques to enhance the overall performance of wearable MPA. In this presented paper, 

authors have presented recent design approaches for developing these wearable MPAs. 

Authors are motivated to find out the appropriate antenna design techniques to develop 

wearable miniaturized MPA used for BAN. This paper has been organized into the following 

sections. Different techniques to enhance the performance of wearable MPA have been 

described in section 2. Recent wearable MPA antenna geometries have been given in section 

mailto:vikasjainvti@rediffmail.com
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3.  Different substrates used for wearable MPAs have been discussed In Section 4. The paper 

has been concluded in section 5. 

2. DIFFERENT TECHNIQUES TO ENHANCE THE PERFORMANCE OF 

WEARABLE MPA 

As per several studies reported by various researchers for the development of efficient MPAs 

the main focus is on the improvement of the antenna parameters mainly - return loss, gain, 

bandwidth, VSWR, directive pattern and efficiency. The techniques to improve the 

performance of MPA are broadly classified into following five main types. In first type the 

antenna geometry is modified, in second type  selecting substrates of appropriate material 

most suitable for wearable applications, in third type the ground plane is modified by cutting 

slots at appropriate position, in fourth type using different antenna feed technique  and in fifth 

type the MPA is loaded by with some artificial engineered material. The wearable MPA 

should be of small size, light weight, conformal and flexible; moreover the antenna should 

not harm the human body adversely. To fulfill these entire requirements the antennas are 

designed using these techniques. By patch shape modification technique the appropriate 

shape of patch is found by simulating the antenna using High Frequency Structure Simulator 

(HFSS) or some other simulator at where the antenna shows the best performance. The 

substrate material used for these wearable antenna designing is using natural or synthetic 

materials and these materials are copper coated fabric such as polyester cloth, jeans fabric 

and cotton. In ground modification technique the slots are cut on the ground plane and each 

slot cut in the ground plane excites extra band of frequency. The MPA has four type of feed 

technique and these techniques are coplanar waveguide fed; coaxial probe fed, aperture 

couple fed and proximity fed. Out of the four antennas feed techniques the appropriate feed 

technique is selected as per requirement of the design. In the antenna loading technique the 

antenna is loaded by metamaterial as artificial engineered material. The metamaterial loading 

technique reduces the size of antenna and use of metamaterial as a substrate also reduces the 

size of antenna. The following sections describe recent wearable antenna geometries 

employing these techniques for antenna development. 

 

3. RECENT WEARABLE MICROSTRIP PATCH ANTENNA GEOMETRIES 

In the BAN communication systems there is a need of antenna in and out of the body which 

can be used for the diagnosis of patients. So, the antenna is required to build reliable wireless 

communication links between the devices. The antenna should be made of biocompatible 

material and should not harm the human body tissues and the patient should not feel 

discomfort while wearing the antenna.  The antenna performance also should not get changed 

adversely because of the biological parameters of the human body. Recently various 

researches have been carried out on the development of wearable MPA. Some of the recently 

developed wearable MPA geometries have been presented in this section. Liu and Lu [1] 

presented a textile based MPA resonating at 2.45 GHz; used for wearable applications. The 

antenna has L-shape patch; denim fabric of 75 × 75 mm
2 

of size with
 
1 mm thickness is used 

as substrate and antenna is fed by coplanar waveguide (CPW) method. The proposed antenna 

shows wide bandwidth and has large tolerance as required by wearable applications. In the 

body worn condition, at right upper arm, the antenna shows negligible variation in return 



National Conference on Biomedical Engineering-NCBE-2020 
 

214 | P a g e  

ISBN: 978-81-948668-9-3 
 

 

loss; making this antenna suitable for wearable applications. Fig 1 (a) presents the shape of 

this textile based antenna and the image of fabricated antenna is presented in Fig 1 (b). The 

proposed antenna is suitable to be fitted in the dress of patients, fire fighters, sport persons 

and lifeguards.  

 

                  
(a)                                                            (b) 

 

Fig. 1  (a) Geometry of textile based antenna (all dimensions in mm) and  

    (b) Prototype of the antenna [1] 

 

 

Khan et al. [2] proposed design of wearable polyester substrate based MPA with EBG 

(Electromagnetic Band Gap) structure resonating at 2.4 GHz. Polyester is used as substrate 

making this antenna suitable with wearable smart garments. The patch and ground of antenna 

are made of copper. The antenna resonates at 2.4 GHz, 4.3 GHz and 5.5 GHz which shows 

that this antenna can be used for multi-band applications. Moreover, by the use of EBG 

structure the specific absorption rate (SAR) is reduced considerably, making this antenna 

suitable for wearable applications. Fig 2 (a) presents the geometry of MPA and Fig 2 (b) 

presents MPA with EBG structure. 

 

 

           
(a)                                              (b) 

 

Fig. 2  (a) Wearable polyester based MPA and  

 (b) MPA with EBG structure [2] 
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Zahran et al. [3] presented a monopole, flexible, compact, UWB (ultra wide band), 

omnidirectional and wearable antenna of size 38 × 22 mm
2
. The antenna was fabricated by 

lithography process on 100 µm thick substrate of Rogers Ultalam 3850, with 18 µm thick 

conductive cladding of copper on both faces of substrate. The antenna shows a good radiation 

efficiency of 97% over the entire ranger of operating band of 4GHz to 10.6 GHz with 

maximum gain of 3.7 dB. Fig 3 (a, b) presents the design of the flexible antenna; image of 

bended condition of the flexible antenna is presented in Fig 3 (c).  

 

 

 
(a)                        (b)    (c) 

Fig. 3 The design of the flexible antenna (a) top view (b) bottom view and (c) image in 

bended condition of the flexible antenna [3] 

 

Schilingovski et al. [4] proposed design of jeans substrate based MPA used for Wi-Fi; 

Bluetooth; civilian and military based wearable communication applications operating at 2.45 

GHz. The patch and ground plane of antenna are made of conductive fabric with jeans as a 

substrate, which makes this antenna flexible. The SAR simulated at human body model (on 

front side, back side and on both of the shoulders) is up to the acceptable limit as per health 

safety standards; making this antenna suitable for wearable applications. Fig. 4 (a) shows the 

design of wearable MPA and Fig. 4 (b) shows the image of fabricated wearable MPA. 

 

 
(a)                                           (b) 

Fig. 4 (a) Design of wearable MPA and (b) image of fabricated wearable MPA [4] 
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Wang and Li [5] proposed design of a denim textile material based MPA for smart wearable 

applications. The antenna resonates at dual band of 2.45 GHz and 5.8 GHz; ISM band. The 

patch and ground plane of the antenna are made of copper tape and denim materials is used 

as substrate making this antenna flexible and suitable for wearable applications. The antenna 

parameter does not get affected to a large extent when placed on the human body. Fig.5 

shows design of dual band denim based MPA.  

 

 
 

Fig.5 Design of dual band denim based MPA [5] 

 

Roy and Chakraborty [6] proposed design of metamaterial based MPA used for wearable 

applications. The antenna shows wide bandwidth of operation at dual band from 1.6 GHz to 

2.56 GHz and 4.24 GHz to 7 GHz. Jeans fabric is used as substrate of the antenna making 

this antenna suitable for wearable applications. The bandwidth of antenna reduces 

considerably at the bending condition of radius less than 30 mm. The antenna shows less 

SAR when mounted on human body at chest, wrist and leg. Fig 6 (a) presents the design of 

metamaterial based wearable MPA and Fig 6 (b, c) presents the image of the fabricated 

metamaterial based wearable MPA (top and bottom view). 

 

 
(a)                                        (b)        (c) 

Fig. 6 (a) Design of metamaterial based wearable MPA; (b, c) image of fabricated 

metamaterial based wearable MPA (top and bottom view) [6] 

 

4. DIFFERENT SUBSTRATES USED  FOR WEARABLE MICROSTRIP PATCH 

ANTENNAS 

The main required characteristics of wearable MPA are large bandwidth, high gain, good 

directivity and high efficiency. In all these required characteristics the wearable MPA; the 

substrate of the antenna shows a major effect.  The bandwidth of MPA depends on the height 
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and relative permeability of the substrate. The bandwidth of the MPA is directly proportional 

to the height of the substrate and inversely proportional to the relative permeability of the 

substrate. So to attain large bandwidth of wearable MPA the substrate should have more 

height and less relative permeability. In the design of wearable MPAs for BAN applications 

the substrates used are required to be flexible, biocompatible, light weight, water resistant and 

should not harm the body tissues. Table 1 presents different substrates used with their main 

parameters in designing of wearable MPAs to be used for BAN applications.  

 

Table 1 Different substrates used with their main parameters in designing of wearable MPA 

 

Ref. 

No. 

Substrate 

Used 
ϵ r tan δ 

Substrate 

Thickness 

Resonance 

Frequency 

Feeding 

Technique 
 Bandwidth Gain 

[1] Denim 1.6 0.02 1 mm 2.4 GHz    CPW  1.3 GHz 2dBi 

[2] Polyester 1.39 0.01 1 mm 2.4 GHz Microstrip    120 MHz 9.7dBi 

[3] 

Rogers 

Ultralam 

3850 

2.9 0.0025 100 µm 7 GHz CPW  6.6 GHz 3.7 dB 

[4,5,6] Jeans 1.67 0.025 1.5 mm 2.4 GHz Microstrip  960 MHz 5.2 dB 

 

Many researchers have used different substrates like, denim, polyester, rogers ultralam 3850 

and jeans fabric for these antennas [1-6]. As per flexibility of the wearable MPA is concerned 

the jeans fabric [4, 5, 6] is mostly used. The antenna used for wearable biomedical 

applications are required to be flexible and because of bending or twisting of the antenna the 

characteristics of the antennas are not get affected so much. 

 

5. CONCLUSION 

Recent developments in the MPA used for wearable biomedical application have been 

discussed in this paper. Study on wearable MPAs is carried out by focusing on different 

approaches like modification of the shape of the patch; using substrate of appropriate 

material; selecting proper antenna feed technique; cutting slots on the patch, using ground 

modification technique and loading the MPA by metamaterial material. The authors have 

presented a few out of various researches carried out on the developments in antenna 

structure and shape to increase the wearable MPA efficiency. By selecting appropriate 

antenna design techniques the main antenna parameters like gain, bandwidth, directivity and 

efficacy are increased. Also the antenna structure can be minimized by using metamaterial 

substrate. However, this field of research is not yet explored extensively. So, the more work 

is required to be done using metamaterial and other approaches in the antenna structure 

design. 
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ABSTRACT 

This paper presents a hybridoptical amplifier EDFA/RAMAN for different pumping schemes of the 

RAMAN amplifier. The system is designed to obtain the optical signal to noise ratio (OSNR) value 

depending upon RAMAN amplifier pumping schemes i.e. forward pumping, backward pumping and 

bi-directional pumping. So, the performance of hybrid optical amplifier EDFA/RAMAN is computed 

in terms of OSNR. It is observed that for forwarding pumping OSNR value is high i.e. the maximum 

value achieved is > 70 dB, for backward pumping OSNR value is lowi.e. 43 dB and for bi-directional 

pumping OSNR is moderate i.e. 46 dB. 

Keywords:  EDFA, RAMAN, SMF, DCF 

I. INTRODUCTION 

Hybrid optical amplifier is preferred for Wavelength Division multiplexed systems (WDM) 

due to the (i) capability of RAMAN amplifier to operate over L-band for broadband 

amplification (ii) RAMAN amplifier with lower noise figure than EDFA enables to achieve 

higher Gain or a wider amplification band (iii) the amplification bandwidth of EDFA is 

increased by varying the pump power and pump wavelength of RAMAN amplifier [1, 2]. 

Erbium - doped amplifier (EDFA) is a high gain amplifier due to its property of producing 

significant gain under low pumping power. EDFA is doped of erbium ions due to the 

excitation of these erbium ions the process of stimulation occurs. When the C-band is fully 

utilized then it is extended further to L-band for the flat Gain spectrum [3].So, the RAMAN 

amplifier is used in combination with the EDFA amplifier to make a proper choice of wide 

bandwidth. RAMAN amplifier having the capability to amplify channels for higher 

wavelength due to the variation of pump power and pump wavelength. The disadvantage of 

the RAMAN amplifier is high coupling loss and nonlinearities. 

 H. Masuda et al. [4] reported a wideband hybrid amplifier by using a Raman amplifier, 1580 

nm EDFA and a gain equalizerwas realized for a 120 km transmission fiber span. The 

obtained OSNR was 5.4 dB and the transmission distance improved from 570 to 2088 km [5]. 

Matheus et al. [[5]] proposed ahybrid amplifier consisting of EDFA and Raman Amplifier 

(DRA) to provide gain over the L-band. The gain obtained was 17 dB and the OSNR was 

higher than 35 dB with NF lower than 4 dB at 120 km. 

Beshr et al. [6] studied the mathematical model of RAMAN amplifier for different pumping 

schemes. They observed that the OSNR value is high for forward pumping i.e. 37 dB,smallest 

for backward pumping i.e. 22 dB and moderatefor bi-directional pumping i.e. 26 dB.

In this paper OSNR of hybrid ie. RAMAN/EDFA is determined for WDM systems [7]. The 

OSNR value is obtained for the pumping regimes in terms of fiber length, input signal power 
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and input pump power.The optisystem tool is used to find out the OSNR by varying the 

forward pump power and backward pump power or both. 

This paper is divided into four sections. The block diagram is represented in section II. 

Results and discussion are elaborated in section III and the conclusion is mentioned in 

Section IV. 

II. Block diagram of Hybrid model 

The block diagram of hybrid model contains a transmitter, EDFA, RAMAN amplifier, single 

mode fiber (SMF), dispersion compensating fiber (DCF) and receiver. The pseudo random bit 

sequence generator is used as a data source and is connected to the electrical driver of Non 

Return to zero (NRZ) format to convert the electrical signal to optical signal. The signals are 

transmitted through a continuous wave laser source then modulated by a modulator. Further, 

the signal is amplified by an amplifier then received at a receiver by using PIN photo-

detector, low pass filter (LPF), 3R regenerator and analysed by BER analyser. 

The optical fiber consists of 10 - 140 km over which signals are transmitted. To compensate 

for the dispersion, dispersion compensation fiber (DCF) is used. The length of compensating 

SMF was found in Aggarwal [1] as defined by equation: 

L2 = -  
𝐷1

𝐷2
  *L1 …………………………………. ………………………………………..... (1) 

wherethe lengths of SMFand DCF are L1 and L2 respectively and the dispersion parameters 

for SMF and DCF are D1 and D2respectively. 

 

Fig. 1. Block diagram of Hybrid optical amplifier

The EDFA is pumped by using pump coupler having pump wavelength and pump power is 

1465 nm and100 mW. The fiber length of EDFA is 5 m. TheEDFA amplifier OSNR is given 

by [8] 

SNR =  
𝑅𝑃𝑠𝑖𝑛𝑝𝑢𝑡

2𝑒𝐵
 

𝐺

1+2𝜂𝜂𝑠𝑝 (𝐺−1)
………………………………………………………………. (2) 

wherethe quantity within { } is, in fact, the input SNR of the detector in the absence of the 

amplifier. The amplifier gain is denoted by G. The quantity η is analogous to the quantum 



National Conference on Biomedical Engineering-NCBE-2020 
 

221 | P a g e  

ISBN: 978-81-948668-9-3 
 

 

efficiency of the detector. The term ηsp is known as the population inversion factor and is a 

dimensionless constant for a given pumping wavelength and pumping rate. 

The RAMAN amplifier is co-directionally and counter-directionally pumped i.e. forward, 

backward and bi-directional pumping. The RAMAN fiber length is 15 km having forward 

pump wavelength is 1500 nm and100 mWpumping power. Similarly, for backward pump 

wavelength and pump power is 1450 nm, 100 mW.The OSNR of the amplified signal along 

the transmission distance z is given by [9] 

OSNR(z) = 
𝑃𝑠𝑜

𝐵𝑜𝑝𝑡 𝑛𝑠𝑝  
𝑐  
𝜆𝑝

 
𝑔𝑅

𝐴𝑒𝑓𝑓 (𝑧 ′)

𝑃𝑝 (𝑧")

𝐺𝑛𝑒𝑡 (𝑧")
𝑑𝑧"

𝑧
0

………………………………………………....... (3) 

where𝑃𝑠𝑜 is input signal power, the spontaneous scattering factor is denoted by the nsp, Raman 

pump wavelength is λp, and thephoton energy of the Raman pump is denoted by hc/λp, Bopt 

is the filter’s optical bandwidth, gRis the Raman gain coefficient, the fiber effective core area 

is Aeff, PP is the total pump power and Gnetis RAMAN net gain along the transmission 

distance z. 

III. RESULTS AND DISCUSSION 

In this, the different pumping configurations of the RAMAN amplifier are discussed. The 

input power is 1 mW.The OSNR of hybrid RAMAN-EDFA optical amplifier is calculated on 

the basis of forwarding pumping, backward pumping and bi-directional pumping of RAMAN 

amplifier [6,7].The OSNR for different pumping schemes of RAMAN amplifier in terms of 

fiber length is plotted in fig. 2 

 

Fig. 2. Hybrid optical amplifier OSNR v/s Fiber length for different pumping schemes 

It is clear from the figure that for fiber length of 140 km the value of OSNR for forwarding 

pumping is ~ 65 dB, for bi-directional pumping ~ 20 dB and for bi-directional pumping 14 

dB. As the fiber lengthincreases, OSNR starts decaying. 
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Fig. 3 displays the OSNR for forward, backward and bi-directional pumping having fiber 

length 10 km. The OSNR value varies as the input signal power varies. For -30 dBm, the 

OSNR value is ~ 32 dB, 15 dB and 19 dB for forwarding, backward and bi-directional 

pumping. 

 

Fig. 3.  OSNR for different input signal power of hybrid optical amplifier 

 

Fig. 4. OSNR for different Input pump power for pumping schemes 

Fig. 4 presents theOSNR for three cases of pumping against input pump power for fiber 

length 10 km. The input pump power ranges from 100 to 1000 mW. As the input pump 

power increases, the OSNR value increases.So, from the above discussion, it is clear that the 

forward pumping is having highest OSNR i.e. 63 dB, bi-directional pumping having 52 dB 

and 45 dB for backward pumping. 
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IV. CONCLUSION 

The hybrid optical amplifier RAMAN-EDFA model is investigated for different pumping 

schemes of the RAMAN amplifier. The OSNR is obtained for all the three cases in terms of 

fiber length, input signal power and input pump power. The OSNR value for forwarding 

pumping is ~ 70 dB, for bi-directional pumping ~ 45 dB and ~ 43 dB for backward pumping. 

So, the OSNR of forwarding pumping is high because most of the Raman gain is then 

concentrated toward the input end of the fiber where power levels are high. Thelowest OSNR 

is for backward pumping and bi-directional pumping having moderate OSNR. 
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ABSTRACT  

 

A reconfigurable optical add drop multiplexer is a node in an optical network where wavelengths can be 

flexibly routed among two or more multi-wavelength lines or “degrees” and local add/drop interfaces. 

The performance of the communication system with the placement of ROADM based on digital switches is 

evaluated and the impact of input power and bit rate is examined at 8 × 40 Gbps with 0.8 nm channel 

spacing. The DWDM transmission with reconfigurable optical add drop multiplexer is successfully 

achieved up to 1200 km with -5 dBm input power at 40 Gbps. 

 

Keywords: Reconfigurable optical add drop multiplexer, dense wavelength division multiplexed system, 

digital switch, bit rate. 

 

I. INTRODUCTION 

Reconfigurable optical add drop multiplexer (ROADM) was established to provide flexibility in 

switching optical streams, bypassing faulty connections, permitting minimal service disturbance 

and the capability to adapt or improvement the optical network to different DWDM technologies 

[1]. A ROADM is a component that allows remotely arrangement of channels at any node. It is 

software provisionable so that a system operator can select whether a wavelength is added, 

dropped or passed through the node.  A ROADM system usually offers per channel power 

control dispersed over the network to accomplish a new channel introduction and regulate 

controls on an ongoing basis [2]. In ROADM structure various wavelength travel different path 

and ROADMs filter the optical noise among the channels [3]. Wavelengths can terminate 

automatically from one optical cable to another with the help of ROADM. Wavelengths can be 

directed through the system at the optical layer or „„dropped‟‟ at traffic access points to deliver 

service.  ROADM is a flexible, translucent optical subsystem that adding new signals to reuse 

the dropped wavelengths at the same time and simplifies diverting selected wavelengths out of a 

transmission line [4]. ROADM is a main portion of the optical network applications in long haul 

and metro systems. In additional, it added network survivability with more efficiency and 
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develops dynamic connectivity in the optical networks. It uses field established technology and 

components paying a reliable and low cost solution due to switching [5]. C.A. Al Sayeed et al. 

[6] described a hybrid ROADM shows a lower insertion loss 7 dB for definite wavelengths than 

current ROADMs and proposing generalization and cost advantage. The channels were 

communicating at 2.48 Gbps. Hybrid ROADM move toward through its exclusive low loss 

structures that will allow facility sources to attain considerably larger fiber distances maximum 

65 km.  Vahid Abedifar et al. [7] simulated a mesh topology with five nodes ROADM 

architecture. The bit error rate of passed through channels was fluctuate by changing the 

added/dropped wavelengths in intermediary nodes of a network. The outcomes presented that it 

is necessary to accomplish add/drop of wavelengths accurately and recompense its influence on 

the other channel quality. This was achieved through the use of adjustable attenuators in 

particular positions of light path. Sorin Tibuleac and Mark Filer [8] described the WSS 

components in ROADM networks at 40 Gb/s data rates functioning on the 50 GHz channel 

spacing over wide range. The similar ROADMs are also predictable to 100 Gb/s data broadcast 

in the future. The progress of low cost WSS technologies is permitting ROADMs to develop into 

long haul systems. The impact of insertion loss, bandwidth of a signal and polarization 

dependent loss based on the types of transmitter and receiver and on the switch characteristics. 

Brigitte Jaumard and D.T. Kien [9] proposed a ROADM model for the best switching 

connectivity to enhance the grade of facility for definite ports. This can vary expressively up to 

30% dependent on the transferring connectivity. Wavelength switched optical networks had been 

planned for high efficiency to take benefits of all optical switching fabrics. The WSS indicate the 

important switching components with a technology supporting multi-degree ROADM designs 

with colorless, directionless and contentionless switching.  Kyriakos Vlachos [10] investigated 

the ROADM architecture with high order QAM signals. The configuration was depending on 

modular interferometer structure, time domain sampling and FFT/IFFT filtering. The scaling 

ability of the ROADM structure had been presented up to offset 32-QAM. The investigation 

proposed in previous literature is limited to bit rate and transmission distance. In this paper, the 

work is extended to higher bit rate of 40 Gbps with enhancement in optical communication 

distance using ROADM based on digital optical switches. 

The paper is organized into four sections as follows. Section II defines the details of the system 

set up of DWDM transmission with dynamic ROADM as well as ROADM structure is also 

explained in this section. In section III, the performance of the network is measured. Lastly, in 

section IV, the conclusion is made. 

 

II. SIMULATIVE ANALYSIS 

The performance of the DWDM system with ROADM is investigated with eight channels. Fig. 1 

defines a functional block diagram of the DWDM system.  
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Figure 1:  Functional block diagram of DWDM system 

The distances of fibers are measured to be 50 km and 10 km fiber spans respectively. Erbium 

doped fiber amplifier (EDFA) is placed to amplify the signal before entering into the input port 

(IN) of the ROADM. The EDFA‟s noise figure is not more than 6 dB and offers a maximum 

gain of 5 dB. 

 
 

Figure 2:  Internal architecture of ROADM based on digital switches 

 

The architecture of the ROADM is shown in fig. 2. The channels are add/drop and switched 

using reconfigurable optical add drop multiplexer. ROADM module is built using demultiplexer, 

digital switches and multiplexer. The digital switches permit multiple wavelengths to be added 

and/or dropped from a fiber deprived of changing the optical signals into electronic signals and 

again back into optical signals.  

The digital switch communicates the optical signals permitting to the control signal at input port 

to the output port. The control scheme simulates a non-ideal optical switch or gate, a drive of 0 

turns the switch off, a drive of 1 turns it on. If the control signal is 0, then the signal at in port 

(λ1, λ2, λ3, λ4) is passed to output port and the wavelengths at add port (λ5, λ6, λ7 and λ8) is 
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received at drop port. When the control signal is 1 then the wavelengths (λ1, λ2, λ3, λ4) present 

at the input port is dropped and the added wavelengths (λ5, λ6, λ7, λ8) are passed through the 

output port. The demultiplexed channels are switched to a set of receivers and a bit error rate 

(BER) analyzer. 

III. RESULTS AND DISCUSSION 

The investigation of the DWDM system based on ROADM subsystem is calculated in terms of 

optical signal to noise ratio (OSNR), BER and quality factor.  Figure 3 illustrates the 

transmission distance vs. input signal power at 40 Gbps. It is analyzed that the communication 

distance of 1380 km is covered at -1 dBm signal input power. The signal can also be 

communicated up to distance of 1320 km, 1290 km, 1260 km and 1200 km at -2 dBm, -3 dBm, -

4 dBm and -5 dBm input power respectively. 

 

Figure 3:  Transmission distance vs. input signal power 

The channel frequency vs. bit error rate with input power of -5 dBm at different bit rates at 30 

fiber spans of communication distance is shown in figure 4.  It is illustrated that with increasing 

the bit rate from 10 Gbps to 40 Gbps, bit error rate increases. It is observed that at added port i.e. 

channel-4 (193.4 THz),  bit error rate with input power of -5 dBm is 1.98×10
-34

, 5.93×10
-16

, 

2.20×10
-15

 and  4.36×10
-05

 at bit rate of 10 Gbps, 20 Gbps, 30 Gbps and 40 Gbps respectively. 



National Conference on Biomedical Engineering-NCBE-2020 
 

228 | P a g e  

ISBN: 978-81-948668-9-3 
 

 

 

Figure 4: Channel frequency vs. bit error rate at different bit rates 

 

Figure 5: Channel frequency vs. Q-Factor at different bit rates 

Figure 5 shows the channel frequency vs. Q-Factor at various bit rates with -5 dBm input power. 

The signal can be communicated as long as 1200 km with acceptable quality factor at a 

transmission speed of 40 Gbps. The entire power on fiber increases as the channels in 

intermediary node rises. The BER of received channel increases and quality factor decreases due 

to fiber nonlinearities. The channel frequency vs. OSNR at various bit rates is shown in fig. 6. It 

is analyzed that as the bit rate varies from 10 Gbps to 40 Gbps, optical signal to noise ratio 
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decreases. It is analyzed that the achieved optical signal to noise ratio is 22.52, 21.77, 21.37 and 

20.81 at bit rate of 10 Gbps, 20 Gbps, 30 Gbps and 40 Gbps respectively with the signal power 

of -5 dBm. 

 

Figure 6: Channel frequency vs. OSNR at different bit rates 

                                                                                

(a)                                                                                    (b) 

Figure 7: An optical spectrum at the transmitter and receiver side 

Figure 7 shows an optical spectrum at the (a) transmitter and (b) receiver side. This graph depicts 

the power variations at different wavelengths. The optical spectrum shows the variations in the 

output power by varying input signal power and bit rate. 
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IV. CONCLUSION 

ROADMs show an essential part in routing, demultiplexing and usually processing 

adding/dropping of wavelengths in optical systems. The viability and the performance of a 

DWDM system at 40 Gbps bit rate with 0.8 nm channel spacing are evaluated. The information 

can be communicated over a distance of 1200 km with -5 dBm signal input power at 40 Gbps bit 

rate. The outcomes have been described for the DWDM system with input power from -5 dBm 

to -1 dBm. The architecture of the ROADM is found to be beneficial as the significant 

establishment in today‟s communications. 
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ABSTRACT 
Chalcogenide glasses are the most studied amorphous semiconducting materials. To date, various types of 

glasses are fabricated and their properties have been studied by many researchers. Chalcogenide glasses 

can be easily drawn into fibers. Chalcogenide fibers are used in medicine for sensing and imaging of 

biomolecules and the detection and diagnosis of unhealthy and dead cells in the human body. 

Chalcogenide fibers are generally stable in aqueous solutions due to the hydrophobic nature thus are 

widely used in the medical field. This paper presents a brief review of chalcogenide fiber and their 

properties which makes them suitable for this purpose. 

Keywords: Chalcogenide fibers, sensors, infrared spectroscopy, biomedical detection. 

1. INTRODUCTION 
These days, optical fibers are used in the medical line for the sensing and monitoring of 

biological species [1][2][3][4]. Chalcogenide based glasses are well suited to be drawn into 

fibers and are widely used for sensing in infrared region.Chalcogenide glasses (ChG) are 

compounds that contain one or more chalcogen atoms (S, Se, and Te). Due to the intermediate 

values of the energy bandgap, these glasses are semiconducting materials. They exist in 

crystalline as well as amorphous phase and are capable of changing their state from amorphous 

to crystalline and vice-versa. Owing to the semiconducting nature and wide optical transparency 

window in the visible and infrared region of the electromagnetic spectrum, ChG have 

applications in the various fields of science and technology. Some of them include electronic 

switching [5], semiconductor memories [6], photovoltaic applications [7], optoelectronic 

applications [8], image storage [9], holography [10], optical amplifiers and optical emitters [11], 

xerography [12], infrared imaging, and infrared detector [13], etc. There are many problems 

while using silicate glasses for mid-infrared applications such as poor transparency beyond 

infrared edge. To make glasses transparent in infrared and mid-infrared regions, the use of heavy 

atoms is encouraged. Glasses made up of chalcogens are low phonon glasses, are transparent 

from near-infrared to mid-infrared range and are corrosion-free [14]. Ease of fabrication of 

optical fiber cables from molten chalcogenide glasses or solid preforms [15] revolutionized the 

detection of gases,  infrared sensing, and imaging of bio-diversity and bio-chemicals. As 

previously mentioned, Chalcogenide glasses are transparent in the visible and mid-infrared 

region and this window can be expanded using suitable techniques. Mid-infrared covers the 

atmospheric windows of 3-5 μm and 8-12 μm, and most of the biological species emit radiations 

in this region, thus can be easily located and analyzed using chalcogenide fibers. Key features of 

chalcogenide fibers are real-time sensing, imaging, and analysis of samples, flexibility, remote 

sensing, low cost, and easy replacements. The sensitivity of fibers depends on the geometry of 

the sensitive zone [16]. The detection of biomolecules is based on fiber evanescent wave 
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spectroscopy (FEWS); evanescent waves that travel through the chalcogenide fiber come in 

contact with a molecular or chemical species. If the oscillating frequency of the radiation 

matches the vibrational frequency of molecules, it gets absorbed and results in the decrease in the 

strength of the signal received at the detector end which leads to the detection of biomolecular 

species. The same chalcogenide fiber is used as a sensor and transmission medium for optical 

signals [17]. Other than used in medical field, chalcogenide fibers are also used for detection of 

sensing of pollutants in water and fuel [18][19], in-situ detection of bacterial growth in food 

without delay [20], detection of diffused substances in liquid media [21], and space applications 

in the discovery of exoplanets which could sustain life and carry gases like CO2, O3, H2O, etc 

[22]. 

 

2. SYNTHESIS 
There is no loss or change in the material properties of glasses when they are molded as fibers 

thus chalcogenide fibers are also thermally stable. Chalcogenide fibers are synthesized from the 

molten chalcogenide glasses or from the solid preforms and are molded into various shapes and 

sizes.  

Single index fibers are drawn from solid preforms (typically 1 cm in diameter and 10 cm in 

length). Solid glassy rods, when attached to the furnace, gets heated up and are drawn into fibers 

of tens of meters of length and diameter of the order of hundreds of micrometer. Double index 

fibers are prepared by two techniques: rod-in-tube technique and in-situ core-cladding casting 

[15].  

Rod-in-tube technique: 

Rod of core material is prepared by conventional techniques of melt and quench. Cladding is cast 

in the form of tubes by heating the material in an ampoule with simultaneous rotation. Then the 

ampoule is quenched in air and cladding tubes are obtained. Core rods are inserted into the 

cladding tubes and are pulled together under vacuum to get a defect-free interface between core 

and cladding[15]. 

In-situ core-cladding casting: 

A special ampoule is designed to obtain a solid preform of core and cladding glass 

simultaneously in a single set up. This reduces the chances of degradation of fiber by hydrolysis 

since core and cladding are cast simultaneously in a single ampoule [15] 

 

3. BIOMEDICAL APPLICATIONS OF CHALCOGENIDE FIBERS 
Most biological species emit radiations in the infrared region of the spectrum. To detect and 

analyze bio-species, it is crucial to fabricate devices that work reliably in this range. 

Chalcogenide fibers are suitable candidates for such applications. Selenide glasses are not 

suitable for transmission beyond 11 μm. The spectral range can be extended to 20 μm by 

substitution of tellurium (figure 1). The successful fabrication of tellurium-based glass fibers is 

described in [23]. 

Rare-earth doped fibers are used as sources for mid-infrared radiations [14]. Thus chalcogenide 

fibers can be used as a source of infrared radiation, sensor and transmission medium for fiber 

evanescent wave spectroscopy. GeTe4 is used as a material for waveguides for the detection of 
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biomolecules in [24]. Zinc selenide is used as a substrate and a rib waveguide structure is 

fabricated using GeTe4 which transmits in the range of 2 μm to 20 μm as confirmed by Fourier 

Transform Infrared Spectroscopy (FTIR). The average roughness of the prepared film is 

approximately 5 nm. 

Bureau et al. have described the application of chalcogenide fibers for mid-infrared sensing [25]. 

They have described the Te2As3Se5 (TAS) system which can transmit in the spectral window of  

 

 

 

 

 

 

 

 

Figure 1. Transmission spectrum of various glasses [26]. 

2-16 μm and can be easily shaped into an optical fiber. In their work, they have laid emphasis on 

FEWS technology and early diagnosis of diseases. Microspectral imaging of biomolecules is 

described in figure 2. Infrared spectroscopy techniques (with optical fibers) are well suited for 

the characterization of various organic molecules such as proteins, amino acids, lipids, etc (figure 

3) [25]. FEWS using chalcogenide fibers can detect abnormalities in the functioning of metabolic 

activities by testing bodily fluids. As small as 10 μL of serum when in contact with fiber can 

detect the malfunctioning of cells [25].  

The compatibility of the TAS system with living cells has been mentioned in [27]. It has been 

reported that due to the exposure of fiber to the atmospheric air, a toxic layer of arsenic oxide is 

formed on the fiber which when comes in contact with the living cells can damage the cells.  
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Figure 2. Systematic representation of micro spectral imaging of biomolecules [17]. 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

Figure 3. Comparison between the mouse liver spectra recorded in transmission mode (solid line) 

and with the optical fiber (dotted line) [25]. 

 

Also, this layer prevents proper adhesion of cells to the fiber. A suitable way to overcome this 

problem is to wash the fibers in aqueous solution as the oxide layer formed is soluble in aqueous 

solution. The best alternative is to use freshly prepared fibers for sensing and diagnosis of 

diseased cells. This reduces the toxic effects to a great extent. Mouse liver tissues are analyzed 

by FTIR spectroscopy using TAS optical fiber and mercury-cadmium-tellurium (MCT) detector 

[28]. In this paper, authors have reported that metabolic alterations in tissues are observed which  
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Figure 4. absorbance as a function of the number of loops in fiber [29]. 

is confirmed by the difference in the spectra. Also, real-time sensing of bacterial film growth is 

reported using TAS fibers [28]. Detailed description of applications of TAS glasses and fibers is 

given in [30]. 

To improve the sensitivity of FEWS experiments, Houizot et al. have devised chalcogenide 

fibers with loops [29]. It has been reported that sensitivity increases as the number of loops 

increases up to 2. With further increase in the number of loops sensitivity decreases as shown in 

figure 4. 

 

4. CONCLUSION 

This manuscript presents the various applications of chalcogenide glasses and chalcogenide 

fibers and emphasis has been laid on biomedical sensing using chalcogenide fibers. The 

properties of chalcogens and chalcogenide glasses are described which make them suitable to be 

drawn as fibers and used in sensing applications. Method to improve the sensitivity of the 

detection process is also mentioned in this work. 
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ABSTRACT 
Sensor nodes in WSNs are comprised of tiny electrical components that have potential to sense, 

process and send data from severe surrounding conditions to destination node or sink. These sensing 

nodes entirely depend on the battery provided along with them for their survival. That’s why the 

communication algorithms for these sensors should be developed to make the best use of energy 

resources present with the sensing node. 

 

Index Terms— Wireless Sensor Network, Network Design constraints, Network Design Challenges, 

Routing protocol, Cluster Head Nodes, Sensor Nodes 
 

1. INTRODUCTION 

 

There are small sized devices in the wireless communication, named as nodes which consist 

of CPU for processing data, memory for storing data, batteries as the source of energy, and 

transceiver to transmit and receive the signals from one node source node to other destination 

node [1]. 

 

 
Figure-1:WSN block diagram 

 

In recent times, WSNs are extensively used for commercial and industrial sectors like 

monitoring the environment, in healthcare industry, for military purposes, home surveillance 

etc. For military purposes, WSNs nodes have been deployed to sense any kind of event. In 

case an event takes place, the sensing node detects it and send data to receiver node or sink 

(BS), also known as sink by communicating with the nodes nearby present in the system. The 

use of WSNs is at hike. This has created various challenges and limitations due to limited 

energy or lifetime of battery. In case the node gets failed, the entire system is severely 

affected because of it. A very large energy is wasted in processing of data sensed from 

location and forwarding it to the sink node. Generally in all the situations, altering or 

recharging battery, that gets discharged or used with time, is not possible. Various researchers 

have tried to discover the efficient algorithms to overcome this issue in WSNs and find the 



National Conference on Biomedical Engineering-NCBE-2020 

 

238 | P a g e  

ISBN: 978-81-948668-9-3 

 

 

power-concerned protocols, which are efficient in terms of energy as well. Some steps can be 

taken to avoid the issues faced in WSNs and save the energy [2]. 

 Scheduling of different nodes‟ conditions which are active, sleep or idle. 

 Transitioning the communication range among nodes. 

 Use of suitable routing algorithm and data gathering techniques which are efficient. 

 Avoid the noise or unnecessary data handling which consume a lot of energy. For 

example: overhearing. 

    

2. OBJECTIVES OF NETWORK DESIGN:      
 

Many of the sensor networks have particular application and have various requirements of 

application [3].              

Node having small size: Sensor nodes are generally implemented in stern or antagonistic 

milieu in huge amounts; it is easy to deployment with reduced size. 

Cost efficient node: Sensor nodes are generally implemented in stern or hazards milieu in 

huge amounts and can‟t be used again so sensor nodes with reduce cost is significant and lead 

to overall price minimization of entire system. 

Consumes less power: Any activity done by sensor nodes are depends on its battery 

however, it is nearly too impossible to replace or charge the batteries. It becomes very 

important to minimize sensor nodes‟ power utilization in order that sensor nodes‟ and entire 

network‟s lifespan can be elongated.  

Scalability: It must be easy to scale the network algorithms for different sizes of networks. 

These should be scalable to react to any kind of event. 

Reliability: Main motive is assuring delivery of noiseless data over the channel which is 

prone to errors and channels which are continuously changing with respect to time. So, 

protocols of network which are designed for sensor network must be capable of providing 

management for error and correction methodologies.  

Self-configurability: Nodes are deployed in the remote areas. So, they must have capability 

to standalone and themselves as per the network conditions and address any kind of failure in 

network. 

Adaptability: if one node gets failed in the network, it can change the network density and 

following to that, topologies will also change. So, network protocols must be adaptive in 

nature to face transitions in network. 

Channel utilization: There is limited bandwidth allotment for networks, so protocols must 

be designed in order that they make best use of available bandwidth. 

Tolerant to fault: Sensor nodes have failure possibilities because of stern employment 

environmental interferences and lack energies. Therefore, sensor nodes must be tolerant 

towards fault and capable of performing sensor network‟s task instead of any node failure or 

interruption.  

Security: Security must be implemented in sensor network so that information present in 

network can be prevented from any unauthorized access or spiteful attacks. 

QoS support: In sensor networks, there are distinct uses that give various quality services 

with respect to life-span, reliability over data, energy efficiency and location-awareness, 

packet loss and delivery latency. So, QoS must be taken care of for particular 

implementations [3]. 
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3. NETWORK DESIGN CHALLENGES: 

 

Designing the routing protocols is challenging task for WSNs.  This is due the reason that 

there are several limitations in designing of protocols. These limitations for example are: 

bandwidth, CPU, storage and energy [4, 5]. Given below are central aspects which are 

challengeous for sensor networks [4, 5, and 6]. 

Restricted energy capacity: As sensor nodes have limited energy, they have low energy 

capacity. So, energy consumption is a major problem for design of network respective to 

harsh network conditions. Moreover, it is impossible to replace or charge sensor nodes‟ 

batteries, so, routing protocols must be energy efficient for enhancing the lifespan of network. 

Sensor locations: Management of the locations in the network is the prime challenge for the 

routing algorithms in the network. Almost all the protocols consider that sensor node should 

either offer GPS receivers or they should make use of any kind of localization scheme 

considering the locations of their own. 

Limited hardware resources: There is limited amount of energy in the sensor nodes, limited 

processing and constraint capability for executing the calculations for the sensed data. 

Because of the hardware limitations, various challenges are seen in the software and network 

algorithms design for sensor nodes in network which should take care of energy, processing 

time along with storage potential of sensing nodes. 

Massive and random node deployment: There are two techniques to deploy sensor nodes in 

network, i.e. manually and randomly as per the demand of application which has effects on 

routing protocol‟s performance. In case the resulting network which is deployed with nodes is 

of non-uniform nature, it becomes essential to permit best clustering technique permitting 

connectivity and enable the functioning of network efficient in terms of energy. 

Network characteristics and unreliable environment: Sensor networks are mainly 

implemented in network that is of dynamic nature and is not trustful. Along with that, 

topology of the network gets changed because of failure, deletion, addition of nodes and 

communication among different nodes. Nodes are connected to each other by means of 

wireless medium that consists of noise, can cause error and changes with time. So the routing 

protocols techniques should take the account of changing network topology because of 

limited energy and mobility of sensor along with enhancing the network size for maintaining 

some specific implementation needs with respect to coverage and linkage. 

Data Aggregation: A very huge quantity of data is being produced by the various source 

nodes that is possible to gather in order that transmission count could be decreased. Data 

aggregation is data group which is gathered using several sources with the help of several 

tasks like suppression, elimination of duplicates are the schemes which are used for attaining 

the efficiency in terms of energy and transfer of data. This can help in optimization of the 

data transfer in the network. 

Diverse sensing application requirements: Sensor networks are widely utilized in different 

applications. There is not any single protocol for network which fulfills all the requirements 

of the users. So, at least the guaranty about the data delivery should be provided by the 

protocol with accuracy in order that BS can gather desired information regarding physical 

behavior within time. 
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4. ROUTING PROTOCOLS FOR WSNS  

 

                                                                             

 
Figure-2: Routing protocols’ categorization 

 

 

4.1 Protocol with Network Structure 

 

Flat Routing: It is the type of routing scheme where sensor node has significant role to play 

similar to gather the data and communicate with BS for gathering the data in remote location 

may be of similar type or duplicated also because all the sensor nodes functions in the similar 

rules [7]. 

 

Hierarchical Routing: Using this type of routing scheme, network is made into clusters 

formation. Here management of every cluster is done using special node named as cluster 

head (CH). This CH gathers information from surrounding sensor nodes, aggregate it and 

verify about the redundancy in data. This redundancy is gathered by data and checking is 

done before its actual transmission to sink node. Using this scheme transmission and 

processing time, work is reduced and energy is also saved [7]. 

 

Routing based on location: In this, addressing of sensor nodes is done using their positions 

in the network. It is used to calculating the apartness about the closest node in the 

neighborhood as per the received strength of signal. Exchange of data between various nodes 

in sensor network is done so that the information about the nodes in their neighborhood can 

be known. This is fruitful for communication and transmission of data. Energy being main 

concern in the routing algorithms, location dependent techniques allows that state of nodes 

can be altered from active to sleep, during the time when no activity is going on.    

As energy is the main issue in routing protocols, approaches based on location facilitate that 

nodes can vary their state from active to sleep mode when no event takes place. If nodes in 

sleep mode are more, then more energy can be saved.  
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4.2 Routing Protocols based on Protocol Operation  
Multi path-based: In this scheme, gathered data from nodes is sent to sink nodes using 

several paths instead of following the single route. So these alternate paths serve as backup 

because in case on node with data gets failed. This increases the system reliability and makes 

system tolerable to failure conditions.  

Query-based: Queries are sent by BS for specific information to sense and collect the data, 

read queries in data and in case the match is found for the requested data, it initiate the data 

transmission process with requested node or BS. 

Negotiation-based: Descriptors of very high-level are used by Negotiation protocols for 

removing the excess amount of data transmission via negotiation process. For broadcasting of 

the data flooding scheme is used.  

However there is a problem that using scheme overlapping takes place in data and collisions 

also occur while data transmission. Several copies having similar kind of data are being 

received by the nodes while transmission. This same type of data is send and received back 

among set of nodes and very large amount of energy gets wasted in the course. 

Quality of Service (QoS): Energy along with quality is required to maintain in this routing 

algorithm, inside the network only in this type of protocol. When a request is done from the 

sensed node is done by sink for data in network, it is essential that service quality should be 

maintained to fulfill the defined QoS parameters like consumption of BW and bounded 

latency. 

Coherent-based: Coherent and non-coherent are the 2 kinds of data-processing schemes. All 

nodes inside the network gather the data and processing is done prior its transmission to the 

next node for processing following it. This type of scheme is called non-coherent routing. 

Nodes which are used for performing the further computation and processing are known as 

aggregators [8].  
 

Table 1: WSNs’ Routing Protocols  

 

     Type Representative Protocol 

Location-based Protocols SEMN, MECN, GAF, SPAN, 

GEAR,TBF, GeRaf , BVGF 

Data-centric Protocols Directed Diffusion, COUGAR,  

SPIN, Rumor Routing, EAD, 

ACQUIRE 

Hierarchical Protocols PEGASIS, APTEEN, LEACH, 

HEED, TEEN 

Mobility-based Protocols SEED, Data MULES, Joint 

Mobility & Routing, TTDD 

Multipath-based protocols N-1 Multipath, Braided 

Multipath, Sensor-Disjoint 

Multipath 

Heterogeneity-based protocols CADR, IDSQ, CHR 

QoS-based Protocols Energy aware Routing, SAR, 

SPEED 
 

 

 

Location-based Protocols 
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Geographic Adaptive Fidelity (GAF)  

GAF follows then principle of turning off the sensors which aren‟t desired while maintaining 

the fixed routing level for fidelity which means connectivity among sink and source nodes. 

Here sub-divisions of the sensor field are done in the form of grid squares and each node uses 

its position data, which is given by GPS or other systems [23, 24, and 25], for incorporating 

them with the specific grid where it is located. This type of incorporation is used by GAF for 

determining sensors which are equal from the point of view of forwarding of packet. There 

are 3 states of GAF. These are: discovery, sleep and active. During the sleeping node of 

sensor, sensor turns off the radio to save energy. Main purpose of GAF is enhancing the 

lifetime of network by remaining at the state in which every grid in the network has single 

active sensor as per the ranking rules for sensor. The sensor in which residual energy is quite 

high is ranked as top. 

 
Figure-3:GAF 

Figure above [9] shows the formation of the grid virtual type via nodes in network for use of 

GAF. This can be elaborated using example; assume that there are 5 nodes in figure-4, [9]. 

Node 1 communicates with nodes 2, 3, and 4. These nodes after this try to communicate with 

the node 5. In case node 1 want to communicate with the node 5, it is necessary that it would 

have to pass via any one of these 2, 3, and 4 number nodes.  In case the nodes 2, 3 and 4 

considered as identical in various operations, one node cab be made active and remaining 

node 2 and 3 are asked to go into sleep mode so that energy can be saved and they can be 

made active for traffic overhearing which is flowing via one of the mentioned node to 

approach at node 5. This phenomenon is called routing fidelity in which 1 and 5 nodes 

communicate to each other by allowing the intermediary nodes to enter in sleep mode and 

make use of one node which is efficient making it their partner of routing. 

Geographic and Energy-Aware Routing (GEAR): Energy recognition is used by GEAR 

protocol along with geographical knowledgeable neighbor node choosing scheme for sending 

the data towards target area. 

Before reception of data packet, neighbors are verified by the nodes to ensure that only single 

neighbor is present there which is near target area than the node itself. If more than one 

neighbors are present in the neighborhood, selection for next estimation are done as per the 

adjacent neighbor for targeting the region. A hole is faced if more than single node from 

neighborhood is selected if these are all more than the sending node. Single neighbor is 

chosen for sending the packets as per the function learning cost. 

Minimum Energy Communication Network (MECN): It is location dependent protocol. 

Major notion of MECN is establishment of sub-network where count for nodes is smaller and 

small amount of power is required for transmitting the data among nodes [10]. Information 

about the location is dependent on the GPS. Relay region having nodes is the main idea used 

for functioning of the MECN protocol. Surrounding environment of the nodes is related to 

the relay region. This relay node is the node which is present between source node and sink 
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node. These nodes are taken by MECN algorithm for meeting the destination. There are 

mainly two steps in MECN protocol: 

 Sparse (thinly distributed) graph construction. 

 Optimal links search. 

 

Small Minimum-Energy Communication Network (SMECN): SMECN is updated and 

hybrid version of MECN. Here network is classified into relay region. However, this area is 

small in size in comparison with the area designed in MECN algorithm. From the figure 

below it is clear that relay region generated using MECN has R and SMECN i.e. R‟. Node „S‟ 

in diagram is the source node that transmits sensed data for adjacent nodes. Energy needed 

for sending the data towards the adjacent node in R‟ area is quite smaller in contrast to energy 

that is utilized for sending data in a neighboring node in region R. The energy quantity 

needed for transmitting data to the adjacent nodes in area R‟ is quite smaller than the energy 

required for sending the data towards neighboring node in area R. 

 
 

Figure-4: SMECN 
 

Data Centric Protocols 

Every source node in the address based protocol respond by transmitting the data to sink node 

irrespective of the other sensors. However, in case of data centric protocols, the source 

sensors transmit the data to BS. In midway, sensor may perform other type of data collection 

for data generated from various nodes and send the transmitted data to BS node. Using this 

method, a significant amount of energy is saved as less number of transmissions is done from 

source to sink node [11]. 

Sensor Protocols for Information via Negotiation (SPIN): This protocol has been 

established for enhancing flooding protocols which can lead to collapse of system and 

overlapping. SPIN are the resource concerned algorithms which have capability to calculate, 

send and receive data over network. So prior awareness based decision are done for optimum 

use of the resources. SPIN protocols are dependent on negotiation and adaptation of resource. 

This facilitates the sensors about negotiation with all nodes prior to transmission of data so as 

to avoid the insertion of data which is not useful in network [3,13,14]. 

                               
DATA IMPLOSION:          DATA OVARLAP 

Figure-5: SPIN 
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Directed Diffusion:  It is a process in which, sink broadcast message. This message is related 

to the particular area. During the beginning, low data rate has been defined by sink node for 

receiving data. This data is gathered and processing is done where has potential to retaliate 

the specific sensor for transmitting the events having high speed of data by retransmission of 

the actual message with small delay. Interest message flooding and gradient set up is present 

in this type of protocol [26]. In case node is having the suitable match for the required 

incident, it serves as the source and data transmission is started to nearby nodes.  

Rumor Routing: This routing [27] is the data centric type methodology. These are used for 

the networks in which geographical location is not known. Here rumor is the type of the data 

related to the incident or the query for specific events, which are used for routing in the 

network. Because nodes don‟t have information regarding nodes‟ geographical position, they 

transmit data in event form or as the agent query. Node which is used for producing the event 

is known as event node. Likewise, if node try to know about the incident, sends the query 

agent and this kind of node is referred as query node. This is the point at which event agent 

and query agent meet up or follow the path by sharing their information. In this process data 

is given to both the directions. This is logical tradeoff among query flooding and event [27]. 

Energy-Aware Data-Centric Routing (EAD): In this protocol, every node present in 

network is joined to BS with means of some nodes which are near to BS. These are regarded 

as the gateways. All the times, these nodes are present without any leaf. A very large amount 

of energy is consumed by these nodes. It is also possible that they may die. When these nodes 

die, network gets isolated. However there is significant amount of energy in these dead nodes 

which is not used. So, optimum use of energy is not done in this algorithm. 

 

Hierarchical Protocols 

This concept classifies the network in small areas. Grouping of cluster nodes is done and a 

CH is chosen who takes the responsibility for gathering the data from sensor node and 

transmits it via CH to other CH or BS. 

 
Figure-6: Network clustering classification 

 

LEACH (Low Energy Adaptive Clustering hierarchical) 

Two protocols are followed by LEACH: 

(1) Setup phase: here cluster formation takes place. 

(2) Steady-state phase: In this step, data is sent to the sink. Firstly CHs are chosen in 

random fashion and data which tells about this election process is broadcasted to the 

nodes which are keen to connect with the CHs or area, respond back to CH. CH is 

chosen for the particular area, all the nodes inside that area send their sensed data to 



National Conference on Biomedical Engineering-NCBE-2020 

 

245 | P a g e  

ISBN: 978-81-948668-9-3 

 

 

respective TDMA based slot to the CHs. Compression of this gathered data takes 

place and then transmitted to the BS.  

 

Clustering process is repetitive in LEACH protocol. This gives option to all the senor nodes 

to serve as the cluster heads and reduce the battery consumption and depletion for the 

particular sensors. It is facility to each node in the network that they can transmit data directly 

to CH. This type of process is known as single-hop routing. So, it is inappropriate for 

networks implemented in the bigger areas.  

PEGASIS:  Power-Efficient Gathering in Sensor Information Systems  

A chain is formed in network in which all nodes are connected and allowed to take part in 

sending data to neighboring node. However, only a single node is chosen for sending data to 

BS. In case, a sensor node collapse, a substitute chain is developed. Here cluster formation is 

not needed because it makes use of single node in network made chain for sending data to 

sink node rather than using various nodes. Sensors in the network have global information 

regarding network, specifically, locations of the sensor nodes and a greedy procedure is 

chosen. 

 
Figure-7: LEACH 

 

Hybrid, Energy-Efficient Distributed Clustering (HEED): 

Fundamental methodology of LEACH is used by the HEED by taking the energy and 

transmission/reception cost during the selection of CHs. It is functioned in multi-hop 

networks, with the help of adaptive transmission power for inter-clustering communication. 

In HEED, CHs are chosen as per the grouping of 2 clustering parameters, remaining energy 

of node and cost of intra-cluster transmission as the function for density of CHs. Cluster head 

nodes are not chosen randomly like LEACH. Nodes having high energy value are allowed to 

become CHs. Life span of HEED is larger than the LEACH network and CH is chosen in 

network in well established manner which decreases the communication cost. 

Threshold Sensitive Energy Efficient Sensor Network Protocol (TEEN): 

It is hierarchical type clustering algorithm [15, 16] that combines sensor nodes with all nodes 

making them CHs. Sensor nodes inside the cluster communicate to each other for sending the 

data sensed by them to the CH. After that, this aggregated data is forward to CH having 

higher value till the data is not reached at the destination. But this TEEN is not fruitful for 

implementations in which sensing operation and their particular interval reports are required 

as it is also possible that they may not generate the data in case the minimum threshold value 

is not reached. 

Adaptive Periodic Threshold Sensitive Energy Efficient Sensor Network Protocol 

(APTEEN): 

It is a hybrid version of the TEEN [17] for eliminating deficiency and main objective is at 

capturing of data on periodic intervals as well as collecting (LEACH) also by responding to 
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the events which are critical with respect to time. So APTEEN is hybrid model of clustering 

dependent algorithm which allows the node to transmit the sensed data with specific interval 

of time and react to some kind of instant transition in the amount of data assigned by the 

reporting of the respective values to their cluster heads. 

 

Mobility-based Protocols 

 

Joint Mobility and Routing Protocol: 

Network with steady sink face critical issue called as energy sink-hole issue. In this issue, 

sensor node is found near the static sink nodes which are extensively used to send the data to 

BS on account of other nodes. So these sensor nodes get loaded heavily and are close to sink, 

start draining their battery rapidly and network also sometimes gets disconnected. Mobile 

sink (MS) node is taken to surpass the issue mentioned earlier [22], for collecting the sensed 

data from source node. Sink surrounded nodes change with time, and give opportunity to the 

nodes in network to serve as data relays for MS. This balance the data load routing over total 

sensors present in network. In shortest-path routing scheme, average load over data routing is 

decreased during the time when sink trajectories refers to the concentric circles.  

Data MULES Based Protocol: In few applications, there is no need of the fine-grain 

sensing. So, sparse network of sensors can be used which is sufficient for this type of tasks. 

This decrease the system cost as the count of sensor becomes less. But apartness among 

nodes in neighborhood becomes bigger and communication doesn‟t exist in this situation and 

even if transmission exists it would need a very large amount of energy [12]. 

 

 
 

Figure-8: Data mule architecture 

Scalable Energy-Efficient Asynchronous Dissemination (SEAD): 

SEAD [26] takes data transmission where source node responds the sensed data to various 

mobile sinks & contains 3 main devices named as data dissemination, dissemination tree (d-

tree) construction, maintenance of links to MS. 

Multipath-based Protocols 

 

Disjoint Paths: This is the type of multipath routing protocol [19, 20] where no sensor is 

general corresponding to each other by finding the less count of alternative routes having 

primary routes along with them. In this routing protocol, main route is the best one present in 

system on the other hand, alternative routes doesn‟t offer much benefit because their latency 

is very high. These alternative paths are made independent of their main routes. That‟s why 

in case the basic route gets failed, it doesn‟t affect the other present routes in network as 

alternative as transmission continues. 

Braided Paths: Here [19, 20] first task done is the discovery of primary route. After that, 

every node in sensor network is given the optimum route from source to sink node. Here 
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nodes which are not found are not considered and optimum alternative routes are not required 

for disjointing them from the main routes and these are known as braided multipath. 

QoS-based Protocols 

 

Sequential Assignment Routing (SAR): This generates various trees from root which are in 

neighborhood of sink. Sink is used for connecting the hop link with nearby node in network. 

After that, tree is produced outward in network from nodes. This is the count of nodes which 

are related to various trees. After that these are used for selecting single tree for sending data 

to BS node. SAR is the multipath routing algorithm which makes decisions depending on 3 

factors. These factors are energy resources, quality of service for every route and level of 

packet priority. The count for existing routes is determined among nodes to destination 

nodes. From the present routes, optimum route is chosen, which facilitates less delay having 

high throughput. Two factors are taken into account with every sensor node related to every 

route via it: 

 Existing energy resources along the route. 

 A route is selected having high level of energy resources and then leveled QoS 

parameter is chosen for managing the packets based on the priority packets which are 

used for calculating the product of delay and priority level [3].  
  

 
 

Figure-9: SAR 

 

SPEED: This parameter endeavors to assure specific speed for every data packet present in 

network so as to compute the delay for packets by division operation for apartness to sink by 

packet speed prior taking decision admission decision.  

 

5. CONCLUSION 

 

Routing is the method of discovering the optimum route for sending data from source to BS 

node. Data transmission and reception are the two processes in which most of the energy of 

the nodes is utilized. That‟s why, routing algorithms proposed for WSNs must be efficient in 

terms of energy for prolonging sensor nodes‟ and network‟s life span. In the present paper, 

we have studied several schemes which used different routing techniques for data and also 

saved battery‟s energy provided with sensor nodes. This improved lifetime of network which 

is shown using various parameters like data centricity, dynamic nature of network, QoS hete-

rogeneous network and redundancy. 
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ABSTRACT 

In this paper we are discussing about a real time implemented project in which sensors are deployed for 

gathering environmental data. The collected data is then uploaded to the server where complex algorithms and 

formulae are used to give an accurate prediction of pollution content in the air. This was realised using an 

integration of Internet of Things [IoT] with cloud computing and machine learning. All the data is sensed and 

monitored on daily basis. NodeMCU platform is used for controlling the sensing & manipulation of data and 

uploading the sensed values to the server. 

Keywords: microcontroller, gas detecting sensor, Internet of Things, Machine Learning, Big Data. 

1. INTRODUCTION 

 

The increased pace of urbanisation and development in the present scenario, environmental issues have 

risen many folds. The climate change and environmental hazards are the main issues challenging the 

existence of human civilization. The issue of air pollution is front runner in contributing to the major 

problems biologically, genetically, mentally and above all socially in human health, which leads in 

downfall of overall developmental growth of an individual.   The collection of data and predicting the 

future outcome from it is the key requirement in all the use-cases. Machine learning leading to deep 

learning is resolving these issues and giving prediction using historical data. 

 

2. RECENT STUDIES 

 

This section focuses on the recent studies related to environment monitoring and using IoT and machine 

learning for data collection and prediction respectively. People are becoming more aware about their 

environment day by day and try their best to take measures to control environment pollution.  Many 

countries are putting on working models for the same and more scientific research work is being done 

day by day to minimize the environmental pollution. Some of the recent work is presented in table 1 

regarding environment pollution control. 
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Sr. 

No. 

Tool Author Year Technology/Methodology Conclusions 

1 Long Short Term 

Memory[LSTM] 

with tensor flow 

backend 

T. W. 

Ayele&Rutvik 

Mehta [1] 

2018 IoT based air pollution 

monitoring using DHT11 & 

MQ135. Prediction using 

Recurrent Neural Network 

[RNN] specifically LSTM. 

Air quality monitoring and 

predicting system using IoT 

devices and LSTM for 

implement- 

-tation respectively. It also 

offers a reduction in training 

cycles with a good accuracy 

and a quick convergence 

too. 

2 ARM & MEAN 

stack based 

system 

GaganParmar 

et al. [2] 

2017 Air pollution monitoring 

system using MQ7 & 

MQ135 with a Wi-Fi 

module each interfaced with 

Nucleo F401RE to form 

two client nodes. 

Implementation of TCP 

server on raspberry pi using 

Node.js in JavaScript. 

Low cost pollution 

monitoring system with 

quick response, low 

maintenance, ability to 

produce continuous 

measurements. One major 

advantage is small size i.e. 

using raspberry pi for 

gateway of WSN, database 

server and web server. 

3 Regression and 

controller based 

IoT system 

Paveen Kumar 

Sharma et al. 

[3] 

2018 IoT enabled low cost 

sensors are calibrated using 

machine learning technique. 

An IoT-enabled      ventil--

ation system by the 

prediction of pollutants in 

indoor environment. 

Low cost sensors used with 

external calibration resulting 

in acceptable accuracy with 

minimum tolerance. 

Analysis of the relationship 

between the number of 

occupants and concentration 

of pollutants results in 

carrying out of ventilation 

effect. One of the major 

advantage of achieving 

accuracy were the spatial 

features. 

4 Green IoT based 

efficient system 

Mohamed 

Ghoneim et al. 

[4] 

2019 Introduction of green IoT 

where the system is self 

powered by a small 

effective solar panel which 

feeds the rechargeable 

battery. Authorities are 

informed after a certain 

hazardous level. 

Contributes to the welfare of 

ecosystem using renewable 

source to power the system 

and also including the three 

safety level feature which 

helps in finding the range of 

air pollution content so that 

authorities can be informed 

accordingly. 

 

Table- 1 Recent Work 
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3. Proposed System  

 

The proposed system senses the environmental parameter like temperature, humidity, concentration of 

gases/pollution and uploads the recorded values on web server after filtering odd values out. The 

collected values are saved in the database of a web server on the Cloud. The data is used to build the 

model using machine learning algorithms in python language and thesame model is used for prediction 

later on.  

The basic working of the proposed system revolves around collecting data and forwarding the collected 

data to the server. The data is collected from sensors connected with microcontroller based system 

“NodeMCU” (shown in figure 1). The data is collected from sensors by filtering out the unwanted or out 

of range values. Secondly, this organized data is pushed to cloud based server using wifi connectivity 

and NodeMCU. The data is encoded into a JSON string by the program in NodeMCU system. The cloud 

based web server receives the JSON string and decodes the data, which further gets stored into the web 

server database. 

 
 

Figure 1: Block diagram of proposed system 

 

A. DHT-11 

These are main sensing unit of the proposed system, or we can say that these are 

the “things” which we have been referring all the time. The DHT-11 sensor is 

designed to sense temperature and humidity and generates a calibrated digital 

output which is then fed into digital GPIO’s of the controller.  DHT-11 is very 

commonly available and low cost sensor providing high reliability and long term 

stability. 

 

 

 

        

 

 

 

 

 

 

 

Training data Dataset Model Prediction

NodeMCU

 

Temp. Humidity 

Sensor 

Pollution/Gas 

Sensor 

Database 

Internet 

Input 

Data 

Figure 1: Temperature and 

Humidity sensor 
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It comes in a 4-pin Single row package with humidity and temperature accuracy as ±5%RH and ± 2 

degree Celsius respectively. General measurement range is 20-90%RH and 0-50 degree Celsius for 

humidity and temperature respectively [5]. In our proposed system sensor are working simultaneously 

by sensing the values of temperature and humidity and sending them to NodeMCU. The controller then 

processes the value with a delay of just a second. 

 

B. MQ-7 

 

 

 

 

 

 

Figure 3: Gas Sensor 

This sensor is also a key component in our module which we are using in our proposed system. The 

sensor is basically designed to detect gas in the air and particular carbon-monoxide. It has a high 

sensitivity to carbon monoxide, have a stable and long life. Due to small size and good precision MQ7 is 

also used in industries [6]. 

In our proposed system sensor sends some raw analog values to the controller, which cleans the received 

values and further processes it. 

 

C. NodeMCU 

NodeMCU or improved version of ESP-12E Wi-Fi module is developed 

by AI-thinker Team, with a core processor ESP8266. It is one of the most commonly used module while 

working with IoT and Wi-Fi enabled devices. Along with GPIO support it offers processing clock speed 

of 80 MHz and 160 MHz, also gives a good support of RTOS, integrated with Wi-Fi 

MAC/BB/RF/PA/LNA and last but not the least has on board antenna [7]. It also supports standard 

IEEE802.11 b/g/n agreement along with complete TCP/IP protocol stack. This module is a standalone 

unit i.e. getting information from sensors or to actuators respectively, processing the information and 

sending that information to certain platform over a local internet service for example Wi-Fi or hotspot. 

In our proposed work NodeMCU also works standalone, receiving all the raw values from the sensors, 

processing them and thereafter encoding the required values into a JSON file before sending it to the 

cloud based web server using a local Wi-Fi network. 

 

 

 

Figure 2: Node MCU 
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Flowchart 

The flow chart of the system is depicted in figure 6. It gives a clear 

vision of the proposed system. Since air pollution is increasing day by 

day, steps are required to be taken to control it. Once the system starts 

the values returned by the sensors are evaluated and filtered to delete 

unwanted/out-of-range data samples. The cleaned data is arranged in a 

Java Script Object Notation (JSON) format, so as to transport the data 

over Internet. The JSON string is posted to Internet based web server, 

using the wifi connectivity. After certain delay/waiting time, the sensors 

sense the values and the same process repeats. 

D. Data stored in Web Server 

This section of paper displays the real time values which are uploaded to 

the web server in figure 7.  The data collected is graphically represented 

in figure 8. The graph plots the values of temperature, humidity and 

carbon-monoxide with respect to time. 

 

 
Figure 6: Data Table on web server 

 
Figure 7: Graph for the table in figure no. 6 

 

Figure 5: Flowchart of the 

system 
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E. Machine Learning 

The block diagram of system shown in figure 1, depicts the implementation of a Machine Learning 

algorithm. This requires first the collection, cleaning of training data. The historical sensors data 

collected and stored in web server database is used to build the model for machine learning based 

predictions.  

 

Figure 8: Code snippet 

 

 

 

 

 

 

 

 

 

 

Figure 9: Testing the Model 

The scikit-learn is a machine learning library for python language. In supervised learning, Support 

Vector Machines (SVM) are used for regression and classification. The SVC is capable of performing 

multi-class classification on a dataset. 

Out of total data available, 40% data is used as test data to build the Model (as shown in Figure 8). The 

build model is used for prediction by inserting the temperature and humidity values manually as shown 

in Figure 9. Once tested successfully, the build model can be used for predictions on live data returned 

by sensors. This can be further extended to display prediction on web interface with live data from 

sensors. 

 

4. CONCLUSION 

The system is capable of doing analytics and prediction, on the data collected from sensors. The system 

can be extended to integrate more sensors, to collect real time data in order to have better prediction 

with more accuracy by using different machine learning algorithms.  

The efficient way of environment monitoring at low cost is exhibited in this paper along with different 

models. The working of various modules used in the proposed architecture is also explained in detail. 

The two prominent parameter i.e. noise pollution and air pollution is being monitored and tested with the 

use of Internet of Things (IoT) and the data collected by sensors is saved in cloud based database. The 

stored data can be shared with other users across Internet, as well as used for future predictive analytics. 

The proposed prototype can be extended to cities and manufacturing areas where pollution levels are 
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exorbitant higher or variable and adversely affect the human population. This will not only help the 

strategic environmental planning, but also make the safe world for living. 
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ABSTRACT 

Virtual reality is one of the fastest growing technologies today. The virtual reality market has grown 

rapidly over the years and is expected to see a drastic growth in the coming years. Headsets are the most 

popular display device for virtual reality. These headsets, however, can have an adverse effect on the 

user’s visual system if used without caution. The current work was aimed at studying the various visual 

effects associated with different types of virtual reality headsets operating in different modes. Various 

parameters of virtual reality headsets and related visual effects were explored. It is essential that the 

adverse effects of virtual reality exposure be kept in mind during the development of virtual reality 

headsets. Awareness regarding these effects also needs to be created amongst the users.  

 

Keywords—eyestrain, measures of visual effects, user experience, virtual reality headsets, visual 

discomfort 
 

I. INTRODUCTION 

Virtual reality (VR) provides an immersive simulated environment to an individual using 

computer technology. Using this technology the individual can be provided with a real-life like 

virtual experience also allowing for tasks to be performed virtually if need be. Various sectors 

such as consumer entertainment, education [1], travel, tourism, healthcare and training are 

making use of virtual reality. Business forecasts have projected that the VR industry worldwide 

is expected to grow manifold in the coming years. With the sectors or domains using this 

technology expanding, the user base of this technology is also set to increase drastically.  

The most popular interface for VR is the head mounted display (HMD) which is also referred to 

as a headset or a near to eye display. The VR headsets, since their inception in the 1960s [2], 

have evolved over the years, undergoing several display and ergonomics related improvements.  

A range of VR headsets are available in the market ranging from computer based systems to 

standalone systems with high-end systems equipped with different head motion and eye tracking 

sensors and gaming controllers. High-end VR headsets for highly immersive VR applications as 
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well as lightweight VR headsets for video and text viewing are being used across various 

domains.  

VR headsets depend on the system for sensory inputs.  The human visual and vestibular systems 

may receive mismatched signals, depending on the technology incorporated in the headset. This 

mismatch may cause symptoms like nausea, oculomotor disturbances and disorientation. In VR 

viewing the eye must converge without change of accommodation for avoiding discomfort to the 

human visual system.  The vergence accommodation conflict leads to visual discomfort. Other 

effects resulting from headset usage may include change of binocular status of the eyes and 

stimulus for development of eye conditions such as myopia. 

In the current scenario, it is imperative that users be aware of the visual effects of VR headset 

usage. This would help act as a primary strategy for managing visual side effects of virtual reality 

headsets [3].  

This research paper is organized along the following lines– Section II describes the measures of 

visual effects, Section III describes the visual effects of virtual reality headsets and the 

conclusion is given in Section IV. 

 

II. MEASURES OF VISUAL EFFECTS 

A. Objective Measures 

The Maddox rod test is used to test the development of heterophoria in a person. A Maddox rod 

and a light source are used for observing the horizontal deviations in the position of the subject’s 

eyes. An inward deviation of the eyes implies the presence of esophoria whereas an outward 

deviation of the eyes implies the presence of exophoria. These heterophoria conditions are 

known to have a close association with the development of eye conditions such as myopia [4]. 

The Von-Graefe test makes use of a Risley prism to observe the horizontal and vertical 

deviations in the position of the subject’s eyes. 

Bailey-Lovie acuity charts [5] are used for measuring the binocular visual acuity. 

An auto refractor is a computer-controlled machine used for measuring the refractive error in a 

person’s eyes. The accommodative status of a person’s eyes by refraction can be evaluated using 

an auto refractor. 

The fused cross cylinder test is used as a metric for accommodative reserve. 

Lea symbols are used for pediatric visual assessment. The Lea symbols test involves the use of 

four test symbols, namely- apple, square, pentagon and circle. These symbols are standardized 

and are also easy to recognize for small children [6]. 

The Randot stereo test is a vectograph based test. It is used for measuring a person’s stereo 

acuity.     

B. Subjective Measures 

The questionnaires most commonly used by researchers for assessing visual strain and sickness 

related symptoms include the simulator sickness questionnaire (SSQ) and the visual strain 
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questionnaire (VSQ). 

The simulator sickness questionnaire is a standard questionnaire for assessing the extent of 

visually induced motion sickness [7]. It consists of three sub scores- SSQ nausea (SSQ-N), SSQ 

disorientation (SSQ-D) and SSQ oculomotor (SSQ-O) which are calculated by marking the 

levels of the sixteen SSQ symptoms on a scale of 0 to 3. The value 0 denotes the absence of that 

symptom and 3 denotes its highest severity. 

The visual strain questionnaire is a detailed questionnaire used to measure the severity of 

eyestrain symptoms [8]. 

A few more questionnaires used by the researchers have been discussed in Section III.  
 

III. VISUAL EFFECTS OF VIRTUAL REALITY HEADSETS 

The virtual reality headsets, while providing high levels of immersivity, induce a substantial 

amount of visual discomfort and sickness related symptoms in the users. This can also affect the 

binocular status of the users’ eyes in certain cases. A number of studies have been conducted to 

analyse the impact of virtual reality headsets on the visual system of the users. Howarth [9] 

studied the oculomotor changes occurring in the users of HMDs while being immersed in a 

virtual environment. The participants were tested for heterophoria using the Maddox rod test. It 

was found that exophoria and esophoria were induced in the participants as a result of being 

immersed in the virtual reality environment. Sheedy and Bergstrom [10] studied the performance 

and comfort levels whilst carrying out text based tasks on near eye computer displays. Speed of 

performing word search tasks and letter search tasks was used to assess the performance of the 

participants. A questionnaire addressing nine symptoms, namely- eyestrain, blurry vision, sore or 

irritated eye, dizziness, disorientation, backache, neck ache, headache and nausea was used as a 

measure for the induced visual effects. The symptom severity was marked on a scale ranging 

from 0 to 100. Bailey-Lovie acuity charts were used to measure the binocular visual acuity of the 

participants and the Maddox rod test was used to test them for heterophoria. Blurry vision and 

eyestrain levels were found to be significantly higher in case of monocular virtual displays 

compared to traditional displays. The performance level was found to be significantly lower in 

case of binocular virtual displays in comparison to the traditional displays. Peli [11] studied the 

functional changes in accommodation, resolution and binocular vision induced due to prolonged 

usage of headsets in stereoscopic and non-stereoscopic modes. The comfort levels of the 

participants was measured using a discomfort questionnaire, which was a modified version of an 

international standard questionnaire [12]. The accommodative status of the participants was 

evaluated using an auto refractor and the fused cross cylinder test. The participants were tested 

for phoria using the Von-Graefe test and their visual acuity was also measured. The participants’ 

impression of comfort was found to be significantly lower in case of HMDs in stereoscopic mode 

compared to CRT displays. Kozulin et al. [13] studied the effects of headsets on the children’s 

oculomotor systems. Children in the age range of 5 to 16 years participated in the study. The 

visual assessment of the children was done using Lea symbols and their stereo acuity was 
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assessed using the Randot stereo test. The children were also tested for heterophoria using the 

Maddox rod test. A questionnaire based on the symptom questionnaire developed by Ames et al. 

[14] was used to evaluate the level of induced visual effects. Additional adverse effects were 

observed in the children whilst viewing binocular headsets compared to conventional high 

definition television viewing. 

Jarvenpaa and Polonen [15] stressed on the importance of display measurements for near to eye 

displays. They developed a measurement device for the characterization of near to eye displays. 

For the purpose of characterization, optical characteristics of the near to eye displays including 

values of focal distance, inter ocular differences, luminance, angular properties and qualified 

viewing space were measured. The visual effects induced in the participants by viewing near to 

eye displays were also measured using the simulator sickness questionnaire and the visual strain 

questionnaire. It was found that determining the characteristics of near to eye displays helped in 

predicting symptoms related to nausea, disorientation and ocular discomfort. Kuze and Ukai [16] 

studied the visual fatigue induced by viewing different types of motion images. Images with and 

without camera shake stabilization, stereoscopic and non-stereoscopic movies, movies with 

colour break up and movies without colour break up were used for the purpose of this study. A 

questionnaire derived from the simulator sickness questionnaire was used as a measure for visual 

fatigue. Factor analysis revealed that eyestrain, nausea, headache, general discomfort and 

difficulty in focusing were effective for classification of motion images. It was found that 

viewing stereoscopic images induced visual fatigue. 

Sharples et al. [17] compared the prevalence and severity of sickness related symptoms induced 

in different VR display conditions, namely- HMD, reality theatre, projection screen and desktop. 

The simulator sickness questionnaire was used to assess the sickness related symptoms 

experienced by the participants. Nausea related symptoms were found to be higher in case of 

HMD viewing compared with desktop viewing. It was also found that the disorientation, nausea 

and oculomotor symptoms were higher in case of HMD viewing compared with reality theatre 

viewing. Polonen et al. [18] compared the comfort levels and experiences of the participants 

across different near to eye displays. The simulator sickness questionnaire and the visual strain 

questionnaire were used to measure the sickness and eyestrain levels of the participants. A 

questionnaire to evaluate task pleasantness, headset fit and visual quality was also administered 

to the participants. It was found that better headset fit and higher visual quality were related to 

pleasant task experience, whereas symptoms of sickness led to less pleasant task experience. 

Polonen et al. [19] compared the visual effects induced in the participants whilst performing 

reading based tasks across near to eye display, a small sized display and a hard copy. The visual 

strain questionnaire and the simulator sickness questionnaire were used as a measure for the 

sickness and eyestrain symptoms experienced by the participants. It was found that reading from 

a hard copy provided the most comfortable experience. The near to eye display was found to 

induce eyestrain and sickness symptoms in the participants, the levels of which varied with the 

text layout and design. 

Howarth and Costello [20] studied the sickness symptoms induced in users of HMDs whilst they 
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used it as a personal viewing system. A questionnaire adapted from the Pensacola simulator 

sickness questionnaire [21] was used to assess the level of simulator sickness  symptoms such as 

general discomfort, drowsiness, fatigue, eyestrain, claustrophobia, nausea, headache, sweating 

and disorientation in the participants. The symptoms of virtual simulation sickness were found to 

be more readily induced while using the HMD as a personal viewing device in place of a 

conventional visual display unit. Hakkinen et al. [22] studied the simulator sickness induced 

during virtual display gaming. The stereoscopic and non-stereoscopic mode of gaming was 

compared in the study. The simulator sickness questionnaire was used to measure the simulator 

sickness experienced by the participants. The eyestrain and disorientation symptoms were found 

to be significantly higher in case of stereoscopic mode of gaming.   

IV. CONCLUSION 

This review was aimed at studying the visual effects associated with the headsets used in VR 

environments. An analysis of the previous studies on the various effects of VR headsets 

confirmed that the level of symptoms of visual discomfort and sickness such as nausea, 

disorientation, oculomotor, eyestrain and blurry vision was significantly higher in case of headset 

viewing compared to traditional displays. Immersion in VR environments was found to cause 

exophoria and esophoria conditions in the headset users, which are closely associated with the 

development of eye conditions such as myopia. Monocular virtual displays were found to induce 

higher levels of visual discomfort in the users compared to binocular displays. Further, it was 

found that the optical characteristics of the headset, headset fitting, quality and layout of the 

virtual content had a direct relation with the visual discomfort and sickness induced in the users, 

thereby affecting the user experience. Viewing the headset in stereoscopic mode was found to 

increase visual fatigue which led to a decrease in the comfort level of the user. 

With the rapid expansion of the VR market, it is recommended that the manufacturers pay 

attention to various design and optical characteristics whilst developing VR headsets. Further 

studies on the design and development of VR software and content need to be carried out so as to 

minimize the adverse effects of VR on its users. It is recommended that the users pay heed to the 

development of various visual discomfort and sickness symptoms and avoid any critical 

operation until the symptoms are resolved.  Further research and customer awareness of suitable 

precautions for VR viewing would lead to improvement in the overall experience of VR headset 

users.     

REFERENCES 

[1] Englund C., Olofsson A. D., Price L., “Teaching with technology in higher education: understanding 

conceptual change and development in practice”, Higher Education Research & Development, Vol. 

36, pp. 73–87, 2017. 

[2] Sutherland IE, “The ultimate display”, Proceedings of the IFIP Congress, pp. 506–508, 1965. 

[3] Chantal Coles-Brennan, Anna Sulley, Graeme Young, “Management of digital eye strain”, Clinical & 

Experimental Optometry, Vol. 102, No. 1, pp. 18-29, 2019. 



National Conference on Biomedical Engineering-NCBE-2020 
 

262 | P a g e  

ISBN: 978-81-948668-9-3 
 

 

[4] Jiang BC., “Parameters of accommodative and vergence systems and the development of late-onset 

myopia”, Investigative Ophthalmology & Visual Science, Vol. 36, No. 8, pp. 1737–1742, 1995. 

[5] Bailey IL, Lovie JE., “New design principles for visual acuity letter charts”, American journal of 

optometry and physiological optics, Vol. 53, No. 11, pp. 740-745, 1976. 

[6] Repka MX., “ Use of Lea Symbols in young children”, British Journal of Ophthalmology, Vol. 86, 

No. 5, pp. 489-490, 2002.   

[7] Kennedy RS, Drexler J, Kennedy RC, “Research in visually induced motion sickness”, Applied 

Ergonomics, Vol. 41, No. 4, pp. 494-503, 2010. 

[8] Howarth PA, Istance HO, “The association between visual discomfort and the use of visual display 

units”, Behaviour and Information Technology, Vol.  4, pp. 135-149, 1985. 

[9] Howarth PA, “Oculomotor changes within virtual environments”, Applied Ergonomics, Vol. 30, pp. 

59-67, 1999. 

[10] Sheedy J, Bergstrom N, “Performance and comfort on near-eye computer displays”, Optometry and 

Vision Science, Vol. 79, No. 5, pp. 306-312, 2002. 

[11] Peli E, “The visual effects of head-mounted display (HMD) are not distinguishable from those of 

desk-top computer display”, Vision Research, Vol. 38, pp. 2053-2066, 1998. 

[12] ISO 9241-3, International Standard- Ergonomic requirements for office work with visual display 

terminals (VDTs) part 3: visual display requirements, 1992. 

[13] Kozulin P, Ames SL, McBrien NA, “Effects of a head-mounted display on the oculomotor system of 

children”, Optometry and Vision Science, Vol. 86, No. 7, pp. 845-856, 2009. 

[14] Ames SL, Wolffsohn JS, McBrien NA, “The development of a symptom questionnaire for assessing 

virtual reality viewing using a head-mounted display” Optometry and Vision Science, Vol. 82, No. 3, 

pp. 168-176,  2005. 

[15] Jarvenpaa T, Polonen M, “Optical characterization and ergonomical factors of near-to-eye displays”, 

Journal of the Society for Information Display, Vol. 18, No. 4, pp. 285-292, 2010. 

[16] Kuze J, Ukai K, “Subjective evaluation of visual fatigue caused by motion images”, Displays, Vol. 

29, pp. 159-166, 2008. 

[17] Sharples S, Cobb S, Moody A, Wilson JR, “Virtual reality induced symptoms and effects (VRISE): 

Comparison of head mounted display (HMD), desktop and projection display systems”, Displays, 

Vol. 29, pp. 58-69, 2008. 

[18] Polonen M, Jarvenpaa T, Hakkinen J, “Comparison of near-to-eye displays: Subjective experience 

and Comfort”, Journal of Display Technology, Vol. 6, No. 1, pp. 27-35, 2010. 

[19] Pölönen M, Järvenpää T, Häkkinen J, “Reading e-books on a near-to-eye display: Comparison 

between a small-sized multimedia display and a hard copy”, Displays, Vol. 33, pp. 157-167, 2012. 

[20] Howarth PA, Costello PJ, “The occurrence of virtual simulation sickness symptoms when an HMD 

was used as a personal viewing system”, Displays, Vol. 18, pp. 107-116, 1997. 

[21] Robert S. Kennedy, Norman E. Lane, Kevin S. Berbaum, Michael G. Lilienthal, “Simulator Sickness 

Questionnaire: An Enhanced Method for Quantifying Simulator Sickness”, The International Journal 

of Aviation Psychology, Vol. 3, No. 3, pp. 203-220, 1993.  

[22] Häkkinen J, Pölönen M, Takatalo J, Nyman G, “Simulator Sickness in virtual display gaming: a 

comparison of stereoscopic and non-stereoscopic situations”, Proceedings of the 8th Conference on 

Human-Computer Interaction with Mobile Devices and Services, pp. 227-230, 2006. 



National Conference on Biomedical Engineering-NCBE-2020 
 

263 | P a g e  

ISBN: 978-81-948668-9-3 
 

 

WAVELET BASED FILTERING APPROACH IN 

DISCRIMINATION OF ECG TRACES 

1
Abrol Ajay , 

2
Gaddam C. M., 

3
Shyam.S.Pattnaik 

1
Research scholar, I.K.G. Punjab Technical University Jalandhar,  

Kapurthalla, Punjab India, Email: ajayabrol1969@gmail.com 

2
Research Scholar, PU, Chandigarh; India, Pin 160014, mohangchandra@gmail.com 

3
Director NITTTR, Chandigarh, India, Email: shyampattnaik@yahoo.com 

Former Vice Chancellor, BijuPatnaik Universityof Technology, Odisha India, Pin 769015; 

Email: vc@bput.ac.in 

ABSTRACT 

A number of approaches are being adopted by various researchers to discriminate the ECG signals. 

The approaches include development of algorithms for electrocardiogram(ECG) data analysis and 

discriminating different types of data. This paper presents a discrete stationary wavelet transform 

based approach for decomposing signal to a particular level using Matlab R2014a. The signal is 

reconstructed from the decomposed signal using inverse discrete stationary wavelet transform. The 

filtering action is achieved with dbN, dyme and haar filter. The statistical parameters recorded after 

reconstruction of the ECG datashow higher values for 2G-Tx trace compared with 2G-Rx trace and 

based on these parameters traces have been discriminated. The traces used in the study are 

influenced by RF radiations from mobile phones. The mobile phones have been used in transmission 

and receiving mode.  

Keywords Radiations, Reconstruction, Discrete Stationary wavelet transform 

 

1. INTRODUCTION 

ECG trace comprises of a series of repeated beat patterns. The segments in a beat dictate the 

function of different parts in the heart. Each of the beat contains P, QRS and T segments. 

ECG signals are affected by various artefacts. Over the past decade, data acquisition and its 

analysis has increased and is leading for development of new drugs in the medical field 

[1].Wearable systems experience motion artefacts arising because of motion of electrodes on 

the skin of patient [2]. Noise removal from ECG has been applied for signal discrimination in 

a multitude of situations. The removal of noise improves the signal quality. The filtered 

signal may be applied in pattern recognition applications [3].Medical informatics has a focus 

on analysis of large data with an aim to enhance and help in the development and assessing 

data for quality assurance and accessibility of health care systems [4]. 

In the proposed work ECG data has been discriminated based on the parameters derived from 

the reconstructed ECG signal. The traces used for discrimination are influenced byRF 

radiation and are recorded in the transmission and receiving modes in 2G communication 

mode. The short wavelet transform has been applied for decomposition of the signal. Also 

signal is recovered using various filtering approaches and using multilevel 1-D wavelet 

reconstruction approach. The variation in the parameters like max value in the signal, mean, 
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median, standard deviation, error during reconstruction of the signal are used for signal 

discrimination. It has been observed that the parameters show increased values for each of the 

parameters in 2G-Tx Mode which helps to discriminate the trace in 2G-Tx from 2G-Rx mode 

signal.  

 

2. METHODOLOGY 

Data analysed and discriminated is a primary data source. Traces in transmission and 

receiving mode are recorded in the antenna laboratory at NITTTR Chandigarh and has been 

recorded under the supervision of a medical expert. ECG equipment utilized in the study is 

BiopacMP 150.  Trace of length 1:15000 has been considered in the analysis. The trace in the 

2G-Rx mode is presented in Figure 1. 

 

Figure 1:Signal decomposition with db3 level 3 and reconstruction with Dmey filter 

Data1 is the decomposed signal and signal represented by * is the reconstructed signal. 

 

A zoomed view of  a small portion of the signal is presented in Figure 2 

 
 

Figure  2:  Zoomed view of signal  decomposition with db3 level 3  and reconstructed with 

db2 

The filtering process is carried out using haar, dmey and dbN type of filters. The short 

wavelet transform decomposes signal usinga multilevel 1-D stationary wavelet. The signal is 

reconstructed from the decomposed signal. The statistical analysis is presented in Tables (1-

6) below 
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Table 1 

S.No Haar (2G-Rx) 

  Decompositionat lelel 3 by 

db3 

Reconstructed 

SignalParameters 

1 Max Value 1.5e+04 0.3453 

2 Mean 0.01768 0.01768 

3 Median -0.006292 -0.006428 

4 Mode  -0.2763 -0.2672 

5 Standard deviation 0.1088 0.1081 

6 Error in reconstruction  = 6.8356 

 

 

Table 2 

S.No Dmey (2G-Rx) 

  Decomposition at lelel 3 

by db3 

Reconstructed 

SignalParameters 

1 Max Value 1.5e+04 0.3458 

2 Mean 0.01768 0.01768 

3 Median -0.006292 -0.00637 

4 Mode  -0.2763 -0.2753 

5 Standard 

deviation 

0.1088 0.1088 

6 Error in reconstruction  = 5.0444 

 

 

Table 3 

S.No db4 (2G-Rx) 

  Decomposition at lebel 3 by 

db3 

Reconstructed Signal 

Parameters 

1 Max Value 0.3458 0.3454 

2 Mean 0.01768 0.01768 

3 Median -0.006292 -0.006314 

4 Mode  -0.2763 -0.2755 

5 Standard 

deviation 

0.1088 0.1088 

6 Error in reconstruction = 3.5742 
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Table 4 

S.No Haar (2G-Tx)  

  Decomposition at lebel 3 by 

db3 

Reconstructed Signal 

Parameters 

1 Max Value 0.3867 0.386 

2 Mean 0.03592 0.03592 

3 Median 0.01001 0.01029 

4 Mode  -0.2369 -0.2271 

5 Standard 

deviation 

0.1107 0.11 

6 Error in reconstruction = 6.8259 

 

Table 5 

S.No Dmey (2G-Tx) 

  Decomposition at lebel 3 by 

db3 

Reconstructed Signal 

Parameters 

1 Max Value 0.3867 0.3874 

2 Mean 0.03592 0.03592 

3 Median 0.01001 0.01001 

4 Mode  -0.2369 -0.2453 

5 Standard 

deviation 

0.1107 0.1106 

6 Error in reconstruction = 6.8259 

 

Table 6  

S.No db4 (2G-Tx) 

  Decomposition at lelel 3 

by db3 

Reconstructed signal 

Parameters 

1 Max Value 0.3867 0.4806 

2 Mean 0.03592 0.03592 

3 Median 0.01001 0.009957 

4 Mode  -0.2369 -0.2347 

5 Standard 

deviation 

0.1107 0.1106 

6 Error in reconstruction =3.5826 
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A graphical representation of statistical data captured from the reconstructed signal is 

presented in Figures (3-5) 

 

 

Figure 3: Reconstructed signal parameters using Haar Wavelet 

 

 
Figure 4: Reconstructed signal parameters using db4 Wavelet 

 

 
Figure 5: Reconstructed signal parameters using Dmey Wavelet 

The discussion about the results and conclusion is presented in section 3 
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3. RESULTS & CONCLUSION 

 

 The results indicate that during reconstruction of the signal using Haar, Dmey and db4 

wavelet, the value of parameters like maximum value, mean, median, mode, standard 

deviation increase for trace recorded in the transmission mode as compared to trace recorded 

in receiving mode. 

The values of various parameters for 2G-Tx traceduring reconstruction indicate higher values 

compared with parameters derived from 2G-Rx. The increasing or decreasing trend of these 

parameters in idle, 3G-Rx and 3G-Tx modes can be studied to investigate the RF radiation 

effects on ECG data recorded when of mobile phones are operational in different modes. 

Further data can be an analysed using soft computing approach that forms the future scope of 

this work. 
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ABSTRACT 

In this paper, a spatial watermarking scheme is proposed for securing signature biometric template. 

The proposed scheme avoids computational complexities and calculations by using robust XOR 

operation without degrading the performance of the system. For analysing the performance of the 

system and the validation of the proposed technique, experiments were performed on publically 

available signature database as well as on standard images. Results show that the encoded 

watermark is undetectable and secure with respect to various operations such as rotation, dilation, 

and circular shift which may be attempted by the intruders.  The proposed scheme achieves large 

values of Peak Signal to Noise Ratio (PSNR) which ensures the watermark imperceptibility. High 

value of Number of Pixel Change Rate (NPCR) authorizes the security. The proposed method, thus, 

beats the existing approaches used in watermarking and is impermeable towards several attacks. 

 

Keywords: security, number of pixel change rate; watermarking; peak signal to noise ratio;  

 

1. INTRODUCTION 

Using internet on smart phones through public networks makes the user’s data insecure. 

Watermarking has been proposed for different purposes such as copyright protection, 

ownership verification etc. thus, preventing the unauthorized distribution. There are three 

design properties a good watermark process must possess: imperceptibility, robustness and 

data payload which have conflict with each other [1]. Researchers have tried many 

techniques, both in spatial and frequency domain, to embed watermark in different digital 

contents. In [2], authors presented Zernike moments for robust watermarking systems by 

modifying the vector of the systems. However, it suffered difficulty in recreating the 

watermark image, especially for rotations with larger angle. In [3], fractional wavelet packet 

transform watermarking technique was proposed to decompose an image. The optimal value 

of transform order was obtained by trial-and-error algorithm, but it was not used in 
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watermark extraction because it increased the complexity of the system. In [4], a hybrid 

domain for watermarking was reported. The approach used was fragile against Gaussian 

noise and geometric distortions. The system failed against Salt & Pepper (0.03%) attack and 

Sharpening attack as it could not attain the acceptance value of 30 dB for PSNR. In [5], 

author described a novel method based on statistical and chaotic views for watermarking. 

The position of pixel did not change when the watermarking was in process. The whole 

procedure of moving a pixel was insensitive to image distortion, so detection algorithm was 

not able to calculate the pixel position.  

In this paper, a watermark technique is proposed which ensures security with less 

computational complexity. A novel secure watermarking technique was developed which is 

based on a one-dimensional security key for insertion and extraction of watermark. For the 

validation of the proposed approach, experiments were conducted on 480 color signatures of 

size 334 × 1082 pixels with 24 genuine signature images of first 20 subjects taken from the 

www.gpds.ulpgc.es/download [6]. We examined this watermark scheme based on its main 

properties – security, robustness, and imperceptibility – noticing the values of image quality 

parameters under various signal processing and geometrical attacks.  

This paper is organized as follows. In Section 2, proposed watermarking approach is 

described. Section 3 gives the methodology. Performance image quality parameters and 

equivalent results are described in Section 4. Section 5 concludes the paper. 
 

2 .  PROPOSED WATERMARKING APPROACH 

The block diagram of proposed watermarking process is shown in Fig 1.  First, the signature 

from freely available database is converted into 1-D security key and watermark is embedded 

into signature image. 

During transmission, watermark images may be directly or indirectly affected by some 

attack(s). Watermark extraction takes place after applying various attacks on watermarked 

image. With the help of image quality parameters discussed in Section 4, watermark 

imperceptibility is assessed and the status of system security is estimated after intruder’s 

interference. 

 

Watermark

      1D

         Key

Watermark

Insertion

Watermark

Extraction

     

Watermark

    Extracted

Original Image

    Extracted

Input

   

     Attacks

 

Fig 1: Block Diagram of Proposed Watermark Process 
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3. METHODOLOGY 

The three ingredients of development of a watermarking system are: embedding, 

modification by attacks and extraction. A signature is chosen from the freely available 

database as input (Ik). A color watermark of size 90 × 90 pixels (Fig. 2) was chosen, which is 

converted first into a gray-scale image and then into sequence vector map.  The input 

signature image and gray-scale watermark can be described mathematically as Eq. (1) and 

Eq. (2), respectively.  

 

           
 

YXpqk iI



    

                                       (1)                        

       
NMmnWM

aI



                                     

(2)  

 

 

 
Fig 2: Watermark 

 

 

Column sequence vectors are obtained from watermark as 

          Ci= [ C1  C2   C3 ………..Cn] 

 

  where Ci = i
th 

column vector of IWM. A user defined chunk value (C
min

) is used to insert the 

watermark at chunk locations (CNK i
). In input signature, Ik, the position of insertion is always 

the multiple of chunk value (C
min

). The chunk locations are expressed in Eq. (3), where L is 

the highest integer such that LC
min

< X where X indicates row size of Ik.    

CNK =[ Cmin   2Cmin  ……………………LCmin]             (3) 

   

Then process of binary XOR operation between elements of locations of Ik indicated by CNK 

and the elements of IWM is carried out for all the rows of Ik, keeping other elements of Ik 

intact. This gives an encrypted image, EI. The pseudo code steps for watermark insertion and 

watermark extraction are explained in [1]. 

 

4.  RESULTS AND DISCUSSION 

The performance of system was measured using following parameters:  

Peak signal to noise ratio (PSNR): A measure of watermark imperceptibility, it is calculated 

between input image Ik and watermarked image EI for checking the image degradation after 

embedding a watermark [8].

 

The acceptable lower limit of PSNR is 38dB. 

Number of Pixel Change Rate (NPCR): It is calculated between watermarked images EI and 

attacked watermarked image EIA using Eq. (4). 
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For images EI (i, j) and EIA(i, j) difference of pixels is indicated by output R(i, j).  



















0),(  ),(),(

1),(  ),(),(

'

'

jiRthenjiEjiE
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IAI

IAI
100*

),(

YX

jiR
NPCR


                         (4)  

Where X and Y are the rows and columns of the image. 

 The higher value of NPCR indicates higher resistance to attacks which depicts higher image 

security. The NPCR value below 80% means the system is not secure. 

 

To evaluate the performance of the proposed technique, various signal and geometrical 

attacks are considered: Rotation attack by -90
o
 to -360

o
; Dilation, and Circular shift by 50°. 

Table 1 show the image quality parameter NPCR and PSNR values for each type of attack.  

Dilation: System is secure against dilation attack. 

 

Table 1: Effect on Performance parameters due to attack on Signature Database 

 

 

 

 

 

 

 

Table 2: Result of Watermark Insertion Process 

       

 

 

Table 3: Results of different attacks on watermarked image

 

Attack Variation NPCR (%) PSNR 

Rotation -180
o
 84.20% 38.8-48.3 

-360
o
 100% 38.8-48.3 

Dilation Sphere, 25 93.27% 38.8-48.3 

Circular Shift 50
o
 85.91% 38.8-48.3 

Cover  

Image 

[512 × 

512] 

Water

mark 

[512 × 

512]  

Watermark  

Image 

[512 × 512] 

PSNR between Cover image and Watermarked image 

in dB 

[8] Proposed  

   

25.6391 54.8557 

Cover Image Watermark  Watermark Image 

 

Parameter PSNR between Watermark and extracted Watermark in 

dB 

Reference [8] Proposed 
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High value of NPCR ensures that proposed technique offers large resistance to attacks which 

means high security to the system.  

PSNR was calculated between input signature image and its watermarked image for the input 

dataset of 480 images. Its value was obtained in the range 38.8 dB to 48.3 dB i.e. more than 

38 dB which shows watermark is imperceptible[7]. The result on each attack is as below: 

Rotation: High value of NPCR obtained between embedded watermark and extracted 

watermark indicates that system is secure. 

Circular shift: High value of NPCR shows that system resists the circular attack at 50° and 

is, therefore, secure. 

PSNR values obtained on these images for watermark imperceptibility during watermark 

insertion process are shown in Table 2. This table also shows the comparison of proposed 

technique with the technique of [8]. High value of PSNR indicates that watermark 

imperceptibility using proposed method is better than [8]. 

Results of different attacks on watermarked image (Table 3) show that proposed 

technique is robust against all these attacks and gives enhanced results than [8]. 

 

5 . CONCLUSION 

It is summarized that proposed spatial technique is robust for all the existing attacks and 

provide security to the signature. The attacks fail to alter the watermark in general. In 

particular, system is completely secure to rotation, circular attack and dilation attack. In 

future, the work shall be extended to more parameters and more attacks in terms of 

robustness. 
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Abstract:  

A one-pot rapid microwave assistant synthesis of agarose (Agr) derivative namely agarose-coumarine 

carboxylic acid (Agr-CCAEst) using carbodiimide (dicyclohexylcarbodiimide/4- 

dimethylaminopyridine; DCC/DMAP) chemistry has been described in this study. Agr-CCAEst form 

strong ionogel in bio-based ionic liquid choline acetate. Synthesis of Agr-CCAEst was confirmed by 

FT IR, 13C NMR, 1H NMR, UV-Vis spectrophotometry and fluorescence spectroscopy. The gel 

formation was confirmed by rheological measurements. The fluorescence emission (λmax 472 and 

420 nm) of 1x10-3 M solutions of Agr-CCAEst (ca. 76%) was significantly higher than that of the 

molar equivalent of CCA present in the 1x10-3 M solutions of Agr-CCAEst. Relative percentage of 

thixotropic area (Ar) of Agr-CCAEst was above 70%. This type of fluorescent materials may find 

applications in chemical sensors (fluorescence spectroscopy) and fluorescent labelling. 
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Abstract: 

 
We have studied and experimented the imaging of white blood cells (leukocytes) from whole blood 

sample. The method consists of mixing the phosphate buffer solution with acridine orange dye 

solution in whole blood sample. Low magnification fluorescence imaging with suitable nuclear 

staining dye is performed to extract the original images and then subsequent image processing is 

carried out using a custom program/code. Our aim is to design and develop a portable point-of-care 

device for white blood cell count which can be used in remote areas and also for the highly sensitive 

patients at their bedside. 
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Abstract:  

This paper presents the prediction of blood screening test features using Back Propagation Neural 

Network. The features used in this paper are Fibrinogen and Globulin. The normal ranges of Fibrinogen 

and Globulin are 2-4 g/L and 20-35 g/L respectively. Fibrinogen is a glycoprotein that circulates in the 

blood of vertebrates. Reduced and/or dysfunctional fibrinogens occur in various congenital and acquired 

human fibrinogen-related disorders. Globulin is a collective term for all the proteins other than albumin in 

your blood. Albumin makes up about 60% of the total protein. Globulins include enzymes, antibodies and 

other types of proteins. The Back Propagation algorithm is applied in this paper to predict the ranges of 

Fibrinogen and Globulin. The key idea of predicting the future values is to provide the prevention 

guidelines to the patients if the predicted values of Fibrinogen and Globulin are not under the normal 

range. 
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Abstract 

 

In this paper, different types of methods from different researchers are described in order to detect the 

pain level of patients in hospitals. There are some features like Hjorth activity, Hjorth mobility, Hjorth 

complexicity and Spectral entropy, etc which can be used to detect the pain signals from the EEG 

signal. We can use many techniques like Polynomial Kernal Support Vector machine (KSVM), Fuzzy 

Logic, and KNN etc. for the detection of pain signal. The main motive of this review paper is to quantify 

the pain level that is being experienced by the patients before, during or after surgery. In this paper, the 

various pain estimation techniques are illustrated by different researchers. 
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Abstract 

This paper studies the design of anisometropia eyeglass lens by using spherical surface and the 

multi-configuration in ZEMAX optic software. Lightweight Plastic spherical components are 

used instead of glass spherical components to offer better correction at the periphery at low cost. 

The designed spherical surfaces for -5.00D and +2.50D eyeglass lens can largely correct 

anisometropia and MTF (modulation transfer function) and spot size derived to RMS radius of 

231.602 µm and 22.182 µm simultaneously. 
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ABSTRACT 

 

This paper describes about the non-contact heart monitoring system of estimating resting heart 

rate using electromagnetic waves. Here we are monitoring the heart pulse of human being at a 

certain distance whether the pulse beat is in active or inactive state. The EM waves screens and 

records the chest movement of a subject utilizing the simple yield signal. The simple yield signal 

speaks to the composite movement due to breathe in breathe out procedure with the extent a lot 

bigger than the moment vibrations of heart beat. For such heart movement PIR sensor (Passive 

IR – Pyroelectric sensors) can be as often as possible utilized just as finding human body covered 

under the breakdown structures or because of seismic tremor, Doppler sensor can be used for 

such heart activity. In this paper, the literature survey is taken for PIR sensor and microwave 

radar Doppler sensor and other microwave related sensor used for the purpose of non contact 

monitoring system for life saving. Such types of sensors or instruments are used based upon 

microwave or electromagnetic radio wave available but depends on the applications.   
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ABSTRACT 

The population around the globe is growing and an aging one also. The aged population has 

chronic diseases which require regular monitoring. As the percentage of population which 

requires medical treatment is increasing every day. There is a requirement of efficient 

medical infrastructure which can handle the increasing demand of unobtrusive healthcare 

services. The wireless technology, Integrated circuits (IC) coupled with physiological sensors 

have resulted into new phase of health monitoring. The internet of everything solutions are 

making every object electronically connected. This has generated a huge amount of data. This 

amount of data cannot be processed by centralized cloud environment. The healthcare data 

needs real time response and low latency. Fog Computing emerged as a solution. Fog 

Computing extends cloud near to the boundary of network to decrease latency as well as 

bandwidth requirements and improves real time decisions. 

 


	Final preface as per college.pdf (p.1-14)
	Book.pdf (p.15-296)
	All Paper.pdf (p.15-296)
	1.pdf (p.1-7)
	2.pdf (p.8-12)
	3.pdf (p.13-18)
	4.pdf (p.19-24)
	5.pdf (p.25-30)
	7 .pdf (p.31-36)
	8.pdf (p.37-41)
	10.pdf (p.42-46)
	11.pdf (p.47-58)
	14.pdf (p.59-66)
	15.pdf (p.67-71)
	16.pdf (p.72-79)
	17.pdf (p.80-86)
	19.pdf (p.87-94)
	20.pdf (p.95-101)
	21.pdf (p.102-116)
	22.pdf (p.117-122)
	23.pdf (p.123-129)
	24.pdf (p.130-136)
	25.pdf (p.137-143)
	26.pdf (p.144-148)
	27.pdf (p.149-156)
	28 .pdf (p.157-163)
	29.pdf (p.164-170)
	30.pdf (p.171-176)
	31.pdf (p.177-182)
	32 .pdf (p.183-191)
	33.pdf (p.192-200)
	34.pdf (p.201-206)
	35.pdf (p.207-212)
	36 .pdf (p.213-219)
	37.pdf (p.220-224)
	38.pdf (p.225-231)
	39 .pdf (p.232-237)
	40 .pdf (p.238-250)
	41.pdf (p.251-257)
	43 .pdf (p.258-263)
	44.pdf (p.264-269)
	45.pdf (p.270-275)
	6.pdf (p.276)
	9.pdf (p.277)
	12.pdf (p.278)
	13 .pdf (p.279)
	18.pdf (p.280)
	42.pdf (p.281)
	46.pdf (p.282)



