3rd National Conference on Medical Instrumentation, Biomaterials and Signal
Processing (NCMBS-20)

1

ISBN 978-93-881812-3-5

3rd National Conference on Medical Instrumentation, Biomaterials and Signal
Processing (NCMBS-20)

Patron

Patron in Chief

Dr. R.D. Kaushik
Registrar, DCRUST,
Murthal
Prof. (Dr.) J.S.Saini
Dean FET, DCRUST,
Murthal

Prof. (Dr.) Rajendrakumar
Anayath
Vice-Chancellor, DCRUST,
Murthal

ISBN 978-93-881812-3-5

Organizing Chair
Prof. (Dr.) Manoj Duhan
Chairman, Department of
Biomedical Engineering
DCRUST, Murthal

Conveners
Dr. Poonam Sheoran, Assistant Professor, BMED
Er. Sarita, Assistant Professor, BMED

Core Organizing Committee
Seema Chawla, Assistant Professor, BMED
Dinesh K. Atal, Assistant Professor, BMED
Dr. Geeta Singh, Assistant Professor, BMED
Saravjeet Singh, Assistant Professor, BMED
Ravinder Sharma, Lab Technician
Sharda Rani, Lab Technician
Naveen Kumari, Lab Technician

Technical Advisory Board
•

Dr. Amod Kumar, NITTTR, Chandigarh

•

Dr. Neeraj Dilbaghi, GJUST Hisar

•

Dr. Vinod Kumar, Jaypee University Solan

•

Dr. Jaipal Saroha, KUK, Kurushetra

•

Dr. D. Majumdar, Ergonomics Lab, DIPAS

•

Dr. Sandeep Arya, GJUST Hisar

•

Dr. Sanjeev Kumar Virdi, CSIO Chandigarh

•

Er Rajender Kumar, CCSHAU Hisar

•

Sh. Sushil Chandra, INMAS, New Delhi

•

Dr. R P Tiwari, MNNIT Allahabad

•

Dr. Raj Singh, PGIMS Rohtak

•

Dr. Deepak Kedia, GJUST Hisar

•

Dr. Aseem Bhatnagar, INMAS New Delhi

•

Dr. Shakti Kumar, PIET Panipat

•

Dr. Rajiv Kansal, AICTE

•

Dr. B K Panigrahi, IIT Delhi

•

Dr. Dilbag Singh, NIT Jalandhar

•

Dr. R S Anand, IITR Roorkee

•

Dr. Rahul Rishi, MDU Rohtak

•

Dr. Neelam Mehla, YMCA Faridabad

•

Dr. D. V. Rai, Shobhit University Meerut

•

Dr. Neeraj Sharma, IIT-BHU, Varanasi

•

Dr. Yogesh Chhaba, GJUST Hisar

•

Dr. Jitender Kr Tripathi, UGC, New Delhi

•

Dr. V K Saraswat, IET Agra

•

Dr. M P Poonia, AICTE, New Delhi

•

Dr. J S Ubhi, SLIET Longowal

•

Dr. R C Kuhad, CU Haryana, Mahendergarh

•

Dr Tapan Gandhi, IIT Delhi

•

Dr. V R Singh, PDM Univ. Bahadurgarh

•

Dr. Munish Vashisth, YMCA Faridabad

•

Dr. Neelima Singh, Kota University

•

Dr. Ravish Garg, GJUS&T Hisar

•

Dr. Mukesh Arya,BPS Medical College,Khanpur

•

Dr. Satyender Khatkar, MDU Rohtak

•

Dr. Mandeep Singh, Thapar University, Patiala

2

3rd National Conference on Medical Instrumentation, Biomaterials and Signal
Processing (NCMBS-20)

ISBN 978-93-881812-3-5

Editor-in-Chief
Prof. (Dr.) Manoj Duhan

Editor
Dr. Poonam Sheoran

Editor
Er. Sarita

Editor
Er. Seema Chawla

Editor
Er. Dinesh K. Atal

Editor
Dr. Geeta Singh

Editor
Er. Saravjeet Singh

3

3rd National Conference on Medical Instrumentation, Biomaterials and Signal
Processing (NCMBS-20)

ISBN 978-93-881812-3-5

Session Chairs

Session Co-Chairs

Invited Speakers

Prof. (Dr). J.S. Saini, Dean FET,
DCRUST Murthal

Prof. (Dr). Sukhdeep,
CSED, DCRUST, Murthal

Prof. (Dr). S.P. Khatkar,
MDU Rohtak

Prof. (Dr). Rahul Rishi, Director
UIET,MDU Rohtak
Prof. (Dr). J.S. Rana,
Registrar NIFTEM, Kundli
Prof. (Dr). Raj Kumar,
MED, DCRUST, Murthal
Prof. (Dr.) Amit Kumar Garg,
ECED, DCRUST, Murthal
Prof. (Dr). Sudhir Batra,
Mathematics, DCRUST, Murthal

Prof. (Dr.) Anil Sandhu, BT,
DCRUST, Murthal
Prof. (Dr). Anita Sighroha,
CSED DCRUST, Murthal
Prof. (Dr). Kiran Nehra,
BT, DCRUST, Murthal
Prof. (Dr). Satish Khasa,
Physics, DCRUST, Murthal
Prof. (Dr.) Pawan Dahiya,
ECED, DCRUST, Murthal

Prof. (Dr.) Neeraj Dilbaghi,
GJUS&T, Hisar
Prof. (Dr). R.P. Tiwari,
AMD, MNNIT, Allahabad
Prof. (Dr.) Raj Singh, Orthopaedics,
PGIMS, Rohtak
Prof. (Dr). Ravish Garg
GJUS & T Hisar
Prof. (Dr.) V.R. Singh,
P.D.M. University Bahadurgarh

Poster Judging Coordinators
•

Dr. Mridul Chawla, ECED, DCRUST, Murthal

•

Dr. Sunanda, CHED, DCRUST, Murthal

•

Dr Prachi Dahiya, ECED, DCRUST, Murthal

•

Dr. Pamela, BT, DCRUST, Murthal

•

Er. Rajni, ECED, DCRUST, Murthal

•

Dr. Dharmender, BT, DCRUST, Murthal

•

Dr. Sunita, ECED, DCRUST, Murthal

•

Er. Kusum, ECED, DCRUST, Murthal

•

Dr. Rajeshwar Dass, ECED, DCRUST, Murthal

•

Dr. Jitender Bhardwaj, CSED, DCRUST, Murthal

•

Dr. Sanjeev Indora, CSED, DCRUST, Murthal

•

Dr. S. P. Nehra, CEEES, DCRUST, Murthal

•

Dr. Dinesh Singh, CSED, DCRUST, Murthal

•

Dr. B.S. Dehiya, CHED, DCRUST, Murthal

•

Dr. Ajay Dabas, MED, DCRUST, Murthal

•

Dr. Ashima Malik, PHY, DCRUST, Murthal

•

Dr. Satpal, MBA, DCRUST, Murthal

•

Prof. (Dr.) Sumanlata, Chem, DCRUST, Murthal

•

Dr. Vijay Tomar, Mathematics , DCRUST, Murthal

•

Er. Charanjeet Singh, ECED, DCRUST, Murthal

•

Dr. Pradeep Sharma, MED, DCRUST, Murthal

•

Prof. (Dr) Priyanka, ECED, DCRUST, Murthal

•

Dr. Nisha Dahiya, CEEES, DCRUST, Murthal

•

Dr. Manju, CHED, DCRUST, Murthal

•

Dr. Reeti Chaudhary, BT, DCRUST, Murthal

•

Dr Himanshi Saini, ECED, DCRUST, Murthal

•

Dr. Aditi Arya, BT, DCRUST, Murthal

•

Dr Rohtash Dhiman, DCRUST, Murthal

•

Dr. Sudesh Chaudhary, CEEES, DCRUST, Murthal

•

Dr. Krishan Kumar, BT, DCRUST, Murthal

•

Dr. Kanta Rathee, AIJHMC, Rohtak

4

3rd National Conference on Medical Instrumentation, Biomaterials and Signal
Processing (NCMBS-20)

5

ISBN 978-93-881812-3-5

3rd National Conference on Medical Instrumentation, Biomaterials and Signal
Processing (NCMBS-20)

6

ISBN 978-93-881812-3-5

3rd National Conference on Medical Instrumentation, Biomaterials and Signal
Processing (NCMBS-20)

ISBN 978-93-881812-3-5

IEEE IMS/EMBS DELHI c/o National Physical Laboratory, New Delhi110012

MESSAGE
I am very happy to note that the Department of Biomedical Engineering, Deenbandhu Chhotu Ram University
of Science and Technology, Murthal, Haryana is going to organize a National Conference on Medical
Instrumentation, Biomaterials and Signal Processing (NCMBS-2020) on February 26 to 27, 2020, with the
support of IEEE EMBS Delhi Chapter.
The conference aims at exchange of knowledge in the interdisciplinary discipline of biomedical engineering for
the better healthcare of the human being in any environment. There are several research paper presentations, in
addition to invited talks, plenary addresses and key notes, covering research in different fields of the subject.
Main topics of the conference are from biomaterials, sensors and devices to AI and IoT based systems.
Development of diagnostic and therapeutic devices and instruments is covered in detail. Modelling and
Simulation, Signal analysis and image processing, etc are to be discussed.
The theme of the conference is the need of the day. It will enhance definitely the knowledge of the young
researchers, particularly by interacting with senior researchers. New topics of research will be explored.
As the Life Fellow of IEEE-EMBS (Engineering in Medicine and Biology Society) and Chair of Joint Chapter
of EMBS and IMS (Instrumentation and Measurement Society), I convey my sincere thanks to the conference
organising team.
I wish the INCMBS-2020 Conference a grand success!

Prof (Dr) V.R.Singh, LF-IEEE
Chair, IEEE IMS/EMBS Delhi
Director, PDMEI and Advisor, PDM University, Bahadurgarh, Delhi-NCR
Former Director-grade-Scientist, National Physical Laboratory, New Delhi
Imm Past President, Acoustical Society of India
Vice-President, Ultrasonic Society of India
Vice-Chair, Governing Council, IDCF
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Deenbandhu Chhotu Ram University of Science & Technology, Murthal,
Sonipat

MESSAGE
I am happy to assert that our Department of Bio-Medical Engineering is organizing its 3rd National
Conference on Medical Instrumentation, Biomaterials and Signal Processing (NCMBS-20). NCMBS20 provides a platform to bring together not only researchers, postgraduate students but also industrial
people. With this platform, NCMBS-20 will embark on a whole process of making new discoveries
and then translating them into products and services for Healthcare sector.
I would like to congratulate the NCMBS-20 organisers for the achievement of collecting 150 papers
for this conference. Submissions received from local universities, industrial companies and different
states of the country is a great achievement for Deenbandhu Chhotu Ram University of Science and
Technology, Murthal. As one of Haryana's State Universities, DCRUST's main challenge is to remain
competitive and relevant by offering high quality technical academic programmes and research
activities, focusing on its niche areas. New knowledge and findings cannot be generated without any
research and development (R&D) activities. These efforts will undoubtedly generate lots of
interesting results and new knowledge that supports further commercialization activities. DCRUST is
always inclined towards investing funds in R&D activities, producing more quality Researchers and
Graduates to ensure the technical returns from these investments that ultimately lead to progressive
economic growth of the country.
On behalf of DCRUST, I would like to express my appreciation to the Department of Biomedical
Engineering for their hard work and relentless efforts in organizing NCMBS-20.

I wish you all a fruitful discourse!

(Prof. Rajendrakumar Anayath)
Vice Chancellor
DCRUST, Murthal, Sonepat (Haryana)
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Deenbandhu Chhotu Ram University of Science & Technology, Murthal,
Sonipat

MESSAGE
I am most grateful to Almighty for his blessings in giving us this precious opportunity to gather at this
memorable event. The 3rd National Conference (NCMBS-20) with the theme: "Medical
Instrumentation, Biomaterials and Signal Processing" takes an in-depth look at the many issues raised
in Healthcare sector today, the obstacles and opportunities created by the new products, services and
applications. This conference is a step towards achieving our vision in becoming a world-class
academic and research institution in order to produce human capital capable of dealing with
promising challenges emerging in health services.
Research in Biomedical Engineering is exciting as it comprises of traditional research areas such as
Biomaterials, Biomechanics, Physiological Signal Processing, and Rehabilitation & Medical
Instrumentation. This conference will be a good starting point for academicians, researchers &
industrialists to interchange knowledge and skills in the area of Biomedical Engineering & its
Applications. We are looking forward to find new solutions in this area and forecast future trends in
order to realize our aspiration and to contribute to global needs. It is a great pleasure to welcome all
delegates and participants of this conference, coming from near and afar. A warm welcome I bid to all
of you. I would like to congratulate the faculty & staff members of Biomedical Engineering,
DCRUST for their commitment and superb drive in organizing this conference. I am sure that this
occasion will be able to provide a platform towards strengthening our relationships in knowledge
sharing while at the same time provide the necessary thrust in joint research collaborations and
product commercialization within the research society.

Dr. R. D. Kaushik
Registrar
DCRUST, Murthal, Sonepat (Haryana)
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Deenbandhu Chhotu Ram University of Science & Technology, Murthal,
Sonipat

MESSAGE
It is with great pleasure that I extend a hearty welcome to all of the delegates to the 3 rd National
Conference on Medical Instrumentation, Biomaterials and Signal Processing (NCMBS-20) hosted by
Department of Biomedical Engineering.
Biomedical Engineering is an emerging field and this conference offers a great platform for all who
are working assiduously for exploring the hidden potential of this field. Six different sessions
encompassing the research work in (i) Biomaterials, (ii) Biomechanics, (iii) Signal & Image
processing, (iv) Instrumentation, (v) Internet of Medical Things & (vi) Rehabilitation engineering
have been planned to render justice to a broad spectrum of contemporary research issues in
Biomedical Engineering.
During this congress, may you all focus your intellectual efforts on how to combine measures towards
finding all possible solutions to the major healthcare problems confronting mankind.
I extend my best wishes to all the participants and organizers to make this event a grand success.

Prof. J.S. Saini
Dean, Faculty of Engineering & Technology
DCRUST, Murthal, Sonepat (Haryana)
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Deenbandhu Chhotu Ram University of Science & Technology, Murthal,
Sonipat
Department of Biomedical Engineering

MESSAGE
I am proud to announce that the 3rd National Conference on "Medical Instrumentation, Biomaterials
and Signal Processing” (NCMBS-2020) will be organized by the Department of Biomedical
Engineering on February 26-27, 2020. This conference will cover all important multi-disciplinary and
multi-professional areas in the field of Biomedical Science, Engineering and Technology.
Distinguished scientists, academicians, researchers and students from different areas are participating
in this event. It will be a matter of great honour for us to welcome you in NCMBS-2020. The
contributions by various researchers in the relevant field will greatly contribute to enrich the
conference.
I am sure that the deliberations of the conference and the quality of the papers will be of very high
order and will greatly enrich the participating delegates. Such a conference will also provide
opportunity to the students to enhance their technical and organizational skills and help them in
building up their confidence and shaping them in complete professionals. We are looking forward to
welcome you in the most beautiful and planned campus of this part of country.
I congratulate the faculty, staff and students of the department for organizing such an event and I wish
this National conference a great success.

Dr. Manoj Duhan
Professor, ECE Department,
Chairman, BME Department,
DCRUST Murthal.
duhan_manoj@rediffmail.com
Organizing Chair NCMBS-20
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1.

Challenges of Biodegradable Implants

24
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Perspicacious Automation: An edge over existing hospital system.

27

3.

IoT (Internet of Things) and its Applications in Healthcare

31

4.

Ethical Issues in Tissue Engineering

36

5.

NOISE REMOVAL TECHNIQUES IN BIOMEDICAL SIGNALS: A REVIEW

41
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Real Time Monitoring of Temperature with the Help of Bluetooth

47
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Importance and classification of biomedical devices viz. electrocardiogram,
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54
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59
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Detection of Cancer using Electrochemical Nano-Biosensors: A Review
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Thought Controlled Technology

72

11. A review on different feature extraction techniques used in EEG based biometric 76
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12. Age invariant face recognition techniques: A Review
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103

15. TECHNIQUES FOR BRAIN TUMOR CLASSIFICATION AND SEGMENTATION 110
USING DEEP LEARNING METHODS: A REVIEW

16.

Prediction System for Cardiovascular disease using Artificial Intelligence

123

17. Review on Vehicular Communication using Vehicular Networks

130
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21. Performance Evaluation of Optical Amplifiers in Bio Medical Signal Processing using 155
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22. Biosorption of Heavy Metals from BMW

165

23.

170
The solution to road accidents by drowsiness and sleeping of the rider

24. Weight Control Monitoring With The Help Of

177

Bluetooth Module

25. Direct Tunneling Current in Germanium Based Double Gate MOSFET

182

26. Adsorption equilibrium study using chemically treated agro-waste for the 186
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27. Batch equilibrium study for the removal of dye using Camelina and 189
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Advanced Diagnostic Imaging Sensors and Therapeutic Treatment Devices for UHealth Care
V.R. Singh
Life Fellow- IEEE, EMBS-DL, INSA-DL
Chair, IEEE-IMS/EMBS Delhi
National Physical Laboratory, New Delhi-110012, India
Presently, PDM University, Delhi-NCR, India
vrsingh@ieee.org
With the progress in science, newer and newer sensors and instrumentation systems are being
developed, day by day, for various engineering, scientific and biomedical applications. However,
good measurement systems, biomaterials and implants are still required to be developed further for
reliable quick diagnosis of a particular disease/abnormality and for its therapeutic treatment well in
time.
In the present talk, new diagnostic imaging sensors and techniques and recent therapeutic treatment
devices for different types of abnormalities and diseases are discussed for better health care
applications. New biologically inspired devices and bio-chip based sensors are also described, with
their design and fabrication aspects.
Main emphasis is placed on the diagnostic sensors and therapeutic instrumentation systems for
applications in ubiquitous health care, particularly in monitoring and control of health of old age
patients living in isolated/hilly areas. As an integral part, WSN (Wireless Sensor Networking)
technology is used for u-health care systems. Case studies of cancer hyperthermia and online
measurements in ICU/CCU are also presented.
The proposed innovations would contribute to advancement of biomedical engineering for better
health care at low cost, in an effective and reliable manner.

Talk- Keynote: National Conference on Medical Instrumentation, Biomaterials and Signal
Processing (NCMBS-20), February 26 to 27, 2020, Department of Biomedical Engineering,
Deenbandhu Chhotu Ram University of Science & Technology, Murthal, Sonepat, Haryana
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Fundamentals of Musculoskeletal Biomechanics
Prof. (Dr.) R.P. Tiwari
AMD, Motilal Lal Nehru National Institute of Technology Allahabad (U.P.) India
Lecture Overview:
1. Need to study Musculoskeletal Biomechanics- In this part of the lecture, the motivation for the need
to study Musculoskeletal Biomechanics and the areas of its application are discussed.
2. Human Gait- The students will be introduced to components of Human Gait and its analysis. The
variables like gait speed, stride length, step length etc. on which the gait pattern depend are also
discussed in brief. Some common gait pathologies are mentioned which can be corrected using
assistive devices.
3. Human Musculoskeletal System- This forms the major portion of the lecture and consists of all the
basic principles needed to be studied to equip students to create and analyze any musculoskeletal
system.
a) Skeletal System- This part focuses on bone and its properties. The anatomy and function of
Joints, one of the most important components of musculoskeletal model, are covered. Tendons and
Ligaments are also discussed in brief.
b) Muscles- Skeletal Muscles are responsible for motion and that is the reason only they have been
incorporated in this lecture. An overview of the anatomy and functions of skeletal muscle have been
given to understand the concepts behind Muscle Modelling.
4. Electromyography (EMG) - Here the students will be familiarized with the acquisition and
processing of EMG signals.
5. Approaches to Biomechanical Modelling- After understanding the biology and fundamentals of
musculoskeletal system, the next step is the application of the above fundamentals in designing a
realistic musculoskeletal model.
a) Forward and Inverse Dynamics Approach
b) Selection of Significant and Major Muscles
c) Introduction to Hills Muscle Model
d) Equation of Motion
6. Introduction to a Biomechanical Software OpenSIM and its tools.
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Track Etch Membranes for Biomedical Applications: Futuristic Scope and Aspects
Dr. Ravish Garg
Professor, Department of Biomedical Engineering
Guru Jambheshwar University of Science and Technology, Hisar, Haryana, India.
Research on membrane science and technology has developed at a remarkable pace during the last
few decades, and has experienced major importance in the wide range of technological applications.
The ability of a membrane to control the permeation rate of chemical species is an important property
that maneuvers its applications. The complexity of biological membranes has motivated the
development of a wide range of synthetic porous membranes whose size, geometry and composition
can be tailored with high precision. Particularly for biomedical applications, some desirable properties
of synthetic membranes are biocompatibility, environmental stability and antimicrobial activity.
Among various synthetic membranes, Track Etch Membrane (TEM) has acquired an important place
in membrane technology due to its unique controllable properties, like, control over pore morphology,
alignment, density etc., during fabrication process. TEMs are formed by exposing the polymer sheet
or some other insulating material with heavy ions particles resulting in the formation of latent tracks,
which are subsequently etched by hydrofluoric acid to create pores. The size and shape of pores
depends on the nature of incident ions, detector material and etching conditions. TEMs offer distinct
advantages over conventional membranes due to their precisely determined structure and hence, they
have potential to play a progressive significant role in future for novel and redesigning of various
biomedical and other applications.
The present talk discusses mainly the two aspects. One is the transport mechanism of
electrolyte across TEMs, intended for better understanding of effects of various electrolytes and
membrane parameters; and at the same time to explore potential applications for characterization and
detection of individual bio-molecules. Second aspect is the utilization of TEMs as template for
fabrication of nano/micro structures, and development of impregnated membranes with better
functionality and demonstration of applicability to various biomedical and sensor applications. The
prime objective of this talk is to give the glimpse of capability of TEMSs for various biomedical
applications, and to provoke and stimulate the futuristic research in this field.
Keywords:
Synthetic
Membrane,
Track
Nano/Microstructures, Impregnated Membrane.

Etch
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Nanoparticle conjugated Biomaterial Platforms for Disease Diagnosis and
Environmental Sensing
Prof. Neeraj Dilbaghi
Department of Bio & Nano Technology,
Guru Jambheshwar University of Science & Technology, Hisar-125001
ndnano@gmail.com
Nanotechnology is the manipulation of matter at the nanometer scale to create novel structures,
devices and systems. Nanotechnology promises to be a new Industrial Revolution. The application of
Nano science and technology has a huge market worldwide with market value over 3.5 trillion US
dollars. Nanotechnology is an interdisciplinary science with immense applications in the development
of engineering science, contributing to several innovative applications of tool and technical innovation
in areas like biosensors and biomedical devices, alternative energy generation, food & its safety and
environmental pollution control, pharmaceuticals and medicine as well as agriculture including
herbicides and pesticides. The vision is that Nanobiotechnology will make better social and economic
conditions possible by ensuring every product made to customer specifications, finding cure of
diseases, clean up toxic waste and providing clean energy and bountiful clean water.
Nanobiotechnology has several advantages, one of the most important of which is the nanofabrication
of drugs in nanoparticles-based-drug delivery systems. Nanoparticulate system possesses great
potential, being able to convert poorly soluble, poorly absorbed and labile biologically active
substance into effective deliverable drugs. In addition to disease treatment, nanotechnology has the
potential to revolutionize disease diagnosis. In recent years, the biological and biomedical
applications of micro- and nanotechnology (commonly referred to as Biomedical or Biological MicroElectro-Mechanical Systems [BioMEMS]) have found widespread use in a wide variety of
applications such as diagnostics, therapeutics, and tissue engineering. While intense research and
development activity are in offing, some applications have also been commercialized. A large number
of MEMS devices for biology and medicine have been developed. The devices and integrated systems
using BioMEMS are also known as lab-on-a-chip and micro-total analysis systems (micro-TAS or
ATAS).These capabilities could lead to new detection schemes for disease such as cancer. In addition,
nanoparticles such as metal oxide nanoparticles and Quantum dots (QDs) have a wide range of
applications in molecular diagnostics and also enable multiplexed diagnostics and integration of
diagnostics with therapeutics. The use of nanotechnology devices for diagnosis of animal diseases or
as animal models for the diagnosis of human diseases is great achievement in the one health initiative.
Gold nanoparticles because of its optical properties have been employed successfully for the
development of Point of care detection based on lateral flow assay for early diagnosis of animal
trypanosomosis. We report development of a Lateral flow and Flow through assay kit for point of
care detection of Trypanosoma. Evansi using
Gold nanoparticles. The results obtained so far are encouraging as trial experiments were conducted
successfully and giving consistent result with other standard techniques like ELISA.
Nanotechnology has also impacted several aspects of agriculture and food science from how food is
grown to how it is packaged. The applications of nanotechnology in agriculture and food system
research are commonly referred as Agri-food Nanotechnology. Less dosage and controlled release
are the advantageous properties which can be easily achieved with the help of nanoencapsultion.
Risk associated with higher dosage of pesticides can be effectively minimized with the help of
nanoencapsultion of active ingredient in biodegradable and biocompatible polymeric nanocarriers.
Nanoemulsions and particles can be added to food products for better availability and dispersion of
nutrients and selective removal of chemicals & pathogens from food.Sensors utilizing novel
nanomaterials like metal organic frameworks, quantum dots, metallic nanoparticles, Graphene oxide,
Nanowires and carbon nanotubes and biomaterials like DNA aptamers can be exploited for selective
18
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and sensitive sensing of heavy metals and explosives such as Hydrazine, TNT, MNT, Hg, Cd and As
in real and laboratory samples.
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Biomaterials in Orthopaedics: Evolution and Future
Dr. Raj Singh
Department of Orthopaedics, PGIMS Rohtak
rajpotalia@gmail.com

Mobility is one of human basic needs. Although accidents can be prevented, one cannot avoid
growing old. Degenerative and inflammatory diseases of the bones and joints are some
common orthopaedic problems. These conditions are often found as chronic diseases in
elderlies. In India the problem of traffic congestion and mis-management of traffic leading to
accidents as well as ageing population due to increased longevity by improved health care
services, there is huge load of burden in orthpaedics as most of these conditions require
surgery, for example, internal fixation for fractures or total joint replacement for damaged
joints. These kinds of surgeries will need device(s) to be implanted inside the body and
biomaterials are adopted in orthopaedic appliances as the constituent of such devices.
By definition, biomaterials are substances that are engineered to be biocompatible materials
used to replace or assist part of an organ or tissue while in intimate contact with the body and
body fluids. Biomaterials will be used as the constituent of device(s) that are intended to treat
abnormal anatomical parts of human body, either by improving or substituting the bones,
cartilages, ligaments, or tendons. Biological materials, such as bone allografts, are also
considered to be biomaterials. In orthopaedics, these devices are commonly known as
implants or prostheses. At present, strong requirements in orthopaedics are still to be met,
both in bone and joint substitution and in the repair and regeneration of bone defects. In this
framework, tremendous advances in the biomaterials field have been made in the last 50
years where materials intended for biomedical purposes have evolved through three different
generations, namely first generation (bioinert materials), second generation (bioactive and
biodegradable materials) and third generation (materials designed to stimulate specific
responses at the molecular level).
Biocompatibility, no foreign body reaction, appropriate design, good manufacturability of
implants, biomechanical stabilities (stress shielding), good biomaterial properties, and
resistance to implant wear, aseptic loosening, corrosion resistance, bioactivity, not interfaring
with imaging and osteoconduction are the main fundamental requirements for an implantable
orthopaedic device. The biomaterial properties must be aptly studied and analyzed in regard
to tensile strength, yield strength, elastic modulus, corrosion and fatigue resistance, surface
finish, creep, and hardness. If these requirements are not fulfilled, they will provoke failure
process.
Human body is a highly corrosive environment. On the other hand, biomaterials are able to
release ions and particles after implantation. Both will interact when they come into contact,
and, therefore, there are many requirements for a biomaterial to be able to be implanted
inside a human body. Biocompatibility refers to the interaction or responses of host cells and
tissues with the implanted biomaterial. Additionally, biocompatibility also means that the
design of the medical device has good biological safety while performing useful functions.
According to IUPAC recommendations, biocompatibility is the ability of a material to be in
contact with living systems without producing an adverse effect. It is then further classified
according to the ability or tendency to produce cytotoxicity, carcinogenicity, mutagenicity,
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pyrogenicity, and allergenicity or thrombogenicity. Material of a metallic implant should be
made of nontoxic elements and causing no inflammatory or allergic reactions to human body.
An area for future development would have to focus on developing implants that degrade at
the “medium term’ Since the screw that persists in its track for 5 years or more does not offer
the advantage of bioresorbability, newer molecules may have to be studied. Bioabsorbable
implant research is an evolving science. Resorbable plates can be covalently BMP-2 and
represents a novel protein delivery technique. BMP-2 covalently linked to resorbable plates
has been used to facilitate bone healing. Covalent linking of compounds to plates represents a
novel method for delivering concentrated levels of growth factors to a specific site and
potentially extending their half-life.
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Abstract
Nanotechnology is regarded as one of the key technologies of the future and associated with high
expectations by technologists, scientists as well as economists. Scientists now project revolutionary
advances in material sciences, optoelectronics, biology and medicine arising from the practice of
nanotechnology. The field of light emitting nanomaterials is of increasing interest in recent years
because this leads the way to revolutionary advances in optoelectronics with new classes of materials
having new properties and numerous applications. Nano materials can be used for a wide variety of
things, ranging from purification of water to wrinkle free fabrics to curing cancer. When this
technology is combined with biology, it becomes nano-biotechnology. The use of nano biotechnology
in medicine is nano medicine. Nano–medicine can be used for monitoring, repair, construction and
control of human biological systems at a molecular level, using engineered nano-devices and nanostructures. Nano-medicine has significant application in medical sciences. Light emitting rare earth
doped nanomaterials have been recognized to hold tremendous potential in the area of optoelectronic
and photonic applications, ranging from white LEDs, solid-state lasers, phosphors for color lamps,
display panels, optical fiber telecommunications to biomedical probes. Several scientific technologies
have been developed for the synthesis of the nanophosphors, including sol-gel process, chemical
precipitation method, combustion method, hydrothermal method, solid state, spray pyrolysis method.
These light emitting nanomaterials are desirable materials used in display, imaging and lighting
applications due to their advantages of superior richness, good chemical and thermal stabilities.
Keywords: Nanophosphor, Photoluminescence, Biological label, Medical Robotics.
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Significant advancement has been marked in the last few decades in the field of
Biodegradable biomaterials implants. These implants are either degraded or are being
absorbed by the body instead of to be removed from the body after performing its specific
function. Thus its high time to focus on the challenges in the path of biodegradable implants
which in turn requires deeper consideration and through understanding of the mechanical
properties i.e, non toxicity, degradation rate , corrosion rate and biocompatibility etc.
Undoubtedly the inherent shortcoming of the permanent metal implants have been overcome
to a very large extent by using the biodegradable implants, but it comes at the cost of acute
inflammatory events at the interface of host implant tissue.
Key Words: Biodegradable, Biomaterials.
Introduction:
Remarkable growth in medical Sciences is contributing in all the major domains. Implants for
human bodies is one of the most significant outcome of it. An implant is a surgical
component used in place of a missing biological structure or to provide support to a damaged
biological part. Implants are the man-made devices. A wide range of these implants is
existing according to their usage e.g. sensory and neurological, cardiovascular, orthopedic,
electric, cosmetic, convenence implants and other structural implants. A wide variety of
minimally bioreactive metals and alloys are used in making implants. Some commonly used
metals and alloys are cobalt-chromium and titanium based implants1, stainless steel (316 L
type), magnesium ceremic implants etc. But these implants inspite of being so useful and
gaining remarkable acceptance in medical sciences were associated with the added trauma as
well as the added expenses of the second surgery for the removal of these implants, after the
specific function/role of the implant is completed or manier times due to the assimilation of
the metals or the products of their chemical reactions with the surroundings, in the tissue,
swelling due to pain, growth complications or dislocation of implant due to mechanical
injury. In search for a promising alternative for these permanent implants biodegradable
implants proved to be a potential solution. The concept of biodegradable implants was
introduced in late 1960’s by Mr. Kulkarni. Biodegradable implants have potential,
psychological financial advantages over permanent implants with the invention of
Biodegradable implants a revolution has come in the medical sciences as the biodegradable
implants degrade after fulfilling their set function in the body thereby making the patient free
from the complications of a second surgery for removing the metal implants. Also the use of
Biodegradable implants stimulates the healing process due to the successive loss of the
mechanical properties of the implants during degradation. Biodegradable implants are now
available in the market in the form of pins, nails, screws, darts, anchors, cylinder rods, plates,
mesh, plugs, wires, arrows and drug delivery devices.
Controlling Factors:
Biodegradable implants undoubtedly proves to be very attractive and potential option , over
conventional permanent implants as they are biologically inert. But an acute host
inflammatory response has been observed on the initial implantation of biodegradable
materials with permanent materials. But mostly when the biomaterial degrade the ill effect of
inflammation disappears unlike in case of permanent one because basically the long term
inflammation induced by boidegradeable implants depends upon degration rate and toxicity
of the degradation product. Thus a very intellectual and precise study over many important
properties of metals, alloys and polymers is required to meet the expectations of the changing
world. The key factors to be taken care of while selecting a material to a potential option for
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Biodegradable implants are- mechanical properties, non toxicity, surface modifications,
degradation rates, biocompatibility, corrosion rate, scaffold designs, and location of the
implant in the tissue. The recovery of tissue is strongly guided by the external environment as
it as significant effect on the properties of the biodegradeable implant. Thus these materials
must be studied and their functioning must be understood in adverse conitions of
environment. It becomes more clear considering the example of Mg alloys implants which
tends to degrade too rapidly in the physiological stress so it becomes importantl to analyse
the degrading aspect of Mg alloy implants in the influence of different types of mechanical
stresses.
Potential Candidates
Magnesium Alloys:
Now magnesium alloys are gaining considerable attention as a potential option for
biodegradable implants but earlier it was not a very good choice due to its high corrosion
rate11. Magnesium is essential for human metabolism as it is cofactor for many enzymes.
Magnesium alloys are found to have very similar strength and elastic properties when
compared with bone structure of human beings and thus proves to be a better option than
tradionally used steel and alloys of titanium
Ceramics:
Pyrolitic carbon, zirconia and alumina are the important ceramics used in dental and
orthopedic implants, they have advantage of being chemically inert, strong and having high
compressive strength so that they can overcome breakage during screw insertion and will be
able to provide adequate fixation strength during the healing period.
Polymers:
These include nylon, collagen and silicon they are widely used in heart valves, breast
implants and tissue repair3,4. Many corrodible metal alloys of iron and zinc have been
accepted as potentially less inflammation causing materials than to degradable organic
polymers specifically for load-bearing applications.
Challenges for biodegradable Implants:
Although the biodegradable materials used in implants have proved to be the potential option
for so many years but they are still linked with so many significant limitations which are to
be given due consideration and solutions must be soughted for these. Mechanical properties
of biomaterials to be used as implants are one of the most important limitations as if proper
matching with the affected tissue is not obtained it may lead to secondary fracture in case of
implants fixing bones or the total failure of implant will result
Uncontrolled Degradation:
Too fast or too slow degradation results in no real advantage over metal implants for e.g.
Poly-1-lactic acid implants are known to take more than four years to degrade. Also there are
certain implants containing tricalcium phosphate and hydroxyapatite, takes more than 2 years
to degrade. The quick or rapid degradation of polyglycolic acid has been documented for the
inflammatory foreign body reactions. The strength of the material plays very crucial role, as
their stiffness and relaxation behavior decides of success of the biodegradable implants. They
should be strong enough to avoid breakage during screw insertion and should be elastic
enough to assist the healing process.
3. Manufacturing limitations are one of the main disadvantages of biodegradable implants5.
Ceramics proved to be one of the potential options as biodegradable implants due to their
high compressive strength, but difficulty in their manufacturing puts a limit to their usage12.
Composites also a very promising option for being strong and light weight but the high cost
involved in manufacturing sets the limit. Moreover there shape cannot be changed easily.
Other limitations involve loosening of implants over time and thus becoming dislodged.
Conclusion:
As a result of the above discussion there exist a strong need for optional materials that
degrade faster but are still controlled enough to avoid any clinical inflammation or any
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foreign body reactions and in all we can say manufactures have thus been challenged to
further develop and optimize the chemical compositions of biodegradable implantReferences
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In the modern growing world technology has strengthened its roots in almost every field.
Technology knows no boundaries. Technology is basically the branch of knowledge dealing
with engineering or applied sciences. Biomedical engineering is an important field that links
biomedical assets and technological advancement all together with healthcare and also there
has been a hike in its demand. Healthcare is definitely related with patient convenience for
having quick and easy accessibility to all the resources around him in the hospital and future
of healthcare rely on automation. Automation reduces human intervention by organising
patient’s data in a well-structured manner thereby reducing the workload of the staff
members and increasing the accuracy. Hospital automation can reduce power consumption
and automatically turn off the lights and other appliances when they are not in use. This paper
puts forward a system that will leverage the existing resources by using the various
technologies like Internet of things, Cloud Computing using embedded system to provide a
robust system that will ameliorate the future of healthcare.
1.
Introduction
In the near future nearly all the physical things that we are seeing around us are going to be
internet connected. These physical things will be fitted with embedded systems and
embedded electronics which will provide a basic computing platform. The scope of internet is
expanding day by day and with due time a big network on internet is going to be formed. The
expanding internet and the need of advanced level services lead to the revolutionary idea of
hospital automation in healthcare domain. The usage of information technology helps to
reduce many manual tasks, thereby reducing workload of the staff. It is noteworthy and it will
help in saving cost, labour and life.
Automation means automatic control over different physical elements. Now patients can turn
ON/OFF the lights, fan and can OPEN/CLOSE the door without getting up. Automation can
be done with the help of voice, gestures and smart phones. They can now turn on the lights
by simply saying a phrase “Turn On The Lights”. By talking to an intelligent voice assistant
i.e. Google Assistant in their smart phones through voice command. It’s a two way
communication platform in which the user also receives some answers in context to the voice
command which has been saved. The communicating hardware for this automation is Node
MCU which is an open source IoT Platform which receives the information after inter linkage
with the help of IFTTT interface. IFTTT act as a virtual connecting interface that connects
different apps, devices etc. The free cloud service used here is of adafruit. It is very simple
and easy to set a connection between adafruit and google assistant. The hardware Node MCU
is used to build this communication by proper utilization of its GPIO pins through WiFi using
Arduino IDE (Integrated Development Environment) which is easy to code with.
Controlling of this automation can also be done through BLYNK app in the smartphones. It
enables us to control different hardware in a very easy manner. It is based on IoT which is the
heart of automation.
2.

Services used:

2.1
IFTTT:
IFTTT stands for “if this then that”. It is a free web-based platform which enables the user to
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create different applets. This service can run on various operating systems. It helps the user to
connect two different platforms using a single service. The interconnections of two different
web services is easy to perform.
2.2
Google Assistant:
Google Assistant is an intelligent voice assistant which operates on giving voice command to
it. It is a personalized virtual assistant designed by Google to help the users to interact with it.
It comes installed in almost every smart phone. It is a two way communication platform.
2.3
Webhooks:
This platform is used for connection of two different applications. It generates a HTTP in the
form of request and send it to the specified URL.
2.4
Adafruit:
It is an open source data connecting platform. It is an IoT based cloud service which stores
your data in the from of feeds. These feeds stored here are interconnected to different
platforms. It is just a physical memory location on which data is automatically managed with
the help of Internet which is free.
2.5
Blynk:
It is also an IoT platform. It can be used to control the hardware. It can display and store the
data. The communication through Blynk server is very secure as it generates a separate token
for every project. This token can be set up a secure connection between the user and the
hardware. There are many interfaces provided in the app to interact smartly.
3.

System Configuration and Components Used:

3.1
Node MCU:
It is a low cost WiFi accessed board. It is an IoT based platform.
It uses Lua scripting language but it can be easily operated with the help of Arduino IDE.
This can be utilized by adding suitable libraries from the Board Manager if not installed yet.
It has in built examples to various applications like blinking of LED etc.
Writing code in Node MCU with Arduino’s IDE is very easy. This platform provides the
interconnection result example the commands given by the user on Google Assistant after
getting interconnected with the help of IFTTT platform are resulted on this hardware. By
using the check Button, we can check whether there is an error or not in the program; the
further of which is checked with the help of serial monitor.

FLOWCHART
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Algorithms/ working:

3.2
Downloading the blynk app on your Smart Phone:
You can download the Blynk app by opening Play store and then click on the installing
button. Once the app is installed, create a new account and then login it. Then click on the
create project, it will give the user choice to select the hardware, as we are dealing with Node
MCU so we’ll choose Node MCU and then click on the create button. It will automatically
generate a token for this project. This token will help in ensuring a secure connection.
Different projects will create different tokens. Add as many buttons as required for your
project.
3.3
Downloading Arduino IDE and Blynk Libraries:
Firstly for using coding Node MCU we have to install Arduino IDE as it is easy to code with
and then we have to download many Blynk libraries as this will help us in the connection of
Blynk app with Node MCU.

3.4 Uploading to Code MCU:
We can upload the code written in the Arduino IDE to Node MCU with the help of suitable
USB cable. Directly hit the upload button at the top after hitting the check mark which is
besides it. The code will now be uploaded to Node MCU and next time when we will power
on, it will automatically connected to the specified WiFi network.
3.4
Hardware Assembly:
Now we have to connect all the appliances like fan, lights etc. to nodeMCU with due care as
they are connected to the Main Supply of the house. We can connect different hardwares to
different pins of Node MCU which has different pin structure for Arduino IDE.
Now we have developed a secure connection between Blynk App, appliances and Node
MCU. Now the user can directly turn ON/OFF the appliances using smartphones.
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4. Controlling the appliances using Voice Command:
As we know seen how to connect Node MCU with the help of Blynk app. It can directly
connect to Node MCU and send data to it but we cannot connect Google Assistant and Node
MCU directly. For this we use intermediate app IFTTT which enables to develop a
connection between two different platforms.
For using voice command to control the appliances we have to connect Google Assistant to
the Node MCU via IFTTT. When user say a phrase “Turn on The Lights”, google assistant
sends
it to IFTTT and where it with the help of webhooks it interprets the command and send ON
and OFF signal to the Blynk app. In IFTTT platform you can design as many applets as you
desire for your project. The response to the particular phrase added should also be given by
the user in the same platform. Webhooks will allow us to send command to Blynk Server.
When everything is done, you will now be able to say voice commands to your google
assistant and control the appliances in your desired manner.
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“Being able to monitor and support a person free from physical constraint will change the way
doctors deals with the patient”.
IoT is basically a network on internet which is capable of connecting remote devices, also providing
trillions of data in return. Any receiving and transmitting device could be used as IoT device.
IoT can very well help us in rendering advanced level of services to the society.
Services under Tele-health umbrella are Remote patient monitoring system, Emergency notification
system, Tele-medicine, Tele-monitoring, Tele-surgery, Remote medical education and Tele-Health
data services.
Devices which are already in use with the use of IoT and Health care are Electronic Pill dispensers,
Electronic bottles caps and pouches, Pharmacy on a chip, Bio-monitoring drugs, and Smart watches.

“Futurologists’ says: more and more care will be delivered outside hospitals and clinics”.

IoT often abbreviated as Internet of Things is basically a modern-day technology trend which
invokes very high speed and efficient data transfer between systems connected over a
network. IoT, Machine Learning and Cloud Computing are among the most incurred and
followed technologies these days. It is a name given to the remote transfer technology where
human to human or human to computer interaction is not required. IoT in healthcare could be
appreciated for various reasons. It helps in improving speed of transfer, keeping data
available online for easy access, enables interoperability, information exchange. In short, IoT
helps in making delivery of services effective and inevitable.
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Internet of Things

Today, due to rapid changes in lifestyle, human beings are not as concerned about health, which
increases health problems. People hardly focus on their health. Health is a non-constant parameter
and changes every time. Health is the fundamental thing that influences everything. Health problems
have been considered one of the main problems related to quality of life.[1]
PULSE OXIMETER
Cardiac cycle is basically the functioning of human heart between two successive heart beats.

[5]

Traditionally, for the measurement of pulse rate a PULSE OXIMETER is used. This device mainly
determines the amount of oxygen carried by the body. This device sends two wavelengths through our
finger.
But the problem with pulse oximeter is that it may give false readings in the presence of carbon
monoxide (CO).
Heart rate data is very useful if you are planning an exercise routine, studying your anxiety levels or
simply wanting your shirt to flash with your heartbeat. The problem with heart rate can be the
difficulty to measure it. Fortunately, the Amped pulse sensor can solve this problem.
AMPED HEART RATE SENSOR
It combines the heart rate sensor with a simple optical noise reduction and amplification circuit, which
makes it a precise device as it calculates nearer to the exact values of actual pulse readings. In addition,
it consumes power with only 4 mA of 5V consumption, making it ideal for mobile related applications.
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Amped pulse Sensor

Pulse sensor will detect the heart rate, and Arduino will send it to thingSpeak using ESP2866 WiFi
module.
Basically, then we attach any organ that may give us the idea of change in pulse precisely should be
connected to the pulse sensor. Whenever there comes a change in the volume of blood as a result of each
cardiac cycle, there comes a change in light intensity through that particular organ. Arduino converts this
change to beats per minute (BPM).
ESP2866 will now communicate with Arduino and data will be sent to thingSpeak. This data on the
thingSpeak can be accessed from anywhere over the internet.
TELEMEDICINE
Telemedicine is a very widely used application of IoT these days. Telemedicine involves taking
care of patients when they are present in the remote areas. It is basically the concept of interaction
between patients and doctors when there is no physical interaction between them. Telemedicine and
Telehealth are two different terms. Telemedicine mainly deals with diagnosis and monitoring whereas
telehealth deals with curative and preventive measures as well. Telemedicine is not just a single sphere.
It involves many as Teledentistry, Teleaudiology, Teleneurology, Telepharmacy, Telenursing,
Telenutrition etc.
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It brings in use HIPAA compliant conference call. HIPAA stands for Health Insurance Portability and
Accountability Act. Basically, all the health insurance agencies need to follow this as a protocol.
Electronic protected health information (ePHI) is the protected, saved, transferred or accessed patient
information. Telemedicine is though a very nice mode of communication between the patient and the
physician, but the problem arises with the authenticity of the patient data. For that all these guidelines
under the HIPAA needs to be taken care.
Senior citizens living all alone could be helped very well by a combination of IoT and Telemedicine. For
example, pill bottle could be made which could be connected to a sensor which will indicate as soon as
the medicine finishes. The sensor could drop a message to their loved ones with the help of IoT over the
network. People could contact their doctors when could not reach the place themselves consulting their
health issues.
Sometimes the problem could be the readings that the doctor may wish to take during telemedicine
sessions, like BP or HEART RATE. That could be done by purchasing some digital equipments whose
cost could be covered under insurance. These equipments could then be connected over cloud during
telemedicine sessions.
PHARMACY ON A CHIP:
These are basically the chips or more precisely we could say these are the microchips filled or packed with
chemicals in place of information or data.
As we know that taking normal pills could be hard and tedious to swallow. Also, the injections are a pain to take.
All this could be replaced by microchips made up of silicon can be loaded with drugs.
Then this chip would be either swallowed if would be in a dissolvable form or could be made to fix under the skin
and is often programmed to inject small quantities of drugs successively in body.
Everything today is coming in small sized chips or we can say the world is getting miniaturized day by day.
Also, these chips could be used as embedded or studded in jewellery which will be programmed to release scents
at continuous time periods or intervals. Patient after smelling this would feel better.
This is a proposed idea and not an implemented one. But it could be very well implanted in the coming days.

[7]

Silicon Microchip
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Abstract— Tissue Engineering is a process of molding or repairing the cells to form new tissue and
hence organ in a multi-stage process, it is kind important to upgrade with the adaptations of species to
survive in extremely changing environment and to get the recovery of the lost or damaged cells. But,
sometimes in bio-technology, it is much harmful and causes negative impact and hence, it is against
ethics in tissue engineering.
So this research paper is based on the ethical issues concerned with the regulations related to
restructuring of the cells; their impacts on species and the moral values related to the use of the genetics
in formation of artificial tissues. There are various issues which are implemented and analyzed by
GEAC (Genetic Engineering Approval Committee). It monitors the impacts and future prospectus of
tissue engineering. There are various patent rules under business laws which have also considered the
impacts on ethical issues in tissue engineering. Patent rights are considered to be done either on
hybridized species or on real species from where it originates and these rights have been provided to the
citizens to prevent biopiracy and hence it has been also concluded in ethical issues.
Keywords: -Tissue Engineering, Species, Genetics, Cells, Clones, Bio-engineering and ethics.
INTRODUCTION
Tissue engineering is creating new bunch of cells i.e. tissues from pre-existing cells or scaffolds. Tissue
engineering can be beneficial for upcoming generation or can be harmful too. Tissue engineering is
applicable in many medicinal use i.e. organ transplantation; artificial organ preparation and fight against
cancer causing cells i.e. tumors. By using proper precautions, it gives a line of benefits, but it can give a
harmful sight too.
During tissue engineering, many issues like responsible reporting by an engineer, dissemination of
results and data integrity are seen. They must be in ethical form. While engineering the tissues, two
methods are used called as in- vitro (culture medium or test- tubes) or in- vivo. Both of these methods
have different issues with them.
Generally in vitro- tissue engineering various ethical issues are observed. These are as keeping good
records of the data and practical’s, practicing accurate and better data collection or their management
and transparency of data sharing or realistic representation of study results.
Furthermore there are other issue in in-vivo tissue engineering i.e. reduces, replace and refine the
material or cells used in tissue engineering. Other issues are patent rights (get legal right to sell the
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product, prepared by themselves) regularity in tissue engineering. Biological significance of that species
in the bio- diversity must also be considered in tissue engineering. While practicing tissue engineering,
these ethical issues runs side by side and must not be neglected. Because if they are neglected, they may
cause unfavorable results for the researchers, may harm the genera and may be more hazardous as they
are beneficial.
Hence a committee is maintained by the engineers i.e. GEAC, whose duty is to regulate the tissue
engineering in ethical mummer and hence proper guidelines of the committee, must be followed by an
engineer during tissue engineering.
Need

Tissue engineering works for health benefits of the species, for their survival and for the
prevention of damaged tissues and hence must be done with ethics.

During tissue engineering, scaffolds are prepared from stem cells and tote potent cells of the
donor & hence must follow code of ethics.

Every species on this bio diversity carries their importance either in smaller form or in longer
form. So, ethics is to be followed.

For the prevention of bio piracy in tissue engineering, patent rules formed, So as to prevent
piracy and to do work in ethics.

Once the scaffold is formed and they have been tested in laboratories, then they are applied on
species and hence must not be favorable because the unwanted results would be hazardous.

Minor misguidance or mistakes in tissue engineering would create major problems in research
and hence may be fatal.

For better and fruitful results in tissue engineering, ethics must be followed.

It is the moral value of the engineer to follow code of conducts in tissue engineering so as to
prevent future unwanted results and scopes.
CODES AND CONDUCTS FOR ENGINEERING
Ethics follow various codes in tissue engineering so, as to prevent and to do accurate and appropriate
experiments. These are as follow:A. Inspirational and guidance :-Tissue engineering becomes inspiration and guidance for further
research scholars and researchers.
B.
Education and Mutual Understanding :- They are educational in nature for further scientist
and creates mutual understanding for them to do better and effective work.
C.
Contribution to the professional’s public image :-Once the research is done and experiment
is practiced it is followed in public and creates professionals image and it is based on their ethics and
way of working.
D.
Promoting business interests:- Tissue Engineering promotes business for organ
transplantation, their remedies, changes and their effects on society and hence are ethical.
E.
Co-ordinates with team-mates:- Engineers must have the quality of co-ordinating with their
team-mates and must try to perform effectively in a team.
F.
Free from any kind of biasness:- The profession, engineering must free from any biasness
because tissue engineering is a process which for the species and by the species.
METHODS OF ETHICAL ASPECTS
During Engineering, an engineer and co-workers have to follow the pathway in an ethical manner. So, as
to get accurate and desirable results, these are as follows:
Define the problem: - Here, we firstly define, why tissue engineering, what is the need of that
would it be possible to research or prepare the solution.
 Generate various solutions: - After defining the problem we would analyses various tools and
techniques in in-vitro and in-vivo. So, as to find better and sustainable solution for species.
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 Analyze each solution to determine the pros and cons: - During the generations of solution, we would
find various alternatives to solve the problem. We would try them in laboratory and would find out their
advantages and disadvantages. If it is beneficial for the existing species, we would select the experiment.
 Test the solution: - After analyzing one would test the clones or scaffolds to provide them artificial
medium so, as to get better results.
 Select the best solution: - In these various proportionate, we would select the best and efficiently
working solution. It is implementing on species.
 Implementation: - After these steps, there would be either less or zero possibility of the clones. So, as
to implement it on species and to create new inventions and innovations in medical science for the
survival of species.
Here, these steps involve techniques to solve the problem.
ETHICAL PROBLEM
Problem faced by engineers on global level during ethics are:i.
Environmental Ethics: Every species have its different bio-diversity and have its different
significance. It might create problem in engineering tissues.
ii.
Patents: Right to be granteed for new products or innovations. Eg. Neem.
iii.
Copy- rights: It is provide the legal right to protect the innovation or product.
iv.
Protection for new plant varieties: Its provide the protection or intellectual property right for
new plant variety.
v.
Data collection:- The data collected for experiment is taken from primary source or donar it
can be an issue in tissue engineering.
vi.
Sample Survey:- During tissue engineering, the sample which is collected for further process
is surveyed before use and it could create a problem as to select it for further references.
IMPACTS OF ETHICAL ISSUES ON TISSUE ENGINEERING
A. Survival of species: - It can be dangerous for the tissue engineering, to make possible survival for
species.
B. Effective and better results: - Effective and better results could not be seen due to unethical practices.
C. Causing species to suffer: - Unethical practices could make them suffer from diseases or kind of
impacts which have no reminder.
D. Pyracy: - Due to unethical practices in tissue engineering, it could create bio-Pyracy i.e. stealing
someone experiment and getting right over it.
E. Unwanted results: - Due to unethical problems in tissue engineering, one can get unwanted or
unexpected results from their researches, which are not effective.
F. In disciplinary actions: - Unethical practices in tissue engineering could cause in disciplinary action
and they could be fatal for future generations.
Every coin has two faces i.e. good or bad. Similarly in tissue engineering, it has both good and bad
impacts which are dangerous or beneficial.
HOW TO OVERCOME ETHICAL ISSUES
A. Be professional and honest to work: - It is the prime duty of an engineer to be professional and
follows moral values in their work. So, as to reduce ethical issues.
B. Follows accurate procedures: - Tissue engineering from cells need various step to follow. So, an
engineer must follow these steps simultaneously.
C. Testing the experiments in laboratories: - As it is done every, time but in tissue engineering the
experiment must be tested in regular way and must be effective before use.
D. Search and research the problem and solution: - An engineer must find out the problem, i.e. it is
genuine or not or should it have alternative solution or not, if yes them search and research the solution
of the problem.
38

3rd National Conference on Medical Instrumentation, Biomaterials and Signal
Processing (NCMBS-20)

ISBN 978-93-881812-3-5

E. Follow code of conducts: - Code of conducts must be followed during engineering. So, as to get
wanted results.
F. Morality towards profession: - During tissue engineering, a part of the tissue or cells is taken from
donar with their consent. So, in this the engineers must show morality toward their work.
G. Clean and hygienic: - As good and bad bacteria’s are ubiquitous (found everywhere). When the
tissues are taken from species, they should be kept in hygienic places.
H. Researcher’s advice: - research scholars and seniors must collect secondary data from the available
sources, as to get better and effective results.
I.Preventive measures: - During experiments preventive measures must be followed because "prevention
is better than cure".
J. Sample collection technique:-The sample collected from the donar must have its species
identification, as to prevent future disputes.
K. Proper and effective knowledge: - Researcher must have effective and proper knowledge of the
content on which he/ she is going to do Research. They must know about previous outcome and
demerits.
L. Beneficiary research:-the research done on clones and species must be beneficial for future
generations and must be accurate, as to do work on it.
FINDINGS
This research paper is effective for the engineers in their professional life and for the species on which
they are examined and applied. It could be beneficial for the research scholar to identify the exact honor
of the paper, so as to check its patent and legal rights. It would be beneficial for the improvement and
development of the science in present and future. It would be beneficial or advantages for further search
and research the topic and content, so as to maintain primary and secondary data. It would be beneficial
for generating new and advanced technologies and their implementation in proper manner.
CONCLUSION
Tissue engineering is like a boom and boon to the advanced era, because in their advanced technical
world, we found various species and humans have their lower level or survival. Hence, as to overcome
their problem, our genetic engineers have come forward to detect the problem and find out the solution.
This technology has become a magical to the existing species on this earth. They helped them in their
better health improvement and providing them a new life to live. But, if this technology has its good
impact, it might have it bad impact on species, if it is not done with proper atticates or ethics. So, an
engineer must follow professionalism morality, better efforts and accuracy in their knowledge to prove it
as a effective step for the society. In this paper we try to convince that an engineer must be ethical in his/
her duty and must be effective or keen learner. It is reduce or maintain accuracy and make them secured
for future use. An engineer must not use patents or copied data in their research and they have to submit
final report to GEAC before it is practiced in real life. Ethics have now become part and parcel for an
engineer to follow in their professional life.
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Abstract: Biomedical signals are the signals obtained from living organisms that can be used for
understanding and analyzing the behavior of that biological system. These signals can be used
for medical diagnosis and treatment and can also be used for further researches.
Electrocardiogram (ECG), Electromyogram (EMG), electroencephalogram (EEG) are some
examples of biomedical signals. These biomedical signals have some undesired components,
called noise, which disturb the signal information and can lead to the wrong diagnosis.
Noise is the main problem in biomedical signals and it is reasoned as the limiting factor in the
performance of medical devices for constant health monitoring used in everyday life with a high
level of activity. There are four different types of noise present in biomedical signals,
physiological variability, environment noise or interference, transducer induced noise, and
electronic noise. This classification is not comprehensive and in real life, a noise may be
produced by several sources. However, the list above allows characterizing all types of noise in a
few intuitive groups in accordance with the nature of noise. Most biomedical signals have low
amplitude and low energy. Their acquirement takes place in the presence of the noise and other
signals originated from basic systems that interfere with the original one.
Various methodologies are given to enhance the quality of biomedical signals and to remove the
unwanted components. This paper reviews the adaptive filtering techniques which are used to
remove the noise from biomedical signals. In an adaptive filtering technique, we discuss Weiner
and Kalman filtering techniques.
1.
INTRODUCTION
Biomedical signal handling targets separating critical data from biomedical signs. To get a
mutilation less, exact and blunder free signals we takes-up a sifting procedure by utilizing a few
filters [7]. Biomedical signals, for example, ECG, EMG, and EEG are critical in the
determination of patients. These signals have commotion just as curios which must be evacuated
for legitimate treatment of a patient. Various systems are utilized to evacuate noise and ancient
rarities.
There are various methods that is used for noise separation and removal. Different types of
filtering techniques can be used to remove the separation, such as low-pass filtering [2].
However, no overlapping should be done between the frequency bands of artifact and desired
signal. When spectral overlap takes place, alternative techniques must be preferred. Sifting
approaches, for example, versatile, Wiener or Bayes separating have the preferred position that
they can be automized, anyway they need a deliberate or dependably assessed reference so as to
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work. A portion of these strategies can work on single channels, a trademark that makes them
alluring for the artifact evacuating [6].
Noise can be easily removed by filtering the signal. Sources of noise emerge from imprecision of
instruments to impedance of electrical cables. Creatures are intricate frameworks whose
subsystems associate, so the deliberate signs of an organic subsystem for the most part contain
the signs of different subsystems. Evacuating undesirable sign parts would then be able to
underlie consequent biomedicine disclosures.
Before the signal can be given an important translation, a few tasks must be applied on the
accessible recordings to interpret or remove the critical data [1]. The unraveling method is in
some cases direct and just needs visual investigation of the sign on a PC screen or a paper
printout. In any case, the intricacy of a signal is regularly very generous, and, in this way,
progressed biomedical signal preparing methods are required for extricating clinically critical
data covered up in the sign.
The rest of the paper is organized as follows:
Section 2 contains the information about the Wiener filter. Section 3 tells everything about
Kalman filter. Section 4 compares both the filters in terms of noise reduction. Section 5
concludes the paper.
2.
WIENER FILTER
In biomedical signal processing, most widely used filter is the Wiener filter. The main function
of wiener filter is denoising and smoothing of signal. Its purpose is to estimate the noiseless
signal. Wiener filter is used for stationary input so it is not an adaptive filter. It takes the
statistical estimate to filter out the noise. Another capacity of the wiener channel is to limit the
mean square mistake (MSE) between the assessed irregular procedure and the ideal procedure.
Before applying Wiener filters, it has three main requirement which are described below [3]:
1)
Assumption: we have to know spectral characteristics of noise and signal. Signal and
noise are stationary linear stochastic processes.
2)
Prerequisite: the filter must be truly feasible/causal.
3)
Execution criterion: least a mean-square error (MMSE)
The Wiener filter widely used because of its easiness and fast capability. To reduce the amount
of noise in a signal it uses a set of linear equation as shown below. Its execution is very fast
because it requires a few computational steps [6].
Wiener Filter in the Fourier Domain:

Dividing by power spectral density (PSD) Ps:

Where these terms stand for:
H (u, v) : called Degradation function
H* (u, v) : called Complex conjugate of H (u, v)
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Pn (u, v) : called PSD of Noise in a signal
Ps (u, v) : PSD of original signal
Where Pn/Ps can be called as the proportional of sign – to-noise proportion.
Wiener channel relies upon noise fluctuation. At the point when fluctuation is high small
smoothing happens and if change is low all the more smoothing of signal happen.
3.
KALMAN FILTER
Kalman acquaint with Kalman filter in 1960 for the very first time. Kalman filter estimate the
target by using linear quadratic algorithm. In this algorithm it uses a number of measurements
which are collected over time. In these measurement noise and other inaccuracies are obtained
along with signal. In simple language Kalman filter is a predictor – corrector type estimator [1].
For corrector type it uses feedback mechanism to estimate the process. It is a very powerful and a
flexible tool to acquire the least mean square error (LMSE). Another property of Kalman filter is
its simple derived equation which makes it valuable for analysis.
This filter works on a prediction and correction or we can say updating mechanism. This
calculation predicts another state from its past estimation by adding an adjustment term
corresponding to the anticipated mistake. Right now, the blunder is factually limited. This
channel is the primary calculation to appraise dynamic framework indicated in the state-space
structure [2].
Kalman filter uses two types of equation, one to prediction and another for correction or update
the equation. Figure 1 shows these equations in a flow chart manner. Parameters used in these
equations are explained as follows [1]:
: predicted state at time k
: state at earlier time k-1
A
: model(equations of motion) that predict the new state
B : model that predicts what changes based on commands
Uk-1 : commanded inputs at time k-1
AT : stands for model Transposed
Q
: stands for covariance of Error noise
K
: Kalman gain
: as before, Predicted Error Covariance
R
: the noise in Sensor Measurement
: state at prsent time k and it also represent the output of filter
: estimate previously defined states
Y k : measurements from Sensor
: our new Error Covariance
I
: stands for Identity Matrix
H
: measurement Model
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Fig. 1. Set of Kalman filter Equations [1]

In prediction group equation predicts the state from k to k-1 moment and then calculate the error
covariance matrix. In update equation role of feedback comes, in which new value has been
added to the previous estimation to improve the signal estimation. In other words, prediction
equation time updating occur, while in correction equation new value has been added to
previous. In correction equation Kalman gain k also calculated which helps in updating of
measurement zk. in final step update the error covariance value. After every interval the process
repeat itself and project the new estimate value [2].
Mean square error (MSE):
It is utilized to depict the closeness between the original sign and the de-noised signal.

si(t) stands for original signal,
estimates signal denoised by mentioned filter and
N stands for number of samples.
4.
COMPARISON
The algorithm of Kalman filter provides greater advantage over the wiener filter as its
implementation to a particular problem is easy. Wiener filter is operated on stationary process
whereas Kalman filter can also work on non-stationary process [5]. The Kalman filter is applied
to the repeated condition and compare the current state not only with just the preceded
measurement. The Kalman theory can be differentiate from wiener theory on the basis that the
former considers the non-stationary processes with the inclusion of finite time which are not
considered in later case. Wiener theory is not able to differentiate the colored noise and white
noise during the measurement and it follows the infinite dimensional system [5]. The Kalman
hypothesis requires white estimation noise and can be stretched out to the color noise. Table 1
shows the comparison results of the signal to noise ratio (SNR) and mean square error (MSE)
values from the Kalman Filter and Wiener Filter, respectively [7].
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TABLE 1: A COMPARATIVE SUMMARY OF THE WIENER AND KALMAN FILTER FOR
CONTAMINATED EEG DATA

S.No.

Name

SNR in dB

MSE

1.

Wiener Filter

-0.0405

3.5516

2.

Kalman Filter

-5.6158

7.9914

5.
CONCLUSION
From the above conversation, plainly wiener filter is useful for commotion expulsion than
Kalman filter in biomedical signal preparing. These filers not just only use for filtering
biomedical signal, they can also use in various other application. The comparison table shows
SNR and MSE characteristics of the filter and it is seen that the wiener channel is generally
suitable for removing noise in the signal. High value of SNR and low value of MSE is required
for any filter operation to give accurate signal. For noise removal or smoothening of signal or to
remove blur from images wiener filter is an excellent filter. When we talk about speed,
robustness, efficiency and simplicity wiener filter stands out as compare to Kalman filter.
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Abstract- Information Technology plays a vital role in our day to day life since last few decades
we all are depending on it in order to obtain maximum benefit and comfort. Internet of Things is
essentially an architectural framework, which allows integration of components, devices and
subsystems to collect and disseminate data among the physical objects and computer systems
over existing network infrastructure. Role of sensor is very important in IoT applications. In this
paper we are taking one sensor as an example that is BMP180 and try to interface it with
Arduino board for getting the accessible data through mobile phone. The main objective of this
paper is monitoring of temperature that gets updated with specific time interval. Finally this
exercise is expected to provide right kind of platform for deploying paper and plastic substrate
base sensor being developed in our research laboratory in the university, as a real life IoT
application.
Keywords: BMP180 sensor, Arduino Uno, HC-05 Bluetooth Module.
I INTRODUCTION
Internet of Things (IoT) is the network of interconnected things, devices which are embedded
with sensors, software, network connectivity and necessary electronics that enables them to
collect and exchange data making them responsive. The monitoring of surrounding data is very
important for home and hospitals condition especially for patient room and also industries for the
production of particular products that are sensitive to temperature and pressure. The main
objective of this paper is that all the information of temperature and pressure from the
environment is sensed by sensors and send to microcontroller for further processing then data is
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transferred with the help of Bluetooth module and different protocols such as ZigBee, Wi-Fi,
MQTT etc. The client can receive and monitor this data anywhere in the world. [3]
II. RELATED WORK
Here we are obtaining real time temperature and pressure data from environment and monitoring
of this system is done from particular location with the help of Bluetooth module and some
specific protocols anywhere in the world if system is connected to internet.
A.BMP 180 Sensor
The BMP180 is a digital barometric pressure sensor that is used for consumer applications. It is
low voltage and low power electronics device that is used for GPS navigation, mobile phones,
PDAs and outdoor equipment. In BMP 180 sensor I2C interfacing is required between sensor
and microcontroller. The working principle of BMP180 is based on piezo –resistivity. It has long
stability, linearity and accuracy. The BMP 180 sensor measures the Barometric pressure and
temperature. Barometric pressure (also known as atmospheric pressure), is the pressure caused
by the weight of air pressing down on the Earth. The air in the atmosphere has mass, so gravity
causes the weight of that column to exert pressure on the surface. The SI unit for pressure is the
Pascal (Pa). One Pascal is defined as one Newton of force per square meter. The BMP180
outputs pressure readings in Pascal, but they are converted to hecto Pascal (hPa) by the software
library [2].
1 h P=100 Pascal
It is low cost, very tiny sensor device. It measures three different environment parameters like
temperature, pressure and altitude. It measures temperature from -40 ºC to +85 ºC, pressure from
300 to 1100 hPa, and give exact altitude range from some reference height. It has an operating
voltage from 1.8 V to 3.6 V DC [3].

Fig1: BMP 180 Senor

B. Arduino Uno
Arduino Uno is an open-source platform and it is easy to use for both hardware and software.
Arduino board read inputs and turns it into an output. The ATmega328 is the brain of the
Arduino Uno board. It contains 14 input/output digital pins, 6 analog pins, a USB connector, a
crystal oscillator of 16MHz, a power jack and an ICSP header. 6 ICSP pin are there in the
Arduino board for program Arduino board with the help of USB cable. It can be connected to a
computer using a USB cable. The Uno is different from other boards because it does not contain
FTDI USB-to-serial chip. The other microcontroller Atmega16U2 is used for USB-to-serial
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conversion. It has an operating voltage is 5V.The input recommended voltage is from 7-12V.
[4].

Fig2: Arduino Uno
C. Bluetooth Module
Bluetooth is a technology for wireless communication. It uses communication to communicate
with devices. It communicates with microcontroller using serial port (USART). Usually, it
connects small devices like mobile phones, PDAs and TV using a short range wireless
connection to exchange documents .It uses 2.4GHz frequency band. The connection can be point
to point or multi-point. Its maximum range is 10 meters and transfer range is 1 Mbps. HC-05
Bluetooth module provides switching mode between master and salve mode (it able to use
neither receiving nor transmitting data).

Fig3: HC-05 Bluetooth Module
III. PROPOSED MONITORING SYSTEM
We are going to make a low cost, stable, light weighted, more energy efficient and real time data
monitoring system with the help of BMP180 sensor, Arduino Uno and Bluetooth module. This
system is mainly used for sending environmental data information like pressure and temperature
from some specific reference height to user by using sensors and Bluetooth module. This is my
proposed monitoring diagram.
BMP
180
sensor

r

Arduino
Uno

Blueto
oth

Mobil
e
phone

Fig4: Block diagram of the system
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A. Connection details of BMP 180 sensor with Arduino Uno and Bluetooth




BMP 180 sensor and Arduino Uno
VCC

5v

GND

GND

SDA

A4

SCL

A5

Arduino Uno and Bluetooth Module
GND

GND

TX

RX

RX

TX

Vin

5v

B. Flow chart of BMP 180 sensor
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Start

Enter present altitude

Start temperature measurement

Start pressure measurement

Calculate temperature and pressure

End

Now analysis and testing of real time data of BMP180 sensor from environment (temperature,
pressure changes according to reference height) is takes places. To receive BMP180 sensor real
time data we connectA4 pin of Arduino Uno to SDA pin of BMP180 sensor and A5 pin of
Arduino Uno to SCL pin of BMP180. Rx pin of Arduino to TX pin of Bluetooth and TX pin of
Arduino board to Rx pin of Bluetooth.
A. Observation table
Time(hours)

Measured
temperature(degree
Celsius)

Actual
temperature(degree
Celsius)

Error

Pressure
(Hg)

9am

15.38

17

1.62

29.58

10am

16.42

18

1.58

29.58

11am

18.27.

20

1.73

29.58

12pm

20.65

22

1.35

29.58

1pm

21.36

23

1.64

29.58

2pm

22.18

24

1.82

29.58
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C. Displaying Data on Mobile phone

V CONCLUSION
BMP 180 sensor is a measuring device used to measure temperature and pressure of
atmospheric. The accuracy of the temperature measurement was ±2 degree. We are keeping the
Arduino in sleep mode for some hours and waking it up every 1 hour. These readings are then
successfully displayed on the mobile phone. The ability to measure, monitor and analyze
temperature of atmosphere on phone is very crucial. The concept of open source hardware
designs, software programs, and development efforts are made freely available to all, which
helps to facilitate and expand the adoption of these capabilities. The open-source hardware
Arduino development platform has great potential for temperature sensing, processing and
communicating. Temperature information is transmitted wirelessly to registered user who is an
Android user .We believe that temperature monitoring application design principle is essential
for the effective realization of ubiquitous computing.
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ABSTRACT- Biomedical devices are one of the fundamental necessities for human being to
spent quality of life due to their inadequate health issues. In the modern world ailing people are
increasing daily, for proper diagnosis of health issues, the new concepts of signal processing in
medical facilities need to be achieved. In this study various biomedical devices, those are very
important in medical field for identification and diagnosis of various diseases have been
discussed. ECG is used to detect heart abnormalities as it analyzes the electrical signal of each
heartbeat. Similarly, EMG measures the muscles activity in the form of electrical signals; these
signals are recorded with the help of electrodes and sensors. Furthermore, the EEG signals are
used to study the nervous system, monitoring of sleep, control and diagnosis of disease like
epilepsy, Alzheimer. Thus, biomedical signal processing techniques/programs can be used to
determine the status of health using normal and abnormal signal samples.
Key words - Biomedical devices, ECG, EEG and EMG signals.
I. INTRODUCTION
The biological information processing is a versatile life science sector. Biomedical signal is used
to design the preventive healthcare systems. Appropriate signal processing techniques/ programs
are required by engineers for the proper functioning, in biomedical applications [1]. The
important
biomedical
signal
includeswork
related
to
capacity,
electromyogram(EMG),electroneurogram(ENG),
electrocardiogram
(ECG)
and
electroencephalogram (EEG), phonocardiography, carotid pulse (CP) sensors from the tip of a
catheter, signals from vibromeogaon and vibroaltrogaon, acoustic (behave), emission signal [2].
Furthermore, functional magnetic resonance imaging (fMRI) is used to prepare high spatial
functional resolution data, which is relatively less functional, in analyzing the patient's brain at
different circumstances and at relax position. Meanwhile, the computed tomography provides the
unravelling solution between the temporal resolution of a measurement and its spatial resolution.
In ultrasound imaging
, 3D techniques have been developed to detect the complex anatomy, pathology and
quantification. There are different types of sensors that can be used for biomedical and image
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signals in collecting knowledge of the patient abnormalities. However there are not many reports
on this aspect. Therefore the present review highlights the different transforms and algorithms of
electro-cardiogram: ECG, electro-myogram: EMG and electro-encephalogram: EEG.
II. METHODOLOGY
A. Transforms overview and related works in Electrocardiogram signal processing
Various techniques and programs already studied as per literature, Maheswari and Sangaih [3]
proposed a technique that processes the ECG signal using a wavelet. For the identification of
ECG, wave wavelet transform is used, which consist of quadratic algorithm. The probability of a
potential neural network distribution allows this arrhythmia noticeable. Chen et al [4] detected
the QRS complex wave from wavelet transform ECG signal.
He et al [5] detected surface body and proposed spline laplacian ECG algorithm. The algorithm
used for simulations to detect the feasibility of cardiac electric sources. Bian et al [6] proposed
wavelet packet method, this method is an expansion of the decomposition wavelet transform,
which convert the band into high and low frequency. Hilbert Huang [7, 8] proposed, optimum
solution for the detection of R spikes in ECG which consists of adaptive threshold methods. In
addition, streamlining complex conjugate hydemard was also used for detection (CHT) of atrial
fibrillation[9].
Kazmi et al. [10] developed transform, based on warblet signals for the detection of the heart and
respiratory surveillance radar system. This method is based on a picture of two dimensional
analysis. Manandahar et al [11], who demonstrated algorithm by Fourier transform (shift) in
order to reduce human fault furthermore, this method measures the good speed.

Figure 1: A systematic diagram of arrhythmia classified system [12]
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Figure 2: Morphological curve for leads I, II and III [12]

B. Transforms overview and detection in Electromyogram signal processing
EMG measures the muscles activity in which signals are in electrical form. As we know, that our
musculature consist of small fibers, which is further divided into two types viz striated muscle
and nonstriated (smooth muscle). Skeletal muscles are responsible for the contraction, proper
posture, groups of motor units, movement of the bones and joints.
1). EMG detection: Electromyogram is a test, used to detect any unusual muscle electrical
activity, which are responsible for pelota of diseases and conditions such as swelling of the
muscles, veins, muscular dystrophy, peripheral nerve damage (loss in arms and leg’s nerves,
myasthenia gravis etc. If one needs to explore, whether muscle weakness is due to muscle
problem in muscles or muscle weakness is due to a nervous disorder, then there are two types of
electrodes: surface electrode and needle/wire electrode. In Surface EMG, the electrodes /sensors
are being placed on skin overlay by muscle and the needle is pierced in muscle. The received
signals are collected, processed and analyzed with the help of standard mathematical procedures.
C. Transforms overview in EEG Signal Processing
In detecting frequencies of EEG signal processing, coherence function play a vital role. It
consists of two methods - Welch and MVDR (Minimum Variance Distortionless Response)
method. Coherence technique has been analyzed in brain stimulation studies [13]. Coherence
function is also used in studies of MEG (magnetoencephalography). Sherman et al.[14] found
that coherence can be a measure between field potentials and EEG channels. Ruchkin [15] and
Pereda et al.[16] observed applications of coherence function in neurophysiology and EEG
signal studies. Ropella et al. [17] found interesting application of the coherence function in
cardiology. Coherence function is used in analyzing surface ECG as well as ECG taken directly
from the heart 3r t5r[18].
D. Established Algorithms on Electrophysiological Signals
In present years, there is lot of interest in biomedical devices. Facial electromyography EEG can
be recorded to explore emotions. The extent of zygomatic activity can be increased in the range
of 500 - 750ms [19 ]. One can detect definite injury time- which varies from 3-4 weeks (for
subacute) and more than 4 weeks (for chronic injury). Mok et al. [20] detected three ways for
defining images of the lumbar spine. S-transform which is based on QRS complex detection
algorithm provides comparative results of samples [21].
CONCLUSION
Biomedical signal processing constitutes a wide innovative works in the medical science.
Various programs/algorithms are currently in the fields of cardiology, myopathy and
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neurosciences. Thus the need of hour is to improve the current signal processing
techniques/programs for the proper functioning in biomedical applications. This may lead to
most advanced algorithms and methods.
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Abstract:-Facial expressions is the most significant information medium for non-verbal
communication. The huge variety of facial expressions are used in daily life applications such as
health care, video conferencing, virtual reality and security .Due to wide range of applications,
Face expressions recognition becomes a important research area. It is an engrossing and
challenging task in image processing to recognize accurate expressions. Various techniques for
feature extracting and classification to recognize facial expressions, efforts are being taken to
increase accuracy .Face expressions are differ according to age groups ,this aging groups affect
accuracy of face expressions recognition .These uses techniques focus on accuracy and
recognition rate in classification, feature extraction and feature detection. This paper present the
most important technique that is histogram of oriented gradient for feature extraction and support
vector machine use as a classifier for face expression recognition. Facial expression recognition
have also gained importance in the area of robotic-human interaction. Robots use facial
expressions, gestures and other nonverbal instructions to convey information ,for example
Charles robot can scan expressions written on a person’s face.
I. INTRODUCTION
Face expression recognition is a natural and non-verbal path to understand the intension of
others. Face expression play a important role to exchange whole information. It has gained more
consideration in the area of expression recognition, computer vision, psychology and pattern
recognition. It has wide range of applications in entertainment and education. There are some
basic facial expressions such as happy, sad, anger, fear, disgust, surprise ,and neutral. The
research studies of Ekman in late 70s have offered proof to the characterization of fundamental
facial expressions .Facial function coding framework was created by Ekman and Friesen to code
facial expressions in which the movements on faces are characterize by function units'. Face
expression recognition have three important phase, first phase is preprocessing ,second feature
extraction and third is classification. Preprocessing is a process to improve quality of input which
is an image. Feature extraction which extract a particular expression. Classification , the process
of categorizing input image into one or more classes called image classification and it is
complicate problem for machine.
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Fig. 1. Stages of FER system
Architecture of face expression recognition system have three important part ,these are
preprocessing, feature extraction and classification.
A. PREPROCESSING
Preprocessing is first step which is essential to pre-process the input image. It raise the quality of
input image for better performance of face expression recognition system. It reduce unwanted
information and process the relevant information. Preprocessing method improve quality by
reducing noise ,normalizing size and histogram equalization of an input image. Various
techniques is used for preprocessing like guassian filter, adaptive filter etc.
B. FEATURE EXTRACTION
Feature extraction is a process to extract wanted data from an input image .It extract particular
data from an input. Different types of methods is used for feature extraction in face expression
recognition system such as local binary pattern ,optical flow method gabor filter and histogram
of oriented gradients. Histogram of oriented gradients method use for extract features from an
image ,particular part of an image is localized for count occurrence of oriented gradients .Image
is divide into small parts called cells to improve accuracy of face expression recognition system.
It uses a gradient filters. It extract edge based information of face and extract visible features.
C. CLASSIFICATION
Classification is a vital step of face expression recognition system to select face expressions.
Classifier which classify expressions ,select suitable classifier that can predict information. Some
classifier used in face expression recognition system like K-nearest neighbors, convolution
neural network ,probabilistic neural network, adaptive boosting and support vector machine
.Support vector machines classifier is widely used it is easy to use and give higher accuracy for
face expression recognition system.It is final step that successfully predict face expressions.
II. DATASETS
Datasets is very important to develop new face expression recognition system. Various types of
database uses in face expression recognition system. JAFFE database is widely used, RaFD
database achieve higher accuracy. Database is a collection of images . Spontaneous expression
database is a natural database. In this paper explain various types of datasets such as RaFD
(radboud faces database), JAFFE(japanese female facial expression), CK+(extended cohn
kanade) and KDEF(karolinska directed emotional face). RaFD gain very high accuracy and
recognition rate almost 99.33% but other databases contain a variations in pose, expressions.
Face expressions varies according to age and culture ,different culture have different face
expressions .
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Fig. 2. Database of different culture
Face expression are very important to understand the situation of people. These face expressions
fluctuate according to age ( children ,young and elders) and culture(Asians ,European ).It create
a problem to face expression recognition because expressions vary .
Table 1. Different type of databases
Serial Dataset Images Express No.
of
no.
pixels
1

JAFFE

213

6

256*256

2

CK+

593

6

640*480

3

BU3DEF

25

7

1040*1329

4

MMI

2900

5

KDEF

4900

7

562*762

6

FER
2013

35887

7

48*48

7

RaFD

29672

7

N/A

720*576

Database play vital role face expression recognition system. It hold sentimental and talking
expressions. JAFFE use in face expression recognition system most of time because face
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expressions recognize easy and accurate .RaFD and KDEF database have better accuracy and
recognition rate.
In this paper describe different techniques that uses for face expression recognition system.
Different types of technique used for preprocessing, feature extraction and classification.
Preprocessing techniques is used to normalize image size and eliminate variations from
expressions .For feature extraction various techniques are used which has higher accuracy to
extract feature from an input image ,these techniques extract limited features. Histogram of
oriented gradients method is widely used to extraction of features and improve the contrast of an
image. It is easy to use .
Classification methods that classify extracted information .In this paper describe various
techniques which is useful . Support vector machine classifier is easy to use compare to other
classifiers.
Face expression recognition system has been become very important topic for research because
of its ability to mock human expressions. Face expression very important for non-verbal
communication , read expressions and understand the situation of others.

Table 2. Comparison of techniques
Method
Classifica Number
Database
for feature tion
of
expressio
extraction method
ns

Seri
al
no.

Preprocessing
method

1

Gabor filter

Patch
based

SVM

6

JAFFE, CK

82.5

2

Face
acquisition

LBP

SVM

6

CK

95.84

3

Enhancement

PCA ,ICA

HMM

6

Own

98

4

Histogram
equalization

LCT

OSLEM

7

JAFFE, CK

94.41

5

Face
region GF
detection

SVM

7

JAFFE, CK

82.5

6

Face
alignment

HOG

SVM

7

JAFFE

85

7

Histogram
equalization

LBP

SVM

6

JAFFE, C+

93.3
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8

Resizing

GF

Euclidea
n

6

JAFFE, Yale

88.58

9

ROI
segmentation

GF

SVM

N/A

KDEF

99
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III. LITERATURE SURVEY
[1] Hammit Soyel, Hasan Demire;may 2008:- This paper propose face expression recognition
by using 3D feature extraction .In this paper explain effective techniques for face expression
recognition system. Probailistic neural network classifier is used for 3D face expressions. The
average expression recognition rate is approx 91.3%.
[2]Michael Revina, W.R. Sam Emmanuel;2018:- This paper present overview of different types
face expression recognition techniques. These techniques compromise three important stages like
a preprocessing ,feature extraction, and classification. This paper describe various techniques
which improve recognition rate and accuracy.
[3] Byoung Chul Ko;2018:- Face expressions recognition are important in the region of artificial
intelligence. This paper give a overview about hybrid deep learning with the combination of
convolution neural network for special features. These various sensors Electromyography,
electrocardiogram ,electro-encephalograph and camera used as an input for face expression
recognition.
[4] Mehang B. Patel, Dipak L. Agarwal;2016:- Feature extraction is important stage for extract
accurate features. This paper proposed a different categories of emotions ,positive emotion and
negative emotion .In this paper using hybrid technique for feature extraction and try to improve
accuracy. In future design for robust system to recognize positive and negative emotions.
[5] Dandan Liang, Huagang Liang ,Zhenbo Yu, Yipu Zhang;2019:- This paper propose a
deep convolution BiLSTM fusion network for improvement in performance of face expression
recognition .It uses two particular convolution neural networks(CNN) to find out special features
and short term dynamic features. The combination of CNN and dynamic features obtain a better
performance in face expression recognition.
[6] Najmeh Samadiani, Guangyan Huang, Borui Cai, Wei Luo;2019:- Face expression
recognition can be applied in different areas like mental disease diagnosis and human
physiological interaction detection. Face expression recognition system relive by multimodal
sensor data for emotion detection . This paper introduce various category of sensors which
increase the accuracy and recognition rate of expression recognition system.
[7] Dolly Reney, Dr. Neeta Tripathi;2018:- This paper explain various techniques for better
accuracy and recognition rate. These techniques have greater performance for recognition rate.
These techniques provide a practical solution for face expression recognition problems.
[8] Jyoti Kumari ,R.Rajesh, k.m. Pooja;2015:- This paper propose a two methods for automatic
face expression recognition, these are appearance based and geometry based. Also using various
techniques for feature extraction . Feature extraction techniques applied on JAFFE database.
Automatic face expression recognition has become very popular and interesting field for
computer vision.
IV. CHALLENGES AND FUTURE SCOPE
‘Face expression recognition is the significant challenge face by researchers during their
exploration ,due to non accessibility of talking expression information. To conquer this a invisible
camera to record the subject is expression. Another challenge for face expression recognition
framework is non accessibility of classify information that can easily discover greater part of
unlabeled information however naming information or enlarging it with meta data is a very time
dissipate procedure and perhaps mistake inclined. A solution of this is the utilize of semisupervised knowledge that allows us to work with both tagged and untagged data. Researchers
face the problem due to variations in features and face expressions’ .
‘A potential work for future is automatic recognition of smaller scale expressions. Presently
preparing its are accessible that can be train human to perceive miniaturized scale expressions.
Different strategies can be utilized for better recognition rate and have more prominent execution’.
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V. CONCLUSION
This paper present a useful techniques for face expression recognition system. In this paper
comparison a various methods used for preprocessing ,feature extraction and classification. Some
methods are very complex to use and have limited expressions. Histogram of oriented gradients
technique use for feature extraction and support vector machine as a classifier. HOG and SVM
give higher accuracy and better recognition rate.
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Abstract— Cancer is the 2nd leading cause of demise globally and is accountable for approximately 9.6
million deaths in 2018 [1]. Increasing evidence has authenticated that the early detection using
electrochemical nano-biosensors holds great promise for increasing the accuracy of diagnosis. Due to
high selectivity, sensitivity, and portability like properties of nano-biosensors, these are quite useful in
detecting the early growth of cancerous cells. In this way, the patient can be alerted in time for
diagnosing the disease. The review analyses the recent advances and limitations in the development of
electrochemical nano-biosensors for the upcoming generation of cancer detection. High electrocatalytic
properties, increased surface area in concerning to the volume, high repeatability, and real-time analysis
has led to the next generation of potential biosensors over the surgical techniques which are timeconsuming and have low accuracy rates. A new approach based on the graphene platform, combined
with magnetic beads and modifying gold nanoparticles, along with DNA microarrays whose signal
transduction is based on electrochemical principles will be reviewed in this paper. These methods are
having a tremendous effect on medical diagnostics for cancer and other infectious disease applications.
In this review, we will try to reach different categories of researchers to understand the broad application
area of electrochemical biosensors for primary detection of cancer and present a personal perspective on
the future direction in this field.
Keywords—Cancer, nano-biosensors, electrochemical, Au nanoparticles.
I. INTRODUCTION
Cancer, an unconstrained growth of unhealthy cells is the second prevalent cause of death around the
world. When undisciplined cells form a group of tissue, it is known as a tumour [2]. Being one of the
serious diseases, having more than 200 types, it directly affects more than 60 organs of human [3].
However, patients who undergo therapy in the primary stages have better options for living quality of
life and have extended survival time. Therefore, to improve the treatment of cancer patients, early
diagnosis is important [4].
For cancer detection, various methods such as MRI, biopsy, mammography, molecular breast imaging,
sonography, thermography have been used. Apart from these, classical techniques for detection of cancer
biomarker such as ELISA, radioimmunoassay, polymerase chain reaction, immunohistochemistry have
also been applied. Nevertheless, these approaches face some cons such as high cost, prolonged reaction
time and need of costly reagents [5]. Presently, cancer treatment is done with radiation therapy,
chemotherapy, and other ways. The radiation therapy deals with damaging of fast growing and
separating cancerous cells, thereby preventing the division. However, radiation therapy has some cons
including strain and a requirement for staying in the right posture for long hours which goes uneasy for
the patients. Besides this, the method is not affordable by everyone & the healthy tissues get damaged
easily as they are not protected. As a result, it is necessary to carry out further researches and obtain the
improved ways that would reduce the damage of healthy tissues which are drastically affecting the
cancerous tissues [2].
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Cancer recognition and cure are one of the prominent interests because of the worldwide existence of the
disease, reappearance after treatment and high mortality rate [6]. The frequently used traditional tools for
cancer identification depend on imaging, tissue sampling, etc. and others. But presently biosensors are
being used for diagnosis of cancer, infections, toxic agents, poisoning as well as drug detection [7].
Biosensors are the devices, which uses biological processes to detect the accumulation of target
substance. It has various forms such as immunological sensors, microbial, enzymes, etc. which shows
the existence of cancer. A molecule released by tumour or a body’s reaction towards cancer is a
biomarker, which can be extracellular or may exist in the cancerous cells [2]. Nevertheless, biosensors
lead to imprecision in the primary detection of cancerous tissues, because of the low accumulation of
cancer biomarkers in tissue fluids or blood. Consequently, proceeding towards a new approach namely
nanotechnology to enhance detection.
Important cases in the diagnosis of cancer are selectivity, sensitivity and setting up of miniature
platforms that can be used in isolated areas. The development of electrochemical nanobiosensors is
possibly an analytical approach, associated with rapidity, low cost, sensitivity, and selectivity [7] [8].
Due to the amalgamation of traditional bioassay associated with electrochemical measurement and
nanomaterials, this method is assumed to be competent for cancer diagnosis [8]. Electrochemical
biosensor transforms biochemical data like transformation of analyte concentrations to analytically
valuable signal i.e. voltage or current as shown below in Figure 1

Figure 1: Schematic of Electrochemical Biosensor
Electrochemical devices provide an accurate, inexpensive, sensitive and simple platform for the
diagnosis of patients. The frequently used terms that are associated with electrochemical biosensors are
potentiometric and amperometric, conductometric and impedimetric. The comparison of these is shown
in Table I.
The paper is outlined into 6 Sections. Following the Introduction, the paper describes the need of
Electrochemical biosensors in Section II. Section III deals with the overview of some previous works.
Section IV presents the current outline. Section V focuses on Challenges and Future scope. Section VI
explains the conclusion.
II. WHY ELECTROCHEMICAL NANOBIOSENSORS?
In the last three decades, we have seen enormous activity in the field of biosensors. The most important
procedure included in a biosensor system are signal transmission, analyte detection, and reading.
Because of their quick response, specificity, easy to carry and low costs, biosensors provide exciting
possibilities for various applications, ranging from simulating tests at "alternative locations" (for
example- doctor's office) and urgency examinations [9].
Table I: Comparison of electrochemical nano-biosensors [10] [11]
Properties
Approaches

Usage

Pros/Cons
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Used for diagnosis of Pros:
Fast
measurement,
antigens, nucleic acid reproducibility, appropriate for enzyme
and blood glucose.
placement, inexpensive, requires no
mass production and calibration.
Cons: Environment sensitive, requires
redox elements to improve current
production, slow
Potentiometric Used in Enzymatic Pros: Fast computations, inexpensive,
activity
reusable, appropriate for enzyme
placement.
Cons: Temperature and environment
sensitive
Conductometr Detection of pollutant, Reusable, low cost, light insensitivity,
ic
clinical
analysis, reduced power consumption as a result
enzyme reactions and of voltage reduction, probability of
biological membrane miniaturization.
receptors.
Impedimetric
Extensively used for Pros: low examine cost, upper SNR,
detection of DNA small scale response periods.
hybridization, direct Cons: Requires bulky devices,
tracking of enzymatic

Attain up from
ng/ml to pg/ml

Attain
pg/ml

up

to

Attain up from
μg/ml to pg/ml

Attain up from
μg/ml to pg/ml

Electrochemical biosensors detect the carcinogens which cause the damage to the DNA. These methods
are achieving considerable attention because of being cost effective along with robustness and easy
instrumentation [12]. Because of these characteristics, electrochemical nano-biosensors can be
increasingly considered as a better option for the diagnosis of cancer and can develop better strategies
that are useful in reducing patient stress [8].
III. LITERATURE REVIEW
It has been stated in the many studies that the use of colloidal gold in chemotherapy and radiotherapy as
biomarkers in electrochemical nano-biosensors such as anti-HPS70 [13], CA antigen [14] for lung
cancers and anti-BRC1 [15] for breast cancer. These biomarkers are rapidly fast and as accurate as 0.01
to 50 ng/mL detection limit compared to the ELISA i.e. enzyme-linked immunosorbent assay method.
For the diagnosis of breast cancer in an early stage, the electrochemical nanobiosensors are mainly
established on immune-genetic therapy, aptamers, and peptide sensors. Recently, in the study published
by Sun et al. [16], it has been proposed that the newly developed electrochemical nanobiosensor based
on gold electrodes has the capability to recognize the breast cancer having concentration of as low as
between 1 nm -1.5 μm which is based on the sequence of methylene.
The second most mortality rate in the cancer type is caused due to lung cancer in males and females
around the world. Despite the fact of using the small number of biomarkers in developing nanobiosensors the authors Gu et al. [17] invented an electrochemical DNA sensor by using a biomarker
CYFRA21-1 based on 3D gold nanoparticle application to detect a lunch cancer having a concentration
in between 1.0×10−14 to 1.0×10−7 m.
Currently, electrochemical biosensors developed to recognize prostatic carcinoma are usually based on
immunosensors and aptamers. For the early detection of prostate cancer, Liu et al. [18] developed an
electrochemical biosensor based on aptamers and mesoporous graphite nanoparticles coated with Au
nanoparticles which improves the detection rate of sample tissue attacked by prostate cancer with an
amount of detail up to 0.25 ng/ml.
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Biosensors are made of bio-receptor, which are a sensing component and a transducer that transforms the
biological signal into the physical signal. This conversion is done with the help of physicochemical
transducer based on the phenomenon of electrical, optical and thermal applications. There is also a
processor that amplify the magnitude of the signal to detect the changes in the organ. It has been
depicted in the study [19] [20] the bioreceptors such as DNA, RNA and antibodies are connected to the
target analyte which increases the strength of signal near the jointing structure.
P.C.G. Selwyna et al. [6] have developed an electrochemical biosensor which is based on tumour antigen
CA 15:3 amount in serum for the diagnosis of breast cancer. Here, the EIS technique has been used to
read those signals which are provided by the gold nanoparticles having high surface area and electrical
conductivity.
P. Jolly et al. [12] have presented a method of miRNA detection by using an electrochemical biosensor
with Au nanoparticle amplification. The technique used for the detection is Electrochemical Impedance
Spectroscopy, which eliminates the problems linked to redox markers.
B. Jin et al. [21] have worked on electrochemical biosensor which is based on graphene sheets for the
detection of carcinoembryonic antigen (CEA). As compared to the conventional strategies, shorter
recovery and response time is noticed. Various techniques used are shown in Table II.
Table II: Survey

Ref.

[17]
[16]
[15]
[12]
[6]

[14]
[21]
[18]

[13]

Authors

Year of Technique/ Method used
Publicati
on
H.Gu et al.
2019
Biomarker CYFRA21-1 is used for detecting lung cancer, which is
based on 3D Au nanoparticles.
X. Sun et al. 2018
Methylene Blue is used as Hybridization Indicator for detecting
(BRCA1) gene.
W. Wang et 2015
Polyethylene glycols are used with Au nanoparticles for detecting
al.
Breast cancer antigen.
P. Jolly et al. 2015
EIS i.e. Electrochemical Impedance Spectroscopy technique is
used in detecting micro RNAs.
P.G.C.
2013
Electrochemical biosensor is developed by using Au nanoparticles
Selwyna et
for detecting breast cancer.
al.
D. Feng et al. 2013
Electrodeposition and assembling technique are used for detecting
CE antigen for lung cancer.
B. Jin et al.
2013
A combination of antibody- Au nanoparticles and magnetic beads
is used to develop electrochemical biosensor.
B. Liu at al.
2012
Au nanoparticles coating on the mesoporous graphite nanoparticles
and aptamers for the development of nano-biosensor, which is
used for primary detection of prostate cancer.
G. C. Jensen 2011
Gold is used as a Biomarker in Radio and Chemotherapy.
et al.

IV. CURRENT OUTLINE
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The diagnosis and cure of cancer are of prominent interest because of the worldwide occurrence of
diseases, high mortality rate and reappearance even after the diagnosis. As claimed by National Vital
Statistics Reports, the incidence of cancer (per 100,000 people) in whites from 2002 to 2006 was 470.6,
in blacks 493.6, in Asians 311.1 and in Hispanics 350.6, indicating that cancer has widespread its wings
and is common to all races is widespread [6]. The most dangerous types of cancer are breast cancer, lung
cancer and prostate cancer which has taken a life of around 227,900 people in 2007 and have become
leading cause of death in the US, claiming over 509,900 lives in 2019 alone, as per the National Cancer
Institute 2019 report [6].
The rate of survival of cancer disease is mainly dependent upon its early detection and therefore
developing a cost-efficient and patient-friendly method is a need of time to stop the high mortality rate
[6]. An excellent example of this approach has been recently developed in “Yoon-Bo Shim laboratory,
Pusan National University, South Korea” in which a new electrochemical nano-biosensor has been
developed for diagnosing breast cancer. In this technology, the electrochemical nanobiosensor can
directly detect in our body fluids the presence of HER2-overexpressing breast cancer and protein of type
receptor 2 (HER2) [8].
In the recently published data by the American Cancer Society in 2019, which projected the new cases
over 1.7 million and 0.6 million died due to cancer in the United States. After studying data over the last
decade, it had been found that the rate of cancer incidence is constant in women and decreases by
approximately 2% in men. One of the positive of the reports is that there is a decline in the death rate by
27% from the period of 1991 to 2016 because of newly developed methods for the early detection of
symptoms, which also includes the technology-based upon the electrochemical nano-biosensors [22].
V. CHALLENGES AND FUTURE SCOPE
With the help of Nano-biosensors, various developments have been reported in the diagnosis, but clinical
implementation is poorly reported for cancer detection. This is due to the fact that medical diagnosis
demands for rapid, compact and precise system that could be made available with real time tracking
system in victim’s bedside. At present, electrochemical biosensing is facing several challenges that
should be resolved in order to achieve a highly selective and sensitive system for the disease diagnosis.
Sensor stability is an important specification for single or repeatedly used electrodes. The construction of
nano-biosensors is another critical issue. Emerging powerful tools like in vivo biosensors, needs to be
sensitive, biocompatible, stable, non-toxic for the environment. Biocompatibility of nanoparticles results
in minimized toxicity which is spotted by other sensors. Another issue which needs to be sorted out is
the Portability of electrochemical biosensors, due to the advancement in point-of-care machines for
diagnosis purpose [2].
In recent years, various biosensors have been developed in areas such as heavy metal detection in water,
food industry, environmental pollution detection for monitoring and testing of disease. In the design of
electrochemical biosensors, various advances have been reported till now. However, changes are
required to be strengthened in future for proposing easy and cost-effective sensors with enhanced
response time, selectivity and sensitivity [7] [23].
VI. CONCLUSION
In spite of the continuous invention of the new drugs curing cancer, the improvement in the diagnosis at
the primary stage is slow. A cancer diagnosis at its primary stage is significant for the successful
treatment of the disease [2]. The introduction of reliable, powerful screening and cost- effective
strategies are necessary because of the high probability of reappearance and prevalence of disease [5].
Electrochemical biosensors are gaining more attention because of their pros like high sensitivity,
portability, fast detection, and sample preparation [24]. The properties of electrochemical biosensors
play a vital role in enhancing the efficiency of therapy monitoring and cancer diagnostics. However,
these sensors require further improvement so as to achieve the highest speed, making diagnostics results
available to the patients within a few minutes [3].
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Abstract— Brain Computer Interface (BCI) requires deciphering of brain signals to translate them in
useful commands to direct and control real time application. In principle, a variety of brain signal are
used to control a BCI system. And, the most commonly used signals are electroencephalogram which
are electrical signals from brain activity measured from electrodes on the scalp. A BCI system is a
processing pipeline of sequential stages including signal acquisition, feature extraction, feature
translation, and device output. Many research groups have developed functional prototypes of BCI.
Brain-computer interfaces can be used to augment natural motor outputs for healthy generation and a
mean of communication for the people with strokes, head trauma and other disorders. But, the most of
the striking achievements of BCI research and development are conﬁned to the research laboratories
only. The practicality and efﬁcacy of BCI systems to be used by common people is just a beginning. The
future of BCIs depends on progress and development in various critical areas such as development of
multimodal signal-acquisition hardware; design of efficient BCI validation and dissemination
algorithms; and its generalization from subject specific to a subject independent system. This paper
discusses about basic principle, current state and future prospects of BCI. Additionally, many fascinating
discoveries in the BCI field have been discussed. In the end, challenges and certain open issues of BCI
research which need to be addressed are presented.
Keywords— Computer Interface, AI, Multimodal BCI, Subject Independent Interface
INTRODUCTION
The capability of human brain of recognising faces, interpretation of spoken words, understanding the
hand written characters, identifying the surroundings, analysing and making decisions has always
captured the attention of scientists and researchers to design and build machines that can mimic human
brain and recognise patterns. Efforts have been made to interpret, understand and decipher the
underlying complex and complicated processes of human brain. Past researches in the field of voice
recognition, face recognition and fingerprint identification makes it clear that reliable and efficient
pattern recognition is possible by programmed machines. Highly sophisticated systems for the pattern
recognition tasks have been evolved over several hundred years of research. Brain-Computer Interface
(BCI) is one such system that establishes a direct connection between the nervous system and an
electronically controlled device by decoding the brain patterns. This technology may be surgically
implanted in the brain, or they may be external. Signals produced by the brain are true reflection the
functioning of brain providing information about the status of the whole body. Brain patterns are
embedded in various types of signals which include electrophysiological, magnetic and metabolic
signals. Among all, the most popular is electrophysiological signal also called as electroencephalogram
signals (EEGs). It measures the difference between electrical variations recorded by set of electrodes
placed on head scalp. These electrical activities of brain represent the real time representation of brain.
And according to literature, electroencephalogram signals are proved to have high temporal resolution
[1]. So, with the discovery of EEG, recording and decoding brain activity became a major research
challenge. The first experiment of EEG on human beings was conducted in 1929, which floated the idea
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of using brain activity as a channel of communication [2]. Thereafter, the first prototype in the form of
Brain Computer Interface (BCI) of real world application of EEG signals came into existence. But,
research in this field always remained stagnated. It was the decade 1990, in which BCI research started
to rise rapidly and a number of laboratories surfaced and got involved in this field of research. Many
international BCI competitions contributed towards enhancement and popularisation of BCI research.
Since then many prototypes and applications of BCI have been proposed, developed and demonstrated
by the researchers.
This is an era of Artificial Intelligence (AI), and in future, a tight integration between humans and AI
devices would be witnessed. Brain Computer Interface is a novel paradigm for integrating human brain
and machines. A BCI would influence the internal heuristic searches performed by the AI devices by
keeping human being in loop to supervise the task [3]. The BCI measures the electrical variations of
brain and uses a mapping algorithm to translate these variations into weighting coefficients for the AI
computing algorithms. This framework is then applied to control and direct many real time AI based
applications. Many research groups have developed functional prototypes of BCI. Brain-computer
interfaces can be used to augment natural motor outputs for healthy generation and a mean of
communication for the people with strokes, head trauma and other disorders. But, the most of the
striking achievements of BCI research and development are conﬁned to the research laboratories only.
The practicality and efﬁcacy of BCI systems to be used by common people is just a beginning. The
future of BCIs depends on progress and development in various critical areas such as development of
multimodal signal-acquisition hardware; design of efficient BCI validation and dissemination
algorithms; and its generalization from subject specific to a subject independent system [4]. This paper
discusses about basic principle, current state and future prospects of BCI. Additionally, many fascinating
discoveries in the BCI field have been discussed. In the end, challenges and certain open issues of BCI
research which need to be addressed are presented.
STATE OF ART BCI
By application, the brain computer interface has been segmented into medical, communication and
control, smart home control, gaming and virtual reality [5]. BCI systems have a wide range of
applications in the field of medicine. Medical applications of BCI serve different classes of users which
include patients in totally locked-in state, patients who retain limited control over neuromuscular
activities and the one who still remain substantial control over their speech. The main applications of the
Brain–Computer Interface (BCI) have been in the domain of rehabilitation, and in neuro-feedback. BCI
systems help in treating several neurological disorders such as ALS, brainstem stroke and spinal cord
injuries. The system actuates the communication and control of external devices such as wheelchair
assistance. Motor restoration for restoring the sense of touch and speech recognition enhances patience’s
treatment and hence provides them with a sense of independence.
Non-medical applications of BCI devices facilitate healthy people and mostly include games called as
mind controlled games. BCI provides a new modality to computer for controlling gaming applications.
Although BCI-controlled media applications currently still are in their infancy, a number of interesting
prototypes have been demonstrated [6]. The BCI-controlled web browser interface is a platform
independent paradigm that enables users not only to browse web pages, but to access web-based services
and applications in general. Creative activity is supported by a P300 based BCI-controlled brain painting
application where
user can paint a digital canvas by selecting simple painting tools, colors and shapes. The application has
been used by a number of ALS patients and a healthy artist. So, BCI technology may change the way to
interact with computers in future. This will hold for both, healthy and disabled users.
CHALLENGES AND FUTURE PROSPECTS
One of the earliest BCI applications, the famous P300 matrix speller developed by Farwell and Donchin
[7], provided a simple and practical way for restoring communication capabilities of the paralyzed
73

3rd National Conference on Medical Instrumentation, Biomaterials and Signal
Processing (NCMBS-20)

ISBN 978-93-881812-3-5

person. In recent years, however, the scope of BCIs has been extended from assistive technologies to go
beyond human limitations in sensory, cognitive, and motor tasks. But, one of the most common
limitations of current BCI applications is that they are designed and tested with able-bodied users, but
they fail when tested with locked-in patients. So, prior to any clinical translation of the research findings,
the results should be replicated on the main target population i.e., the individuals who are in locked-in
condition.
BCI is all about using signals from brain in order to control certain application or system. Different types
of signals represent different possibilities for usage in BCI. Most of the researches and prototypes are
synchronous and depend upon some stimuli (external or internal) to work. The usability and adaptability
of the system would be greatly enhanced, if the system is asynchronous and is capable of detecting and
identifying the user’s intention on its own i.e. without the need of any stimuli.
A majority of common BCI activation tasks include non-intuitive activities such as mental arithmetic or
geometric rotation of figures. This non intuitiveness of tasks has little correlation with real life
communication and makes the assistive device difficult to be used [8]. In intuitive category, one BCI
intuitive activation task is motor imagery [9, 10]. This mental task involves the imagined movement of a
specific part of the body for navigation or robotic control. However, it is difficult or impossible for
individuals with congenital or long-term motor impairments to be trained and generate these types of
signals.
The use of multi-modal BCIs is proposed to address the issues and challenges. The majority of work in
literature deals with only one type of brain signal to design a BCI. A better approach can be using
multiple signals such as electrical, magnetic and blood oxygen level signals acquired using multiple
acquisition techniques such as EEG, MEG, fMRI, NIRS etc. and concatenating features from all of them
[11-13]. This would produce more accurate and precise features which will result in higher accuracy in
classification.
Moreover, it is always desired to use a single model for multiple users. But, presently, each model of
BCI needs to be built for each subject specifically. Almost every research and prototype of BCI is
subject-dependent. Overcoming this issue would be a bigger challenge. To progress toward a subjectindependent interface, future learning algorithms must be trained on data from all participants and then
the model must be fine tuned using a small dataset from each new participant.
CONCLUSION
BCI will have a potential impact on the life of individuals and the society as a whole. Naturally, a lot of
work has yet to be done as BCI is an emerging field of research. This paper has focused on the state of
art BCI and the limitations of the technology in its present state. Some future prospects have also been
discussed to develop it into a mature technology. Hopefully, the discussion carried out in this paper
would fascinate and encourage more people to start work in this area. There is no doubt that next few
years will witness tremendous advancements in this field as it has broad future potential. At the same
time, it will open the way to new and exciting research challenges also.
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Abstract- Electroencephalogram (EEG) signals are recorded from brain electrical activity
along the scalp, which measures voltage fluctuations resulting from ionic currents within the
brain. EEG signals contains various information. EEG signals can be used in various
applications, one of them is biometric authentication. Various studies show that EEG signals
can act as good biometric parameter. For any biometric system first step is to process that
signal and extract useful information from them. After that features are extracted from the
signal. Choice of features is a very important factor for determining the performance of EEG
based biometric system. This paper presents review of recently published research focusing
on various feature extraction techniques used for EEG biometrics. Power spectral density
(PSD), Autoregression Model (AR), Wavelet Transform (WT), BUMP modelling, Energy
entropy (EE), Phase Locking Value (PLV) and various other methods are discussed in this
paper. A table is given at the end of paper which shows comparison between different feature
extraction techniques and the efficiency values of the system after using those feature
extraction techniques.
Keywords- Electroencephalogram (EEG), Power spectral density (PSD), Auto regressive
model (AR), BUMP modelling, Wavelet transform (WT).
I.
INTRODUCTION
Now a day’s human bio-electric signals such as Electroencephalogram (EEG),
Electrocardiogram (ECG), Phonocardiogram (PCG), Electrooculogram (EOG) etc. are used
in various applications. Recent researches include these signals as a biometric parameter to
authenticate an individual. Commercial biometric systems include fingerprint, palm print,
face recognition etc. but these can’t be used in high security areas, because they can be easily
forged for example finger print can be forged by using gummy finger, face print can be
extracted using photo. On the other hand, if we use bioelectric signals, it will be very difficult
to replicate them, EEG signals can act as a good biometric parameter. EEG signals fulfil all
properties of any biometric system. Main advantage of EEG is its uniqueness.
In this paper, we discuss about various kind of feature extraction techniques used for EEG
based biometric systems. A table (Table1) is given at the end of the paper which compares
different feature extraction techniques used by researchers, their year of publication, database
used, number of subjects used in research, and efficiency values obtained.
II.
DIFFERENT METHODS OF EEG FEATURE EXTRACTION
The selection of features is an vital factor for any biometric system. Here we discuss common
EEG features used in biometric systems based on EEG.
A.
Power spectral density (PSD)
PSD is frequently used feature in EEG biometrics. PSD describes the signal power
distribution over frequency. Or we can say that it shows the variation as a function of
frequency i.e. it tells about strong and weak variations of frequency. Its unit is given by
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energy per frequency. PSD features are computed by Fast Fourier Transform (FFT) of time
domain signal or autocorrelation function and then transforming it. DFT is calculated as:

as,
Then PSD is given by,

PSD features are first used by Poulos et al. (1999) [1] they implement Fast Fourier Transform
(FFT). They used features as power spectral values of three overlapping frequency band (710 Hz, 8-11 Hz, 9-12 Hz). LVQ was used like classifier. And correct recognition rate upto
80%-100% was obtained.
Palaniappan and Raveendran (2002) used power spectra as features. They compute power
spectra using parseval’s theorem from filtered signal. They used power spectra which is
centered around gamma band. And identification rate upto 95% was obtained.
Palaniaapan and Mandic (2007) [2] used power spectra as features with large population of
102 users. They used power spectrum components which are created using the MUSIC
algorithm (i.e. Multiple Signal Classification). Correct recognition rate upto 98.12% was
achieved.
Marcel and Millan(2005) [3] used PSD features in verification scenario. The obtainedpower
spectral density features were based on temporal Fourier transform. Then they apply
Gaussian Mixture Model (GMM) to model the features.
Authors in [4]safont et al. uses different features along with PSD for feature extaction. Two
forehead electrodes (FP1 and FP2) was used to acquire data. They achieve classification rate
upto 93.8% and Equal error rate of 2.4%.
Su et al. (2010) [6] acquire their data using HXD-1 portable equipment using single electrode
(FP1). PSD coefficients used as features with in frequency range (5 Hz to 32 Hz). k-NN or
SVM was used as classifier and average accuracy up to 97.5%.
B.
Autoregression Model (AR)
In earlier work AR model was very popular for feature extraction. It is time-domian
representation of random process. In autoregression model, we forecast the variable of
interest using the past values of the variable.

Where, model coefficients=
), c is constant and
= white noise. We called
above model as an AR(p) model, because this autoregressive model of order p.
This is called as AR(2), because values at time t is predicted from the values at time t-1, t-2.
When lag operator B is introduced then we can write above equation as

So, we can represent X(t) as a AR coefficients
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AR model coefficients used as features of biometric system because they may reveal various
intrinsic characteristics.
AR model was used in earlier works by Poulos et el. (1999) [7], and they calculate AR
parameters by
,
,
where
, are in matrix form,
, in their work, they set
mode order to q = 0 (AR model) and p = 8. The use
i.e. estimated AR parameters as
features which describes the EEG signal x(n). They use LVQ as classifier and correct
classification rates 72% to 84% was obtained.
Polous et al. (2002) [9] used AR model to extract features for their work. They used model
order i.e. p=8. In their first step they estimated AR parameters using equation
,
where
= independent, identically distributed noise with zero mean and unknown
variance . In next step, they re-estimate AR parameters as a linear part of bilinear model
using equation:
,
where is scaler parameter. They used the order for bilinear part as p=8 while for non-linear
parts k=2 and m=3.
Palaniappan (2008) [10] also used AR parameters as one of several features in his work. In
his work he used Burg’s method to estimate AR coefficient. He used order 6 for his work. So,
he obtained 6 AR coefficients for each channel (C3, C4, P3, P4, O1 and O2), which gives
EEG segment for a thought activity.
Riera et al. (2008) [11] used AR coefficients as features as one of different features
employed. They used Yule- Walker method which is also known as autocorrelation method
to fit pthorder AR model. They used database recorded at FORENAP, France. Data is taken
from 51 volunteers
Kathikeyan et al. (2012) [12] also used autoregressive model whose coefficients were
estimated by Burg’s method. Along with AR they also used PSD with full frequency range.
They acquire data using ENOBIO portable equipment, which is 4 channel device with active
electrodes. They got EER up to 4.16%.
Rocca et al. (2012) [13] also employed AR stochastic modelling and they estimate AR
reflection coefficients
using Burg’s Method, where Q is order. And value of Q,
determined using Akaike Information Criterion (AIC) which is given as:
,
where = sequence length, = prediction error power. They use values of Q from 8 to 12.
And maximum value of Q i.e. 12 has been selected for AR model. They employ polynomial
regression-based classification in their work. And they achieved recognition rates up to
98.73%.
Dan et al. (2013) [14] acquire data by MindSet headset from 13 subjects with eyes closed and
relaxed. They used auto regression model parameters as features. And they calculate AR
model parameters by Burg’s method. And average accuracy up to 87% was achieved using
SVM.
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Zahhad et al. (2016) [15] used AR modelling to extract features to achieve higher recognition
rate. They used Burg’s method to extract EEG features from EEG frames. Along with this
they also extract features from time delineation of eye blink waveform.
C.
Wavelet Transform (WT)
It is another useful feature extraction method for biometrics systems. We can derive wavelet
based features from wavelet coefficients
using formula:

Where x(t) = time domain signal,

= wavelet function

Basically, wavelet is a function
with a zero average i.e.
Gui et al. [17] also used WT to extract features from EEG signals. They used wavelet packet
decomposition (WPD). WPD is downsampling process from which time frequency
information of the signal is analysed by passing the signal through multi-level filters. They
applied 4-level WPD. Then, they calculate mean (
), standard deviation
(

), entropy (

) to form feature vector.

And they get classification rates up to 90%.
Abdullah et al. [19] extract their features using wavelet packet decomposition (WPD). They
acquire data from 10 volunteers in five separate sessions. Where each session contains 5 tasks
i.e. eyes open, eyes close, puzzle solving, imaging left leg movement and imaging right index
finger movement. EEG signals undergoes5-level wavelet decomposition and then mean,
standard deviation and entropy were computed and used as features. Then data is split into
train and test set, where 90% was used in training while 10% for testing. Classification rate
upto 80% was achieved.
D.
Channel spectral powers and inter hemispheric channel spectral power differences
Channel spectral power as feature extraction technique was used by Palaniappan[10] in his
work along with other different features. Channel spectral power is computed by using
variance of filtered output and is given by
, where
is frequency
band,
is PSD. Then inter hemispheric channel spectral power differences in each
spectral band was calculated by
, where
is power of
different channels in ame spectral band.
E.
BUMP Modelling
Rocca et al [20] uses Bump modelling for feature extraction in their work. Bump modelling is
used for modelling a time frequency map to represent map with limited number of elementary
functions. Here they use Bump modelling to reduce data which was recorded through EEG.
To convert EEG signal into time-frequency map, complex Morlet wavelet is used which is
given by
)
Then BUMP modelling used to get parametric description in the wavelet maps. They use
BUTIF toolbox to exract 5 parameters for each bump. They used linear discriminant analysis
for classification purpose. They obtain 99.69% identification accuracy through their proposed
methodology.
F.
Energy entropy (EE)
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Hu [21] uses Energy entropy for feature extraction as one of feature extraction technique
among many. Energy entropy was extracted from single channel i.e. it is calculate for each
channel without considering other ones.
, where
, and
=
spectrum on jth frequency band, E1, E2, … Em represents energy distribution on m frequency
bands. Let
, then
the EE corresponding to:
. Then
Multilayer back propagation NNs was used as classifier.
G.
Phase Locking Value (PLV)
Hu [21] uses PLV as another feature as one of feature extraction technique. PLV is example
of two channel feature. To find interaction between EEG signal and having more direct
interpretation, he used PLV. T is defined by considering phase of two signals. And given by
, where
= instantaneous phase of electrode I
and j at time t.
H.
Other Methods
Nguyen et al. [22] they consider EEG signal as stationary when time window is short then
they compare EEG signal with speech signal and claim that EEG signal has same properties
to that of speech signal. So, they applied same feature extraction technique to EEG signals
which they applied on speech signals i.e. Mel-frequency cepstral coefficients, spectral
coefficient, energy, pitch, zero crossing rate, probability of voicing, jitter and shimmer and
their statistics functionals. Then SVM is used as classifier. They obtained up to 99%
identification rate.
Fraschini et al. [23] proposed four steps for feature extraction i.e. first they do band-pass
filtering of raw EEG data using eegfilt function. The next step is to estimate pair-wise
statistical interdependence between EEG time series using PLI. PLI varies between 0 and 1.
And given by
,
where
= difference b/w phases, defined in interval [, tk = discrete steps and <>
denotes the average over time t. Then in next step, brain network reconstruction is done using
PLI value as strength of connection. Then last step consists of characterisation of brain
network topology. Eigen Vector Centrality (EC) gives the importance of anode by examining
quality of its connections. They performed all these activities on Brain Connectivity Toolbox
of Matlab. So, they obtain feature vector having 64 elements, which express EC values of
each single node of network. Then this feature vector is fed to classification step.
Table1: Existing research on different feature extraction techniques used by authors.
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subjects Feature
extraction
technique

efficiency

1999 Poulos DB

4

AR model

72%-84%

1999 Poulos DB

4

PSD

82%-100%

Paranjape et al. 2001 Paranjape DB
[8]

40

AR model

83%

Mohammadi et 2006 Own DB
al. [24]

10

AR model

80-100%

2010 Their own DB 40
recorded by HXD-1
dataset

Su et al.[6]

Rocca
[13]

et

Database

al. 2012 Rocca DB

45

PSD + AR kNN+FDA (97.5%)
coefficients

AR
coefficients

Kathikeyan
al. [12]

et 2012 Own DB using 40
ENOBIO device

PSD,
model

Rocca
[20]

al. 2013 Rocca DB

BUMP
modelling

et

Dan et al. [14]

Rocca
[25]

et

36

2013 Their own dataset 13
recorded
by
MindSet Headset

al. 2014 PhysioNet BCI

Fraschini et al. 2015 Physionet DB
[23]

98.73%

AR EER- 4.16%

89%

Alpha
wave 87% (SVM)
extraction
+
AR
model
parameters

108

PSD, spectral 97.5% (EC)
coherence
96.26% (EO)
conectivity
(COH)

109

PLI

Zahhad et al. 2016 Own DB using 31
NeuroskyMindwav
81

AR model

99.5%
(REO),
98.1% (REC)
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e Headset
2003 Palaniappan DB

20

PSD

95.75%

Palaniappan et 2007 Palaniappan DB
al. [2]

10

PSD
using 98.12 1.26
MUSIC
algorithm

Palaniappan et 2007 Palaniappan DB
al. [27]

40

PSD and DBI 98.56 1.87%
to
reduce
feature set

Ferreria et al. 2010 Santos DB
[28]

13

(gamma band
spectral
power) GBSP

Zuquete et al. 2010 UCI KDD
[29]

70

PSD

95.1%(k-NN)
98.5% (SVDD)

2015 Own DB using 32
EASY CAP device

WPD

94.04%

Koike-akino et 2016 Their own DB 25
recorded by Emotiv
al. [30]
EPOC

PCA

96.7%

Marcel et al. [3] 2004 Own DB recorded 9
with
Biosemi
system

PSD

FRR- 96%

Palaniappan[10
]

AR
FRE and FAE = 0
coefficients,
PSD,
interhemispheric
channel linear
complexity
and non-linear
complexity

Gui et al. [17]

2008 Keirn and Aunon 5
DB
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Sun [31]

2008 NIPS 2001 BCI 9
workshop DB

Common
95.6%
spatial patterns
(CSP)

Hu et al. [21]

2010 BCI
2003

Single
TAR- 100% (when
chanelfeatrethreshold is 25%)
AR, LC, ESD,
EE

compitition 3

Double
channel
feature- PLV,
Mi, CC
Nguyen et al. 2012 BCI
competition 3, 9, 9,
[22]
a,
BCI 40, 20,
competition 2008, 122
australian EEG DB,
Alcoholism DB

MelFrequency
Cepstral
Coefficient

Zahhad et al. 2015 Own DB using 25
NeuroskyMindwav
[32]
e headset

Time
97.3%
delineation of
eye blinking
waveform

Yang
and 2013 EMM/I dataset
Deravi[33]

50

WPD (wavelet 95.5%
packet
decomposition
)

Safont et al. [4]

50+20
intruder
s

AR, FT, MI, 93.8%
coherence,
cross
correlation,
skewness and
kurtosis, ICA,
3rd order auto
covariance,
time

2012 Own DB

83

99%,
80.8%
(GrazB),
46.24%
(GrazB),
92.8%
(Alcoholism(large))
,
61.7%
(Alcoholism(full)).
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reversilbility,
centroid
frequency,
frequency of
maximum
power
Polous et al. [9]

2002 Polous DB

4 + 75 AR parameters 76% to 88%
intruder +
bilinear
s
model

Riera et al. [11]

2008 FORENAP DB

51 + 36 AR, FT (single 98.1%
intruder channel
features), MI,
s
Coherence, CC
(two channel
fature)

Omerhodzic et 2010 Ralph DB
al. [16]

PSD

94%

Abdullah et al. 2010 Own DB using 10
[19]
gMobilab+ console

WPD

81%

Palanappan and 2006 Palaniappan DB
ravi[34]

GBSP

96.5%

AR, PSD

95.4%

Su et al. [35]

2010 Own DB
HXD-1

5

20

usng 40

Klonovs et al. 2013 Own DB collected
by Emotive EPOC
[36]
headset

III.

PSD, wavelet
analysis based
on- Morlet and
maxican Hat
wavelets

CONCLUSION AND FUTURE SCOPE
This articleprovides a brief summary on different feature extraction techniques used in EEG
based biometric systems. We surveyed most recent research published in same filed. In this
research we discussed most commonly used feature extraction methods used in biometric
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systems based on EEG signals such as Power Spectral Density (PSD), Auto Regressive model
coefficients (AR), Wavelet transform (WT), BUMP modelling, Energy entropy (EE), Phase
locking value (PLV) etc. We found that Power Spectral Density, Auto Regressive model
coefficients gives higher efficiency values. This paper includes a table which consists of year of
publication, number of subjects used in research, database used and compare different feature
extraction methods used and their efficiency values.
For future work, these techniques can be implemented on EEG data and different classification
techniques can be applied to that for getting efficiency values.
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Abstract- Face recognition is used in many applications such as in ATM, healthcare system,
driving license system, railway reservation, surveillance operation, finding missing children,
identifying criminals, and passport authentication etc. This is also used for unlocking devices
such as mobile phones, laptops, doors and many others. It is one of main biometric identifier
used in biometric systems. However the appearance of one person may significantly change with
age which imposes a challenge in face recognition algorithms. To overcome this challenge age
invariant face recognition (AIFR) may be used to increase the accuracy of face recognition
algorithms. In this paper, first a general face recognition system using steps such as face
detection, face normalization, feature extraction and feature matching is discussed. A
comprehensive review of age invariant face Recognition techniques is presented and these
techniques are categorized as generative, discriminative and deep learning on the basis of face
representation and learning technique utilized. The important problems in the AIFR are extensive
changes of appearance official skin (wrinkles, jaw lines), facial shape, and skin tone in
combination with the variation of pose and illumination. These challenges impose limitations on
the current AIFR systems and complicate the recognition task for identity verification especially
for temporal variation. In this study, we present a 3D gender-specific aging model that is robust
to aging and pose variations and provides a better recognition performance than the conventional
AIFR systems. In generative scheme AIFR techniques, artificial face image is synthesized using
one or more fixed age categories and then face recognition is performed with synthesized
artificial face image. Generally the generative methods split the recognition process in two
stages. In first stage, artificial face ima ge is synthesized and in second stage face recognition is
performed. The goal of the discriminative methods is to create a sophisticated discriminatory
model to solve the AIFR problem. In deep learning AIFR methods face recognition involves
feature extraction and classification techniques. This paper depicts some important facial aging
databases in terms of the number of subjects and images per subject along with their age ranges.
Finally extending the scope of AIFR to other new applications such as human activities and
behavior recognition is discussed as future directions of AIFR.
Keywords: Age invariant algorithm, face recognition, facial aging database, pattern recognition,
and image processing.
I. INTRODUCTION
In pattern recognition network face recognition is an undertaking to recognize or confirm an
individual from pictures and videos that has accomplished note worthy advancement lately in
view of better component extraction and coordinating structures. Recognition of face pictures
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with enormous age hole requires noteworthy proportion of attention [1]. Face image recognition
is a significant piece of biometric look into. All things considered, it has significant applications,
for example, missing kids recognizable proof, identification confirmation, security, activity &
profession knowledge. At instance, in such event of rules requirement, a picture of a doubt is
accessible and we have to see if the picture of a similar individual existence & could be gotten
from our wrongdoing data-base or not. On the off chance that the suspect does really show up in
the wrongdoing data-base at a last age then a matching ought to be design and features on the
latest location & another relevant features of the presence could be recovering from the
wrongdoing data-base [2]. A general square outline of face recognition framework is appeared in
figure beneath:

Fig.1 Block chart of a general face recognition framework
As appearance of face changes with age henceforth age invariant face recognition (AIFR) has
gotten progress as of late. It has different application situations, for example, missing kid’s
recognition, matching face pictures in various ages, security checking, Criminal ID, law
implementation and so forth. Now a days, AIFR inquire about spotlight on two specialized plans:
generative model and discriminative model [3]. The generative plan design face recognition by
combining countenances to at least single fixed age class at that point performs recognition with
the fake face portrayals. Right off the bat, generative plan normally isolates the recognition
procedure into two stages. Consequently it is difficult for the generative models to advance
recognition execution in a start to finish way recognition process. Besides, building a precise,
parametric age model is genuinely troublesome since the aging procedure of people face is
effectively affected by numerous dormant factors, for example, social situations, diet, and so on.
The discriminative plan targets building the refined discriminative model to take care of the issue
of AIFR [3][4]. Also, age models are regularly insecure so the combining face pictures will
present extra commotions, which may bring about negative impacts on the recognition
procedure. Face pictures of an individual showing variety because of aging appeared in figure
underneath:
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Fig.2 Face pictures of an individual showing variety Aging
II. FACIAL AGING DATABASE
Facial aging databases assume an essential job in explore for the face recognition. A no. of faces
database will accessible, however just a couple of them are uniquely intended to label the aging
issue. A few databases intended for this intention are given in table1.
TABLE1. FACIAL DATABASE
Database

Subj Image
ects s

FG-NET
MORP Albu
Albu
H
mI
CACD m II
FERNET

82
1690
4039
2000
1199

1002
625
15204
163,44
163,44
6
6

Average
images /
subject
12
2.7
3.8
-

III. LITERATURE REVIEW
In this section brief description, highlights and the contribution in the field of age invariant
recognition of face is provided. Literature review has been summarized in Table2.
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S. No.

Author name

Title

Technique
used

Face
database
applied

Accuracy

1.

YitongWang,
Dihong
Gong,
Zheng Zhou, Xing
Ji, Hao Wang[3]

Deep Learning Feature
Decomposition
for
AIFR
using
Orthogonally
deep
learning.

1.High
Dimensional
LBP

MORPH II

1. 91.14%

2. HFA

CACD-VS

2. 91.7%
1. 88.8%
2. 91.7%

2.

M. SaadShakeel AIFR
based
on 1. Park et.al
and
Kin-Man discriminative
modeling using deep 2. Li et.al
Lam[1]
feature encoding

FGNET

1. 34.4%
2. 47.5%

MORPH II

1. 79.80%
2. 83.90%

3.

4.

TianyueZheng,
Age
Estimation 1.MEFA+SIFT
Weihong Deng, Guided Convolution +MLBP
Neural Network for
Jiani Hu[5]
Age-Invariant
Face 2. LPS+HFA
Recognition

HuilingZhou,KinMan Lam[4]

MORPH II

1. 94.59%
2. 94.87%

Age-invariant
face 1. Hidden factor CACD-VS
recognition based on analysis
identity inference from model
appearance age
2. CARC model
MORPH

1. 84.4%
2. 87.6%

1. 91.14%
2. 92.8%
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T.
Hoang
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Le[6]
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Temporal
Non- 1.NtechLAB
Volume
Preserving
Approach to Facial 2.DeepSense
Age-Progression and
Age-Invariant
Face
Recognition

FGNET

YutaSomada,
Segmented
Face 1. Gong et al.
Wataru, Ohyama, Image Verification for
2. Park et al.
Tetsushi
AIFR
Wakabayashi[7]
3.Wen et al.

FGNET

Wenwei Tan et.al AIFR based on CNN 1.SepaModel
using Distance metric
[8]
2.HD-LBP
optimization.

CACD-VS

2. 43.54%

Muhammad Sajid,
TamoorShafiqueS
ohaibManzoorFai
salIqbal, Hassan
Talal[9]

1. 76.2%
2. 37.4%
3. 88.1%
1. 72.8%
2. 81.6%

3.HFA

8.

1.29.168%

3. 84.4%

Demographic-Assisted 1. CARC
MORPH II
Age-Invariant
Face
Recognition
and 2. Age-assisted
face recognition
Retrieval
3. Score-spaceFERNET
based fusion

1. 84.11%
2. 85.00%
3. 72.40%
1. 85.98%
2. 78.60%
3. 66.66%

9.

Yandong
Wen, Latent Factor Guided 1. HFA
Zhifeng Li Yu Convolution
Neural
Networks for Age- 2. CARC
Qiao[10]
Invariant
Face
Recognition

MORPH II

1. 91.14%
2. 92.80%

CACD-VS

1. 84.4%
2. 87.6%

10.

ZhaoLin
et.al [11]

Xiong Recognition
based
on
synthesis

AIFR 1. LF-CNN
face
using 2. OE-CNN
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CACD-VS

1. 98.50%
2. 99.20%

TABLE2: LITERATURE REVIEW TABLE
Wang et al. [3] propose a procedure known as convolution neural network to deal with the issue
on the most proficient method to together design the related aging highlights &personality relates
highlights in a profound conv. Neural network technique . Creator presents another enormous
scope CAF Dataset is used for helping latest the exploration right now. Creators show the
viability of proposed approach with a few broad trials over face aging datasets FGNET
&MORPH II The trial results had demonstrated the unrivaled exhibition of the applied
technique.
Shakeel et al. [1] proposed a powerful element encoding-based discriminative model for ageinvariant face recognition. The proposed strategy encodes the character of a similar individual at
various ages utilizing the equivalent or comparative code words and demonstrates heartiness to
remotely included clamor, and accomplishes predominant execution, as confirmed by our test
results and gets the most elevated recognition precision.
Zheng et al. [5] creator proposed an age estimation guided CNN way to deal with address the
difficult issue old enough invariant face recognition. Rather than existing profound learning
models, creator using estimated age part in light of the fact that the way that legitimately getting
individual explicit element is troublesome since the element creator get by face recognition task
consistently containing factor related to age, Author adding estimation of age assignment to get
age include and age factor reduction by the entire element.
Zhou et al. [4] In this paper, a personality deduction model, in light old enough subspace gaining
from appearance-age names, is proposed. Creator applied the PLDA model to get two particular
subspaces. Creator proposed utilizing appearance-age marks to gain proficiency with the aging
sub-space autonomously. Proposed age-invariant face recognition technique can consequently
accomplish high recognition rates. Another commitment of such research is utilizing the
projected of various effective element portrayals onto an increasingly connected subspace by
utilizing co-relation analysis & such relationships are boosted.
Duong et al. [6] had introduced a novelty generation of probabilistic design with a known
thickness work for age movement. The design acquires the qualities of all graphically probalistic
design & late promotion of Res-Net. The nonlinear related age fluctuation & aging change
between age bunches are effectively caught. Given the log probability target work, top notch age
advanced appearances can be created.
Somada et al. [7] In this paper, creator proposed another way to deal with AFR recognition. The
significant purpose of that methodology was preparing utilizing an coordinating vectored marks
acquired via coordinating fragmented facial area pictures. Right now, covariance networks
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utilized for modified quadratic discriminant function are prepared on face pictures that
incorporate various variations per subject. What's more, SVM is prepared as 2 class’s
classification for a similar subject or an alternate subject pair, which has no data regarding the
matters themselves. Subsequently, the author could refresh the ref dataset in the absence of
again preparation.
Li et al. [8] In this paper, creator propose another separation metric advancement driven jointlearning model for age-invariant face recognition that can learn highlights and a separation
metric all the while. The model's learning is acted in a start to finish way by means of a profound
convolution neural system.
Sajid et al. [9] In this paper, creator present segment helped recognition and recovery of face
pictures across aging varieties. All the more decisively, the existing technique includes :(I)
Segmentation based on asymmetrical estimation and (ii) segment helped face recognition and
recovery. To this end, we previously evaluated the age gathering, sexual orientation, and race of
a question face picture utilizing facial-asymmetry-based, segment mindful highlights learning by
convolution neural systems. Face pictures were then perceived and recovered dependent on a
segment helped again positioning methodology.
Wen et al. [1] the author told about variation of age profound face recognition system, alluded to
as LF-CNNs. The proposed new model develops an inactive character investigation design to
direct the teaching of different parameter of conv. neural network. Different parameters of conv.
Neural n/w coupled &inactive character investigation features, the design could extricate the AI
profound face highlights, that will appropriate for the AIFR technique.
Zhao et al.[11] Author proposes a novel profound design bringing together crossing aging face
blend &recognition into a shared boost arrangements. Creator creates successful start to finish
preparing techniques for the entire profound engineering to produce ground-breaking age
invariant facial portrayals expressly unraveled via face varieties. The existing technique
accomplishes consistent facing aging via amazing photograph reasonable and character
protecting properties, maintaining a strategic distance from the prerequisite of combined
information and genuine period of testing tests.
IV. CONCLSION &FUTURE SCOPE
AIFR is a typical issue in the area of computer vision, which has gain a great deal of attention
over the last years due to its some applications in various areas. This paper introduced review on
face recognition systems, difficulties, and correlation dependent on execution, exactness on
various face databases and investigated the present accomplishments in AIFR. Future aspects
may focus on build up such newly proper datasets to improving the introduction of age related
issue further. New improves methods right now be recommended that can have more exactness
in age invariant face recognition. With improved recognition rate AIFR might be utilized for
other new applications, for example, human’s day to day activities and behavior recognition.
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Abstract—Xenobiotic compounds are noted as one of the emerging pollutants around the
world. They include trichloroethylene (TCE), polycyclic aromatic hydrocarbons (PAHs),
pesticides and polychlorinated biphenyls (PCBs) etc. Presently, these compounds are
increasing in our environment due to the production growth and high consumptions of
compounds like pesticides, Pharmaceutical and personal care products etc. Commonly
xenobiotic are those compounds which are not present in environments in past and become a
matter of concern due to heir toxicity and environmental concern. They accumulate through
food chains and food webs through biomagnifications and bioaccumulation. The various
xenobiotic compounds were identified which causing adverse effect on our environment.
They are present almost in every source like air, soil, water, plants, animals and humans.
Biodegradation is one of the best natural processes to overcome such compounds. In natural
environment the microbes degrades such compounds. These microbes utilize these
compounds as their carbon, nitrogen and energy sources. Many microbes bio-mineralized or
bio-transformed such compounds into non-toxic or less toxic substances. Many xenobiotic
compounds were removed by activated sludge, aeration processes and membrane bioreactor
(MBR) among different biological processes. The microalgae are also been used for
xenobiotic treatment to some extent. Therefore, the microbiological treatment technologies
for xenobiotic contaminant removal have great potential for bioremediation of such harmful
compounds from the environment.
Key words—Xenobiotic, Pesticides and pharmaceuticals, Activated sludge, Bioremediation,
sewage treatments plants (STPs)
INTRODUCTION
The quality of water in Indian River has reduced critically due to entry of pollutants in the
river. This increased the cost of water treatment to maintain standards for drinking, market,
and non-market operations from the river ecosystem services. Various studies showed that
the quality of water running in river Ganga (Indian sub-continent largest river) is
deteriorating. The data also reflected that the water quality upper stretch of Ganga is declined
that it was not appropriate for domestic uses [1]. The river Ganga is just an example there are
various studied reflecting the degradation of water quality in rivers, lakes, ponds, soil, ground
water, sea etc. The main culprit behind the degradation of water and soil quality is xenobiotic
compounds. Xenobiotics includes the chemically synthesized compounds which are not
present in nature and thus regarding as foreign to the biosphere [2].
This pollutant is entering into environment from various anthropogenic activities.
High consumption of these compounds caused their detection in various ecosystems [3]. New
detection methods and advances in technology also help in the analysis of trace pollutants
present in environment and increasing during recent decades. These pollutants are either
mobile or persistent within water, soil, air and biotic present on earth even at the low
concentrations. Their fate and behavior within environment is unknown, however the known
compounds posses eco-toxicological behaviors. Therefore they are considered as threats for
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environment and humans. Moreover, the eco-toxicological behavior of some emerging
pollutants are unknown, because satisfactory data is not available [3,4].
These compounds are also alien to the microbes which are responsible for
biodegradation of organic compounds. They resist biodegradation, undergo incomplete
biodegradation and biotransformation. Presently, microbial remediation is one of the
emerging technologies. This is a environment friendly approach for the removal of these
compounds. There are large numbers of a microbe which are capable to utilizing these
xenobiotic compounds as sole carbon and energy source, and breaks some of these
compounds to CO2 and H2O, with the metabolic activity of microbial enzymes. There are
genes present in microbes which encodes enzymes responsible for degradation [4–6].
This paper describes the classification, route, detection methods and health risks
associated with the xenobiotic compounds present in environment and highlight the new
approaches for their removal or making them less toxic, through bio-transformation reactions.
This review describes the current research in the field and technologies for the removal of
such pollutants.
I.
CLASSIFICATION OF XENOBIOTIC COMPOUNDS
All foreign components which are not present in environment naturally are considered as
xenobiotic pollutants. The anthropogenic activities are considered as the main reason for the
presence of these compounds. These xenobiotic pollutants are further divided into various
classes as per there uses. The individual compound exists in two or more classes due to their
importance for mankind. Presently, the concentration of these compound is increased the
sustainable limit so they act as pollutant. These compounds have potential to degrade
environment. They are classified as pesticides, pharmaceutical compounds and personal care
products, illicit drugs, and industrial products and nuclear waste etc. These classes are further
subdivided into such as pesticides, fungicides, herbicides, insecticides and bactericides;
pharmaceutical compounds such as antibiotics, endocrine disruptors, nonsteroidal antiinflammatory drugs(NSAIDs), psychiatric drugs, multiple-class of pharmaceuticals, and
essential medicines etc., fragrances, antiseptics, fire retardants and plasticizers; illicit drugs:
stimulating compounds, inhibitors compounds and hallucinogenic compounds; other
industrial products: e-waste, heavy metals, inorganic wastes and organic wastes and nuclear
waste (Fig 1).

Fig 1. Classification of xenobiotic compounds.
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TRANSPORT ROUTE OF XENOBIOTIC COMPOUNDS
The anthropogenic activities are the reason for entering of such compounds into environment.
Although its improper disposal, manufacturing plants, WWTPs, sewage treatments plants
(STPs), livestock treatments etc. are also the reason behind the transportation of these
compounds into environment (Fig 2).

Fig 2. The various sources/ route by which, the xenobiotic compounds entered into
environment.
The pesticides and herbicides are used in agriculture, there they directly used in agriculture
land. Therefore these contaminants go into the soil. Thereafter, the rain further transports
these compounds into rivers, lakes, ground water, sea etc. While, the PPCPs are transported
through indirect route primarily they are consumed by humans and animals and they cannot
completely metabolize these compounds and excreted them [4]. The enzymes present in
human and animals metabolized it into various metabolites. The excretion product contains
both PPCPs and their metabolites. The metabolites are more toxic than the parent molecule.
Secondly, through excretion they enter into WWTPs, STPs etc. They finally enter into river,
lake, oceans, soil, and ground water etc. However, these pesticides and PPCPs are taken up
by plants and the aquatic organisms. This gave a path by which they make entry into food
web (Fig 3).
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Fig 3. Transportation route by which xenobiotic compounds enters into environment.
DETECTION METHODS FOR XENOBIOTIC COMPOUNDS
In water bodies, the xenobiotic pollutants make the complex mixture along with other
pollutants already presents in water. The techniques used to measure the water quality as
prescribed by many environmentalists like; pH, total suspended solids (TSS) turbidity,BOD,
TDS,COD, coliform count, and electrical conductivity. Environmentalists majorly focused
are on the nutrient load, heavy metals presence, microbes, and priority pollutants present in
water [7]–[9]. The identification of these pollutants is not easy to detect by conventional
detection methods. The increase in new detection techniques like GC-MSMS, HPLC, LCMS,
etc makes easier detection of these compounds.
IV.
Removal of xenobiotic compounds with modern technologies
These pollutants undergo several mechanisms by which they can be removed in the presence
of waste water. There are several treatment methods are used during wastewater treatment
such as: biodegradation, absorption, photolysis, and advance treatment methods. The
biodegradation and absorption are the two important wastewater treatment methods that have
potential to improve water quality [8, 10-13].
A.
Biodegradation
Biodegradation
is
considered
is
an
important
methods
used
for
eliminating/removal/degrading the emerging pollutants from the wastewater. Moreover, the
one of the important function of biological based treatment is in STW to decrease the organic
materials . The goal achieved by biodegradation is to eliminate contaminants into product like
P and N end product. Therefore, the nitrification and de-nitrification are the two main
processes takes place during biodegradation. Through nitrification the conversion of
ammonia to nitrate takes place during biological process, which take place in two stages,
primarily the bacteria Nitrosomonas oxidized the ammonia into nitrite and further the
Nitrobacter transform the nitrite into nitrate (NO3-N) in the soil and during the waste water
treatment [14]. There are several factors which can affect the efficiency of nitrification during
the biodegradation such as: pH, temperature, dissolved oxygen levels, metals, acids and
ammonia concentration [15, 16]. The nitrification occurs only when level if oxygen is very
low and bacteria use oxygen nitrate in place of carbon dioxide [17]. The biodegradation of
wastewater can be achieved by two methods first is aerobic decomposition that takes place in
activated sludge, drip filters etc. and secondly the anaerobic, in the sewage treatment plant,
sludge collectors etc. [14]. The Halling-Sorensen et al. [18] examined the emerging
contaminants in the sewage system. They found that pollution should have following fates:
1. Mineralization occurred in sewage plant through mineralizing the substrate into CO2 and
H2O.
2. The pollutant changed into more hydrophobic state and the part of the substance is
distributed over the solid part.
3. Their conversion into more hydrophilic state which leads to persistent of compounds and
released into receiving waters.
Joss et al. [19] conducted study on 35 emerging contaminants of pharmaceuticals and
personal care products (PPCPs), and hormones. They find that the biodegradation was
depends on degradation constant (Kbiol), they further divide the target compounds into groups.
In the first group the compounds was transformed and achieved more than 90 %. While the
second group having the partial degrading compounds (0.1 <Kbiol <10 / gss / d) and finally
the non biodegrading compounds. In biological treatment methods, the biodegradation is the
main contaminant removal mechanism [4, 20].
B.
Sorption
III.

99

3rd National Conference on Medical Instrumentation, Biomaterials and Signal
Processing (NCMBS-20)

ISBN 978-93-881812-3-5

The second type of the processes is through sorption, which controls the emerging pollutants
in water. It is a physiological process in which more organic lipophilic contaminating
partition on the waste solids deposited as primary sedimentation tank. Rogers [21] classified
the adsorption capacity of compounds according to the value of octanol – water coefficient
value:
1.
Low adsorption capacity (<2.5 Log Kow)
2.
Average adsorption capacity (2.5–4.0 Log Kow)
3.
Higher adsorption capacity (>4.0 Log Kow)
Under equilibrium conditions, the the coefficient of distribution of solid water (Kd), can
provide a good estimator of the adsorption capacity of the pollutant especially PPCP [22]. As
per Ternes et al. [12] there are two disruptive systems:
1.
This involves the absorption byinvolvemnet of hydrophobic interactions. This
invoolves the adsorption by the electrostatic movement of positively charged
groupsdetermining the adsorption capacity of chemicals.
C.
Photolysis
Photolysis leads to partial or complete and partial removal of some pollutans. Yamamoto et
al. [23] detected that the some emerging pollutants can be removed easily by light, while
there are some other compounds which are relatively stable in light. Such kind of removal is
depending on the half-lives for emerging contaminants [24]. As a result, various factors can
positively or negatively affect the rates of elimination, like : pH, oxygen, compound and the
presence of organic groups[25, 26]. The WWTPs that involves in photolysis [15].
D.
Advanced treatments
Many contaminants are minimally removed through waste water treatment system [27–31].
Therefore, more than one approach is used to improve WWTPs removal efficiency for
removal of xenobiotics. This require additional methods for the removal of suspended
particles, colloidal and dissolved substances [15]. Many treatment techniques are still in their
developing stage. [15, 17].
CONCLUSION
The traditional wastewater treatment methods are not effective for removal of such
xenobiotic compounds which results in the frequent detection of these compounds in water
system. Moreover, the removal of xenobiotic through biodegradation technology is affected
by the various physical and chemical based factors like concentration of compound in the
waste water, pretreatment system, environmental conditions and microbial community. But,
the biodegradation is most effective, eco-friendly technology and thismay be combined with
other methods like adsorption, activated sludge, membrane bioreactor (MBR), biological
activated carbon, enzyme technology, nanophoto-catalytic reactor and nanoparticles etc.
Presently, there is need of more studies which provide the most efficient technology for
removal of xenobiotic compounds.
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Abstract: Bio-sensor is a device that uses biological molecules or a living organism, for detecting the
presence of certain chemicals. So, the bio-sensors can be used to detect the pathogens present in food.
Optical bio-sensors are compact analytical devices having bio-recognition sensing element along with an
optical transduction element. Microbes carry out the fermentation processes of food products such as
bread, wine, yogurt, vinegar etc. Most of the microbes play a very important role in food processing and
many other products but, sometimes, they can be harmful too. They may cause adulteration to the food
and can cause contagious diseases in living beings. There are methods to detect microbial contamination
but they are time consuming. They can take up to one week in several cases. Therefore, the new
approaches are needed for detecting the foodborne microorganisms in edible items. Bio-sensors are
typically being used for detecting the pathogens, residues of pharmaceutical products, pesticides,
monitoring of hygiene and many other toxic substances that may be present in food and make it unsafe
for consumption. More recently, the optical bio-sensors have been used for all the above mentioned
applications. Fiber optic based bio-sensors and surface Plasmon resonance based bio-sensors are being
used to detect the analytes in edible items. Optical bio-sensors can be enzyme based, immunoassay
based, bio-mimetic based, whole cell based or nucleic acid based. They have a compact design and are
having high sensitivity, specificity, immunity for electromagnetic interferences. However, optical fibers
have disadvantage of background absorption and Raman scattering. The paper presents a state-of-the-art
of optical bio-sensors used in analyzing the quality of food. Further, the paper presents the recent
developments and the significant difficulties and points of interest related with the optical bio-sensors.
I. INTRODUCTION
Food sanitation is a significant issue. Sanitation and quality incorporates taking care of, capacity and
planning of nourishment in specific manners which forestall food borne diseases. There are some settled
procedures like GC, HPLC and so forth for breaking down the contaminants present in the food. Be that
as it may, monotonous arrangement of tests is an issue in these strategies. Subsequently, some integral
strategies are required to identify wellbeing dangers and quality parameters of food. For the
development of bio-sensors, many aspects should be considered, like signal generation (decrease of
noise, increase of signal), signal transduction, reduction in sample consumption, reduction of detection
time, data analysis [1]. With these contributions, instruments are miniaturized and fast response is
achieved with minimal sample preparations.
Bio-sensors provide us with an interesting alternative which can solve various issues with extraordinary
potential. Also, they are easy to handle, quick and easily portable. A bio-sensor utilizes biological
acknowledgment component that senses analyte present in test by restricting it to a receptive surface,
which produces an all around estimated response by official with analyte. The analyte-binding event is
converted into quantitative or qualitative units by transducer. A transducer can be piezoelectric,
electrochemical or optical.
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Fig. 1. Typical Optical Biosensor [3]

Rest of the paper is organized as under:
Section 2 shows the need for optical bio-sensors. Section 3 contains all the information and literature
review of different types of optical bio-sensors. Section 4 has results and discussions. Section 5
concludes the paper.
II. NEED FOR OPTICAL BIO-SENSORS
Biosensors are the devices that have a biological sensing element and a transducer. The optical
transducer system converts the sensed signal to electrical signal that can be processed further and the
analyte concentration can be measured easily. Optical bio-sensors distinguishes the analytes in the
complex grids and with least sample treatment. A few advancements during the most recent two decades
in optical methods gave a momentum to improvement of bio-sensors that brought about devices for food
quality assessment. Optical bio-sensors combine biology and modern optoelectronics and
microelectronics and offers new powerful tools having applications in field of environment, medical,
pharmaceutical products discovery and food processing enterprises. Fibre optic cables are used to detect
the optical signals. They offer many advantages like less interference, low noise, and low signal loss.
Optical bio-sensors show a high potential in detection of heavy metals, pharmaceutical industry residues,
pesticides, pathogens, hygiene monitoring and numerous other toxic substances present in edible items.
There are many research reports on the use of bio-sensors to monitor the above said food contaminants.
III. OPTICAL BIO-SENSORS
These are the devices which involve the transduction of an analyte present in edible items. The already present
historical conventional methods, like spectrometric (FTIR, UV-VIS), chromatographic (HPLC, GC) and mass
spectrometric (MS) techniques, are quite slow and complex. On the other hand, optical based bio-sensors have
simple configuration and data acquisition. Their cost and skill for maintenance and calibration is very low.

These bio-sensors show a better performance while detecting the biological systems and have
advantages in drug discovery, clinical diagnosis, environmental monitoring and food process control [2].
Without having any complexity in the pre-treatment of the target molecules, these optical bio-sensors
have advantage over traditional methods/sensors with labels [3]. Optical bio-sensors has the working
principle that involves measuring the change in phase, amplitude, polarization and frequency of light [4].
Numerous different surveys about the working principle of bio-sensors and other bio-based conventional
techniques for the identification of food borne pathogens (electrochemical bio-sensors, piezoelectric biosensors and so forth.) were reviewed [5,6].
These bio-sensors provide advantages over the old and conventional techniques. Selectivity of the
sensing element generally provides the chance for development of some particular devices for the real
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time information, without having need for pre-treatment of sample. Fiber optical bio-sensors are
reproducible, rapid, sensitive, and simple-to-operate tools [7,8]. Also, they provide us with label-free
detection, immunity for electromagnetic interferences. With their help, remote observing in difficult to
reach spots is possible.
The fundamental point of fiber optic bio-sensor is that it delivers an electronic sign that is proportional
to the convergence of an analyte, to which bio-sensing component ties [9]. Figure 2 shows us the
fundamental design of optical bio-sensor. The primary principle utilized by the vast majority of the
optical sensors is to utilize transient field identification for sensing [10]. Optical bio-sensors are very
sensitive and selective devices to detect even the very low levels of biological substances and chemicals
and for measuring molecular interactions in real time [11].

Fig. 2. The architecture of optical biosensor [4].

Fiber optic bio-sensors

The chief components of optical bio-sensors are the light source, immobilized biological recognition
component (antibodies, compounds), optical transference medium (wave direct, fiber and so forth.) and
the optical tests (fluorescent markers) that are utilized for transduction and discovery framework [12].
The different accessories related to fiber optical bio-sensors are cuvette holder, optical filters,
collimating lenses, flow injection system and capillary tubing. All these accessories are very useful for
the configuration of bio-sensors for measuring reflectance, luminescence, phosphorescence, absorbance,
transmission and fluorescence.
The detector is interfaced with computer with the assistance of data acquisition software and all the
embellishments are managed in synchronized way. Information securing is done progressively. The
various developments and trends in optical bio-sensors are reviewed [13]. Further research is directed in
the optical platforms for accomplishing elite as far as goals and sensitivity, roughness, high throughput
screening by including detecting channels and scaling down in order to make them convenient for
various applications.
Classification of Fibre optic Bio-sensors
Optical Fiber bio-sensors are delegated intrinsic sensors and extrinsic sensors. In intrinsic sensors, the
connection with the analyte occurs inside optical fiber. On the other hand, in extrinsic sensors, optical
fiber is utilized to couple light, for the most part to and from a region where the beam is influenced by
the measurand. The light beam travels to the sample through a fiber. At that point, that light beam
communicates with biochemical/synthetic medium and gets reflected back. That reflected light is then
moved to the identifier through another fiber. The fiber optic test cell for the bunch estimation is
appeared in Figure 3. Other fundamental principles and various geometries of fiber optic bio-sensors are
looked into in [14].
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Fig. 1. Schematic outline of Fiber-optic test cell for batch estimation [4]

The presented classification of optical fiber bio-sensors is build on which biological recognition element
is being used [15]. Here, the recent examples and references are added:
1.
Enzyme Based: These bio-sensors choose the enzyme such that the target analyte gets coupled
through reactions and form a basis of detection. Chemical based sensor for the discovery of halo alkanes
was created [16]. This toxic compound is generally found in pharmaceutical products and needs to be
removed. Another enzyme based fibre optic biosensor was developed to monitor the cholesterol and
glucose continuously [17]. This sensor depended on poly(N-isopropylacrylamide) and disabled COD
(cholesterol oxidase). Cholesterol is oxidised by immobilized COD and glucose is oxidized by PIGC
catalyst. Tyrosinase based biosensor were developed for the quality assessment of tea (Camellia
sinensis). It detects the presence of polyphenols in tea [18].
2.
Immunoassay Based: It detects or measures some specific proteins in food because they have
properties of antigens or antibodies. So an automated immunoassay biosensor was produced for the
quantitation and discovery of Bovine Serum Albumin (BSA) that is present in milk products [19].
Another fluorescence-based immunoassay biosensor was developed for sensitive and fast identification
of MC-LR in samples of water [20]. It could detect MC-LR with detection restricted to 0.14 µg/L and it
matches the WHO guidelines for drinking water. An immunoassay bio-sensor was created for the
identification of various little analytes. Trinitrotoluene and Microcystin-LR were detected having
detection restricted to 0.09 mg/L and 0.04 µg/L [21].
3.
Bio-mimetic Based: These sensors mimic the porous media present in fresh produce and also the
pathogens that are present in low concentrations. Three-dimensional biomimetic bio-sensors were
developed so as to get better sensitivity and better biofilm formation as compared to 2D bio-sensors
[22]. Some lectin mimics are produced using the aptamer technologies and phage display. And some
bio-sensors that can rapidly detect glycan motifs even at a very low level in both label-free and labelled
manner [23].
4.
Whole Cell Based: The principle of detection used in whole cells is the utilization of impact of
an analyte on an entire cell. A portable bio-sensing device was developed which was based on bacterial
cells and genetically engineered bioluminescent (BL) yeast. The device had a cooled CCD sensor that
helped in imaging and quantifying the BL signals with the help of fiber optic taper [24]. Another cell
based bio-sensor was designed to detect the bacterial lipopolysachharide (LPS) with the use of a red
fluorescent protein [25]. LPS is highly toxic in nature and therefore causes sepsis and septic shock,
major cause of deaths worldwide. Bacillus Badius whole cell were used with phenol red which acted as
an indicator and a fiber optic transducer was used for detecting the presence and quantity of cadmium in
milk by inhibiting urease that is produced by the bacteria [27].
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5.
Nucleic Acid Based: These type of bio-sensors basically employ an oligonucleotide, an
unpredictable structure of DNA or RNA as a detecting component. They can be utilized to recognize the
DNA/RNA parts. Gold substrates with immobilized oligonucleotides were utilized as tests for SPR
imaging [26]. The characterization and hybridization processes were used for complementary sequence.
IV. DISCUSSIONS
TABLE I.

Type of
Biosensor
Enzyme
Based

COMPARISON OF DIFFERENT TYPES OF OPTICAL

Detection of biomolecule

Level of
detection

Detection of halo5-250 µMol
alkanes in
pharmaceutical products
Detection of GoX and
Cholestrol: 20COD
-250 mg/dL
Glucose: 50-700 mg/dL
Detection of polyphenols in tea
Immunoas Detection of BSA in
say Based milk
Detection of MC-LR in 0.14 µg/L
water
Detection of
0.09 mg/L
trinitrotoluene
Detection of
0.04 µg/L
microcystin-LR
BioDetection of
mimetic
microorganisms and
Based
biofilm formation
Detection of Glycan
f Mol/L
Whole
Detection of bacterial
10 ng/mL
Cell Based LPS
Discovery of cadmium 0.1 µg/L
in milk
Nucleic
Detection of DNA strand Acid
Based

BIO-SENSORS

Reference

[16]

[17]

[18]
[19]
[20]
[21]
[21]
[22]

[23]
[25]
[27]
[26]

This table summarizes the types of bio-sensors and their specific applications presented in this paper.
Enzyme based bio-sensors are perfect detecting the enzymes (like halo-alkanes, GoX, COD,
polyphenols etc.). Immunoassay based bio-sensors presents a great example to detect some specific
types of proteins. Bio-mimetic based bio-sensors mimic the porous media in fresh produce. Whole cell
based sensors basically utilize the impact of analyte on a whole cell. Nucleic acid based sensors senses
the DNA and RNA components present in edible items.
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V. CHALLENGES AND FUTURE SCOPE
Optical bio-sensors have diverse applications in many fields like environmental monitoring, clinical
diagnostics, drug discovery and food quality control. Particularly in developing countries, food quality
control could make a huge progress in near future by using this advance technology. During past few
years, many attempts have been made for the evolution of bio-sensors. Some fiber optic bio-sensors
have been introduced in market, most of which are expensive and bulky. Therefore, the sensor and
transducer need to be integrated completely in a single chip which can form a user-friendly, reproducible
and mechanically-stable device. Thorough investigations are being done, hence, portable, miniaturized
and integrated optical bio-sensors will become part of our daily life and will affect our life positively.
VI. CONCLUSION
Food safety and food quality is of utmost importance from economic and health point of view. The fiber
optic bio-sensors presented in this article are very useful for the detection of drug residues, pesticides,
pathogens, heavy metal ions and hygiene monitoring. More developments in optics will result in
miniaturization and more use of optical bio-sensors for food quality and monitoring. All these
developments can assure safety and quality for domestic users and can also meet sanitary and other
quality standards, that are norms of international trading. All things considered, way more endeavors are
required to build up the systems to foresee the quality parameters of palatable things utilizing biosensors.
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Abstract -- The brain tumor is one of the severe diseases in the field of medicine. The process of
classifying and segmenting tumors from MRI brain image is the main area in the community of
medical science as MRI is non-invasive imaging. This paper discusses a thorough literature review
of recent deep learning methods of brain tumor classification and segmentation from brain MRI
images. Recently, Deep learning methods proved more popular because it extracts feature by itself
and provides faster learning. This paper comprises the performance and quantitative analysis of stateof-the-art methods. Different Deep learning approaches to image classification and segmentation are
briefly explained with the recent contribution of various researchers. Here, an effort is made to open
new dimensions for readers to discover the concerned area of research. Through the complete review
process, it has been detected that the combination of Conditional Random Field (CRF) with Fully
Convolutional Neural Network (FCNN) is most effective for the segmentation and Support vector
machine (SVM) classifier is the best method for classification of tumor from the brain MRI images.
Keywords -- Classification, Segmentation, MRI image, Brain tumor, Support vector machine,
Conditional Random field (CRF), Fully Convolutional Neural Network
I.
INTRODUCTION
Brain tumor is an abnormal growth of cells in brain. There are two types of brain tumor. Primary
brain tumor and secondary brain tumor. Primary brain tumor starts from brain and it have the
tendency to stay there. Secondary brain tumor starts anywhere in the body and travel to brain.
Example: Lung, breast and colon cancers are easily spread to the brain. MRI (Magnetic Resonance
Images) are used to detect brain tumor. It is mainly used for soft tissue determination, not for hard
tissues such as bones and blood tissues scanning. Classification and segmentation plays an important
role in medical imaging. Classification used to classify the MRI image into Normal, Benign and
Malignant. Segmentation segments the brain tissues to detect tumor region. Benign tumors are not
cancerous which is shown in Figure 1. It cannot spread or grow. If a doctor removes them, they do
not generally return. Malignant tumors are cancerous which is shown in figure 2. The cells can grow
and spread to other parts of the body.
Example for Benign Tumor is Meningioma and Pituitary tumor. Meningioma develop in membrane
cells that surround the brain and spinal cord which is shown in Figure 2. It is also called as
meningeal tumors. These tumors are mostly benign that is non-cancerous and slow-growing. It is
removed with surgery. It may not need immediate treatment and may remain undetected for years. It
is diagnosed in women between 30 and 50 years old.
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Figure 1: Normal, Benign Images

Figure 2: Malignant and Meningioma tumor
Pituitary Tumor which is shown in Figure 3 is also a type of benign tumor. They are lumps that form
in the pituitary. Pituitary is a small gland about the size of a pea that sits inside the skull, just below
the brain and above the nasal passages. It produces hormones that control the levels of other
hormones secreted by endocrine glands throughout the body. It has an important role in controlling
key body functions and the hormonal system. It do not spread beyond the skull. These tumors are not
cancerous. It often cause other medical issues because they are located near the brain and may cause
the pituitary to produce excess hormones.
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Figure 3: Pituitary tumor MRI image
Example for Malignant tumor is Glioma which is shown in Figure 4. It is also known as
Glioblastoma multiforme, Glioblastoma, GBM or grade IV astrocytoma. It is a fast-growing,
aggressive type of tumor that forms on the supportive tissue of the brain. It may appear in any lobe of
the brain, but they develop more commonly in the frontal and temporal lobes. It usually affect adults.

Figure 4: Glioblastoma MRI Image
In this paper, our objective is to review state-of-the- art methods in Deep learning to identify the best
method for brain tumor MRI image classification and Segmentation algorithm. There are three
sections in the review paper. First one is deep learning methods, then literature review and evaluation
section.
II.
DEEP LEARNING METHODS
In this section, we give Deep learning methods used to perform brain MR Image Classification and
Segmentation algorithm. Deep Learning is a process of data mining which uses architectures of a
deep neural network, which are specific types of artificial intelligence and machine
learning algorithms that have become extremely important in the past few years. Deep
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learning allows us to teach machines how to complete complex tasks without explicitly programming
them to do so. Techniques that allow deep learning to solve a variety of problems.

Fully Connected Neural Networks

Convolutional Neural Networks

Recurrent Neural Network

Generative Adversarial Networks

Deep Reinforcement Learning
1.
Fully Connected Neural Networks

Fully Connected Feedforward Neural Networks are the standard network architecture used in
most basic neural network applications shown in Figure 5.

Figure 5: Fully connected Neural Networks

Fully connected indicates that each neuron in the preceding layer is connected to every
neuron in the subsequent layer.

Feedforward denotes that neurons in any preceding layer are only ever connected to the
neurons in a subsequent layer.

Each neuron in a neural network contains an activation function that changes the output of a
neuron given its input.

These activation functions are:
o
Linear function - Straight line that essentially multiplies the input by a constant value.
o
Non-Linear Function

Sigmoid function- S-shaped curve ranging from 0 to 1.

Hyperbolic tangent function- S-shaped curve ranging from -1 to +1

Rectified linear unit (ReLU) function- A piecewise function that output =0 if the input is less
than certain value, or output-= linear multiple if the input > certain value.
2.
Convolutional Neural Networks

Convolutional Neural Networks (CNN) is a type of deep neural network architecture
designed for specific tasks like image classification.

It is inspired by the organization of neurons in the visual cortex of the animal brain.

CNN includes five layers shown in fig. 6. They are
A.
Input layer: Two dimensional array of neurons represent pixels of an image.
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Convolution layer: Perform image processing on their inputs.
Pooling: Down sampling layer used to reduce number of neurons necessary in subsequent
Fully Connected: Connects pooling layer to output layer
Output: one- dimensional set of output neurons.

Figure 6: CNN Layers
3.
Recurrent Neural Network

Recurrent neural network (RNN) can operate effectively on sequences of data with variable
input length.

RNNs uses knowledge of its previous state as an input for its current prediction

This process can be repeated for an arbitrary number of steps allowing the network to
propagate information via its hidden state through time.

There are three layers in RNN architecture which is depicted in Figure 7.

Figure 7. Layers in Recurrent neural network

There are two variants on the basic RNN architecture
o
Gated Recurrent Neural Network
o
Long Short-Term Memory RNNs (LSTMs)

Gated RNN has two gates to control its memory an Update gate and a Reset gate

LSTM has three gates: an Input gate, an Output gate, and a Forget gate.

It is used in applications include natural language processing, speech recognition, language
translation, image captioning, conversation modelling.
4.

Generative Adversarial Network (GAN)

o
It is a combination of two deep learning neural networks: a Generator Network, and a
Discriminator Network.
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o
The Generator Network produces synthetic data, and the Discriminator Network tries to
detect if the data is real or synthetic.
o
In the below diagram fig. 8 which shows GAN model. Here, Generator network produces
fake data (synthetic data) and Discriminator network distinguish fake data from real data.

Figure 8. GAN Model
5.
Deep Reinforcement Learning
o
Reinforcement learning which is shown in Figure 9 involves an agent interacting with an
environment.
o
The objective of the agent is to learn how to interact with its environment in such a way that
allows it to achieve its goals.

Figure 9. Deep Reinforcement Learning
o
In the above diagram, there are three signals such as Action, Reward and State. Agent modify
the state of the environment by using action signal. Whenever agent achieves some goals, then he
receives award. Agent observe the environment by using state signal.
III.
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DISCUSSION AND EVALUATION
In this study, we reviewed twelve papers from reputed journals such as Springer and IEEE in the
year 2019 and 2018 which includes combination of deep learning algorithm with other methods.
Performance Comparison chart for Deep learning methods in Figure 10 depicted that FCNN +
CRF + SVM classifier is best method for classification and Segmentation.

Figure 10. Performance Comparison chart for Deep learning methods
V.
CONCLUSION
This paper presents an exhaustive study of various existing methods of brain tumor segmentation
and classification. The quantitative analysis through different evaluation parameters among stateof-the-art methods helps the readers and clinicians not only to set the new directions to develop
the scope of research but also assists for accurate diagnosis of the tumor. Finally, reviewing
different methods, it has been observed that the combination of CRF with FCNN are more
effective towards fulfilling the requirements of segmentation of brain tumor and SVM classifier
is best method for classification of brain tumor.
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Abstract—The Cardiovascular diseases (CVD) are growing with exponential rate from 1998 to
present day. Treating the CVD is one of the crucial task in the area of medicine. The proper
diagnosis of such cases requires patient’s complete historical record with highest accuracy.
Different bio-medical instruments are already present with the support of artificial intelligence
(AI) to improve the healing process. Similarly the ANN based biomedical models can be used
for predicting the CVDs in advance. This paper discuss the various prediction techniques for
CVDs where the different clinical attributes provides the accurate prediction of CVDs in advance
using learning algorithms. The NN based process is framed in the paper in the form of flow chart
with step by step procedure for beginners and for experts. The paper also discuss the future scope
of these prediction techniques which can further used for making the system work like real time
system. The paper finally a proper fusion of engineering technology with the medicine to predict
the CVDs.
Keywords— Cardiovascular diseases, Artificial Intelligence, learning algorithm, Heart Strokes,
Hypertension, Support Vector Machine
Introduction
Now a days, the biggest killer are cardiovascular diseases all over the world which is cause of
more than 17.5 million deaths[1]. The CVD can be understood as the disease directly related to
the heart working & operation where heart stroke is most common problem among all. In India
the death percentage by these heart ailments was 19% in the year 1998 whereas it is up to 28%
now[2].
However the risk of these disease varies from country to country due to their living and health
style. White Americans are at 3-4 times lower risk than Asian Indians whereas Chinese are at 6
times lower and Japanese are at 20 times lower risks[3]. Even though, the prediction of heart
diseases in advance is most complicated task in the field of medical engineering and huge
number of research are being conducted on this area to predict in advance[4]. Today’s , Artificial
Neural Network (ANN) is being used in the medical device at mass level performing wider role
to learn and taking decision by itself[5]. Different sensing devices along with neural network
based techniques are being used in biomedical instruments[6]. With this motivation to predict the
CVDs in advance, this paper discuss some of the forecasting techniques that are being used to
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forecast the CVDs to save the human lives. Heart diseases can be induced in the human’s body
due to diverse reasons like abnormal functions of heart, blood pressure, hypertension, arteries
problem, blood sugar etc[7]. So, there is a need of such bioengineering models that can perform
the task of predicting the problems with its level of severeness in advance with 100 % accuracy.
These models should perform in a way that it can forecast the CVDs with sensible information
with high sensitivity and precision so that the medical practitioner can assist the patient with
accurate prescription[8].
This paper is the brief review of different prediction algorithms used to predict the
cardiovascular diseases specially heart stroke on the basis of neural network. The paper is
designed in a way to help beginners and experts by providing all algorithms on a single sheet.
The paper is designed to have five section where section I briefly discuss the introduction &
motivation of using prediction technology for CVDs. Section II explains the CVDs forecasting
techniques, section III describes the methodology adopted for the forecasting using ANN and
section IV & Section V explains the different performance checking factors and future scope of
the work respectively. The paper ended up with the conclusion of the entire discussion.
CVD forecasting algorithms
Forecasting of CVD is the technique to predict the heart related disease in advance by
engineering and statistical methods for medicine. There are different prediction algorithms by
which the heart disease can be predicted in advance. These algorithms are different from each
other on the basis of their specific operation and the accuracy of prediction with time
resolution[4], [9]. Different algorithms for the CVD prediction are as follows:

Artificial Neural Networks

Support Vector Machine

Random Forest

Regression

K-NN
Artificial Neural Network
Artificial neural network is the technique which is inspired from human brain’s behavior. The
neurons presents in the human brain stores the information and acts accordingly. In the same
way, ANN uses their artificial neurons for learning the input variables information and provides
the predicted output based on the input variables behavior[10]. The ANN provides the output by
updating their weight. The basic structure of the ANN shown in fig.1

Figure 1: Architecture of ANN[10]
There may be of different combinations of input variables for getting the predicted output.
Basically the input variables used by number of researchers are “ age”, “sex”, “blood pressure”,
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“resting blood pressure”, “chest pain”, “serum cholesterol”, “fasting blood sugar”, “resting
ECG”, “heart rate”, “exercise induced angina”, “ST depression”, “measure of slope for peak
exercise” , “number of major vessels heart rate”, “heart absence”. The further description of each
variable described in the table 1. Further different learning algorithms can also be used like to
prepare feed forward neural network, backpropagation neural networks etc[11].

Table1: CVD dataset attributes[11]
Attribute Name
“age”
“sex”
“Cp”

“trestbps”
“Chol”
“Fbs”

“Restecg”

“Thalach”
“Exang”

Attribute
Information
Age of patient in years
1= male
0= female
Chest pain
Level1=
typical
angina
Level2=atypical
angina
Level3=non-angina
pain
Level4= asymptomatic
Resting blood pressure
Serum cholesterol
Fasting blood sugar
Fbs>120mg/dl
=
true=level1
Otherwise level0
Normal=level0
ST-T wave abnormal=
level1
Left
ventricular
hypertrophy= level2
Heart rate
Exercises
induced
angina
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1 = yes
0 = no
ST depression induced
Slope
for
peak
exercise
No of major vessel
colored
by
fluoroscopy
Heart rate
Value 3= normal
Value 6 = fixed defect
Value 7 = reversible
defect

Support Vector Machine
Support vector machine is another technique that predict the heart disease using classification
theory. The supervised learning is used by the SVM. This technique come under the category of
machine learning which separated the two classes by a hyper plane[12].
Random Forest
Random forest is another types of learning algorithm which uses supervised learning. This
technique is also used for classification and regression. However it uses for classifications in
majority of cases by preparing the clusters of the input variables. It is an ensemble of different
decision trees. Each decision tree provides the predicted output at each level and the class wit
highest rank becomes the final output[13].
Regression
It provides the relationship between the inputs and the output variables on the linear or nonlinear
basis. This technique can also be used in different ways like autoregresion, moving averages,
Auto regression integrated moving average, and seasonal auto regression integrated moving
averages.
K-NN
This technique is also used for regression as well as classification and lies under the category of
non-parametric methods. The classification by k-NN provides the class memberships by plurality
vote of its neighbor where in regression operation k-NN provides the property value for a
variable[14].
forecasting methodology
The neural network method used by majority of researchers due to its good accuracy and fast
operation for complex problems. The following flow graph in figure 2 shows the basics steps for
the prediction of CVDs using neural network.

126

3rd National Conference on Medical Instrumentation, Biomaterials and Signal
Processing (NCMBS-20)

ISBN 978-93-881812-3-5

Figure 3: Flow Chart for CVD Prediction
The following flow graph can be used for the heart disease prediction. This flow graph explains
that the dataset is firstly preprocessed in terms of replacing mission values and changing the
variables obtained in range form in some numeric forms. After preprocessing, different learning
algorithm applied on it which was divided into 70% of data for learning, 15% of data for testing
and 15% of data for validations. If the results are properly validated then the process moves for
the post processing where the entire results variables are converted back into original form
otherwise retrain it.
Performance check
The performance of the prediction models described in the previous section is checked by
different factors. These factors are used for finding the accuracy of the models. The following
are the performance check parameters.
Precsion
It is the finding of true positives amongst the entire corrects results and denotes by ‘P’[15].
Sensitivity
It is classification of numbers of positive tuples and denoted by ‘S[15].
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Accuracy
It is the percentage of test pairs of data that are accurately classified by an algorithm. It is
denoted by ‘A’[15].

Future Scope
The living style and working culture causes of various problems to the human’s health like
hypertension, blood pressure, sugar, strokes etc. which are primary reasons to induce CVDs. The
rate by which these CVDs increasing will be a great concern towards the medical practitioners in
the coming years. The artificial intelligence now a days becomes the most popular solution of
these problems by forecasting the CVDs in advance and make the practitioners prescribed
accurate & proper medication. Heavy numbers of biomedical devices already presents in the
market which works on the principle of artificial intelligence systems. The forecasting
techniques could also be a better solution to predict with IoT and interfacing with real time data
and can reduce the risk of heart strikes even in the intensive care units.
Conclusion
Forecasting techniques are not only using in the field of engineering, management, business,
stock market etc. but also for medical problems. The biomedical devices becomes smarter day by
day by introducing the artificial intelligence and machine learning. The heart diseases or CVDs
can be predicted by using the neural network forecasting based techniques with proper accuracy
& performance. The paper explained different forecasting techniques based on the neural
networks. Different inputs variables attributes are also mentioned in the paper with brief
description which are useful for the learning of the models. The step by step process of the neural
network based forecasting technique presented in the paper. The paper finally provided the future
scope of the forecasting techniques along with the performance parameters.
References
[1]
O. W. Bureau, “World Heart Day 2019: Cardiovascular Disease Is The World’s Biggest
Killer And Claims More Than 17.5 Million Lives,” Outlook, 2019. [Online]. Available:
https://www.outlookindia.com/website/story/society-news-world-heart-day-2019-cardiovasculardisease-is-the-worlds-biggest-killer-and-claims-more-than-175-million-lives/339566. [Accessed:
18-Jan-2020].
[2]
T. Rashid, “15% of deaths in India were due to heart diseases in 1990; now up to 28%,”
Business
Standard
News,
2018.
[Online].
Available:
https://www.businessstandard.com/article/health/15-of-deaths-in-india-were-due-to-heart-diseases-in-1990-now-upto-28-118091800130_1.html. [Accessed: 18-Jan-2020].
[3]
“AI better at predicting heart disease deaths than doctors: Study | Business Standard
News,” 2018. [Online]. Available: https://www.business-standard.com/article/technology/aibetter-at-predicting-heart-disease-deaths-than-doctors-study-118090500216_1.html. [Accessed:
18-Jan-2020].
128

3rd National Conference on Medical Instrumentation, Biomaterials and Signal
Processing (NCMBS-20)

ISBN 978-93-881812-3-5

[4]
K. Subhadra and B. Vikas, “Neural network based intelligent system for predicting heart
disease,” Int. J. Innov. Technol. Explor. Eng., vol. 8, no. 5, pp. 484–487, 2019.
[5]
F. Jiang et al., “Artificial intelligence in healthcare: Past, present and future,” Stroke
Vasc. Neurol., vol. 2, no. 4, pp. 230–243, 2017.
[6]
I. N. Soyiri and D. D. Reidpath, “An overview of health forecasting,” Environ. Health
Prev. Med., vol. 18, no. 1, pp. 1–9, 2013.
[7]
D. H. Mantzaris, G. C. Anastassopoulos, and D. K. Lymberopoulos, “Medical disease
prediction using artificial neural networks,” 8th IEEE Int. Conf. Bioinforma. Bioeng. BIBE 2008,
no. October, 2008.
[8]
J. K. Kim and S. Kang, “Neural Network-Based Coronary Heart Disease Risk Prediction
Using Feature Correlation Analysis,” J. Healthc. Eng., vol. 2017, 2017.
[9]
M. Chaitrali, S. Dangare, M. Sulabha, and S. Apte, “a Data Mining Approach for
Prediction of Heart Disease Using Neural Networks,” Int. J. Comput. Eng. Technol., vol. 3, no.
3, pp. 30–40, 2012.
[10] N. Shahid, T. Rappon, and W. Berta, “Applications of artificial neural networks in health
care organizational decision-making: A scoping review,” PLoS One, vol. 14, no. 2, pp. 1–22,
2019.
[11] “UCI
Machine
Learning
Repository:
Data
Sets.”
[Online].Available:https://archive.ics.uci.edu/ml/datasets.php. [Accessed: 19-Jan-2020].
[12] S. Nashif, M. R. Raihan, M. R. Islam, and M. H. Imam, “Heart Disease Detection by
Using Machine Learning Algorithms and a Real-Time Cardiovascular Health Monitoring
System,” World J. Eng. Technol., vol. 06, no. 04, pp. 854–873, 2018.
[13] S. B. Patel, “H e a r t D i s e a s e P r e d i c t i o n U s i n g M a c h i n e l e a r n i n g a n
d D a t a M i n i n g T e c h n i q u e,” no. October, 2016.
[14] M. A. jabbar, B. L. Deekshatulu, and P. Chandra, “Classification of Heart Disease Using
K- Nearest Neighbor and Genetic Algorithm,” Procedia Technol., vol. 10, pp. 85–94, 2013.
[15] T. Karthikeyan and P. Thangaraju, “Analysis of Classification Algorithms Applied to
Hepatitis Patients,” Int. J. Comput. Appl., vol. 62, no. 15, pp. 25–30, 2013.

129

3rd National Conference on Medical Instrumentation, Biomaterials and Signal
Processing (NCMBS-20)

ISBN 978-93-881812-3-5

Review on Vehicular Communication using Vehicular Networks
Preeti Sehrawat[1] and Mridul Chawla[2]
preeti.sehrawat89@gmail.com and [2]mridulchawla.ece@dcrustm.org
[1]
Research Scholar, ECE Department, Deenbandhu Chhotu Ram University of Science and Technology, Murthal
Assistant Professor, ECE Department, Maharaja Surajmal Institute of Technology, New Delhi
[2]
Associate Professor, ECE Department, Deenbandhu Chhotu Ram University of Science and Technology, Murthal
[1]

Abstract— Throughout recent years, researchers have concentrated on Software Defined
Network (SDN) and Vehicular Ad-hoc Networking (VANET) integration and looked at the
various topics relating to architecture, the advantages of software-defined Vehicular Ad-hoc
Networking (SDVN) services, and new features to incorporate them. As, researchers are aware
about it that VANET is providing a good scope for vehicular communication but the data
handling is questionable in VANET. So, researchers are trying to merge the VANET with SDN.
Nevertheless, the complete architecture's security and robustness is still an extremely important
issue, and has been widely ignored.
In this paper, firstly the introduction of the basic concept of VANET is explained, later on
literature survey of SDN based VANET architecture for their benefits, challenges and future
scope on VANET is done. Eventually, this paper addresses the lesson to be learned with future
research directions.
Keywords—SDN, VANET, SDVN etc.
Introduction
In recent years, a wireless network is gaining more attention and the most trending research field
from both industry and academia. With the development of the vehicle industry in the
automobile sector VANET which is the novel class of wireless networks getting special attention
because of self-driving and driverless cars [1].
Self-driving vehicles expect to reduce the congestion on roads with fewer accidents and road
safety which is tried to fulfill with the help of Intelligent Transport System (ITS).
Communication of vehicles in VANET [2] can be achieved by transferring information using
Vehicles-to-Infrastructure (V-2-I), Vehicles-to-House (V-2-H), Vehicles-to-Vehicles (V-2-V),
Vehicles-to-Everything (V-2-X) interactions as depicted in figure 1.

Fig. 1.
An overview of Vehicular Communication
VANET mainly focuses [3] on two units:
1)
On-Board Unit (OBU) is a system with interaction features in the vehicles.
2)
Application Unit (AU) is a tool running a single program or application series and use of
OBU's collaboration strengths [4].
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AU can be a portable apparatus like a laptop which is permanently attached to OBU. Besides, the
architecture of VANET may take different networks:
1)
Cellular/ Wireless Local Area Networks (WLAN): In this vehicle transfers information
with Road-Side-Unit (RSU) also known as Base Station (BS).
2)
Ad-Hoc: In this vehicle transfers information directly without intermediate entities (V-2V communication).
3)
Hybrid: In this, the combination of the last two networks is possible.
After that, vehicles in VANET can transfer information directly to set remote nodes such as
speed, range, direction, situation of traffic, position, etc.
With keeping in mind that in the automobile sector, vehicles are facing congestion and heavy
traffic on roads which is a major problem in both developed and developing countries. To tackle
with congestion problem new standard Dedicated Short Range Communication (DSRC) [5] is
designed to support IEEE- 802.11 in vehicle communication. In 1999, the Federal
Communication Commission (FCC) has reserved DSRC bandwidth of 75 MHz at 5.9 GHz.
exclusively for V-2-V communication. With the emerging trends of vehicular networking
different countries like Unites States (US) is using Vehicle Safety Consortium (VSC), Car-to-Car
(C-2-C) is used by European Communications Group (ECG), Japan is using Advanced Safety
Vehicles (ASV) and other countries are also doing work on different consortium to provide a
safe environment for self- driver and driverless cars [6].
VANET has some special alluring and approachable features that differ it from several other
network types.
1)
Strong flexibility: VANET nodes are travelling at a very high velocity. Such travelling
nodes can only be secured if their location is predictable from attacks and other security threats.
High flexibility in VANET leads to numerous other problems [7, 8].
2)
Quickly changing network topology: Strong-speed VANET vehicles result in quick
changes in mesh topology [7, 9].
3)
No energy restrictions: Energy restrictions still exist in different networks, but vehicles
in VANETs can deliver power to the OBU via lengthy-life-batteries [7, 9]. So, energy
restrictions are not always a significant obstacle, just like in Mobile Ad-hoc Networks
(MANET).
4)
Unrestricted Channel Size: VANET's channel range is essentially limitless as it can be
built in any country or region [8, 9].
5)
CrucialTiming:
It is very critical to provide data in good time. Actions can be
performed therefore, just when information can be found where it is necessary [10].
6)
Multiple changes in data: The VANET ad hoc design allows nodes to collect
information about the path from most of the other vehicles and gadgets. When vehicles pass and
modify their route, traffic and environmental information is also changing very rapidly.
7)
Wireless communication: Linking modules and exchanging information wirelessly.
8)
Variable network size: Network density is influenced by traffic congestion; traffic jams
are very high and suburban traffic is low [8, 9].
9)
High computability: The processing power of the node is increased due to computing
resources and sensors [11, 12].
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With some characteristics of VANET, there are a lot of challenges like technical, security,
routing, connectivity, quality of service, transport protocol choices, unknown parameters, etc.
literature survey
There was a lot of research to endorse a flexible VANET. There is still a gap, even with all the
studies, between the existing industry norms and the academic world. With 4 G and 5 G
technology emerging, the long term VANETs are likely to diverge with any of these innovations.
The authors in [13] presented a mechanism for data collection found to be an intrinsic threat for
Ad-Hoc Vehicle networks. An Adaptive Protocol for Data Collection is presented for vehicular
networks. This is predicated on a split one Q-learning method that makes the collection
procedure is less agility sensitive of nodes and shifts in route. An incentive feature is given and
specified to represent the latency and the number of packets that can be aggregated. Results of
simulations support, the efficacy of this research’s strategy relative a non-learning version
showing the connection between latency and choice ratio. The authors in [14] proposed a Trustbased, Software-Defined Deep Reinforcement Learning System (TDRL-RP) Implementation of a
deep Q-learning algorithm into a SDN controller. Specifically, the SDN controller is being used
as an agent to learn a VANET system's maximum level of trust by transforming the neural
network, in which the trust system is meant to determine neighbor’s shipping packet behavior.
Simulation findings were presented to show the usefulness of the plan TDRL-RP model. The
authors in [15] first identified the high mobility vehicle network characteristics and encourage
the use of machine learning to solve the problems that arise. During such a brief description of
the key principles of machine learning, authors explored this application to learn about the
complexities of vehicle systems and make an informed decision to increase the efficiency of the
network. In general, as an alternative to the current approach to optimization, authors look into
more depth at the implementation of enhanced learning in network resource management.
Finally, this paper highlights some open issues worth further review. Novel Adaptive Routing
and Switching Scheme (NARSS), a modern software-defined routing system was proposed by
the authors in [16]. For a specific traffic situation, this adaptive approach may dynamically pick
routing schemes. To do just that, this paper provides a mechanism for gathering road network
data in explain the flow of traffic in which the system derives the function details used to
produce the switching design of the routing scheme. Second, authors tested the function data
with high speed and accuracy of training through an artificial neural network. Lastly, authors
used the system as a basis for setting up and deploying the NARSS in the machine. Simulation
performance shows that the suggested method exceeds both the packets transmission rate and the
traditional conventional routing protocol's end-to-end latency. The authors in [17] initially
analysis of literature survey SDN-based Ad-hoc Vehicle Network is done and implementations
for internet structure development, functionality, then advantages and difficulties are discussed.
Such SDVN systems will then be addressed combating major security threats that threaten core
security services such as transparency, privacy, encryption and honesty of information. Authors
proposed security protocols as well. The authors in [18] recorded an overall performance
evaluation of two existing VANET routing protocols Ad hoc On-Demand Distance Vector
(AODV) and Dynamic Source Routing (DSR). This research seeks to optimize the distribution of
the best and most efficient routing protocol to efficiently provide reliability for the propagation
of data packets. Using the Net-Sim software tool, the effect and usefulness of the current
VANET routing protocol based on topology has been tested. The remotely controlled results
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show that a mixture of the correct channel model and An effective routing protocol for fixed
network topology increases the VANET link bandwidth. In addition, performance analysis also
reduces the impact of channel measurements and routing algorithms on packet loss, packet
transmission ratio, total overhead transmission and end-to-end delays. The authors in [19]
designed a routing protocol based on clustering where nodes are clustered using imperialist
efficient algorithms based on the motion details such as vehicle node and vehicle speed. The
cluster head is then chosen using a radial-based neural network algorithm based on the amount of
available buffer space and the predicted transmission count. The implementation results revealed
that, given packet size, efficiency and end-to-end latency parameters, the suggested method
improves the other relevant protocols. The authors in [20] proposed location based routing
protocol for VANETs, opportunistic hybrid routing takes into account parameters such as node
position, connection performance and node size. The suggested approach used a greedy
forwarding technique by choosing a nearby node with maximal regional advancement to raise
the minimum number of jumps between the source node and the destination node. The proposed
scheme selects suitable candidate nodes based on opportunistic and position-based strategy and
decides the correct priority for data transmission. The suggested scheme therefore identifies the
expired nodes from the routing system and eliminates them. The simulated findings suggest an
improvement in performance with regard to Packet Delivery Ratio (PDR), efficiency and end-toend delay. The authors in [21] proposed a SDVN delay routing algorithm use machine learning
methods to predict patterns in network agility. Rather than depending on approaches to mitigate
delays such as edge services and continuous vehicles position tracking, the researchers suggest a
system which learns and anticipates vehicle arrival through the use of the Artificial Neural
Network (ANN). The system offers a quantitative traffic model that provides the network
managers with estimation of traffic flexibility, allowing authors to make appropriate vehicle
routing decisions. The authors in [22] proposed a modern SDVN routing protocol which takes
into account criteria that provide reliable routes with the lowest error in interaction. This research
therefore increases the data’s transmission and minimizes latency. The suggested solution uses
the SDN system's accessibility of network-wide data to classify the most reliable routes with the
fastest node. In [23] and [24], the researchers suggested a structural design and a range of SDVN
features. In [23] the suggested architecture seeks to improve network reliability and user
friendliness and adds internet services, initiatives and settings for VANETs to meet the
progressively new regulations of sophisticated VANET’s features. By testing quality of state-ofthe-art SDVN routing protocols, MANET and VANET routing systems, the researchers
demonstrate the viability and communication efficiency of SDVN deployment. Authors aim in
[24] has been to facilitate the rapid implementation of advanced vehicle communications
network services. The suggested architecture includes various entities such as cars, RSU and
diverse wireless devices and applications that using SDN controllers and SDN-enabled interfaces
to abstract from the application layer. The researchers also provided valuable examples that
demonstrate that the architecture allows for a fast network development. One advantage of the
proposed design is that it enables the selection and implementation of on-demand routing
protocols to be individually addressable; another advantage is that it allows versatility by using
channel splitting to distinguish multiple occupants.
On the basis of above literature survey this research paper suggests that SDN can fulfill the
characteristics of VANETs for better and reliable communication.
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SDVN architecture
It is an innovative networking model for vehicles that could provide comprehensive and versatile
means of network management to support V-2-V and V-2-I communications. For SDVN, it is
easy to deploy new routing schemes. To order to separate data forwarding functions and network
functions, data plane and control plane are decoupled by SDVN [25]. The SDVN-focused
architecture includes two key components: Controller and System.
SDVN could be categorized into two groups:
1) Centralized SDVN.
2) Hybrid SDVN.
The main device gathers account information in a Centralized SDVN which is creating a
comprehensive view and then determines the appropriate routing pathways. The Centralized
SDVN depends on the main controller storage which places a significant burden on the main
controller and contributes to unnecessary overload network.
On the other hand, Hybrid SDVN expands the central controller responsibility to local controller
and reducing the burden on central controller.
Introducing SDN in VANETs with little or no alteration presents many difficulties, primarily due
to the fast changing network topology which is directly linked to network nodes that are fast
moving (i.e. vehicles) of VANETs.
Especially the key problem for SDVN is to minimize or eliminate [12]:
1)
The enormous overhead maintenance of the operator, and
2)
Traffic jams of the interaction source of control- system.
For the network's rapidly changing topology, it is indeed price-intensive and time-consuming to
maintain the enhanced version of the worldwide network topology at controller, this also
contains errors in the detailed information obtained. This is accurate despite the capability of the
controller of maintaining an upgraded perspective of the worldwide topology. Nevertheless,
some of the current distributed communication protocols for V-2-V and V-2-I may not be able to
take full advantage of the advantages of the geographic topology data system of SDN. The
network standards need to revamp to conform the SDN entities. SDN architecture is shown in
figure 2:
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Fig. 2. SDN Architecture
Benefits: There are multiple benefits of SDN enabled VANET, along with fast network setup,
enhancing customer’s experience through efficient use of resources, mitigating provider’s
throughput, and opposition to some hereditary attacks of VANET’s [14].
Below, this paper is listing some of SDVN's big benefits:

Optimized use of resources.

Fast and flexible network configuration.

Heterogeneous network integration.

Minimizing service latency.
Difficulties: The state-of-the-art SDVNs are facing problems with their large-scale
implementation in real-world applications because of the following difficulties in its
architectures.

Complex topology of the network.

Broader flow rule definitions and policies.

Security and privacy considerations.

Interworking gaps among heterogeneous network.

Inappropriate behavior of various software components (e.g. internet, 5 G, and ICN).
conclusion
In this paper, literature survey of SDN enabled vehicular network architecture for their
advantages and disadvantages over VANET were done. On the basis of existing work this
research paper analyzed different issues of VANET’s. In last this research paper explored that
the research on SDVNs is still in its initial level and SDN will help VANET in achieving its
functionality necessary to use it for future smart vehicle networks and vehicle’s interaction. Still,
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there are many open issues to do future work for better and reliable communication between
vehicles.
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Abstract— The advancement of micro sensors with wireless capabilities enabled their uses in
many areas and special healthcare monitoring in heterogenous communication networks. Such
biomedical Wireless Sensor Network (WSN) requires hard quality of services (QoS) to be
supported in real time. The QoS requirement of dynamic deployment, energy consumption, delay
and other factors makes such WSN implementation very challenging. The network lifetime is
another important factor in biomedical WSN, that has to be as long as possible. Routing
protocols for acquiring constant biomedical information and propagating further in limited
resource network is explored. This paper discusses the challenges faced by such WSN and
solutions available with advantages and disadvantages.
Index Terms— WSN, WBAN, body sensors, healthcare monitoring, quality of services, wireless
technology.
I. INTRODUCTION
THE network of distributed, dispersed autonomous sensor nodes is known as Wireless Sensor
Network (WSN) [1]. Sensor nodes are made of microcomputer, power source, some sensing
elements (depends upon application) and transceiver unit. A self-organized network of small
number to thousands of sensor nodes are capable of acquiring information from its surrounding
and transmit it to a base station or destination for further monitoring and recording applications.
Deployment of WSNs can be planned or random and fixed or mobile in nature depends on
application requirements [2]. The typical usages are in battlefield, environmental monitoring,
disaster relief management, national security, surveillance and biomedical healthcare [3-7].
Health issues and diseases are more common in elderly aged people, frequent medical checkups
are required for them. Several medical statistics shows a proactive step towards these health
issues can results in better diagnosis and cure for many diseases. Also, it reduces preventive
healthcare costs and helps in right treatment of diseases. The availability of bio-medical sensors
which can measure pulse rate, electrocardiogram (ECG), electroencephalogram (EEG), body
temperature, blood pressure, blood PH, glucose level, dissolved O2, carbon dioxide, lactic acid,
vision, motion, positioning, other many features of a person can be monitored.
A next generation WSN application appears with wearable sensors and biomedical sensor
stations, known as Wireless Body Area Network (WBAN) [8], where WSN is deployed on
patient body for cost effective treatment in hospital. WBAN uses IEEE 802.15.6 [9],
standardization has been developed under it. Biomedical sensors are equipped with very low
power sources and manufactured for operating in specific temperature environment. Most
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important challenge is the quality of information processed by the WSN with zero tolerance to
any type of error. WSN in biomedical and healthcare applications share all the generic
challenges faced by other WSNs due to tiny sizes. WBAN focuses on guaranteed periodic
monitoring of patient at home or at work or at hospital, sometimes it can be continuing for long
time [10]. Three types of biomedical sensors are used for healthcare applications, namely
implant, body surface and external sensors. Implant sensor stations are placed inside the body,
body surfaced sensor stations are stick to the human skin surface and external sensor stations are
not in contact with human body parts. Real time acquired human body vital measurements are
forwarded through intermediate sensor stations or directly to the destination. Constant
monitoring of patient’s records is further shared on internet to multiple stakeholders. Doctors
receive these information and access data collected in real time by the base station and prescribe
the required consultations or treatments as shown in figure 1.

Figure 1: WBAN Architecture
The paper is organized in the following sections. In Section II, performance metrics in healthcare
applications of WSN is presented with its implementation challenges. Section III discusses the
routing issues and challenges faced by WBAN. Based on the available routing protocols for
different nature and deployment of WSN is summarized in section IV and section V concludes
this paper.
II. PERFORMANCE METRICS IN HEALTHCARE APPLICATIONS
The important performance criteria of WSN in healthcare applications are summarized below:
Energy consumption: WBAN doesn’t require critical energy management as in other dense
WSNs applications. The tasks energy requirements are kept low to increase the network lifetime
for the required application [8, 11, 12].
Scalability: The protocols running by the WSNs has to be large network growth and future
workload extension supportive [13-15].
Quality of Service (QoS): The most important criteria as WSN requires to transmit high quality
images and video streams. QoS in this case is related to network bandwidth allocation, jitter,
transmission delay and packet error rate metrics [16, 17].
Network mobility: this is a secondary requirement for the mobile patient WSN connectivity [9,
16].
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Heterogeneity: multiple type of network communication connected together for the overall
processing of biomedical information’s [3, 18]. WSN design requires to manage heterogeneity of
different software’s, hardware’s and application tools.
Place constraint: deployment of WSNs has to consider the different network physical boundary
conditions like characteristics of buildings includes sizes, walls, etc. [19].
III. ROUTING ISSUES AND CHALLENGES FACED BY WSN IN BIOMEDICAL
APPLICATIONS
An efficient WSN routing protocols design for such unique and specific requirements of
biomedical application is very challenging task. With respect to the information gathering and
forwarding by the networks, following challenges are faced:
Topology: Optimized routing protocol implementation required specific topology to be
maintained by the network. Due to the energy constraints, body movements, limited radio of
sensor stations, and heterogeneity nature effects the topology of the network. Researchers
proposed single hop routing for sensor stations straight to base station and cluster based multi
hop routing protocols [20-22].
Connectivity: WBAN is facing problem of network disconnections frequently as the sensor
stations are very limited in radio transmission ranges. Line-of-sight based routing and store-andforward based routing protocols are proposed to tackle such connectivity issues in healthcare
WSNs.
Energy efficiency: replacement of power sources in all type of biomedical sensor station is not
feasible as in case of implant biosensors. Whereas power source replacement in other type of
sensor station may not be comfortable solution for every patient. Other energy requirements if in
communication among sensor stations, which consumes more energy than sensing. Overall
energy consumption effects network lifetime [23, 24]. The time taken by the first dead node to
appear in the network from the beginning of information acquired by the sensor stations is
referred as lifetime of the network by the author.
Limitation of network resources: the generic resource limitation issues of WSNs sensor station
in term of limited radios, storage capacity, computations and bandwidths. These resources are
easily affected due to environmental interferences and noises.
QoS: different requirements of data seek specific kind of data routing techniques. The data
collected are categorized in Ordinary data (like body temperature, heartbeats, etc.), critical data
(like ECG, EEG, etc.) and time stamped data (like video streams, position movement, etc.) and
dependent data (like PH monitor, respiration monitor, etc.). Data routing protocols has to support
such vital signs requirements.
Overheating: sensor stations overheating due to continue transmission affects human body.
These overheating issues due to radio absorption and other operations has to be taken care by
routing protocol designs.
Data security and privacy: conventional security solutions are not possible to implement for
limited resource based WSNs. Researches require to consider the patient data security and
privacy while designing routing protocols [25].
Heterogeneous sensors: several sensor stations are placed in the WSNs with specific way of
data collections and different computational abilities, storage capacity and energy requirements.
IV. AVAILABLE ROUTING PROTOCOLS FOR BIOMEDICAL APPLICATIONS
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In recent years many routing solutions researched for the biomedical application of WSNs
considering the above challenges. Some of the available routing protocol is discussed below:
Cluster-based network formation: This type of routing organizes the network in group of
sensor stations based on their functional classification or QoS parameters. Leader (Cluster HeadCH) of those groups are identified by several mechanisms and remaining sensor stations will
become members to that group. The information is sent to base station through CH’s and reduces
the direct transmission of data from each sensor stations. The examples of such routing protocols
include “Low Energy Adaptive Clustering Hierarchy (LEACH)” based Anybody routing
protocol (ARP) [26] and Hybrid Indirect Transmission (HIT) [27] routing protocol. Energy
consumption of the network is reduced by using inter-cluster and intra-cluster transmission by
HIT routing mechanism, which further decreases transmission delay. ARP increases packet
delivery ratio than HIT.
QoS aware routing protocols: These protocols designing is based on QoS metrics. “Localized
multi-objective routing (LOCALMOR)” considers QoS metrics in many modules like energybased module, latency module and reliability module to perform routing in the network [28].
Based on data types the routing is assigned for that QoS module. Energy Aware Peering Routing
(EPR) is another type of routing which is used to display patient’s biomedical information inside
hospital [29]. It reduces network traffic and energy consumption for a small size network. Both
routing protocols support mobility with packet delivery ratio. LOCOLMOR is less energy
efficient than EPR.
Cross layered routing protocols: This type of routing protocols is designed to solve network as
well as Medium Access Control (MAC) layer issues faced by WSNs in healthcare applications.
“Wireless Autonomous Spanning Tree Protocol (WASP)” [30], allots slots for the operating
times in the network as WASP cycles. Based on the WASP cycles allotment, tree structure is
built up by the protocol which connect each sensor stations as child to the tree branches for
information exchange to its root as base station. This protocol utilizes the MAC allocation for
routing in the network. The advanced version of IEEE 802.15.4 standard is “Time Zone
Coordinated Sleeping Scheduling (TICOSS)” [31]. It supports multi hop routing of network in
time zones distribution. Reduces energy consumption by providing Sensor stations an alternate
period for activity and inactivity. Reduces packets collision due to hidden terminal problems.
TICOSS consumes less energy than WASP.
V. CONCLUSIONS
Application of WSNs in biomedical area enables proactive treatment of many diseases and
preventive measures in cost effective ways for high medical requirements. It offers next
generation solutions for efficient healthcare. WBAN covers similar challenges as of WSNs with
additional specific biomedical data requirements. Routing protocols challenges are discussed
with selected researched routing protocols for QoS network metrices. Routing protocols
presented in this paper covers network creation structures, QoS-based formation and crosslayered approaches using MAC and network layer parameters. Every routing protocol are
considering some performance metrics and gives less priority to other metrices. Different
healthcare requirements support different types of routing with their specific performance
characteristics. Routing protocols considered mobility, energy consumptions, resource
limitations, network connectivity and real time data transmission for specific applications. The
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future research shall provide better energy consumption, radiation interferences, data security
and privacy to the patient healthcare.
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Abstract-Internet of Medical Things (IoMT) enables machine to machine interaction, real time
intervention, better affordability and more reliability in future of healthcare. IoMT has
applications in chronic disease management, tele-health, lifestyle assessment, remote
intervention, drug management, medical robotics, etc. The various technologies used for
implementing IoMT involve the macro-level IoT architecture comprising layers to enable
healthcare solutions. These smart medical devices when connected to other medical devices
allow patient management, surgical intervention, etc. The key players in the market of smart
medical things dominate the Intellectual field worldwide. Keeping in view the benefits and
related challenges, IoMT appears to be a valuable solution to benefit healthcare monitoring,
diagnosis and treatment procedures. We have incorporated the analysis of such applications in
this paper.
Key Words: Internet of Things, Smart Medical Devices, Medical Robotics
I.
INTRODUCTION
Internet-of-Things (IoT) has varied applications in healthcare, environment, industry, transport,
etc. The purpose everywhere comes out to be reduced stress, easier communication, remote
monitoring, better management and faster work. In a hospital set-up, the techniques can be
implemented from indoor to outdoor services, wards to CCUs, babies to elderly care and from
diagnostic to therapeutic modules. Smart healthcare involves the latest technologies of machine
learning, artificial intelligence, cloud computing, optimization, etc. Amongst these cutting-edge
technologies, mere incorporation of new methods and services is not enough sometimes. Smart
healthcare has been in use from as simple as temperature monitoring to as complex as robotic
surgeries. To improve the quality of healthcare, to enable self-care as well as to incorporate
smartness in medical economy, the idea needs to be addresses within technical experts and also
amongst the non-technical delegates. The involvement of people from all spheres is a prerequisite for smooth implementation of smart healthcare. Thus, awareness and training also
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happens to be very important when we talk about smart healthcare and IoTs. A computer
engineer needs to work upon the architecture/ assembly while a communication engineer works
upon the connectivity issues. A biomedical engineer addresses the medical device compatibility
and data transfer issues, while an IT professional enables remote features. The economists work
upon the financial issues while the civil engineers cater to the infrastructure things. Keeping in
mind the IoTs in hospitals, wireless sensor networks fall into the direct prejudice of the
application area.
II.
IoT IN SMART HEALTHCARE
Doctors are now using smart medical devices for diagnostic purposes at a large scale. The
diseases, infact, are seen and analysed from a new perspective using these devices from the point
of view of doctors as well as patients. For example, a sudden major change in some diagnostic
value can be observed and taken care of well in time. Also, the health awareness amongst people,
especially elderly class, have been on boost through smart healthy monitoring devices, which are
as simple as can be used at home by the patient itself. This user-friendliness approach has further
increased the awareness of elderly for health monitoring and health fitness for adults. O fcourse,
health industry is playing a crucial role in awareness and accessibility of smart medical devices
for their profits. Of all this data generated through monitoring by smart medical devices, next
task is to extract health information. Tracking health using IoT or extracting information using
IoMT is highly compatible and easy with smart devices. The revenue generated plays its big role
in economy of a state, in addition to good health and awareness. Besides monitoring, patient
comfort and need of attendant at patient bed are also some advanced features in medical
appliances, like smart beds which can sense a patient’s movement and assist him without manual
intervention. The information is simultaneously passed to attendants or supervisor for manual
intervention, if required. Big issue here is that smart healthcare is getting dependent on IoT for
their full utilization and to enhance care, which is the prime objective now. Smart healthcare can
be classified into various categories depending upon the sensors or actuators, networking, data
storage, etc. Now, another categorization depends upon the communication technology in view
of IoT spread over last decade. Here, wireless technologies such as Wi Fi, Bluetooth are the
backbone of smart healthcare.
III.
TECHNOLOGIES
A.
Sensor Technology: In recent couple of years, in the innovation of sensors has gained a
noteworthy ground; they are more ideal, simple to manufacture and less expensive. In short, the
perfect environment to make any object smarter using sensors simply. This is, infact, one reason
why IoT emerged to be such a well- known technology as of late. However, in many cases,
detecting abilities are not an important trademark for smart things.
B.
Networking: Secondly, the technology that may enhance the interaction of the smart
sensible things may be a combination of large wireless networks: Bluetooth, Near Field
Communication (NFC), Wireless sensor network (WSN), low-power wide-area networks
(LPWA) or long range wide area networks (LoRa), etc.
C.
RFID Technology: Another important innovation for IoT applications is a radiofrequency identification (RFID). RFID technology facilitates the manufacture of microchips for
remote information transfer and is an extraordinary change of the customary standardized
barcode The RFID reader can study distinctive labels immediately, does not require a tracking
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pathway contact and gives composing abilities as well as the perusing capacities without
batteries even. These labels can extract sensitive information since they differentiate objects
automatically and in a secure manner.
D.
Cloud Computing: Cloud computing, is significant to compile and to break down the
enormous information. The information from the smart medical devices can be of any type, may
be in the form of thermal data, stress, height, distance, relative parameters, biometrics, speech,
etc. Cloud computing is a platform that permits on-request access to computing services. The
technology works in the background, we get information from the devices, break down and
analyse this information and share the knowledge to the client
E.
Machine Learning: It is a type of customized learning and enables the calculations to
express themselves better by gaining from the information input. As of now, Big Data has also
been a measure of information made by IoT applications which is much more noteworthy.
IV.
APPLICATIONS
Blood pressure monitoring, diabetes care, smart beds, calorie count, step count, heart rate
monitoring, medicine- schedule, ECG data transfer, image transfer, telehealth, drug packaging,
etc are amongst the numerous applications of IoT which are very common nowadays. In addition
to these, endoscopy studies using pill camera is an example of a comparatively inexpensive and
comfortable nano- smart care for navigation. Another very important application is Robotic
Healthcare. Robots are used for health care, monitoring as well as treatment. The data and
information transfer using various artificial intelligence and communication techniques can be
clubbed with robotics for medical purposes. Remote Patient Monitoring (RPM) or Homecare
Telehealth, is an ambulatory application that allows a patient to use a portable therapeutic smart
device to execute a normal test and share the test reports to a healthcare professional. RPM
innovation incorporates day-to- day monitoring appliances, for example, glucose meters for
diabetic patients. Information can be sent to a doctor's system by utilizing a simple telehealth
desktop or laptop and a programming application installed on the patient's network-connected
computer, cell phone or tablet PC.
V.
CHALLENGES AND OPPORTUNITIES
The area offers huge opportunities of research in digital era. The most promising domain further
in this is cost-reduction without compromising the advantages discussed. Another practical
challenge is reduction of time-lag, ie real-time implementation of any technique, which is of
course domain of information technology. To adapt to digital era simultaneous to research and
social changes is an opportunity as well as challenge to industry. Security of data, confidentiality
and safety of patient, and ease of operation on both doctors and patients end is another challenge.
Market challenges include a tussle between established players and novel research companies.
IPRs, innovative practices, embedded miniaturization are some features which need to be taken
care of while working on the challenges. Number of devices which can be connected
simultaneously and medical expertise are the keys in IoMT.
VI.
CONCLUSIONS
Internet of Things has already paved its way through the various technologies in smart medical
care. The synergy of researchers, professionals, industry and social education is going to
revolutionize the industry further certainly in near future.
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Abstract- People, who are blind, find it difficult navigation outside. Physical movement from one place to
another place is one of the biggest challenges for visually impaired people. Blind people prefer to travel with a
companion. This makes them completely dependent. But this smart rechargeable blind stick will make things
easier for them. A smart rechargeable blind stick is an innovative stick which can be used for navigation. This
stick is integrated with an ultrasonic, light and water sensor. The stick can be detected in case it gets lost with
the help of a remote. For an alternative power source, we have used rechargeable batteries. The batteries will
be charged using energy generated from footfalls. For charging mechanism, we have placed a rack and pinion
system connected with a stepper motor which generates electrical voltage whenever pressure is exerted on this
system. This energy generated is stored in a lithium-ion battery. We have used lithium-ion battery because it
is considered safe as compared to other batteries. Exposure to chemicals contained in batteries can lead to
health problems. The project has huge potential if we talk about the future. It can be used in every hospital
globally.
Keywords- Navigation, smart stick
I.
INTRODUCTION
Vision is the most crucial way of getting information from our surroundings. Researchers do not have enough
knowledge of the exact workings of the brain, so there's no alternative option available to replace our natural
eyes, but most experts agree that amongst all the sense organ, eye is the dominating one. People with visual
impairment experience the world through entirely different mechanisms. It's not better or worse - it's simply
different.
Blindness comes with a lot of difficulties in normal life making it extra challenging. Living organisms evolve
according to their environment that’s why we have eyes to meet the daily challenges of our lives. Due to
which, living with poor vision effects blind people harshly and the blind people have to look after other
methods to do some of the very common things which normal people take for granted.
People with poor vision rely on regularity and memorization - they make detailed mental maps of the physical
world they inhabit - which makes navigating new environment extremely difficult. Many blind people prefer
to bring a companion with them when going to a brand-new place.
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It is an innovative stick for improved navigation. The smart stick is integrated with ultrasonic, light and water
sensor. A remote is available to detect the smart stick in case the stick is lost. The batteries used can be
recharged using energy generated with footfalls stored in a lithium-ion battery.
We are familiar with many problems faced by blind people. Some of the very common problems which can be
eliminated by this invention are compiled here. Navigation is extremely difficult for blind people. Their whole
life is derived into darkness. They can’t even differentiate between day and night. Mis happenings are a
common part of their life. Any obstacle may create a big issue and may make them more dependent by
making them physically disabled.
II.
PROPOSED WORK
The stick is powered with 8051 Microcontroller, GPS module, vibrator, switches and sensors. The vibrators
placed over the stick will start vibrating as soon any sensor detects something. An audio device connected
with Bluetooth will help the visually impaired person to know his current location. The stick is equipped with
different sensors like infrared sensor, water sensor and ultrasonic sensor. In case of emergency and in need of
help, a call or message is sent to certain mobile numbers stored in a microcontroller. If the visually impaired
person wants to know the directions to reach a particular destination, he can press the button given for the
purpose, a Bluetooth connected audio device will indicate the directions by giving audio messages. It has a
smart rechargeable mechanism through which there is no problem of power cut in the stick at some
emergency conditions. It uses the motor to charge the battery with the motion of the user which generates the
current and charge the battery connected with the smart stick and will be useful in power failure conditions.
III.
METHODOLOGY
1.
Smart Stick Design
The proposed design of the smart rechargeable blind stick, as illustrated in Fig.1 consists of following units:

Fig.1 Proposed Block Diagram of Smart Stick
A.
Microcontroller:
8051 Microcontroller
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8051 is used to control the surroundings by capturing input signals (Digital/Analog) and can affect its
environment by passing commands to lights, relays, etc.. The microcontroller on the stick board is
programmed for the purpose.
B.
Obstruction and Dangers Detection Section
It is equipped with five different sensors:
i.
Ultrasonic sensor
This is the main feature of the project by which a blind person can detect the object in their immediate front.
Ultrasonic sensor plays the main role here. Through this sensor, we send ultrasonic rays in the forward
direction. If there is any obstacle in front then the rays are reflected back and we put the time of reflection
back in the formula to compute the distance of the obstacle. We have set the threshold limit of distance for
example 40 inches. If the obstacle comes closer to a blind person less 40 inches the audio device will sound
up to aware the blind person.
ii.
Water sensor
This sensor senses the water and the mud. If the smart stick comes in the contact with water or mud then it
will generate the sound from the buzzer to aware the visually impaired person about the water or mud in front
of him. Aluminum contact sensors are used here for the detection of water or mud.
iii.
Day night detection (LDR sensor)
When a blind person wakes up in the night, he is unable to detect the day or night. So, this sensor will detect
the nature of day whether it is daylight or night. The user just needs to press a button. If there is a day the
buzzer will sound otherwise it won’t. LDR, Light-dependent resistor is used to sense the light and generates a
signal in presence of light.
iv.
IR sensor
This is for detecting small obstacles like a pit, stone, or staircase, as such things are faced by the lower part of
the smart stick. After finding such random obstacles on the surface or floor, the IR sensor sends the signal to
the microcontroller. In turn, the microcontroller will send a voice-enabled command regarding the presence
of a small obstacle. Also, it activates the buzzer for informing the visually impaired subject indicating the
hindrance by an on the floor.
v.
Heat sensor
The heat sensor is very sensitive to heat radiations and can detect the hot radiation from a distant place. It
detects the hot radiations and starts sending electrical signals to microcontroller. The voice instruction will
indicate the person and also the buzzer will start alarming.
C.
Alarm unit
This is used to inform the person by a sound of buzzer or by the vibration of the vibrator. It comprises of two
sections:
i.
Buzzer
It is a converting device ( electrical energy gets coverted to the mechanical energy) which controls a buzzer
in the audible frequency range of 20 Hz to 20 kHz. Buzzer is utilized in the smart stick to alert the visually
impaired person about different obstacles by producing noise or sound according to the gap from an
hindrance in the way of the blind subject.
ii.
Vibrator
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Visually impaired person will receive different types of vibrations through vibrator indicating obstacles in his
path. Vibrator improved the feedback mechanism for the person receiving the warnings.
D.
Location Detecting Module:
It provides reliable positioning, navigation, and timing services to the person which is freely available to
everyone. For anyone with a GPS receiver, the system will provide a location with time. The GPS based blind
device with user input interfacing alerts the blind person when reaches his destination by voice message.
2.
SMART CHARGE
1.
Mechanism of Charging
Smart rechargeable blind stick has a special mechanism of charging. 67 watts of energy can be harvested from
footfalls. A rack and pinion system is placed inside the shoe hole which generates electrical voltage whenever
pressure is exerted on the rack during walking. A stepper motor is used for generating 3-12 volts of energy as
shown in the Fig. 2.

Fig. 2 Generation of energy using Stepper Motor
Whenever the person wearing the shoe walks gear system rotates the rotor of the motor and electrical voltage
is generated. Two LEDs are connected to indicate the energy generation using a lithium-ion battery which is
to be charged from the energy harvesting shoe. It will contain a USB port, which allows different things to
charge off it, which may include even the smartphones.
3.
Future Scope
The project has magnificent potential if we talk about future. It can be used in every hospital globally.
Because in the world there is a blind person after every 1350 people on an average so if we talk about future
of our project has a huge scope in terms of usage.
IV.
CONCLUSION
This smart stick will increase the autonomy for the blind person which will enable them to move from one
place to another freely. This smart auto rechargeable detection device that is integrated to different devices
further that assist in searching the way during walk and takes care of generating alarm or vibration to the blind
person in case any obstacle or a sign of threat is there.
The proposed system is expected to deliver great results in the detection of different obstacles placed at
different gaps in way of the subject, it will be a great blessing for the blind. Also, the voice enabled
instructions will help the person to assess his live location as well as his distance from his target/ destination
using global positioning system.
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Abstract—Multiple Bio-medical signals are to be captured through the sensors and then
transmitted to the distant locations where the medical experts are stationed. Transmission of such
signals needs high quality of signal processing with large bandwidth at high data rate. Wave
Length Division Multiplexing (WDM) is the most suitable option using Optical Fiber
Communication technology in processing the captured medical data. Although, just like any other
communication system suffers from attenuation, Optical fiber link also suffers from attenuation,
which leads to reduction in link length and signal quality. In order to compensate the losses,
inclusion of Optical Amplifiers in the circuit becomes essential. Now which amplifier is to be
chosen for signal amplification also becomes important. Therefore, in this present paper, we have
evaluated the performance of three Optical Amplifiers-(i) Erbium Doped Fiber Amplifier (EDFA)
(ii) Semiconductor Optical Amplifier (SOA) and (iii) RAMAN Amplifier for a 16-channel WDM
link for a data rate of 160 (16 x 10) Gbps. The evaluation parameters chosen are (i) Quality (Q)
factor (ii) Bit Error Rate (BER) (iii) Eye diagram. This will facilitate availability of the expert
medical advice in real time.
Keywords—Avalanche Photodiode (APD), BER, Bio-medical signal, EDFA, Optical Amplifier,
SOA, WDM.
I.
INTRODUCTION
With the evolution of communication technology the world is shrinking and distances have no
limitations. This has paved the way for medical science also, where a doctor can treat a patient,
carry out his medical tests and diagnose the reports and suggest treatments even when physically
sitting far away. This all is possible if suitable communication media is made available with
sufficient bandwidth to carry those multi-dimensional information signals. Thus the increasing
requirement of data transfer at higher speeds has led to the effective use of WDM in optical fiber
communication system. With reduced system costs, the optical amplifiers in the transmission path
provide optical domain amplification without any optical-to-electrical conversion of the signal.
The Optical Amplifiers unlike optoelectronic regenerators does not require any high speed
electronic components [1]. Among all amplifiers, the most widely used are EDFA, SOA and the
amplifier based on Raman Effect [2, 3]. EDFA comprises of a small fiber segment doped with
erbium ions which are excited by a pump laser source. It provides amplification of individual
channels while avoiding cross-gain saturation in WDM systems. The EDFA has key factors such
as simplicity, polarization independence, effective laser pumps and absence of mutual cross-talk
while amplifying the WDM signals due to which it is one of the favorable choices in the world of
optics [4-7]. The SOA’s with semiconductor laser functions below the laser threshold value and is
used as a functional device in long-haul optical transmission [8]. In amplification process, some
noise can be accompanied along with the amplified output signal known as Amplified
Spontaneous Emission (ASE) noise. The faster gain dynamics can cause significant distortion in
signal. To overcome this, the carrier lifetime is set much smaller than other amplifiers. Due to
short carrier lifetime compared to EDFA, SOA can operate on wide range of input and gives
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constant output power [9]. In Raman Amplifier, the signal amplification takes place due to
scattering of light by atoms from smaller to higher wavelength known as Stokes Shift or
downshift in frequency [10]. The Raman amplifier has lower noise figure and wider gain
spectrum the shape of which can be varied with varying pump wavelengths.
In [11], the authors have investigated the performance of EDFA and Raman Amplifier in a 16channel DWDM system at 40Gbps data rate. The gain and Q-factor obtained for Hybrid Optical
amplifier is 11 dB and 18 dB respectively. In [12], the authors have proposed a model comprising
of EDFA and FBG to overcome chromatic dispersion and attenuation. The model provides
reduced distortion with an improvement in output power and gain. In [13], the authors have
performed a detailed study of different optical amplifiers and have deduced that each amplifier
has its own advantages and can be integrated for improved performance. In [14], the authors have
designed a 16-channel DWDM optical transmission system and determined the performance for
different configurations of SOA. The in line configuration is found to be performing better than
the pre and booster configurations in terms of all performance metrics.
In this present work, we have proposed a 16-channel WDM system for evaluating the
performance of three optical amplifiers-EDFA, Raman and SOA for a data rate of 160 (16 x 10)
Gbps. The performance of the designed layout is evaluated in terms of Q-Factor, BER and Eye
diagram. The rest of the paper has been organized as follows. Section 2 describes the Simulation
model along with the parameters used followed by Results and discussion in Section 3. Section 4
gives the Conclusion of the paper.
II.
SIMULATION SETUP
To ascertain and optimize the performance of various optical amplifiers in optical fiber
communication system, a 16-channel WDM link with each channel operating at 10Gbps has been
designed. Each channel comprises of a data Sequence, RZ coder, Mech-Zehnder Modulator
(MZM) and a Continuous Wave (CW) Laser. The optical receiver at the other end consists of an
APD (to detect an optical information signal and convert it into the electrical domain) along with
a filter and 3-R Regenerator followed by the BER analyzer for visualizing results. The designed
simulation layout is shown in figure 1.

Fig.1. Simulation model for a 16 channel WDM Transmission system
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The transmitted signals with different wavelengths are multiplexed using a WDM Multiplexer.
The signal is propagated through the optical fiber of varying lengths (60, 70, 80, 90, 100km).
After amplification, the optical signal is demultiplexed and the outputs have been analyzed at
three channels that are Channel 1, 8 and 16. Table I highlights the simulation parameters for the
designed layout

TABLE I. SIMULATION PARAMETERS
Amplifier

SOA

Raman

EDFA

Parameter

Values

Injection Current

0.12 A

Optical
confinement factor

0.3

Differential Gain

27.8e-21 m2

Effective
Interaction area

72 um2

Gain reference
pump

1550nm

Power

300mW

Pump Laser
Frequency

1453nm

Gain

25dB

Temperature

300K

Noise Figure

4dB

III RESULTS AND DISCUSSIONS
The 16-Channel WDM link (16 x 10) Gbps has been designed to evaluate the performance
comparison of three optical amplifiers (i) SOA (ii) Raman amplifier and (iii) EDFA. The layout
has been designed for a frequency ranging 193.1-194.6 THz with a spacing of 100GHz between
each channel. The system performance is evaluated based on selected parameter matrices i.e. Q
factor, BER and Eye diagram with fiber lengths varying from 60 to 100km. Figure 2 depicts the
comparison of optical amplifiers in terms of Q-factor with varying fiber length.
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Fig.2. Variation of Q-factor with fiber length for SOA, EDFA and Raman amplifier
From figure 2, it is evident that the Q factor for each amplifier decreases with increase in
transmission distance due to inherent losses in optical fiber. The values of Q-Factor observed for
SOA are 4.65799, 3.98971, 3.83964, 3.70417, and 1.21053, for Raman amplifier are 6.84138,
4.99128, 4.0156, 3.7229, and 2.8867 and for EDFA are 8.3508, 8.1033, 7.1234, 7.0002 and
6.5961 for link length 60, 70, 80, 90 and 100 km respectively. The numerical values for variation
of Q factor are tabulated in Table II.

TABLE II. Q-FACTOR OF SOA, RAMAN AND EDFA
Distance
SOA
Raman EDFA
(kms)
60

4.65799 6.84138 8.3508

70

3.98971 4.99128 8.1033

80

3.83964

4.0156

7.1234

90

3.70417

3.7229

7.0002

100

1.21053

2.8867

6.5961

The EDFA shows superior performance than SOA and Raman Amplifier in terms of Q factor at
all fiber lengths.
The variation of BER with fiber length for the optical amplifiers is depicted in figure 3.

Fig.3. Variation of BER with fiber length for SOA, EDFA and Raman amplifier
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The BER for each amplifier increases with increase in link length due to increased losses and
attenuations in the transmission path. The SOA having the smallest Q-factor has the highest BER
than Raman amplifier and EDFA. The BER for SOA, Raman amplifier and EDFA lies within
(1.07002E-006, 0.08767E-004), (8.43E-11, 1 2.99E-03) and (2.34016E-017, 2.14598E-016) for a
transmission range of 60, 70, 80, 90 and 100 km respectively. The numerical values for variation
BER are tabulated in Table III.

TABLE III. BER FOR SOA, RAMAN AND EDFA
Distance
SOA
Raman
(kms)

EDFA

60

1.07002E006

8.43E11

2.34016E017

70

2.24971E005

1.38E09

7.33369E017

80

4.43569E005

6.90E06

8.78844E017

90

7.98594E005

3.28E04

1.25917E016

100

0.08767E004

2.99E03

2.14598E016

The EDFA shows improved performance in terms of Q-factor and BER than SOA and Raman
amplifier even at longer link lengths. The Eye diagrams for SOA, Raman and EDFA at 60km,
70km, 80km, 90km, and 100km are depicted in figure 4, 5, 6, 7 and 8 respectively.
.

(a) SOA
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(b) Raman

(c) EDFA
Fig. 4. Eye diagrams of optical amplifiers at 60km fiber length

(a)

SOA

(b) Raman
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(c) EDFA
Fig. 5. Eye diagrams of optical amplifiers at 70km fiber length

(a) SOA

(b) Raman

(c) EDFA
Fig. 6. Eye diagrams of optical amplifiers at 80km fiber length

(a)

SOA
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(b) Raman

(c) EDFA
Fig. 7. Eye diagrams of optical amplifiers at 90km fiber length

(a) SOA

(b) Raman

(c) EDFA
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Fig.8. Eye diagrams of optical amplifiers at 100km fiber length
At all fiber lengths, the EDFA has clear eye diagrams with larger eye opening. The eye diagrams
for other two amplifiers are not clearly visible and have small eye opening with interference. The
eye diagrams of respective amplifiers are in consonance with the graphical results of Q-Factor and
BER obtained at different fiber lengths. Therefore, It becomes pertinent to use EDFA for
amplification in the link used to carry the bio-medical signals. Because such signals needs to be
transported and processed with minimum BER and optimum Q factor.
III.
CONCLUSION
In the present work, we have focused on the need to have the medical signals processed using
optical networks. In order to collect the signal data, transport it and at the end user point process it
with least BER and high quality, suitable optical amplifiers needs to be identified. we have
evaluated the performance comparison of three optical amplifiers namely (i) SOA (ii) Raman
amplifier and (iii) EDFA. These have been evaluated for a 16-Channel WDM link (16 x 10) Gbps
at fiber lengths varying from 60 to 100km. The EDFA outperforms the other two amplifiers for all
performance metrics evaluated at all fiber lengths. Even at 100km link length, EDFA is superior
with optimum Q-factor 6.5961 and least BER 2.14598E-016. Also, the eye opening for EDFA is
clear and wider. Due to large gain-bandwidth and less noise figure, the operation of EDFA in
WDM systems has proved well-proficient in contrast to SOA and Raman Amplifier.
.
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Abstract—The biomedical waste is generated from many healthcare facilities like hospitals,
medical institutions, medical laboratories and public health care units etc. Biomedical waste
includes biological waste, municipal waste, toxic and hazardous waste. According to World
Health Organization (WHO), 85% of the waste generated in hospitals is non-hazardous waste, and
rest 15% waste is considered as hazardous (infectious and toxic waste). The non hazardous waste
can be disposed off with normal MSW but the hazardous waste should be disposed off carefully
to reduce the risk of health problems related to the toxic or infectious waste. This waste includes
many infectious residues of clinical procedures and toxic waste contains harmful chemicals and
heavy metals. These wastes are disinfected before disposal by many ways like microwave,
autoclave and most commonly incineration. The heavy metals like mercury, lead, Zinc, copper,
chromium etc. is found in not only in the incineration ashes but also in the hospital premises soil
and sewage due to the mismanagement and improper handling and disposal of the biomedical
waste. In many researches that we have studied regarding this concern showed that heavy metals
are also present in the hospital premises and which is not safe for the people in that area. As these
elements cause not only cancers of different types but also other threatening diseases. So, it is
necessary to remove these toxins completely from the wastes. There are many conventional
methods to remove these metals form the different wastes but biosorption is the most effective
technique for removal of even the trace amounts of heavy metals. In this technique we use
microorganisms to decompose complex structure of heavy metals to the simpler chemical
structure which are not harmful for anyone. The microbes are isolated from the contaminated
sites and then checked by many processes for heavy metal removal performances. In the same
way we are also performing our research for isolating the microbial strain and checking its
performance against the desired heavy metal removal.
Keywords: Biomedical waste, waste management, heavy metals, biosorption.
Introduction
The environmental pollution is the result of human as well as industrial actions. Health care
industries are also one of them. The health care produces three types of wastes i.e. Municipal
solid waste, biological waste and hazardous waste. This waste generated from health care
industries or services is known as biomedical waste [1]. Soil seems to be the important
component of the ecosystem that constitutes the environment. Land lays the foundation for both
the development of flora and fauna, as well as facilitates life on earth and advancement [2].
Another of the serious environmental challenges are ground and industrial pollution via the
exposure of pollutants from hospitals and municipal waste. The expression "heavy metals"
indicates a component with such a high energy density to excess of 4.0.–5.0 g / cm3 but harmful
to organisms at very low doses[3]. The term metals imply an oxidizing agent which manifests
certain metallic and non-metallic characteristics. The application of materials into the ecosystem
by any process will extend to various environmental elements such as land, aquifers, flora and
fauna. In the country like India only 1 to 1.5% is Bio clinical abuse of the total aggregate of solid
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waste created in a city, of which 10-15% is seen as overwhelming[4,5]. The paper means to make
care among the spirits.
Metals are commonly classified as elements with such a dielectric constant greater than 5.0 g /
cm3 which would be 5 orders of magnitude greater to water. The metal toxicity also happens at
extremely low densities of both the 90 biogenic materials, 21 non-metals, 16 mild metallic as well
as the rest 53 are toxic metallic contaminants [6].
The categories comes under hazardous BMW are Human anatomical waste, Animal anatomical
wastes (veterinary healthcare services), Microbiology and biotechnology waste, Waste sharps,
Discarded medicines and cytotoxic drugs., Solid waste (including blood swabs, body fluids
contaminated cotton or bandages etc)., Liquid waste, Incineration ash, Chemical waste[7]
Health effects of Lead and Zinc
Synthetic lead at higher concentrations is a common biochemical toxin. Lead toxins impacts
neural and genital processes, for example: Roman Empire collapse, Blood-brain boundary crosses
and interacts with natural brain function in babies, Pb is found in kids causing lesser IQ rates,
Lead is postnatal , so passed from the woman through her breastfeeding, At high levels, lead
toxicity will ultimately lead to lifethreat, We can suffer a lack of hunger, reduced perception of
taste and aroma, poor injury progression, and skin rashes due to ingest of very small amount zinc,
Lack of zinc may also lead to birth disorders. Though humankind can withstand commensurately
high amounts of zinc, so much zinc can also cause immense health complications eg period pains
of the belly, itchy rashes, diarrhea, dehydration or anemia. A quite higher zinc dose can affect the
pancreas and interrupt the synthesis of proteins, and trigger arteriosclerosis. Much zinc chloride
ingestion may results in respiratory abnormalities.[8,9,10]
BMW Protocols
V. Clinical waste management staff has always been qualified in the processing of medical waste
products, the method of sorting, collection, distribution, storing and ultimate treatment of
contaminated materials in accordance with the Approved Protocols, ultimate treatment through
combustion in compliance with the 1998 EPA Guidelines and separate collection of un-infectious
material in various bins[11]. This is also possible to incinerate hazardous waste and antirecyclable plastic material which minimize the amount of garbage and dumping. It’s stated by a
report that There are currently 170 standard clinical waste processing services available
throughout the world, with 140 incinerators[12]. The new inventory of dangerous incinerable
contaminants is 4.16 lakh MTA however these incinerators have just 3.28 lakh MTA strength
(CPCB, 2008), Just 6.67 percent of the trash is burned and the remainder of this trash is packed
and recycled. Hazardous / biomedical waste should be disposed of by a sound waste disposal
program [14].
Exorbitant concentrations of certain heavy metals could be harmful either by the metal's own
activity or by its inorganic compounds, or by organic salts by which the metal could be readily
removed or taken within the cell. Unveiling to specific metals, especially in commercial
environments, may occur in certain situations. In certain conditions injuries can lead to severe,
heavy-level unveiling[15]. Any of the HM are also at small concentrations, harmful to marine
species. The issue of HM contamination in water and marine life, like fish, requires constant
control and testing because these contaminants cannot decompose and continue to biomagnify
across the food web in humans[16]. Therefore, the elimination of the toxic substances (HM) from
marine environments is important.
Biosorption
Biosorption seems to be a method that reflects a scientific breakthrough along with an outstanding
budget- effective technique for extracting contaminants from inorganic salts. Solution to this
problem is bioremediation of heavy metals [17]. The bioremediation can be applied to the heavy
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metal treatment jobs using a proper biosorbent dose. It can remove even trace amounts of the
heavy metals [18]. Biosorption has many advantages over the conventional methods like low cost
and high efficiency and no production of harmful byproducts. So, Bioremediation is clean and
green process [19].
Review study
Ecological feature study of BMW ashes shows improved durability and the chloride concentration
of industrial waste according to the World Health Organization. and Recommendations for the
Pollution control Body for fresh water. The salinity as well as pH of ashes effluent are 410 mg / L
and 7.35 mg / L separately. A test was conducted to analyze the degree of metal resistance of
microbial identifies extracted from ground. Isolate Bacterium could withstand up around 75 mg /
L of metallic accumulation throughout the refined media of development. This demonstrates that
sometimes the evolutionary divergence is able of rising in the presence of high doses of toxic
substances [20]. The choice of a the appropriate biosorption method would rely on unique needs,
resources, size, methodological approaches, communicating conditions, sewage concentration as
well as other criteria of something like a location-specific nature[21] Another proposal that has
been made being that biologically immobilized phytoplankton ecosystems may be regarded.
Phytoplankton communities including flocs too are likely to achieve large cellular intensity thus
reducing propagation constraints of discrete processes [22]. The findings of the Vibrio fischeri
toxicity research suggested that Fifty per cent of the inhibition of luminescence was caused by the
DI50 as small as 0.070[23]. Soil resources treatment techniques include biopiling, windrowing,
ground-farming and thermo-venting, which together rely on toxicological deterioration. However,
it often frequently involves the need for plants to remove and/or kill pollutants or to limit the
mobility of pollutants. Mycorrhizal fungi could be facilitated by modification of the nutrient
uptake while using collected microbial infects in a method which is now called as phytobiological
abatement [24,25]. An association has been formed among ph and the dependent consistency
essential. Zinc absorption by activated effluent microorganism arises quickly and is balanced
within first or three hours of interaction through reliable-metal substance in accordance with the
data gathered. Process pH has been the most significant factor affecting the extraction of zinc
utilizing activated effluent[26]. The best forms of effluent for the possible effect of zinc
biosorption have been identified to also be moistened, anerobic and dewatered effluent, based on
potential working practices [27]. The whole examination has been coordinated to discuss
bioremediation as just a realistic alternative for the processing of colourings by analyzing its
efficiency and standard characteristics [28]. This also addresses the existing challenges and
potential opportunities for dye reduction by biotech-based decontamination approaches. Until
now, various physical and chemical processing approaches were used to significantly reduce
degree of pigment contamination in electrolyte ecosystems [30].
Conclusions
Nonetheless, the effectiveness behind all these traditional methods becomes restricted due to very
high functioning / energy consumption, effluent production, hazardous by-product development
and high industrial demands and electricity consequences. This analysis illustrated numerous
genetic engineering methods for the successful removal of dyes through groundwater [31]. A
collection of bioremediation strategies is recognized as ideal for the extraction of dyes, owing to
all their other benefits. However, microorganism-based dye elimination is indeed based on
environmental improvements in the bacterial community for the thermally stable and minimal
maintenance of the device, as per the assessment of efficiency and effectiveness [32].
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ABSTRACT:
Every day around the world a fraction of road accidents took place due to the sleep or fatigue
condition that ultimately results in deaths due to lack of communication gap between emergency
services and the victim. The count of deaths every day in India only, equivalent to a jumbo jet
crashing every day This is the most unnoticeable cause of road accidents that can be solved
effectively by an innovative approach by using the smart helmet. The smart helmet is equipped
with a sleep detection system based upon the eye blinking monitoring system, that sends the signals
to a microcontroller to activate an algorithm to wake up the rider. This ensures the safe recovery
of the driver back to consciousness while driving. The smart helmet works as a standalone device
with built-in GPS and GSM technology for communication purposes during the accident. If the
helmet is obtaining some break in continuous signals, then it will automatically generate an SOS
service alert to the emergency number along with the location. This helmet can save the lives of
people to a great extent providing the exact location for the emergency services to reach the victim
quickly. Many priceless human lives can be saved by wearing this reasonable cost helmet that
would eventually lead to the growth of our developing nation India. (GOI, n.d.)
I.
INTRODUCTION
Traveling is an integral part of our day to day life and the means of transportation is developing
day by day. But due to negligence of safety, this is causing a large number of accidents leading to
death. Road traffic injuries in the last decade range in the top three in the leading causes of deaths
in the developing world. Almost 13 lakh people lost their lives due to road accidents. In a survey,
we found that from 2005-2016 a total no. of persons injured or killed vary between 5 lakhs to 6
lakhs which is approximate to no. of road accidents. Drowsiness while driving is an unwanted
cause of road accidents and to solve this problem using modern technology a smart helmet is
today’s requirement.(Agarwal, Singh, Singh, & Sahani, 2015)
That smart helmet will contain an eye blinking monitoring system along with an Arduino Uno
microcontroller to take the right decision at the right time to detect the drowsiness of the rider and
to make the rider conscious. In the scenario of an accident, an SOS alert SMS will be generated
collaborated with the GPS coordinates of the rider location and send via GSM to an emergency
contact who can access the location on Google Maps on the browser to provide early access of the
emergency services to the casualty.(Satria, Yana, Munadi, & Syahreza, 2017)
II.
EXISTING APPROACHES
Upgradation of helmet capabilities has attained the focus of many innovators in the world. We
have found some of the measures to ensure the safety of the two-wheelers rider described below in
detail.
The first approach was the development of smart low-profile helmet-mounted antenna to locate
the movement of the individual in the “dead spots” for conventional antennas. The RF switching
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circuit was powered by a 3-V power supply for standalone operation. The project was a part of
research conducted for the U.S. Army CECOM.(Tech, 2018)
Another approach was initiated to improve the safety of motorcyclists to ensure that the
motorcycle will only start when the rider is wearing the helmet and the ignition goes off as soon
the helmet is removed. The helmet establishes a connection with the vehicle via Radio Frequency
(RF) at 434 MHz This way it was a mandatory gear that the rider should carry to commute on the
two- wheelerss.(Agarwal et al., 2015)
PROPOSED IMPLEMENTATION

Block Diagram

Fig1: Flow of information
The system is working on Arduino®. Infrared (IR) sensor is used whose output values will contain
either ‘0’ or ‘1’. The output of the IR sensor is the input to the ATMEGA 328 microcontroller of
the Arduino®. The response of IR output as per the microcontroller will direct the input to the
vibrating motor and buzzer. If the input signal is restored back to normal, the microcontroller will
abort the working of vibrating motor and buzzer. (Technology & Khanal, 2014)
When the output of the IR sensor is high for a significant time, control goes to the GPS to obtain
the coordinates of the location. GSM is connected to the microcontroller to receive the output of
the GPS as an input in terms of latitude and longitude to generate an SOS message. Data is sent to
the mobile phone through the GSM Module. Using the latitudes and longitude coordinates in the
Google Maps the SMS receiver will be directed to the exact location of the accident zone.
III.

HARDWARE USED

In this prototype, the system used the Arduino Uno microcontroller board based on the Microchip
ATmega328P microcontroller. Arduino operates on a voltage of 5 Volts. There are 6 Analog Pins
(0-5) input pins, 14 digital input/output pins (6 pins as PWM) a USB connection, 32kb flash
memory, 16 MHz clock speed, and a reset button. Arduino Uno is shown in Fig 2.(Palanisamy,
Hiteshkumar, Sahasrabuddhe, & Puranik, 2019)
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Fig2: Arduino Uno
GSM Sim900A module supplies the intermediate microcontroller in the procedure of sending
SMS. GSM Sim900A module operates on a single-chip processor. LPC2148 single-chip processor
is used. GSM Sim900 provides features such as SMS and voice data sending.(Kavya, 2019)

Fig3: Sim 900 A Module
The GPS U-Blox 6m module is a sort of independent GPS receivers providing high performance
as a positioning device. GPS U-Blox 6m module is perfect for battery-driven devices with limited
cost due to its optimized architecture, power, and memory. The module supports 50 channels
of
positioning engines.(Sheet, n.d.)

Fig4: GPS U-Blox
AAn IR sensor is a device that detects IR radiation falling on it. Its detection distance is 2-30cm
and the detection range is 35°. IR sensor consists of a transmitter and a receiver. The IR LED
emits IR radiation, the reception of which by a photodiode dictates the output of the
sensor.(Ajmera, 2017)
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Fig5: Infrared Sensor
The smart helmet comprises of all the above- depicted devices. The smart helmet is a stand-alone
device. Vehicle condition and rider’s mobile doesn't affect the working of the smart helmet in any
form. The smart helmet is battery driven having 2600 mAh Li- Ion battery with battery backup up
to 1 week. Smart helmet supports Type - B charging port. Ready to works as it is worn on the head.
(Vidhya & Kasiselvanathan, 2018)

Fig.6 Prototype of Smart Helmet
RESULT AND DISCUSSION

Flowchart:Working:-
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The rider wears the helmet to activate it. The IR sensor is set in the line of sight of the pupil of the
eye. The opening of the eye’s black pupil is acting as an absorber of infrared light sent through the
transmitter and in case of eye blinking that light is being reflected by the eyelid. Blinking of the
eye is an involuntary periodic action. Normally eyes blink 15 times in a minute. In the case of
drowsiness, the rider’s eye will remain closed for more than 2 seconds continuously. The
Microcontroller will respond to IR output to start the vibrating motor and buzzer. If the rider
restored back to the normal condition of eye blinking. The ongoing processes will be restored
back to default.
Until we lost our signal the device will work as a simple helmet, once we lost our signal for more
than 6 seconds in a row this will confirm that something wrong had happened with the rider and
he /she needs some help. The output of the GPS will be taken as input by the microcontroller. The
SOS SMS will be generated as in Fig.

Fig SOS Message generated by Smart Helmet
Upon placing the coordinates provides on Google Maps, the exact Real-time location of the helmet
is depicted.
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Fig. Real-Time location of Smart Helmet
IV.
CONCLUSION
For the developing country like India where the most commonly used commutable means of
transportation are two-wheelers due to the economic factor taken into consideration. In case of
death in a road accident due to lack of proper communication of exact accident spot over a long
stretch of highways or expressways, till the time ambulance reaches the casualty the health
condition worsens and eventually leads to death. Death of a single earning the person will cause
turn his whole family a liability over the economic growth of the country. We have designed this
helmet to prevent any such road accidents due to the drowsiness of the riders and in case of an
accident, the emergency services could follow the exact coordinates for the quick response and
hence a priceless life is saved that will turn out to be a large factor for the country that needs
human resources to build a stronger nation tomorrow.(K.rso, n.d.
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Abstract - IoT is one of the technologies which can be used for connecting, controlling and managing
your smart devices over the internet. IoT is a domain which leads us to the real world scenarios where
each object can perform some task while communicating with some other objects .The world with full of
devices, sensors and other objects which will communicate and make human life easy. Role of sensor is
very important in IoT applications. In this paper we use load cell which measure upto 1 Kg interface
with arduino Uno for getting the access the data through mobile phone by using Bluetooth module that is
HC-05.This exercise is going to be used low cost sensor based on paper and plastic substrates that are
being developed using printing technology and active inks for real time IoT application in system
currently under development in our university.
Keywords: Load cell, Arduino Uno, Bluetooth Module, Hx711 amplifier.
I.
INTRODUCTION
IoT is the concept of connecting devices through the internet, collecting and sharing the data by using
various protocols such as Bluetooth, Wi-Fi, Zigbee etc. The network protocol is selected is based on the
allocation of the nodes and amount of the data to be collected.
At the time of production in the industry various procedures demand real time monitoring. Whenever we
produce any type of mixtures related to chemical, proper attention should be given to the amount of
chemicals that are needed for the preparation of mixtures [2]. We use IoT for connecting, measure and
monitor any type of sensor. In this proposed system we used load cell interfacing the Arduino Uno for
getting the access the data through mobile phone by using Bluetooth Module.
RELATED WORK
We have taken the load cell which measure upto 1 Kg interface with arduino Uno for getting the access
the data through mobile phone by using Bluetooth module that is HC-05.
A.
Load Cell
Load cell is a sensor that converts a load or force acting on it into an electronic signal. These sensors
sense the force (or weight) of the items and the electronic circuitry processes the sensor output and
displays it on the indicator [1]. In this paper we have used strain gauge type load cell which use wheat
stone bridge .The wheat stone bridge convert the force into voltage which is proportional to the applied
load [2].
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Figure 1: Load Cell
Hx711 Load Cell Amplifier
The Hx711 is the load cell amplifier which is used to measure the weight from the load cell then transfer
the information to the Arduino Uno for processing. The small changes in the resistance should be
amplified with the help of Hx711 amplifier and that output is read by the Arduino Uno. It follows I2C
protocol for communication [2]. It is of 24 bit analog to digital converter.
B.

Figure 2: Hx711 Load cell amplifier
Arduino Uno
Arduino Uno combines a micro-controller along with all of the extras to make it easy for you to build
and debug your projects. Arduino Uno is open source software. The board we have used in this is 8 bit
ATmega328P. It contains 6 analog pins (A0-A6) and 14 digital input / output pins (D0-D13).It has 16
MHz crystal oscillator, a USB port, a power jack, reset button and an ICSP header [1]. This board
contains type B USB cable for programming purpose.
C.

Figure 3: Arduino Uno
D.

HC-05 Bluetooth Module

In this paper we have used HC-05 wireless communication device. It used serial communication to
communicate with the other devices. Its range is upto 10 m and operates on frequency 2.45 GHz. It
transfer the data at the rate of I Mbps. The baud rate of HC-05 module is 9600. It works on two mode
(AT mode and data mode) .
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Figure 4: HC-05 Bluetooth Module
PROPOSED MONITORING SYSTEM
We are making less power consumption, low maintenance cost, real time monitoring based weighing
Load

Hx711

cell

Arduino
Uno

Mobile

Bluetoot
h
Module

machine with the help of load cell, Hx711 load cell amplifier, Arduino Uno and Bluetooth module.

Figure5: Block Diagram of the System
As shown in the block diagram required power supply is provided by the arduino Uno to load cell and
Bluetooth module. With the help of Bluetooth module all the data send to the mobile phone.
A.
Connection details Load Sensor with Arduino Uno and Bluetooth Module

Connection between load cell and Hx711 E+ (Red) - Excitation +
E- (White) - Excitation S+ (Green) - Signal + S- (Blue)
- Signal –

Connection between Hx711 and Arduino Uno SCK - A0
SDA - A1
VCC - 5V GND – GND

Connection between Bluetooth Module and Arduino Uno
TX-RX RX- TX GND-GND 5V-VCC
B.
Flow Chart
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Experimental Result
Upload the program to the arduino Uno, we use open source Arduino IDE. Now establish the connection
between Arduino with load cell and Bluetooth module.
We had given the power supply to the Arduino Uno with the help of adapter and 5v to HX711 load cell
amplifier through Arduino Uno.
In order to receive the data to the mobile connect with Bluetooth module and Bluetooth module to
Arduino Uno.
A.
Observation Table:
I.

S.No

Weight

1
2
3
4
5
6

20g
50g
70g
100g
120g
150g

Regular
Scale(Kg)
20g
50g
70g
100g
120g
150g

Page 180

Custom
Made
Scale(Kg)
20g
50g
70g
110g
130g
160g

Error

0
0
0
10
10
10

3rd National Conference on Medical Instrumentation, Biomaterials and Signal
Processing (NCMBS-20)

ISBN 978-93-881812-3-5

Figure 6: Displaying the data on mobile phone
II.

CONCLUSION

In this paper we have used load cell to measure the weight upto 1 kg. The accuracy of the system is ±0.1
kg. We send the data of the load cell which is displayed on the serial monitor of Arduino Uno with the
help of the HC-05 Bluetooth Module to the user’s mobile phone.
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Abstract—In the present work, gate direct tunneling current (IG) of double gate (DG) Germanium (Ge)
NMOSFET with the self-consistent solution between Poisson’s equation and Schrodinger’s equation has
been studied using Silvaco ATLAS TCAD. Germanium is selected as a channel material because of its high
electron mobility which results in high drain current (ID) as compared to Si. Further IG has been studied with
different metal gate materials (Mo, Pt), with various channel doping concentration of 0.8nm gate oxide
thickness (SiO2) and its EOT using HfO2 which result in large reduction in IG. It was seen that IG decreased
by using gate material having higher workfunction, by using high-k dielectric material and high channel
doping concentration.
Keywords— DG MOSFET, Direct tunneling Current, Silvaco TCAD.
Introduction (Heading 1)
This Revolution in Microelectronic Industry is because of MOS transistor scaling of which allow the
Moore’s law to continue for more than 50 years [1-2]. Scaling methods begin to approach physical
fundamental limitations when physical dimension of Si-based bulk MOSFETs shrinks due to (i) degradation
in performance because of short channel effects (SCEs) (ii) because of thin SiO2 layer, gate direct tunneling
through it takes place. The direct tunneling (IG) is the main source of leakage. Hence scaling down to 50 nm
technology node require: (i) by using double-gate (DG) MOSFET structure [3, 4] (ii) by using high-k
dielectric materials as they can provide SiO2 equivalent capacitance but at large thickness. This EOT is
calculated as
(1)
Where
is the physical thickness and
respectively [5- 7].

XXX-X-XXXX-XXXX-X/XX/$XX.00 ©20XX IEEE

is dielectric constant of high-k dielectric material
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For good interface, author used the combination of SiO2+HfO2 oxide for minimize the IG [1, 8]. This IG
have been simulated with SiO2=1.2nm and its EOT using HfO2 on Silvaco ATLAS TCAD [10]. Also has
been simulated with various channel doping concentration and with different metal gates (Mo, Pt).

Figure 1. Device structure of 10 nm Double Gate Ge MOSFET
Results and Discussion
Fig. 2(a), fig. 2(b) and fig. 2(c) show IG vs VGS curves for different gate materials for 1×1018 (cm-3), 5×1018
(cm-3), 1×1019 (cm-3) body doping concentration respectively, for SiO2=0.8nm . Molybdenum (Mo) and
Platinum (Pt) are used as gate materials whose workfunction 4.95 eV and 5.65 eV respectively. IG increases
with increase in VGS which increases the number of free electron that are tunnel through gate oxide to form
IG. Also IG decreases with higher workfunction metal gate and with higher body doping concentration as
shown in figure 2. Both high workfunction metal gate and higher body doping decrease the number of free
electron in the channel region to tunnel through the gate oxide which decreases IG .
Also figure 2 (a) shows the IG for lower value of body doping whereas figure 2 (c) has the highest value and
figure 2 (b) has intermediate value. It is clear from the results that IG decrease with increasing doping
concentration.
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Figure 2. IG vs VGS curves for metal gate materials with SiO2=0.8nm, for body doping (a) 1×1018 (cm-3) (b)
5×1018 (cm-3) (c) 1×1019 (cm-3).
Studies were made using HfO2 as gate dielectric and results are using Silvaco ATLAS TCAD as shown in
fig. 3[10]. From the fig. 3, it is seen that, there are large reduction in tunneling current because of increase in
the thickness of gate oxide by using SiO2+HfO2.
It is found that IG has minimum value for highest value of doping concentration and vice versa. Similarly,
same figure also shows that on increasing work function of gate material IG decrease.
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Figure 3. IG vs VGS curves for metal gate materials with HfO2, EOT=1.341nm for body doping (a) 1×1018
(cm-3) (b) 5×1018 (cm-3) (c) 1×1019 (cm-3).
Table 1
VARIOUS PARAMETERS USED IN THIS WORK
Parameters
Values
Ge channel thickness (nm)
5
Ge Band Gap (eV)
0.67 [9, 10]
Ge Affinity (eV)
4.13 [9, 10]
Ge Electron mass (eV)
ml=1.57 m0
mt1=0.08m0
mt2=0.08m0
where m0=9.11×10-31(kg)
[9, 10]
SiO2 Dielectric Constant
3.9 [1]
SiO2 Band Gap (eV)
9 [1, 9]
HfO2 Dielectric Constant
25 [1]
HfO2 Band Gap (eV)
6 [9]
Gate length (nm)
10
Source/Drain region (nm)
3
SiO2 thickness (nm)
0.8
Source/Drain doping N+ doping (cm-3) 1×1020
Ge channel P+ doping (cm-3)
1×1018, 5×1018, 1×1019
Electron mass in SiO2
0.3m0 [7, 9]
Gate
Metal (Mo, Pt)
VGS, VDS
0.8
V

Table 2
Comparison of IG reduction with HfO2, EOT=1.341 at VGS=0.8V
Ge
Mo_workfunction Pt_workfunction
channel
=4.95 eV
=5.65 eV
P+
(%)
(%)
doping
1×1018
68.63
78.03
5×1018
68.45
77.93
19
1×10
68.43
77.80
Conclusion
Effect of gate dielectric material, metals gate workfunction and body doping on IG have been studied. It is
seen that there is large reduction in IG with high-k dielectric, metal gate having higher workfunction and
higher channel doping as well. This device is useful in low standby power applications.
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Abstract:
Adsorption study for the removal of methylene blue dye using low cost adsorbents, derived from chemical
treatment of bio-wastes – Camelina (C) and Sapindus seeds hulls (S) with concentrated sulfuric acid, was
carried out. The equilibrium data was obtained at three different temperatures – 30, 40 and 50C through
batch study. Model fitting approach highlighted that equilibrium data for Sapindus seeds hulls based
adsorbent (SAd) fitted well in Temkin model; though Camelina based adsorbent (CAd) did not follow this
model at all. Model parameters – A and B were evaluated from the plot of qe versus ln (Ce) which indicates
sorbent-sorbent interactions and heat of adsorption, respectively. The study helped in understanding the
nature of adsorption of dye molecules on CAd and SAd.
Keywords: Adsorption, Camelina, Sapindus, Methylene blue dye.
Introduction:
MB dye is an odorless solid in dark green color that yields a blue solution when dissolved in water. It has
wide applications, for instance, chemists find it useful in detecting oxidizing agents, biologists detect nucleic
acids in tissue samples, pharmacists use in the drugs used for the treatment of illnesses and disorders, kidney
stones, herpes infections. It’s mainly known as a dye for coloring hair, cotton, wool, leather and paper. The
waste water released from such industries contains dyes which are discharged to natural water resources.
This water when used in irrigation results in dyes entering our food chain. MB is safe when used for healing
a disease up to a limit of 2 mg kg-1. Its excess intake may result: Headache, Nausea, Diarrhea, Stomach
pain, Increased sweating, Fever, Chest pain, Pale skin, Trouble in breathing etc. It has, therefore, become a
serious issue and needs attention. Waste water which carries dyes from industries must, therefore, be treated
well before discharged freely in to the rivers or other water resources.
Various researchers reported the adsorption studies using various equilibrium models [1,2]. One such study
by Han et al. (2009) [3] presented an equilibrium, kinetic and thermodynamic study of MG adsorption on
the natural zeolite. Effect of variables including t, T, Ci, pH and salt concentration were studied. All five
isotherms – Langmuir, Freundlich, Temkin, Redlich-Peterson and Koble-Corrigan represented equilibrium
adsorption. Higher temperature resulted in more dye removal per unit of zeolite weight.
This work presents the application of chemically treated Sapindus and Camelina to remove the methylene
blue dye from its water solution prepared in the laboratory.
Batch equilibrium study:
The study was conducted for four unlike initial concentrations – 10, 40, 70 and 100 mg l-1 of MB dye
solution. The solution pH 6 was kept at all Ci under study. The experiments were conducted at three
temperatures – 30, 40 and 50C for every set. To ensure equilibrium, mixture of the Ad and MB dye
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solution was stirred for 360 min. The results obtained were fitted in Temkin model and tested for best fit.
Temkin isotherm:
The equilibrium data was evaluated using Temkin model presented below.
Temkin model [4]:
where, both A and B are constants related to binding constant and heat of adsorption, respectively.
The equilibrium data was plotted for Temkin model as shown in Figure 1 and 2 for CAd and SAd,
respectively. All the related constants for CAd and SAd are presented in Table 1 and 2, respectively. Best fit
of the model was predicted from the correlation coefficient, R2. This is found to be less than 0.4 for CAd;
hence, experimental observations do not follow Temkin model. Although, R2 value for the SAd is very
close to unity. In this study, Temkin model describes the adsorption of MB dye on SAd.

Figure 1

Temkin isotherm model for CAd at different temperatures – 30, 40 and 50C
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Temkin isotherm model for SAd at different temperatures – 30, 40 and 50C

Figure 2

Table 1

Temkin model constants for the adsorption of MB on CAd

Isotherm

Parameters

Temkin

B
(mg g-1)
A
R2

Table 2

30C

CAd
40C

50C

9.76

5.92

2.21

15.02
0.399

15.07×101
0.195

76.73×104
0.039

Temkin model constants for the adsorption of MB on Sad

Isotherm

Parameters

Temkin

B
(mg g-1)
A
R2

30C

SAd
40C

50C

1.02

1.05

1.13

0.29
0.999

0.34
0.999

0.38
0.999

Conclusions:
Correlation coefficient for SAd shows that Temkin model fits to the adsorption equilibrium data for MB
dye. Model parameter – A indicates sorbent-sorbent interactions which is found high in CAd and hence,
might be responsible for lower attraction between sorbent and adsorbate. Further, constant ‘B’is an
indicative of heat of adsorption which is lower in SAd and so molecules of dye could easily get adsorbed.
The study helped in understanding the nature of adsorption of dye molecules on CAd and SAd.
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Batch equilibrium study for the removal of dye using Camelina and
Sapindus based low cost adsorbents
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Abstract:
Agricultural wastes derived adsorbent (Ad) attracted many researchers because of the use of cheaper raw
material. Further, such bio-wastes are available in abundance. Camelina (C) and Sapindus (S) are such
agricultural wastes which were chemically treated with concentrated sulphuric acid to synthesize a novel
low cost adsorbent. Using Camelina and Sapindus based adsorbents (CAd & SAd, respectively) batch study
was conducted at three different temperatures to understand the adsorption behavior of malachite green dye
on CAd & SAd. The equilibrium data was fitted in Temkin isotherm and different parameters were
evaluated with best fit technique. These constants helps to understand the nature of interaction between dye
molecules and sorbent.
Keywords: Adsorption, Malachite green dye, adsorbent, Camelina, Sapindus.
Introduction:
With the constantly expanding industrialization, the purity of the innate water resources is being disturbed
by pollutants discharged from the industries and during farming practices. Synthetic dyes are organic
compounds which are extensively used by various industries including paper, plastic, textile, food,
pharmaceuticals and cosmetics for coloring of their manufactured goods [1–3].
Numerous techniques have been commercialized to remove hazardous pollutants from water. These include
[4,5]: Adsorption, Air stripping, Cementation, Chemical oxidation, Chemical precipitation, Chemical
reduction electrodepositing, Dialysis/electro dialysis, Dilution, Electrolytic extraction, Evaporation,
Filtration, Flocculation, Flotation, Ion-exchange, Microbial degradation, Reverse osmosis, Sedimentation,
Soil flushing ashing chelation, Solvent extraction, & Steam stripping. Out of these practices, adsorption is a
very commonly used method of removal of hazardous material from water sources. This paper presents the
equilibrium study using bio-waste based adsorbent – CAd and SAd.
Adsorption theory:
Adsorption is a surface phenomenon, hence, surrounding conditions like pH of the solution, operating
temperature and initial dye concentration affects uptake. Further, uptake of pollutants varies with time till
equilibrium is reached.
The adsorption isotherm tells the distribution of adsorbate in solid to liquid phase and hence, presents a
relation among the quantity adsorbed, qe to the concentration in the solution at equilibrium, Ce. Among the
various models in literature, one among the commonly employed is Temkin model.
Temkin model [6,7]:
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where, both A and B are constants related to binding constant and heat of adsorption, respectively.
Equilibrium study:
The study was conducted for four different initial concentrations – 10, 40, 70 and 100 mg l-1 of MG dye
solution. The solution pH 6 was kept at all Ci under study. The experiments were conducted at three
temperatures – 30, 40 and 50C for every set. To ensure equilibrium, mixture of the Ad and dye solution
was stirred for 360 min.

Figure 1

Temkin isotherm model for CAd

Figure 2

Temkin isotherm model for SAd

Results & Discussion:
The experimental data was plotted for Temkin model as shown in Figure 1 and 2 for CAd and SAd,
respectively. The various constants of the model for CAd and SAd are presented in Table 1 and 2,
respectively. The correlation coefficient, R2 is found to be less than 0.92 for CAd and 0.04 for SAd. It again
indicates that this model doesn’t fit well in to the results for equilibrium.
Table 1
Equilibrium model constants for the adsorption of malachite green on CAd
Isotherm
Parameters
Temperature
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30C
1.69

40C
12.58

50C
1.45

A

283.79

2.06

902467.84

R2

0.3626

0.9117

0.6805

B
(mg g-1)
Temkin

NCMBS-20

Table 2

Equilibrium model constants for the adsorption of malachite green on SAd
Temperature
Isotherm
Parameters
30C
40C
50C
B
-0.34
-0.91
0.032
(mg g-1)
1.48E-11
3.83E-07
5.06E+220
Temkin
A
R2

0.0115

0.035

0.000006

Conclusion:
The Temkin model fitting approach helped to have glimpse of adsorption of MG dye on Camelina derived
adsorbent. This study illustrated the use of Camelina and Sapindus for the production of adsorbents is quite
promising as agricultural wastes are cheap, easily available and renewable sources.
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Sapindus derived adsorbent
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Abstract
Sapindus is used in abundance in shampoo making industries. Its seeds are bio-wastes and dumped away in
landfills resulting in increased load. In this study, these seeds hulls were used to synthesize a low cost
adsorbent after treatment with sulphuric acid. The batch data was generated at the temperatures of 30, 40
and 50 degree centigrade for the adsorption of methylene blue dye. Experimental data was fitted in Elovich
model and its various parameters were evaluated through best fit method. These constants helped us to
understand the behavior of adsorbent towards dye molecules.
Introduction
Activated carbons are commercially used adsorbents but are costly because of the raw material employed
for its production. This has triggered researchers to explore different options and presented various
agricultural based wastes to replace costly raw material. Some examples includes vetiver roots, sorghum,
apricot stones, palm trees barks, guava seeds, almond barks, dende hulls, coffee seeds shells [1,2], Acacia
Mangium [3], alga, bagasse, beach leaves, waste straw, biosorbents, lignin, groundnut husk, agricultural
wastes, saw dust, palm seed coat [4–6], Acacia nilotica seed pods, sugarcane bagasse pith, coconut husk,
teak tree bark, palmyra palm fruit seeds, exhausted olive cake, coconut leaves, de-oiled soya, fruit wastes,
sugar industry wastes, seafood-processing wastes, wood-type materials, bagasse fly ash, acorns [7,8], olive
stones [9,10] etc.
In this study, Sapindus seeds hulls (S) are activated by concentrated sulfuric acid to produce low cost
adsorbent (SAd).
Theory
In this study, the samples were taken at different time intervals between 0 – 30 min and were analyzed
through spectrophotometer. All the experiments were conducted at pH 6 and operating temperature 30C.
Test run were carried out for four initial concentrations – 10, 40, 70 and 100 mg l-1.
The kinetic study of adsorption can be represented by Elovich model [11]:

where, BE represents initial adsorption rate (mg g-1 min-1) and AE is related to the extent of surface coverage
and activation energy for chemisorption (g mg-1) [12]. The slope, 1/AE and intercept, (1/AE)ln(BEAE) are
produced from the graph between qt versus ln(t).
Results & Discussion
Kinetic data was fitted to Elovich model for MB adsorption on Sad. Figure 1 shows graphical presentation
of Elovich model for adsorption of MB dye on SAd. Both model parameters – AE and BE at three
temperatures are presented in Table 1. The values of both constants are found to vary with temperature. SAd
193

3rd National Conference on Medical Instrumentation, Biomaterials and Signal Processing

NCMBS-20

shows slight fall in the value of AE with temperature. Coefficient of correlation, R2 for SAd shows that
experimental results do not follow Elovich model at all temperatures considered for this study.

Figure 1
Table 1

Elovich model for the adsorption of MB dye on SAd
Elovich model parameters for adsorption of MB on SAd

Temperature

AE

BE
R2

Adsorbent

SAd

-1

-1

(C)

(g mg )

(mg g min )

30

1.55

0.64

0.946

40

1.48

0.69

0.932

50

1.35

0.75

0.9178

Conclusion
Elovich model describes kinetics behavior and helps to understand the batch adsorption kinetics. It has been
employed by researchers in their study to observe the amount of adsorption with respect to time. Parameters
of the model AE and BE are indicative of surface characteristics of adsorbent. Sapindus is the agro-waste
which was chemically treated before employing as adsorbent. In this study it was found that kinetics cannot
be presented by Elovich model; though, SAd has proven its efficacy in the removal of MB dye from its
synthetic solution.
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