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In the last few decades, India has made significant advances on the technology front. Specifically, the country
has joined the elite group of nations possessing indigenous capability to make satellites for variety of appli-
cations, launch vehicles, light combat aircraft, inter-planetary exploratory missions, intercontinental ballistic
missiles, and supercomputers, thereby establishing India as a global hub for technological innovations. But,
at the same time, the nation faces multiple challenges in the sectors, like healthcare, energy, water, was te
management, internal security, and housing.

The National Frontiers of Engineering Symposium was launched by the INAE in 2006 as its flagship event. It
brings together young engineers from companies, universities, and R&D Labs to discuss leading-edge research
and technical work across a range of engineering fields. It is heartening to note that the Twelveth National
Frontiers of Engineering Symposium (12NatFoE) is being held at Indian Institute of Technology Guwahati.
The objective of the Symposium is to highlight and focus on the technology needs of the country so as to
motivate the technological innovators to address the problems in the identified sectors. It is envisaged that the
Symposium will give technologists impetus, reason, passion and encouragement to think out-of-the-box and
find sustainable and effective solutions to challenges that are of utmost importance to the country.

The Symposium, no doubt presents a platform to the young innovators and engineering icons to come
together to jointly address the technology challenges and work in unison to find wholesome solutions. The
interactions during the Symposium will provide an opportunity and motivate the young engineer colleagues
to work in tandem and analyse all facets of the challenges and arrive at effective solutions through generation
of useful new ideas thereby addressing national technological challenges. The ultimate goal is to take these
ideas and initiatives to the next level of commitment and execution to implement the technological solutions
to national challenges.

I am confident that this event will provide an excellent opportunity to share ideas with bright, young and
eminent engineers, and will catalyse the start of many new collaborative activities among the participants. I
thank the organisers for their great efforts and wish the deliberations at 12 NatFoE a grand success in the
achieving the objectives.

Dr. B.N. Suresh.
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It gives me a great pleasure to know that Centre for Linguistics Science and Technology of the Indian Institute
of Technology(IIT) Guwahati and Indian National Academy of Engineering (INAE) are organizing the 12th
National Frontiers of Engineering (12NatFoE) Symposium at IIT Guwahati During September 17-18, 2018. I
welcome all the eminent speakers and delegates from India and abroad visiting IIT Guwahati on this auspi-
cious occasion. It deserves mentioning that the event(NatFoE) is a national flagship event launched by INAE
in 2006 to bring togather young and outstanding engineering professionals (aged 30 45 years) from Industry,
Academia, and Research Organizations to deliberate upon emerging issues pertaining to research and devel-
opment in the domain of engineering science and technology. The visionaries and advocates of the event called
for a holistic and sustained approach towards the growth of technology and socio-economic well-being by
bridging the gap betwen Industry and Academia. I hope That This symposium will go a long way in enriching
the knowledge and it will generate new ideas among the researchers.

This symposium intends to discuss Industry-Academia strategic partnership and seeks to analyze further
possibilities to move forward.

I congratulate the Organizing Team for meticulously planning and organizing the event and wish all the
delegates to have a memorable stay at IIT Guwahati.

Prof. Gautam Biswas
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The Indian Institute of Technology Guwahati in collaboration with Indian National Academy of Engineering
(INAE) is proud to bring you the Twelveth National Frontiers of Engineering (12NatFoE) Symposium. The
National Frontiers of Engineering (NatFoE) Symposium, for Young Engineers, is the flagship event of the
Indian National Academy of Engineering (INAE). The purpose of this annual symposium is to create a forum
where eminent and young engineering professionals from universities, industries and government labs presents
and discuss on pioneering technical work, leading-edge research and challenges across a range of engineering
fields of national importance. The format of the symposium encourages informal collective as well as one-on-
one discussions among participants to generate useful new ideas that could culminate in technologies of new
generation.

About 40 outstanding engineers under the age of 45 have been invited for this intensive two day symposium,
to discuss technological challenges and current cutting edge research in the fields such as Remote Sensing and
Image Processing, Cyber Security, Additive Manufacturing and Medical diagnostics and Therapeutics. The Symposium
will provide the platform to exchange the views, knowledge and ideas and hope to establish meaningful and
fruitful collaborations between academia and industries. It is intended to facilitate cross functional interactions
and networking between the participants from various domains of engineering.The idea is to explore the
ways and means to overcome the Technological Challenges for achieving the national goal of making India
self-reliant. Talks will emphasize on challenges and cutting-edge research in the disciplines highlighting the
limitations of current state-of-the-art, and presenting ideas that could meet the technological challenges.

A panel discussion on Technology as the bridge between science and society, is expected to bring out new work
domain and opportunities for the IITs to work in partnership with industry to take forward the laboratory
research to the useful products. Overall, the Symposium will give impetus to explore the possibilities of col-
laboration and alliance between academia and industry to achieve the national goals. I would like to thank
the administration and staff members of Indian Institute of Technology Guwahati who have put tremendous
efforts for the organization of the Symposium. I look forward to seeing you in Guwahati!

Prof. Sukumar Nandi
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The Symposium

The National Frontiers of Engineering Symposium was launched by the INAE in 2006 as one of its annual
flagship events. It brings together young and outstanding engineering professionals (aged 30-45 years) from
industry, universities, and research organizations to deliberate upon emerging and leading-edge research and
development work in the domain of engineering and technology. Convening engineering professionals and
technologists from various fields and providing a platform for braintorming the contemporary and futuristic
issues related to frontiers areas translational research and innovation. The desired mode of interaction may
include collaborative work, complementary development of new techniques and approaches, and establish-
ment of contacts among the next generation of leaders in engineering. The format of the symposia encourages
both formal and informal discussion in groups as well as one-on-oneformat. Speakers may be advised to focus
their talks on current cutting-edge research in their respective disciplines to colleagues outside their field and
to address questions such as: What are the major research problems and distinctive tools used? What are the
current limitations in advancing and possible ways to overcome these limitations?

Format

The 12th National Frontiers of Engineering (12NatFoE) Symposium will be held for 2 days (17-18 September
2018) conducted through evenings. There are three segments to the Symposium.

Talks

It will consist of four sessions. The 12NatFoE draws attention on the following four technology challenges of
India:

1. Remote Sensing and Image Processing (e.g. Remote Sensing of the Ocean Surface, Image Classification, Data
Fusion, SAR Technique)

2. Cyber Security (e.g.Application security, Endpoint security, Data security, Identity management, Database and
infrastructure security, Cloud security, Mobile security and End-user education)

3. Additive Manufacturing(e.g., 3D Printing, Rapid Prototyping, Direct Digital Manufacturing, layered manufac-
turing and additive fabrication)

4. Medical Diagnostics and Therapeutics(e.g., Devices for Diagnostics and Treatment, and Therapeutics)

Each session will consist of four talks of 30 minutes each followed by 10 minutes of discussion. Therefore,
each session will take about 2 hours 40 minutes.
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Panel Discussion

Topic: Technology as the bridge between science and society.

Pre-dinner Talks

Two pre-dinner talks will be given by Distinguished Engineers of the country, one each in the evenings.The
topics were:

1. One Cyberspace: Future and Challenges.
2. Challenge of keeping Skill Development Relevant in Changing Times.



The Program

17 TH SEPTEMBER, 2018
8.00 AM 9.30 AM Registration and Refreshments
9.30 AM 10.00 AM Inaugural Session

Session 1: Remote Sensing and Image Processing
10.00 AM 10.10 AM Overview by Session Co-Chairs

Dr. Abhishek Kumar ( IIT Guwahati )
Dr. C. T. Dhanya ( IIT Delhi)

10.10 AM 10.50 AM The advancements in the classification, data fusion of high spatial resolution active
(LiDAR) and passive remote sensing data, Dr. Rama Rao ( IIST, Kerela)

10.50 AM 11.30 AM Urban heat island characterization and heat wave analysis over Gujrat, India.
Dr. Ajanta Goswami ( IIT Roorkee)

11.30 AM 11.45 AM Tea
11.45 AM 12.25 PM Synthetic Aperture Radar

Dr Rinki Deo ( TERI School of Advanced Studies.)
12.25 PM 01.05 PM Subpixel Learning Algorithms for Estimating Global Land Cover Fractions from

Satellite Data Using High Performance Computing
Dr. Uttam Kumar ( IIIT, Bangalore)

01.05 PM 01.15 PM Concluding Remarks of Session Co-Chairs
01.15 PM 02.30 PM Lunch

Session 2: Cyber Security
02.30 PM 02.40 PM Overview by Session Co-Chairs

Dr. Moumita Patra( IIT Guwahati )
Dr. F. A. Barbhuiya( IIIT Guwahati)

02.40 PM 03.20 PM Analyzing Safety of Smart Contracts using Zeus
Mr. Mohan Dhawan ( IBM Research, India.)

03.20 PM 04.00 PM Various ’avatars’ of Pollycracker
Dr. Srinivasan Krishnaswamy ( IIT Guwahati)

04.00 PM 04.15 PM Tea
04.15 PM 04.55 PM Lottery on the Internet: A Fairy Tale?

Dr. Souradyuti Paul ( IIT Bhilai)
04.55 PM 05.45 PM Emerging Significance of Enterprise Endpoint Security

Shuvabrata Deb ( RSA Security, Bengaluru)
05.45 PM 05.55 PM Concluding Remarks of Session Co-Chairs
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Pre-Dinner Talk
07.30 PM 08.15 PM One Cyberspace: Future and Challenges

Dr Gulshan Rai, National Cyber Security Coordinator, PMO, GoI
08.15 PM 10.00 PM Dinner

18 TH SEPTEMBER, 2018
Session 3: Additive Manufacturing

09.00 AM 09.10 AM Overview by Session Co-Chairs
Dr. Poonam Kumari( IIT Guwahati )
Dr. Sushmee Badhulika ( IIT Hyderabad)

09.10 AM 09.50 AM Metal Additive Manufacturing: Transition From Prototyping to
Production : Dr. Arvind Kumar ( IIT Kanpur)

09.50 AM 10.40 AM Application of 3-D Printing in Medical Device Development
Dr. Kaushalkumar A. Desai ( IIT Jodhpur)

10.40 AM 10.55 AM Tea
10.55 AM 11.45 AM Additive Manufacturing, its Application and Data Preparation

Dr. Prashant K. Jain ( IIITDM Jabalpur)
11.45 AM 12.25 PM Scope and challenges in implementation of robotic additive manufac-

turing Dr. Sankha Deb ( IIT Kharagpur )
12.25 PM 12.35 PM Concluding Remarks of Session Co-Chairs
12.35 PM 02.00 PM Lunch
02.00 PM 03.00 PM Panel Discussion

Topic: Technology as the bridge between science and society.
Prof. Sankar K. Pal, Dr. Sushmee Badhulika, Dr. Dipanjan Gope, Dr.
Aparna Dixit, Dr. S. Chakravarthy

Session 4: Medical Diagnostics and Therapeutics
03.00 PM 03.10 PM Overview by Session Co-Chairs

Dr. Cota Navin Gupta ( IIT Guwahati )
Dr. Varadhan SKM ( IIT Madras)

03.10 PM 03.50 PM Non-Invasive Measurement of Vital Physiological Parameters of
Human Blood Using Photonics
Dr. Ramesh K Sonkar ( IIT Guwahati )

03.50 PM 04.30 PM Wearable instrumentation integrated with machine learning for gait
analysis in neuromuscular disorder diagnosis and rehabilitation
Dr. Deepak Joshi ( IIT Delhi )

04.30 PM 04.45 PM Tea
04.45 PM 05.25 PM Multiparametric MRI for Diagnosis and Grading of Brain Tumors

Dr. Anup Singh ( IIT Delhi)
05.25 PM 06.05 PM Design and development of passive polycentric knee joint and dy-

namic ankle joint for trans-femoral amputees
Dr. S. Kanagaraj ( IIT Guwahati )

06.05 PM 06.15 PM Concluding Remarks of Session Co-Chairs
Pre-Dinner Talk

07.30 PM 08.15 PM Challenge of keeping Skill Development Relevant in Changing Times
Mr V P Pathak
Director General Railway Stores, Ministry of Railways

08.15 PM 08.45 PM Valedictory Function
Speaker: Prof. Sankar K. Pal, FNA, FASc, FTWAS, FIAPR, FIEEE



The Participants

Symposium Chair
Sukumar Nandi, Prof. Computer Sc. & Engg. HoC, CLST, IIT Guwahati.

Pre-Dinner Speakers
Gulshan Rai, National Cyber Security Coordinator, Prime Minister’s Office, Government of India, New Delhi.
V P Pathak, Director General Railway Stores, Ministry of Railways, Government of India, New Delhi.

Valedictory Speaker
Sankar K. Pal, Distinguished Scientist and former Director Indian Statistical Institute.

Session Co-Chairs
Abhishek Kumar, Indian Institute of Technology Guwahati.
C. T. Dhanya, Indian Institute of Technology Delhi.
Moumita Patra, Indian Institute of Technology Guwahati.
F. A. Barbhuiya, Indian Institute of Information Technology Guwahati.
Poonam Kumari, Indian Institute of Technology Guwahati.
Sushmee Badhulika, Indian Institute of Technology Hyderabad.
Cota Navin Gupta, Indian Institute of Technology Guwahati.
Varadhan SKM. , Indian Institute of Technology Madras.

Speakers
Rama Rao, Indian Institute of Space and Technology, Thiruvananthapuram.
Ajanta Goswami, Indian Institute of Technology Roorkee.
Rinki Deo, TERI School of Advanced Studies, Delhi.
Uttam Kumar, International Institute of Information Technology Bangalore.
Mohan Dhawan, India Research Laboratory IBM New Delhi.
Srinivasan Krishnaswamy, Indian Institute of Technology Guwahati.
Souradyuti Paul, Indian Institute of Technology Bhilai.
Shuvabrata Deb, RSA Security Bengaluru.
Arvind Kumar, Indian Institute of Technology Kanpur.
K. A. Desai, Indian Institute of TechnologyJodhpur.
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Prashant K. Jain, IIITDM Jabalpur.
Sankha Deb, Indian Institute of Technology Kharagpur.
Ramesh K. Sonkar, Indian Institute of Technology Guwahati.
Deepak Joshi, Indian Institute of Technology Delhi.
Anup Singh, Indian Institute of Technology Delhi.
S. Kanagaraj, Indian Institute of Technology Guwahati.

Panelist
Sankar K. Pal, Distinguished Scientist and former Director Indian Statistical Institute.
Sushmee Badhulika, Indian Institute of Technology Hyderabad.
Dipanjan Gope, Indian Institute of Science Bangalore.
Aparna Dixit, Dr. B.R. Ambedkar Center for Biomedical Research.
Shanthanu Chakravarthy, Technology Entrepreneur, Co-founder of Mimyk.

Invitees
Ashok Singh Sairam, Indian Institute of Technology Guwahati.
Manas Khatua, Indian Institute of Technology Guwahati.
Manas Das, Indian Institute of Technology Guwahati.
Nelson Muthu, Indian Institute of Technology Guwahati.



The Pre-Dinner Speakers

One Cyberspace: Future and Challenges
17th September, 2018
Dr. Gulshan Rai

Dr. Gulshan Rai
National Cyber Security

Coordinator
Prime Minister’s Office

Government of India, New Delhi

Brief Introduction: Dr. Gulshan Rai holds a doctoral degree and M.Tech
and has over 30 years of experience in different areas of Information Tech-
nology which include different aspects of e-Governance, cyber security,
cyber laws and several related fields. At present, he is Chief Informa-
tion Security Officer, Prime Minister’s Office. Prior to that he was Na-
tional Cyber Security Coordinator, Government of India in the Office of
Prime Minister. Earlier he was Director General, CERT-In (Indian Com-
puter Emergency Response Team) and Group Coordinator of E-Security
and Cyber Law Division in the Ministry of Communications and Informa-
tion Technology. He has led the team to set up National Watch and Alert
System in the country as part of cyber security initiative and Computer
Emergency Team. Several international cooperation agreements have been
entered under his leadership. He led a team from time to time to draft
and bring out National Policies in the area of cyber security and cyber
laws. Dr. Rai has been working since 1998 in the area of evolving legal
framework to address issues arising out of cyberspace, which resulted in
second Technology Legislation in the country i.e. Information Technology
Act and recent amendments in the Act. He was Executive Director, ER-
NET India for over 7 years and was instrumental in setting up of the first
large scale education and research network in close collaboration with
the leading educational and research institutions in the country. During
his tenure, the project of National Knowledge Network was evolved and
designed. He has been leading team, designing and implementing IT so-
lutions in the areas of Finance, Taxes and Law & Order. He has several
publications in the area of Security. He has represented country in vari-
ous official forums and bilateral discussions and negotiations in the area
of Security and Internet related matters.
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Challenge of keeping Skill Development Relevant in Changing Times
18th September, 2018
Mr. V. P. Pathak

Mr. V. P. Pathak
Director General Railway Stores

Ministry of Railways
Government of India, New Delhi

Shri V.P. Pathak, Indian Railway Stores Ser-
vice officer of 1980 batch, took over as Direc-
tor General (Railway Stores), Railway Board
on 12th June, 2018. Prior to joining this post,
he had been working as General Manager of
Chittaranjan Locomotive Works since Decem-
ber 2016.

Shri Pathak graduated in Civil Engineer-
ing with Honours from Motilal Nehru Na-
tional Institute of Technology, Allahabad in
1979. Before commencing his career in Rail-
ways, he worked on various projects involv-
ing tower and ropeway design. Few of the
notable projects includes IG Indoor Stadium,
New Delhi, Jawaharlal Nehru Stadium, New
Delhi and Auli Raopway Project, Joshimath
During his career in Railways, he served with
distinction in different capacities in various
Zonal Railways and Production Units

During his tenure as General Manager,
CLW achieved the unique distinction of pro-
ducing 350 Electric Locos during FY 2017-18

bypassing the highest ever target of 325 and
emerged as the largest locomotive producer
in the world under a single roof.

He has keen interest in high altitude
trekking and music. He completed Kailash
Mansarovar Yatra in 2014.

Skills endows a person with the ability and capacity to discharge in an
efficient manner the assigned job functions or a heterogeneous mix of
activities that require interplay of cognitive skills, technical skills and in-
terpersonal skills.

Globalization, Digitization, increased competitiveness, focus on cus-
tomer experience are few of the drivers that are causing rapid and fre-
quent changes in the work environment to meet the challenges of growth,
to come true to the customer expectations and to continuously innovate so
as to retain market share. This places the institutions tasked with skill de-
velopment in a tricky situation because the rapidly changing environment
will surely lead to deficit/gap in skill set, and more importantly, may ren-
der irrelevant, the curricular skills taught by institutions over a relatively
short period of time in the infancy of the professional career. This will
adversely affect not only success and employability of the individual but
also the efficacy of the entire ecosystem.

The real challenge, therefore, is how to match the trajectory of imparted
skills with that of required skills in times that are changing at fastest ever
pace. This challenge, perhaps can be met with a two pronged strategy
which requires the institutions of learning and teaching firstly to identify
and integrate the pedagogy needed to meet skill requirements of future
and secondly to develop and groom a work force that is agile, flexible and
adaptive enough not only to overcome any skill deficit but also to com-
pletely reorient itself so as to satisfy ever changing demands in evolving
times.

The interaction will thus explore changing nature of work places, fac-
tors driving the evolution and transformation of work places, skill set re-
quirements for evolving times and essentials of developing multi skilling
attuned to changing requirements.
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Valedictory Speech
18th September, 2018
Prof. Sankar K. Pal, FNA, FASc, FTWAS, FIAPR, FIEEE
Conferred Padma Shri in Science and Engineering 2013

Prof. Sankar K. Pal
J. C. Bose National Fellow

Raja Ramanna Fellow
Distinguished Scientist and former

Director
Indian Statistical Institute

Kolkata 700 108

Brief Introduction: Sankar K. Pal is a Distinguished Scientist and for-
mer Director of Indian Statistical Institute. He is currently a DAE Raja
Ramanna Fellow and J.C. Bose National Fellow. He founded the Machine
Intelligence Unit and the Center for Soft Computing Research: A National
Facility in the Institute in Calcutta. He received a Ph.D. in Radio Physics
and Electronics from the University of Calcutta in 1979, and another Ph.D.
in Electrical Engineering along with DIC from Imperial College, Univer-
sity of London in 1982. He joined his Institute in 1975 as a CSIR Senior
Research Fellow where he became a Full Professor in 1987, Distinguished
Scientist in 1998 and the Director for the term 2005-2010.

He worked at the University of California, Berkeley and the University
of Maryland, College Park in 1986-87; the NASA Johnson Space Center,
Houston, Texas in 1990-92 & 1994; and in US Naval Research Laboratory,
Washington DC in 2004. Since 1997 he has been serving as a Distinguished
Visitor of IEEE Computer Society (USA) for the Asia-Pacific Region, and
held several visiting positions in Italy, Poland, Hong Kong and Australian
universities.

Prof. Pal is a Life Fellow of the IEEE, and Fellow of the World Academy
of Sciences (TWAS), International Association for Pattern recognition, In-
ternational Association of Fuzzy Systems, International Rough Set Soci-
ety, and all the four National Academies for Science/Engineering in India.
He is a co-author of twenty books and more than four hundred research
publications in the areas of Pattern Recognition and Machine Learning,
Image Processing, Data Mining and Web Intelligence, Soft Computing,
Neural Nets, Genetic Algorithms, Fuzzy Sets, Rough Sets, Cognitive Ma-
chine and Bioinformatics. He visited forty plus countries as a Keynote/
Invited speaker or an academic visitor.

He has received the 1990 S.S. Bhatnagar Prize (which is the most cov-
eted award for a scientist in India), 2013 Padma Shri (one of the highest
civilian awards) by the President of India and many prestigious awards in
India and abroad including the 1999 G.D. Birla Award, 1998 Om Bhasin
Award, 1993 Jawaharlal Nehru Fellowship, 2000 Khwarizmi International
Award from the President of Iran, 2000-2001 FICCI Award, 1993 Vikram
Sarabhai Research Award, 1993 NASA Tech Brief Award (USA), 1994 IEEE
Trans. Neural Networks Outstanding Paper Award, 1995 NASA Patent
Application Award (USA), 1997 IETE-R.L. Wadhwa Gold Medal, 2001

INSA-S.H. Zaheer Medal, 2005-06 Indian Science Congress-P.C.
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Mahalanobis Birth Centenary Gold Medal from the Prime Minister of India for Lifetime Achievement, 2007

J.C. Bose Fellowship of the Government of India, 2013 Indian National Academy of Engineering (INAE) Chair
Professorship, 2013 IETE Diamond Jubilee Medal, 2014 IEEE Fellow Class Golden Jubilee Medal, 2015 INAE-
S.N. Mitra Award, and 2017 INSA-Jawaharlal Nehru Birth Centenary Lecture award.

Prof. Pal is/ was an Associate Editor of IEEE Trans. Pattern Analysis and Machine Intelligence (2002-06),
IEEE Trans. Neural Networks [1994-98 & 2003-06], Neurocomputing (1995-2005), Pattern Recognition Letters
(1993-2011), Int. J. Pattern Recognition & Artificial Intelligence, Applied Intelligence, Information Sciences,
Fuzzy Sets and Systems, Fundamenta Informaticae, LNCS Trans. Rough Sets, Int. J. Computational Intelligence
and Applications, IET Image Processing, Ingenieriay Ciencia, and J. Intelligent Information Systems; Editor-
in-Chief, Int. J. Signal Processing, Image Processing and Pattern Recognition; a Book Series Editor, Frontiers
in Artificial Intelligence and Applications, IOS Press, and Statistical Science and Interdisciplinary Research,
World Scientific; a Member, Executive Advisory Editorial Board, IEEE Trans. Fuzzy Systems, Int. Journal on
Image and Graphics, and Int. Journal of Approximate Reasoning; and a Guest Editor of IEEE Computer, IEEE
SMC and Theoretical Computer Science.



Session 1: Remote Sensing and Image Processing

Since Newton’s discovery of composite nature of white light in 1664, remote sensing in all ranges of wavelength
has been used to study the properties of terrestrial/ extra-terrestrial surface and environment. Conventional
techniques of surface/ sub-surface investigation involve detailed field mapping, sampling and extensive chem-
ical and mineralogical analyses. However, remote sensing techniques offer quick, non-destructive, up-to-date
and accurate information from spaceborne/airborne sensors. In earth science, remote sensing has been widely
used for lithological mapping, structural interpretation and to aid in prospecting for ores and hydrocarbons. In
addition, remote sensing has been proven an important source of information in developing a decision support
system for susceptibility, preparedness and mitigation during the event of a natural disaster.

Session 1: Remote Sensing and Image Processing
10.00 AM 10.10 AM Overview by Session Co-Chairs

Dr. Abhishek Kumar ( IIT Guwahati )
Dr. C. T. Dhanya ( IIT Delhi)

10.10 AM 10.50 AM The advancements in the classification, data fusion of high spatial resolution
active (LiDAR) and passive remote sensing data
Dr. Rama Rao ( IIST, Thiruvananthapuram)

10.50 AM 11.30 AM Urban heat island characterization and heat wave analysis over Gujrat, In-
dia.
Dr. Ajanta Goswami ( IIT Roorkee)

11.30 AM 11.45 AM Tea
11.45 AM 12.25 PM Synthetic Aperture Radar

Dr Rinki Deo ( TERI School of Advanced Studies.)
12.25 PM 01.05 PM Subpixel Learning Algorithms for Estimating Global Land Cover Fractions

from Satellite Data Using High Performance Computing
Dr. Uttam Kumar ( IIIT, Bangalore)

01.05 PM 01.15 PM Concluding Remarks of Session Co-Chairs
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The advancements in the classification, data fusion of high spatial resolution active (Li-
DAR) and passive remote sensing data
Dr. Rama Rao

Dr. Rama Rao
Associate Professor

Department of Earth and Space
Sciences

Indian Institute of Space and
Technology.

email:rao@iist.ac.in

Dr. Rama Rao is an associate professor in the
department of Earth and Space Sciences, In-
dian Institute of Space Science and Technol-
ogy (IIST), Department of Space, Thiruvanan-
thapuram.

Dr. Rao obtained M.Tech (Remote Sensing)
from Birla Institute of Technology, Mesra,
Ranchi in 2001 and PhD from Indian Insti-
tute of Technology, Roorkee on hyperspec-
tral image processing in November 2006. Af-
ter a brief stint at RMSI Pvt. Ltd, Noida
as a project leader leading few projects in-
volving remotes sensing applications in agri-
culture, Dr. Rao moved on to continue
academic pursuits in RMIT University, Aus-
tralia, and Leibniz-Center for Agricultural
Landscape Research, Germany, postdoctoral
research scientist securing Endeavour Re-
search Fellowship -Australia and Alexander
von Humboldt Fellowship - Germany. Dur-
ing this period, he performed extensive re-
search studies on hyperspectral image pro-
cessing and analysis methods and developed
several new hyperspectral data analysis algo-
rithms. Results of these studies are published
in several journals published by IEEE / El-
sevier, Springer/ Taylor & Francis etc. He
has been an active member of several profes-
sional societies including Senior Member of
IEEE.

Dr. Rao has been actively working on the
classification/automation/target detection /
using high and ultra-high spatial /spectral
resolution remote sensing data (terrestrial,
drone, airborne and satellite based), LiDAR
point cloud and 3D modelling of natural and
built environment.

Currently Dr. Rao has been handling mul-
tiple funded research projects on developing
algorithms and methodologies for processing
of integrating / fusing hyperspectral and Li-
DAR remote sensing data for procession agri-
culture, forestry, water quality monitoring,
industrial material inspection etc.

Key words: LiDAR, Hyperspectral imaging, real-time classification,
data fusion, drones, target detection.

Data acquisition in remote sensing has been going through a silent
revolution with the evolution of field / industry ready compact imaging
systems (e.g. indoor spectral imager) and platforms (e.g. drones). Even
at modest operation level, the current pace of remote sending data acqui-
sition is several orders of magnitude of the current level of human and
processing systems’ availability.

The fast and voluminous remote sensing data rate needs adaptive and
knowledge inspired algorithms and methodologies for automation and
replication of remote sensing applications. Among the possible remote
sensing techniques, hyperspectral and LiDAR data have been found to
be promising in terms of their potential readiness for developing pre-
cision applications from both in door and landscape perspectives. These
two technologies complement each other for balancing the limitations and
together can offer a range of applications in various domains of applica-
tions. Amongst the possible ways of analyses, classification has been one
of the best approaches of fused data exploitation. In this talk, with a brief
on advanced remote sensing techniques, I will present the advancements
in the classification, data fusion of high spatial resolution active (LiDAR)
and passive remote sensing data (hyperspectral) acquired from ground
and drone platforms (with example works at IIST). Classification Algo-
rithms for industrial level applications of hyperspectral imagery would
be discussed with example works from IIST.
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Synthetic Aperture Radar (SAR)
Dr Rinki Deo

Dr Rinki Deo
Assistant Professor

Department of Regional Water
Studies

TERI School of Advanced Studies.
email: rinki.deo[at]terisas.ac.in

Ms. Rinki Deo has her basic educational
background in Physics and specializes in re-
mote sensing and GIS. She completed her
PhD in Resources Engineering from CSRE,
IIT Bombay. While pursuing PhD, she got
the DAAD fellowship (16 months including
4 months German language course) to work
at the prestigious German Aerospace Center
(DLR), Germany for one year. In addition
to her Ph.D. work which focuses on Eval-
uation of TanDEM-X Interferometric Digital
Elevation Models, she was also involved in
research work in various other fields such
as SAR polarimetry, PSInSAR, SAR signal
processing, Speckle filtering, etc. She has
contributed in the development of software
named TARANG which is being used by
many users in India to process Radarsat-
2, ALOS-2, TerraSAR-X and Indian RISAT-1
SAR data for various applications. She pos-
sesses the knowledge of interferometric SAR
data processing using different softwares like
SARscape, Doris and GAMMA and have
gained considerable expertise in image pro-
cessing and GIS softwares (ERDAS, ENVI,
ArcGIS, etc) and in programming language
like C and IDL.

Principles and Applications The invention of the Synthetic Aperture
Radar (SAR) principle represented a major breakthrough in the develop-
ment of radar imaging systems. SAR has been widely used for earth
remote sensing for the last three decades. This technology is unique in
providing high resolution, day-and-night and weather independent im-
ages and has the capability of providing sub-surface information by pen-
etrating through the target. It is one of the effective tools used to moni-
tor dynamic processes on the Earth surface in a reliable, continuous and
global way.

A SAR is an imaging radar mounted on a moving platform. The high
technology data collection system along with advanced signal processing
involved in SAR constructs a virtual aperture that is much longer than
the physical antenna length and is thus capable of achieving fine reso-
lution image using both short and long waves. These images represent
the backscattered microwave energy, the characteristics of which depends
on the physical (i.e., geometry, roughness) and electrical properties (i.e.,
permittivity) of the imaged object. These dependencies enable SAR im-
age to be used in models of the scattering mechanism and quantify vari-
ous characteristics of earth’s surface, such as topography, soil moisture,
snow water content, etc. The widely used technology in this domain
are SAR Interferometry, SAR Polarimetry, Polarimetric SAR interferom-
etry and SAR Tomography. SAR interferometry technique compares the
phase of two images acquired from two positions or at two different times
and enables the enables the highly accurate measurement of important
geophysical parameters such as surface topography, ground deformation
and subsidence as well as glacier movements. SAR polarimetry measures
the polarimetric properties of scatterers and from which several related
qualitative and quantitative physical information for land, snow and ice,
ocean and urban applications can be derived. Polarimetric SAR Inter-
ferometry (Pol-InSAR) technique represents the coherent combination of
and allows the characterization of the vertical structure of natural and ar-
tificial volume scatterers. SAR tomography technique enables to retrieve
the vertical distribution of scatterers. Various applications of SAR include
topographic mapping, geology and mining, oil spill monitoring, sea ice
monitoring, geologic mapping, vegetation mapping, oceanography, agri-
cultural classification and assessment, land use monitoring glaciology, and
planetary/celestial investigations.

With the advancement in these SAR technologies over the past decades we have now entered into the
golden age of SAR and the upcoming highly innovative concepts foresees the exciting future of SAR remote
sensing making possible the continuous observation of Earth’s dynamic processes with much better quality
and resolution.
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Geospatial Data Analysis from Indian Insti-
tute of Science (IISc), Bangalore. He moved to
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He has published 30 research papers in na-
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He has received several awards includ-

ing The Institute of Engineers India (IEI)
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D.C.; Certified Sentinel of Science Award
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Best Paper Awards and the Young GeoSpa-
tial Scientist Award 2011, New Delhi.

The physical surface of the landscape is undergoing transformation ei-
ther naturally or due to human interference, giving rise to Land Cover
Land Use Change (LCLUC). Expanding urban regions and consequent
LCLUC have emerged as one of the major anthropogenic sources of global
environmental degradation, bringing numerous stresses to landscapes,
vegetation, natural habitats, soil, air, water, etc. LCLUC at a sub-continent
or country level can be monitored through high temporal and low spatial
resolution data, such as those obtained from Landsat at 30 m or MODIS
Terra/Aqua at 250 m spatial resolution. These satellites improve the abil-
ity to map large areas of Earth’s surface quickly due to their wider IFOV
and inexpensively. However, different land cover (LC) types jointly oc-
cupy a single pixel, and the resulting spectral measurement is a compos-
ite of the individual spectra. The intrinsic scale of spatial variation in LC
is usually finer than the scale of sampling imposed by the image pixels.
Due to scale-resolution mismatch, the spatial resolution of the details on
the ground is less than what is required, leading to sub-pixel heterogene-
ity, imposing limitations in ecological modelling with these data sets. The
talk will present some attempts to resolve the mixed pixel problem.
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Urban heat island characterization and heat wave analysis over Gujrat, India.
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India has experienced unprecedented rate of urbanization over the last
three decades with a current urban population of 31.36 %. As per United
Nation’s world population report, India will host an urban population of
around 40.76% by 2030. It is projected that with the present urbanization
rate of 1.1%, India will have the highest urban population of 814 million
by 2050 in the world. Hence, for the sustainable development and adap-
tation of urban population to climate change, it is essential to study the
urban problems effecting the human health as well as climate. One of the
most important effect observed is Urban Heat Island (UHI). The differ-
ence in land surface temperature (LST) between an urban region and its
nearby non-urban region, known as surface urban heat island intensity
(SUHII), is usually positive as reported in many studies. Moderate Res-
olution Imaging Spectroradiometer (MODIS) land surface temperature is
used to study the urban heat island effect over the major cities of Gujarat.
A Gaussian-fitting algorithm is performed to characterize the heat island
signature in terms of its magnitude, spatial extent, central location and
orientation with respect to the surrounding rural region. In this study
we used MOD11A2 land surface temperature and emissivity product to
study the urban heat island effect over the major cities of Gujarat. The
study reveals an overall increasing trend in the UHI magnitude for a pe-
riod of last 15 years from 2001 to 2016. The mean UHI magnitude of
Ahmedabad is 4.9°C, which is highest among all the cities. Rajkot (3.7°C),
Vadodara (3.2°C) and Gandhinagar (3.1°C) have also high value of UHI
magnitude. Surat (2.5°C) and Bhavnagar (2.4°C) has comparatively low
value of UHI as compared to other cities. Dahod (1.3°C) has least value of
UHI magnitude over the period. Ahmedabad witness a growth of around
25.8% UHI spatial extent while Dahod shows only 5.9%. The presenta-
tion on this topic will cover the characterization of UHI and heat wave for
Gujarat states. The research work dovetails with the smart city project of
government of India.



Session 2: Cyber Security

Cyber security is an essential requirement in the digital world. How well secured are one’s personal data on
the Internet is the most pressing question by users today. Cyber security is responsible for protection of data on
the Internet from attack, damage, misuse, and economic espionage. India ranks third in terms of the number
of Internet users in the world and this number is expected to increase manifold by the year 2020. It is expected
that by the year 2020, the number of online shoppers, e-commerce transactions, and travel transactions will
increase exponentially along with the inclusion of a large number of new rural users. With such increase of
users, the number of cyber crimes is also increasing dramatically. Hence, it is becoming necessary to provide
solutions for protection of users’ data from its inherent vulnerabilities over the Internet.

Session 2: Cyber Security
02.30 PM 02.40 PM Overview by Session Co-Chairs

Dr. Moumita Patra( IIT Guwahati )
Dr. F. A. Barbhuiya( IIIT Guwahati)

02.40 PM 03.20 PM Analyzing Safety of Smart Contracts using Zeus
Mr. Mohan Dhawan ( IBM Research, India.)

03.20 PM 04.00 PM Various avatars of Pollycracker
Dr. Srinivasan Krishnaswamy ( IIT Guwahati)

04.00 PM 04.15 PM Tea
04.15 PM 04.55 PM Lottery on the Internet: A Fairy Tale?

Dr. Souradyuti Paul ( IIT Bhilai)
04.55 PM 05.45 PM Emerging Significance of Enterprise Endpoint Security

Shuvabrata Deb ( RSA Security, Bengaluru)
05.45 PM 05.55 PM Concluding Remarks of Session Co-Chairs



17

Analyzing Safety of Smart Contracts using Zeus
Mr. Mohan Dhawan

Mr. Mohan Dhawan
IBM Research Staff Member

India Research Laboratory IBM
New Delhi, India

email:mohan.dhawan[at]in.ibm.com
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conferences. He earned his PhD in Computer
Science from Rutgers University in 2013.

A smart contract is hard to patch for bugs once it is deployed, irre-
spective of the money it holds. A recent bug caused losses worth around
$50 million of cryptocurrency. We present Zeus—a sound fault detec-
tion framework to verify smart contracts. Zeus leverages both abstract
interpretation and symbolic model checking, along with the power of
constrained horn clauses to quickly verify contracts for safety. We have
built a prototype of Zeus for Ethereum and Fabric blockchain platforms,
and evaluated it with over 22.4K smart contracts. Our evaluation indicates
that about 94.6% of contracts (containing cryptocurrency worth more than
$0.5 billion) are vulnerable. Zeus is sound with zero false negatives and
has a low false positive rate, with an order of magnitude improvement in
analysis time as compared to prior art.

Various avatars of Pollycracker
Dr. Srinivasan Krishnaswamy

Dr. Srinivasan Krishnaswamy
Assistant Professor

Electronics and Electrical
Engineering

IIT Guwahati
email: srinikris@iitg.ac.in

I am an assistant professor in the Department
of Electronics and Electrical Engineering at
IIT Guwahati. I did my PhD from IIT Bom-
bay. My areas of interest include Homomor-
phic encrypyion, random number generation
and Control Systems.

Pollycracker schemes are a family of homomorphic encryption schemes
that are based on the hardness of the Grobner basis generation problem.
In this talk we briefly discuss the various ’avatars’ of pollycracker. We
mention some fundamental problems with these schemes and how we
can possibly circumvent them.
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Lottery on the Internet: A Fairy Tale?
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assistant professor of CSE at IIT Gandhina-
gar (2014-17). He obtained his BE, MTech
and PhD degrees from Jadavpur University
(1994 - 98), Indian Statistical Institute (1999 -
01) and KU Leuven (2001 - 06), respectively.
He spent several years as a postdoctoral (or
guest) researcher at KU Leuven (2006 - 08),
NIST, USA (2008 - 12) and University of Wa-
terloo (2012 - 14).

Since 2001, Dr. PaulâĂŹs research interests
have always centered on cryptography and
related areas. His present research interests
includeCryptographic modes and Multiparty
protocols, Blockchain and Cryptocurrencies,
Anonymity and Privacy, and Network Se-
curity. Earlier, he used to work in Design
and analysis of cryptographic primitives (e.g.
stream cipher, hash function, etc.).

While working at NIST, USA (2008-12), Dr.
Paul has participated in the evaluation and
selection of the US Govt. hash function stan-
dard SHA-3 (Secure Hash Algorithm 3). In
2014, he was awarded the Excellence in Re-
search Fellowship at IIT Gandhinagar. He
was a recipient of Indian National Mathemat-
ical Olympiad (INMO) awardee in 1992.

Lottery is one of the most well-known use-cases of multiparty proto-
cols. However much excitement and thrill that the very term lottery may
generate, designing a secure lottery protocol on the Internet is a challeng-
ing task. The reason is simple: the Internet is treacherous waters, and
anyone in it is a potential attacker!

The good news is that some of the potential cheating-of-money scenar-
iosassociated with the lottery protocol have been addressed adequately
in the literature in the last two decades, and that they were subsequently
eliminated to some satisfaction. The magic happened due to the vari-
ous state-of-the-art advancements in the field of cryptography, such as in-
ventions of signature schemes and their many variants, collision-resistant
hash functions, secret-sharing schemes, etc.

Notwithstanding the above good news on protection against the steal-
ing of money, no Internet-based lottery protocol has yet been implemented
having an important property known as fairness (which has nothing to
do with the stealing of money), impeding the widespread adoption of it
by the users. Thefairness property of a lottery protocol and its variants
prevent the system from aborting by the dishonest parties, and thereby,
denying the honest parties their legitimate dues.

In this talk I shall discuss various fairness issues that are applicable in
a general multiparty setting, and how they can potentially be included in
a protocol using the various advantages offered by the recent Blockchain
technology.



19

Emerging Significance of Enterprise Endpoint Security
Shuvabrata Deb

Shuvabrata Deb
Software Senior Principal Engineer

RSA Security
Bengaluru Area, India

email: shuva.deb[at]rsa.com

I am a Software Architect with development,
design and architecture background primary
in the domain of Computer Security Applica-
tion Development. Have expertise in design,
analysis and evaluation of enterprise soft-
ware products. Product design using JAVA,
C/C++/C# on Unix/Windows on large scale
enterprise solutions and Cloud Services are
my specific areas of expertise. Have been re-
sponsible as product lead and architect. Have
executed product integration and evaluation
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ecute Security Development Lifestyle.

There is increased focus on Endpoint Security. In this talk, I will touch
on the reasons why Endpoint security is gaining importance in the en-
terprise including impact by TLS 1.3. We will also look at the challenges
in developing a practically useful endpoint solution for a SOC Analyst.
This talk will focus on the myriad of data elements needed for analytics,
usability and time to respond to advanced threats.



Session 3: Additive Manufacturing

Additive Manufacturing (AM) is used for manufcturing three dimensional parts with the help of computer
technology by adding layer-upon-layer of material. Different parts were made from plotymer, melattic, mate-
rial with soft robots, flexible materual, ceramis, and concrete etc. AM technique can be used to develope very
complex parts which is difficult through conventional manufacturing processes. As per ASTM standard, AM
techniques are classified in seven groups as :

? Stereo-lithography (SL)
? Stereo-lithography (SL)
? Powder Bed Fusion (PBF)
? Material extrusion (Fused deposition modelling FDM)
? Material jetting (MJ) 3-D Printing
? Binder Jetting (BJ) 3-D Printing
? Selective Laser Sintering (SLS) or SLM (selective laser melting )
? Directed energy deposition (DED)

During the session, basic idea of additive manufacturing is explanied and detailed information about se-
lective laser melting (SLM ) and FDM type additive manufacturing with industrial robotics technology is
presented. Digitial file writing or coding for additive manaufcaturing required is also discussed. Application
of 3-D Printing in medical device development with example are presented.

SLA:Very high end technology utilizing laser technology to cure layer-upon-layer of photopolymer resin
(polymer that changes properties when exposed to light). The build occurs in a pool of resin. A laser beam,
directed into the pool of resin, traces the cross-section pattern of the model for that particular layer and cures
it. During the build cycle, the platform on which the build is repositioned, lowering by a single layer thickness.
The process repeats until the build or model is completed and fascinating to watch. Specialized material may
be needed to add support to some model features. Models can be machined and used as patterns for injection
molding, thermoforming or other casting processes.

FDM: Process oriented involving use of thermoplastic (polymer that changes to a liquid upon the applica-
tion of heat and solidifies to a solid when cooled) materials injected through indexing nozzles onto a platform.
The nozzles trace the cross-section pattern for each particular layer with the thermoplastic material hardening
prior to the application of the next layer. The process repeats until the build or model is completed and fasci-
nating to watch. Specialized material may be need to add support to some model features. Similar to SLA, the
models can be machined or used as patterns. Very easy-to-use and cool.
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MJM: Multi-Jet Modeling is similar to an inkjet printer in that a head, capable of shuttling back and forth (3
dimensions-x, y, z)) incorporates hundreds of small jets to apply a layer of thermopolymer material, layer-by-
layer.

3DP: This involves building a model in a container filled with powder of either starch or plaster based mate-
rial. An inkjet printer head shuttles applies a small amount of binder to form a layer. Upon application of the
binder, a new layer of powder is sweeped over the prior layer with the application of more binder. The process
repeats until the model is complete. As the model is supported by loose powder there is no need for support.
Additionally, this is the only process that builds in colors.

SLS: Somewhat like SLA technology Selective Laser Sintering (SLS) utilizes a high powered laser to fuse
small particles of plastic, metal, ceramic or glass. During the build cycle, the platform on which the build is
repositioned, lowering by a single layer thickness. The process repeats until the build or model is completed.
Unlike SLA technology, support material is not needed as the build is supported by unsintered material.

Session 3: Additive Manufacturing
09.00 AM 09.10 AM Overview by Session Co-Chairs

Dr. Poonam Kumari( IIT Guwahati )
Dr. Sushmee Badhulika ( IIT Hyderabad)

09.10 AM 09.50 AM Metal Additive Manufacturing Transition From Prototyping to Production
Dr. Arvind Kumar ( IIT Kanpur)

09.50 AM 10.40 AM Application of 3-D Printing in Medical Device Development
Dr. Kaushalkumar A. Desai ( IIT Jodhpur)

10.40 AM 10.55 AM Tea
10.55 AM 11.45 AM Additive Manufacturing, its Application and Data Preparation

Dr. Prashant K. Jain ( IIITDM Jabalpur)
11.45 AM 12.25 PM Scope and challenges in implementation of robotic additive manufacturing

Dr. Sankha Deb ( IIT Kharagpur )
12.25 PM 12.35 PM Concluding Remarks of Session Co-Chairs
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Dr. Kumar has published about 60 peer-
reviewed journal papers and 100 conference
papers. At IIT Kanpur he is leading the Ad-
ditive Manufacturing Group (AMG), and cur-
rently executing projects in the areas of addi-
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Dr. Kumar’s academic honors include PK
Kelkar Young Faculty Research Fellowship
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YIM Boston Award 2011 in the USA, Marie
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Commonly known as 3D Printing, Additive Manufacturing (AM) is
a suite of computer automated processes to fabricate three-dimensional
physical objects layer by layer from CAD model. AM offers significant
benefits over conventional manufacturing processes in producing one-of-
a-kind parts or small batches, especially for those with geometric and/or
material complexities. It holds great promise for the future as a tool-less,
light-out manufacturing technology for components and products made
of metals, polymers, ceramics and composites.

The Additive Manufacturing of metals presents both great promise for
larger scale application of AM and challenges in producing structurally
sound components with consistent material properties. The characteris-
tic layer-by-layer deposition of the AM process can lead to unique mi-
crostructures and properties. Despite the rapid growth of the Additive
Manufacturing, the range of materials available for AM is far smaller than
the breadth available for conventional manufacturing processes. This is
due to the complexity of the metallurgical phenomenon occurring in the
AM process. Selective laser melting (SLM) is one of the AM processes
which has become the most important and investigated process, as it has
the potential to provide fully dense parts. This has led to a revolution in
the associated industries, such as aerospace, automotive, tooling, etc., and
now is being looked to cause huge market disruption. Worldwide, SLM
has been in the center of research activities in both academia and indus-
try. Corporate giants like GE, Siemens, Boeing are now shifting their focus
on this process and are gradually adopting it for commercial production.
Despite the extensive research and development going on throughout the
world, India remains lagging much behind many countries when it comes
to research related to SLM process. This talk will first present applications
of metal AM with special emphasis to SLM in the aerospace, automo-
tive, biomedical and other industries. Subsequently, the ongoing research
work (experimental and numerical) at our Additive Manufacturing Group
(AMG) targeted at improved understanding and control of the processing
conditions will be discussed.
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Kaushal A Desai received B. E. in Production
Engineering and M. E. in Mechanical Ma-
chine Design from Birla Vishwakarma Ma-
havidhyala, Sardar Patel University, V V Na-
gar, Gujarat in 2001 and 2005 respectively.
He received PhD in Mechanical Engineering
from Indian Institute of Technology Delhi in
2011. During 2009-2010, he worked as guest
researcher at Manufacturing Metrology Divi-
sion, National Institute of Standards of Tech-
nology, Gaithersburg, USA. Since 2014, he
is an Assistant Professor in Department of
Mechanical Engineering at Indian Institute
of Technology Jodhpur. He has been instru-
mental in developing Advanced Manufactur-
ing and Metrology Laboratory at IIT Jodhpur.
His research interests are in the area of CNC
Machine Tools, Metrology, New Product De-
velopment and 3-D Printing.

A Case Study of Neck Chamber Device Development: Neck collar de-
vice is widely practiced method of autonomic function assessment in so-
phisticated Autonomic Function Research Laboratories. There are several
limitations associated with existing neck collar devices e.g. discomfort to
patients due to a tight seal around the neck, inability to perform unilat-
eral testing of carotid baroreceptors, possibility of stimulating other neck
receptors and cost of the device.

The talk will focus on design and indigenous development of a novel
neck chamber device to overcome these limitations. The device consists of
independent outer suction mechanism and an inner suction cum pressure
chamber. The outer mechanism consists of four suction cups to grip the
device over human neck, while the inner cup was connected to a pump
which can create controlled positive and negative pressure inside the
chamber. After obtaining Institutional Ethics Clearance of AIIMS Jodh-
pur, 20 young healthy volunteers within age 20-25 years were recruited
for the testing. The neck chamber stimulation was given in steps of -20,
-40, -60, 0, +20, +40 and +60 mm of Hg as per standard test protocol of
autonomic function assessment. The changes in RR interval, Heart Rate
and Blood Pressure were recorded using experimental facilities at Auto-
nomic Function Laboratory (AFL), AIIMS Jodhpur. The talk will focus on
importance of 3-D printing during design and development of a device
and subsequently meeting requirements of medicine professionals.
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has received PhD Degree in the area of
Rapid Prototyping/Additive Manufacturing,
particularly on Part Strength studies in Selec-
tive Laser Sintering Process from Indian In-
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Dr. Prashant K. Jain was previously with
Delhi Technological University Delhi (for-
merly known as Delhi College of Engineer-
ing) as lecturer in Mechanical Engineering
Department. He has also served Indian In-
stitute of Technology Delhi as project scien-
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Currently he is with PDPM IIITDM Jabalpur
as Associate Professor and Dean (Students).

He has more than 65 publications to his
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He has been a resource person and delivered
invited lectures, chaired scientific sessions in
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search interest extends from Geometric Mod-
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ufacturing.

What is Additive Manufacturing and why it requires interdisciplinary
research would be discussed. Additive Manufacturing technology has
grown enough and become commercially available even for metal part
printing. This talk will explore what are the challenges are still faced by
the AM techniques still to become a widely accepted alternative manu-
facturing process. Basic principle, challenges and applications in inter-
disciplinary areas such as biomedical implants, micromanufacturing and
architectural models would be presented.

Additive manufacturing requires contour information of the desired
geometric model, for each layer, in the form of CLI file. To retrieve contour
data at successive layer height, first geometric model has been tessellated
i.e. piecewise approximated with triangular surfaces and stored in STL file
format. Then intersection of these triangles has been found with a plane
at specific layer height. These intersection points are arranged in logical
sequence to form closed contour and then written in CLI file format which
has been further used for additive manufacturing.

Here STL format, defects in STL file and their repair methods would be
discussed. Further procedure to obtain contour data from STL file would
also be presented.
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In this talk, the scope for applications of robotic additive manufactur-
ing, their potential benefits and the main challenges in their implemen-
tation will be discussed. One of the factors driving the development of
robotic additive manufacturing is the need to build large and complex
near-net-shape components more quickly and cost effectively than what
is possible with some of the conventional 3 axis additive manufacturing
machines. With traditional machines, there are limitations in build vol-
ume and orientations. Restricted build volume in conventional additive
manufacturing machines due to limitations in their dimensions often tend
to limit their use to making smaller end products or smaller components
for larger products necessitating subsequent joining/assembly operations.

Moreover limitations in orientations of the deposition head limit the ap-
plications of conventional machines to make highly complex part geome-
tries. One of the ways to overcome this limitation is to combine FDM type
additive manufacturing with industrial robotics technology. A 6 degrees
of freedom articulated robot manipulator is very flexible and versatile,
characterized by high positional accuracy and repeatability, and typically
has a large dexterous workspace, in which it is able to reach with any ori-
entation. The industrial robot’s geometric flexibility and workspace can
be used to optimal effect in facilitating manufacture of large and complex
print profiles. In order to implement a robotic additive manufacturing
system, there are, however, several challenges that need to be overcome.
The existing data formats such as STL, or its variants, normally used in
3D printers cannot be used directly. The CAD file needs to be converted
to robot printable paths and the robot program for creating the part. Path
planning algorithms must be designed to determine the optimal trajectory
to be followed by the robot for printing different building materials. The
robot TCP speed must be properly coordinated with the material extru-
sion flow rate from the deposition head. Algorithms to control the robot
manipulator should be designed taking into account factors like given ma-
terial properties, the deposited material thickness, how fast the material
hardens, and so on. It is necessary to develop optimal control algorithms
to minimize the time to deposit the material and assure the fastest build-
ing time for the complete structure.Methods for collision avoidance must
also be incorporated in the system. It is further necessary to perform a
simulation of the paths to be printed by the robot for visualization and
verification for robot reachability and for optimizing the path for TCP
speed, extrusion rate, etc. It may be necessary to further analyze the sim-
ulated part by exporting to commercial softwares such as FEA to verify its
mechanical strength, thermal, electrical and other functional requirements
for the simulated process parameters, direction of the
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building path, etc. and modify the printed path, if required. During execution of the generated path, a camera
and sensor based online quality monitoring system can be used to provide real-time feedback to the robot con-
troller so that the building path can be adjusted during the execution to ensure the quality of the build.Robotic
additive manufacturing has been recently applied in architectural design applications with demanding surface
aesthetics and complex freeform geometric shapes, in construction industry such as making large size, complex
formworks for casting concrete, in discrete parts manufacturing industry for manufacture of low volume, high
mix complex components of ships, aerospace components, defense components, obsolete replacement parts,
repairing worn or out-of-tolerance parts, etc.



Session 4: Medical Diagnostics and Therapeutics

Increasingly, interdisciplinary engineering skills, clinical knowledge and practical perspective are required to
solve healthcare challenges. To support diagnosis and therapy, it is necessary to research and develop both
the theoretical potential of clinical data and wearable medical devices. Clinical decision support systems
help physicians make sense of clinical big datasets obtained from patients. These systems would analyze
and provide physicians with meaningful reports so that appropriate therapies can be implemented. Another
requirement in today’s fast paced world is the requirement of self-health monitoring, mobility and preventive
medicine. Wearable medical instrumentation can enable this by reducing monitoring cost, providing reliable
biomarkers and tools for long-term health monitoring.

Session 4: Medical Diagnostics and Therapeutics
03.00 PM 03.10 PM Overview by Session Co-Chairs

Dr. Cota Navin Gupta ( IIT Guwahati )
Dr. Varadhan SKM ( IIT Madras)

03.10 PM 03.50 PM Non-Invasive Measurement of Vital Physiological Parameters of Human
Blood Using Photonics
Dr. Ramesh K Sonkar ( IIT Guwahati )

03.50 PM 04.30 PM Wearable instrumentation integrated with machine learning for gait analy-
sis in neuromuscular disorder diagnosis and rehabilitation
Dr. Deepak Joshi ( IIT Delhi )

04.30 PM 04.45 PM Tea
04.45 PM 05.25 PM Multiparametric MRI for Diagnosis and Grading of Brain Tumors

Dr. Anup Singh ( IIT Delhi)
05.25 PM 06.05 PM Design and development of passive polycentric knee joint and dynamic an-

kle joint for trans-femoral amputees
Dr. S. Kanagaraj ( IIT Guwahati )

06.05 PM 06.15 PM Concluding Remarks of Session Co-Chairs
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Wearable instrumentation integrated with machine learning for gait analysis in neuro-
muscular disorder diagnosis and rehabilitation
Dr. Deepak Joshi

Dr. Deepak Joshi
Assistant Professor

Centre for Biomedical Engineering
IIT Delhi

email: joshid[at]cbme.iitd.ac.in

Deepak Joshi received his PhD in biomedi-
cal engineering from Indian Institute of Tech-
nology (IIT) Delhi. He has been working
in the area of neural prosthetic design and
development for last ten years. During his
PhD he developed a prototype lower limb
prosthesis controlled by contra lateral limb.
This work earned Invention award from In-
tellectual Ventures Asia. During his tenure at
Department of electrical and computer engi-
neering in National University of Singapore
(NUS), he worked on development of arti-
ficial hand with integrated sensors to create
an illusion of touch from human hand. This
work demonstrated a significant impact on
the social acceptance of upper limb prosthesis
and was reported to be the most popular arti-
cle in IEEE Transaction on neural system and
rehabilitation engineering. His research work
at Institute of Neuroscience (ION), Newcastle
University in United Kingdom (UK) discov-
ered that artificial proprioception can signifi-
cantly improve the myoelectric control in up-
per limb amputee. During his postdoctoral
at University of Oregon in United States of
America (USA), he worked on integration of
various sensing modalities to provide seam-
less transitions in lower limb prosthesis. Dr.
Joshi’s current research work combines ex-
perimental and computational techniques to
understand the neural correlates during bal-
ancing and seamless transitions during walk-
ing. Besides that, he is actively engaged in
projects related to development of wearable
devices for applications specific to diagnosis
of neuromuscular disorders, assistive devices
for elderly and disabled, and biofeedback for
rehabilitation in stroke patients.

Wearable instrumentation for quantitative gait analysis have become
an important clinical tool for assessing pathologies manifested by gait ab-
normalities. In addition, it has benefited other research areas like sports
biomechanics, rehabilitation engineering, and neuroprosthesis. Present
talk will discuss the recent new developments in the area of wearable
instrumentation for gait analysis with a focus on neuroprosthesis and re-
habilitation engineering. The talk will also highlight application of wear-
able instrumentation integrated with machine learning as home-based di-
agnosis for early and accurate detection of neuromuscular diseases, fall
detection in elderly, and stress detection among vehicle drivers.
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Multiparametric MRI for Diagnosis and Grading of Brain Tumors
Dr. Anup Singh

Dr. Anup Singh
Assistant Professor

Centre for Biomedical Engineering
IIT Delhi

email: anupsm[at]iitd.ac.in

Anup Singh is working as an Assistant Pro-
fessor in the Center for Biomedical Engi-
neering (CBME) at IIT-Delhi. His area of
interest includes development of MRI tech-
niques/methods, based on exogenous or en-
dogenous contrast agents, for early and bet-
ter diagnosis of diseases as well as for mon-
itoring treatment responses. Currently, his
group is working on development and stan-
dardization of methods and software tools
for quantitative multiparametric MRI (Per-
fusion, CEST, T1/T2/T1rho, SWI MRI, etc.)
with applications in Brain tumor, Breast can-
cer and Osteoarthritis. He is actively col-
laborating with doctors and researchers at
AIIMS Delhi, Fortis Memorial Research In-
stitute Gurgaon, University of Pennsylvania,
and Mahajan Imaging Center, IIT Kanpur
and IIT Mandi.

Dr. Singh received a PhD degree from
the Department of Mathematics and Statis-
tics, Indian Institute of Technology Kanpur
(IIT-Kanpur) in 2008. During this period he
worked on quantitations in DCE-MRI in col-
laboration with doctors and researchers at
medical institute SGPGIMS-Lucknow. He de-
veloped methods and software tools for ana-
lyzing data from brain tumor, brain tubercu-
loma and breast cancer patients.

Dr. Singh worked as a Postdoctoral Re-
searcher (Aug 2008 - March 2013) in the
Center for Magnetic Resonance and Opti-
cal Imaging (CMROI), Department of Radiol-
ogy at University of Pennsylvania and then
as Research Associate (April 2013 - March
2014) in the same center. He has been
working on development of MRI techniques
and image analysis methodologies associated
with major areas of research in the CMROI,
which include chemical exchange saturation
transfer (CEST), spin lock relaxation (T1ÏĄ)
and magnetization transfer (MT) studies on
animal models as well as on human sub-
jects. This work has applications in wide
range of diseases including multiple sclero-
sis, alzheimer’s diseases, parkinson disease,
epilepsy, myocardial infarction, Osteoarthri-
tis diseases.

Magnetic Resonance Imaging (MRI) is playing a crucial role in the di-
agnosis of brain tumors and monitoring of treatment responses. Accurate
grading and staging of tumor/cancer is important for treatment purpose,
which is routinely done using Histopathology of Biopsy samples. Al-
though Biopsy reports are still treated as gold standard, they are prone
to inaccurate diagnosis due to poor sampling. There is a great need of
noninvasive imaging techniques/methodology for accurate grading and
staging, in addition to diagnosis. Moreover, classification/segmentation
of different components of brain tumor viz. enhancing, non enhanc-
ing, necrosis and edema is important for treatment planning. MRI tech-
niques can be used to obtain multiple type of information about tissue
viz. structural, functional, hemodynamical, biochemical. MRI techniques
and methodology is being continuously developed to improve diagnosis,
grading, treatment planning and monitoring of treatment responses. Cur-
rently our group is working on standardization of MRI protocols, develop-
ing methodology of quantitative multiparametric MRI, clinical validation
and exploring clinical potential, particularly for improved diagnosis and
accurate grading. Research work on applications of Machine Learning
approaches using multiparameteric information for improving automatic
segmentation of tumor/cancer tissue and grading is a current area of re-
search. This talk will provide an overview of multiparametric MRI related
research activities being carried out.
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Design and development of passive polycentric knee joint and dynamic ankle joint for
trans-femoral amputees
Dr. S. Kanagaraj

Dr. S. Kanagaraj
Professor

Mechanical Engineering
IIT Guwahati

Assam - 781039

email: kanagaraj[at]iitg.ernet.in

Dr. S. Kanagaraj graduated from Thiagarajar
college of Engineering, Madurai, affiliated to
Madurai Kamaraj University in 1997. He re-
ceived his Ph.D degree from Indian Institute
of Technology Kharagpur in 2004. He did his
post-doctorate at University of Aveiro, Portu-
gal till May 2008 and then he has been with
the Department of Mechanical Engineering
at the Indian Institute of Technology Guwa-
hati since 2008. He was appointed as an As-
sociate Professor and Professor in 2012 and
2017, respectively. His research interests in-
clude biomedical devices, biomaterials, assis-
tive technology devices, prosthesis and or-
thosis, and materials characterization. He
has received many awards including BIRAC-
SRISTI GYTI Award 2016, Silver Award for
Best Innovator at 7th India Innovation Ini-
tiative - i3 National Fair 2015, award under
MLM (More from Less for Many) category
from Gandhian Young Technical Innovation
Award 2015, and meritorious scholar award
in 2001 and 2002. He has authored more
than 77 journal and conference papers. One
US patent was granted and 4 Indian patents
were applied. Three students completed their
Ph.D and 10 students are currently doing
their Ph.D under his supervision in addition
to 1 post doctorate fellow. He has completed
8 projects as a PI worth of about Rs. 4.5
crore and there are 4 on-going projects worth
of Rs.6.6 crore and one consultancy project
worth of Rs.11.5 lakh. He completed 1 con-
sultancy project, 4 projects as a Co-PI. He
started one startup company, M/s Assistive
Devices Technology Private Limited, Guwa-
hati

Background: According to World Health Organization (WHO), there
are about 30 million amputees currently living in developing countries
like Asia, Africa and South America etc. According to the 2011 census,
there are 5.4 million locomotor disabled persons in India. It is estimated
that around 5-15% of them acquire a prosthetic medical device, and up
to 80% of amputees are not able to bear the cost of prosthesis. A knee
joint is one of the strongest and most important joints in the human body.
Movements at the knee joint are essential to many activities, including
walking, running, sitting and standing. The above knee amputation is a
surgical interference that severs the thigh segment between the hip and
knee joint. Though many prosthetic devices are available in the market,
which can generate sophisticated and versatile functional joint movements
equivalent to that of human lower limb, each one of them has inherent
limitations in different aspects. The commercially available prosthetic de-
vices are either expensive or produce many technical problems leading to
mismatch of the gait pattern of both sound and prosthetic leg.

Objective: The objective of the present work is to design and develop
a light weight and user friendly passive artificial limb having prosthetic
knee joint and dynamic ankle joint with improved functionality and af-
fordability.

Material and Method: The knee joint, fabricated from Acrylonitrile bu-
tadiene styrene (ABS)/Nylon-66 was designed based on the Grashof’s cri-
terion, stance phase stability, extension bias and the maximum flexion an-
gle. Developed design was tested in ANSYS as per the ISO 10328 loading
conditions. Based on the results obtained from the analysis, the prod-
uct was fabricated. The ankle joint with different kinematic motions was
testing under the dynamic loading conditions as per ISO standard.

Results and conclusion: The maximum stress, strain, and deflection de-
veloped in the knee joint and akle joint under the ISO 10328 loading condi-
tion were found to be within the acceptable limits. The polymeric-passive-
polycentric-prosthetic knee joint having significant advantages over con-
ventional knee joints was designed, developed and trialed with good
number of amputees. The dynamic ankle joint is being fabricated.
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Non-Invasive Measurement of Vital Physiological Par ameters of Human Blood Using
Photonics
Dr. Ramesh K Sonkar

Dr. Ramesh K Sonkar
Assistant Professor

Electronics and Electrical
Engineering

IIT Guwahati
Assam - 781039

email: sonkar[at]iitg.ernet.in

Dr. Ramesh K Sonkar received the B. Tech.
degree in Electronics and Communication
Engineering, M.Tech. and Ph.D. degrees in
Electrical Engineering from Indian Institute
of Technology (IIT) Roorkee, IIT Kanpur a nd
IIT Kanpur, India, in 2001, 2003 and 2012 re-
spectively. He has been with the Department
of Electronics and Electrical Engineering at
the Indian Institute of Technology Guwahati
since 2011 as Assistant Professor. His re-
search interests include Optoelectronics De-
vice Characterization and Fabrication, Pho-
tonics Integrated Circuits, Integrated Optics,
Fiber Optics Communication, Non-invasive
Measurement of Physiological Parameters of
Human Blood, fiber lasers, Structural Health
Monitoring, and Antennas. He is recipient
of Young Faculty Research Fellow of Visves-
varaya PhD Scheme, Ministry of Electronics
and Information Technology, Government of
India. He has authored more than 20 jour-
nal and conference papers. Currently 4 Ph.D.
students are doing their research under his
supervision. He has completed 1 projects as
a Co-PI worth of about Rs. 50 Lakh and there
are 2 on-going projects worth of Rs.3 crores.

The past decade has seen a significant rise in the use of non-invasive di-
agnostic methods such as X-rays, Ultrasound, Lithotripsy, Magnetic Res-
onance Imaging (MRI), Thermography and many more. Non-invasive
methods are those which don’t involve a break in skin or one where there
is no contact with the mucous membrane. Currently, blood component
measurements are done using invasive methods which involve blood to
be drawn from the patient and then its analysis. Apart from the pain, in-
fection and scars caused due to incisions, there is another major drawback
which is these methods do not allow portable real time patient monitor-
ing during critical situations as well as create huge bio waste. The non-
invasive device presented has no risk of bleeding, is completely portable
and can be used for real time monitoring which allows immediate treat-
ment of patients.
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Remote Sensing and Image Processing

Dr. Dhanya C.T.
Associate Professor

Department of Civil Engineering
IIT Delhi

email: dhanya@civil.iitd.ac.in

Dr. Dhanya C.T. is presently working as an Associate Professor in De-
partment of Civil Engineering, Indian Institute of Technology (IIT) Delhi,
New Delhi, India. Her research interests include hydro-climatology, hy-
drologic extremes, water resources management, land surface modeling
etc. Dr Dhanya’s research attempts to generate fundamental scientific
understanding of the hydrological extremes along with improvising the
hydrological modeling, to provide early-warning methods and adapta-
tion policies for sustainable water resources management. Dr Dhanya has
published more than thirty research articles in international and national
peer reviewed journals having high impact factors. She is the recipient
of awards such as NASI Young Scientist Platinum Jubilee Award 2017, Young
Researcher Award - 2017 from Ministry of Earth Sciences, IEI Young Engineers
Award 2016-2017 in Civil Engineering Discipline, Young Associate of Indian
Academy of Sciences (IASc) and Prof. N. S. Govinda Rao Gold Medal for
the Best Ph.D Thesis in the Department of Civil Engineering at Indian In-
stitute of Science (IISc), Bangalore for her doctoral research. She is also
the recipient of DAAD Faculty Exchange scholarship to serve as a visiting
faculty in Forschungszentrum Julich, Germany.
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Dr. Abhishek Kumar
Assistant Professor

Department of Civil Engg.
IIT Guwahati

email: abhiak[at]iitg.ac.in

Dr. Abhishek Kumar is an Assistant professor at the Department of Civil
Engineering, IIT Guwahati since May 2014. His research areas include
seismic hazard, ground motion simulation, ground response analysis,
mapping of extreme earthquake events, identification of regional & lo-
cal characteristics controlling the damage scenario, liquefaction hazard
assessment etc. He has obtained his PhD degree from IISc, Bangalore
in the area of Seismic Microzonation. So far, one PhD, 5 Mtech and nu-
merous Btech works have been completed under his supervision while
many more are under progress. He has authored more than 25 papers
in international reputed journals such as Natural Hazards, Soil Dynam-
ics & Earthquake Engineering, Journal of Seismology, Pure & Applied
Geophysics etc. He has also presented his work at various national and
international platforms such as, 16th World Conference on Earthquake
Engineering at Chile. He has received several awards including Young
Engineer Award 2015 from INAE as well as Institution of Engineers, In-
dia. He is also recipient of INSPIRE Faculty Award 2014 from DST. At
presently, he is handling research projects from DST, Ministry of Earth
Sciences and Nuclear Power Corporation of India, limited.

Cyber Security

Dr. Moumita Patra.
Assistant Professor

Computer Science & Engg.
IIT Guwahati

email: moumita.patra[at]iitg.ac.in

Dr. Moumita Patra is presently working as an Assistant Professor in
the Department of Computer Science and Engineering, Indian Institute
of Technology Guwahati, India. She obtained her B.Tech degree in Com-
puter Science and Engineering from West Bengal University of Technology
(2005) and M.Tech degree in Computer Science and Engineering from Uni-
versity of Hyderabad (2009). She received her PhD degree in Computer
Science and Engineering from Indian Institute of Technology Madras, In-
dia (2016).

She is currently working in the area of wireless networks where her re-
search interests include efficient information dissemination techniques in
vehicular networks, Internet of vehicles, and network performance analy-
sis.
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Dr. F. A. Barbhuiya
Assistant Professor and Head

Computer Science & Engg.
IIIT Guwahati

email: ferdous[at]iiitg.ac.in

Dr. Ferdous Ahmed Barbhuiya is an Assistant Professor and Head of
Computer Science and Engineering department at the Indian Institute of
Information Technology Guwahati (IIITG). With 17+ years of combined
experience in Industry, Research and Academia, he is now translating his
experience into broader avenues of Academics and Research.

Dr. Barbhuiya has obtained his PhD as well as MTech degree from In-
dian Institute of Technology (IIT) Guwahati and BE degree from Jorhat
Engineering College under Dibrugarh University, in Computer Science
and Engineering. He has published more than 40 research papers in In-
ternational Journals and Conferences of excellence.

He is a member of IEEE and ACM. His research interests include Cloud
Computing, Internet of Things and Information Security etc.

Additive Manufacturing

Dr. Poonam Kumari
Assistant Professor

Mechanical Engineering
IIT Guwahati

email: kpmech[at]iitg.ac.in

Dr. Poonam Kumari completed her Masters and Ph.D in solid mechan-
ics from department of Applied Mechanics of IIT Delhi. She worked as
Postdoctoral Fellow at School of Engineering of Simon Fraser University,
BC Canada. Presently working as Assistant Professor at Department Me-
chanical Engineering of IIT Guwahati. She developed various 3D models
and 2D models for analysis of piezoelectic plates and shells. Recently,
she received INAE Young Engineer 2017 Award. She published 26 papers
in reputed International Journals and almost 30 papers in International
conferences. She has developed Moocs course on theory of rtectangular
plates. This course is recemmeded by AICTE for faculty developement
programme.
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Dr. Sushmee Badhulika
Associate Professor

Electrical Engineering
IIT Hyderabad

email: sbadh@iith.ac.in

Dr. Sushmee Badhulika obtained her Masters and Ph.D degree in Electri-
cal Engineering from University of California Riverside, USA. Currently
she is an Associate Professor at the Department of Electrical Engineering,
Indian Institute of Technology (IIT), Hyderabad, India. Her research ef-
forts are aimed at developing nanomaterials based flexible and wearable
electronics; Low cost, eco-friendly paper based electronics; and multifunc-
tional nanocomposites for bioanalytical and energy applications. These
research activities are funded by competitive programs of Department of
Science and Technology (DST), Government of India, Scientific and En-
gineering Research Board (SERB), Indian Space Research Organization
(ISRO), Defense Research and Development Organization (DRDO) and
Japan International Cooperation Agency (JICA) etc. She is the recipient
of several prestigious fellowships and awards including Suzuki Founda-
tion fellowship Japan, INAE Young Engineer Award, INSA Young Scien-
tist Award, NASI Young Scientist Award, IEI Young Engineer Award and
Best project Principal Investigator (PI) Award by Indian Nanoelectronics
Users Program (INUP). She is the Associate Editor of 2 International jour-
nals namely, IOP Flexible and Printed Electronics and Springer Applied
Nanoscience.

Medical diagnostics and Therapeutics

Dr. Cota Navin Gupta
Assistant Professor

Biosciences and Bioengineering
IIT Guwahati

email: cngupta[at]iitg.ac.in

Dr.Navin Gupta is currently an Assistant Professor with Department of
Biosciences and Bioengineering, IIT Guwahati working in the areas of
imaging genetics for psychiatric disorders and wearable medical devices
for patient monitoring. He completed his Postdoctoral learning in the area
of schizophrenia imaging genetics on a joint National Institute of Health
(NIH) grant between Mind Research Network, USA and Georgia State
University, USA. During this work he co-supervised one PhD student and
two Masters students. Previously he obtained his PhD from Brain Com-
puter Interfaces and Neural Engineering (BCI-NE) Group, University of
Essex fully funded by the competitive Overseas Research Student award
for international students and University of Essex scholarships. His PhD
work involved designing an offline P300 BCI system. During his doctoral
work he also explored integrating electroencephalogram and near infrared
spectroscopy modalities for cognitive applications. He co-supervised one
Masters and one undergraduate during his PhD.



36

Dr. Varadhan SKM
Assistant Professor

Department of Applied Mechanics
IIT Madras

email: skm[at]iitm.ac.in

Dr. Varadhan received his PhD in Kinesiology from Penn State Univer-
sity, USA in 2012. During his PhD, Varadhan investigated how discrete
and cyclical movements are differentially organized in an abundant motor
system. Since 2012, he has been working at his alma mater, IIT Madras as
Assistant Professor of Applied Mechanics, in the Biomedical Engg group.
His research interests are in the broad areas of control of human move-
ments and motor learning and rehabilitation. His recent research has fo-
cussed on learning, unlearning and relearning of novel motor tasks. The
findings from this research emphasize the differences between learning
of movements and cognitive learning. His current research is on transfer
of learnt motor skills to the untrained hand in the presence of a Virtual
reality feedback.

Panelist

Dr. Sushmee Badhulika
Associate Professor

Electrical Engineering
IIT Hyderabad

email: sbadh@iith.ac.in

Dr. Sushmee Badhulika obtained her Masters and Ph.D degree in Electri-
cal Engineering from University of California Riverside, USA. Currently
she is an Associate Professor at the Department of Electrical Engineering,
Indian Institute of Technology (IIT), Hyderabad, India. Her research ef-
forts are aimed at developing nanomaterials based flexible and wearable
electronics; Low cost, eco-friendly paper based electronics; and multifunc-
tional nanocomposites for bioanalytical and energy applications. These
research activities are funded by competitive programs of Department of
Science and Technology (DST), Government of India, Scientific and En-
gineering Research Board (SERB), Indian Space Research Organization
(ISRO), Defense Research and Development Organization (DRDO) and
Japan International Cooperation Agency (JICA) etc. She is the recipient
of several prestigious fellowships and awards including Suzuki Founda-
tion fellowship Japan, INAE Young Engineer Award, INSA Young Scien-
tist Award, NASI Young Scientist Award, IEI Young Engineer Award and
Best project Principal Investigator (PI) Award by Indian Nanoelectronics
Users Program (INUP). She is the Associate Editor of 2 International jour-
nals namely, IOP Flexible and Printed Electronics and Springer Applied
Nanoscience.
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Dr. Dipanjan Gope
Assistant Professor
E & C Engineering

IISc. Bangalore.

Dipanjan Gope, PhD, is Assistant Professor in Electrical Communication
Engineering at Indian Institute of Science, Bangalore. He is also co-
founder and CEO at Simyog Technology Pvt. Ltd. a spin-off from IISc
focused on Design and Sign-off tools for Automotive Electronics. His
research interests include computational electromagnetics with applica-
tions in signal integrity, power integrity, EMI for high speed chip-package-
systems, RF sensing for IoT applications, parallel programming for many-
core and cloud infrastructures. Dr. Gope is a founding member at Nimbic
(acquired by Mentor Graphics) where he served as Vice President, R&D
from 2007-2011 and 2013-2014. Between 2005-2007, he was a Senior CAD
engineer at Intel where he was a recipient of a divisional award for con-
tributions towards providing signal integrity solution to Intel architecture
platforms. As part of his PhD dissertation, he co-developed the PILOT
technology for fast circuit-electromagnetic simulation, now licensed by
the University of Washington. He has more than 80 journal and confer-
ence publications. Dr. Gope received his PhD and M.S. degrees in Elec-
trical Engineering from the University of Washington, Seattle and BTech
in Electronics and Electrical Communication Engineering from the Indian
Institute of Technology, Kharagpur.

Dr. Shanthanu Chakravarthy
Technology Entrepreneur

Co-founder of Mimyk
IISc. Bangalore.

Shanthanu is a Mechanical Engineer by training and has a Ph.D. from the
Indian Institute of Science (IISc), Bengaluru. He has an M.S. degree from
the University of Utah, Salt Lake City and a B.E. degree from the Visves-
varaya Technological University, Belgaum. Shanthanu’s research work has
been recognised at various national and international meetings, as well as
two best paper awards. For his Ph.D. research, Shanthanu was awarded
the Gandhian Young Technological Innovation (GYTI) award at the Rash-
trapati Bhavan, Delhi. Shanthanu is a technology entrepreneur and is one
of the co-founders at Mimyk, a spinoff from IISc. Shanthanu’s work and
the innovation activity at Mimyk have been recognised by the Government
of United Kingdom (TechRocketship award) and the Israeli Embassy in
India (Most innovative company in India, Start JLM, 2017). Shanthanu’s
interests are in medical devices, haptics, robotics, and simulations.
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Dr. Aparna Dixit
Assistant Professor

Molecular Neurobiology
Dr. B.R. Ambedkar Center for

Biomedical Research

Dr. Aparna received her M.Sc degree in Biotechnology from Jiwaji Uni-
versity Gwalior, PhD from Department of Biotechnology, DRDE, Gwalior,
and Post-doctoral training from National Institute of Immunology, New
Delhi and University of Maryland, Baltimore, USA. She Joined National
Brain Research Centre (NBRC) as Assistant Professor in July 2014 in an AI-
IMS/NBRC funded DBT project "Centre of Excellence for epilepsy (CoE)".
She is still one of the collaborators in CoE (www.coeepilepsy.in). She has
joined Dr. B. R. Ambedkar Center for Biomedical Research, University of
Delhi on 1st September 2017. She is the Co-ordinator of Human Physiol-
ogy course work in ACBR. Her group is trying to understand the molecu-
lar mechanisms underlying epileptogenesis and/or drug-resistance in pa-
tients with drug-resistant epilepsy (DRE). This study involves human tis-
sue which is an important resource to unravel molecular mechanisms re-
sponsible for refractoriness in epilepsy as compared to the animal models
and also bridges the gap between basic and clinical research. Her group is
performing genomic, transcriptomic and epileptogenic network analysis
of epileptic tissues resected from the brains of DRE patients undergoing
surgery to identify the genes and gene networks associated with DRE. Her
group is also trying to investigate and evaluate the role of inflammatory
mediators (cytokines, chemokines, growth factors) and epigenetic mod-
ifications (DNA methylation & miRNA) in DRE. These studies will not
only provide important insight into the understanding of the pathophys-
iology or genomic basis of DRE but may also identify potential diagnos-
tic/prognostic markers of DRE. She received Young Investigator’s Award,
Best poster & Travel Award in 31st International Epilepsy Congress (IEC),
Istanbul, 2015 and her paper published in PNAS was selected for Alan
Berman Research Publication Award at the Naval Research Laboratory,
Maryland USA (2015). She has received grants from DBT and a synergy
grant from PSA Office (principle scientific advisor to Govt. of India). She
is the member of various professional bodies like Indian Academy of Neu-
rosciences, Indian Epilepsy Society & Neurological society of India. She
has more than 25 publications through her research including journals
like PNAS, JBC and Scientific Reports.
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Dr. Manas Khatua
Assistant Professor

Computer Science and Engg.
IIT Guwahati.

Manas Khatua is an Assistant Professor in the Dept. of Computer Science
and Engineering at Indian Institute of Technology Guwahati, India, since
May 2018. Prior to that, he was an Assistant Professor in the Dept. of
Computer Science and Engineering, Indian Institute of Technology Jodh-
pur, from 2016 to 2018, and was a Postdoctoral Research Fellow at Singa-
pore University of Technology and Design, Singapore, from 2015 to 2016.
He completed his Ph.D. from Indian Institute of Technology Kharagpur,
India, in 2015. He passed M.Tech. in Information Technology from Bengal
Engineering and Science University, Shibpur, India, and B.Tech. in Com-
puter Science and Engineering from University of Kalyani, India. He was
associated with Tata Consultancy Services (India) for two and half years,
and worked as a Lecturer of Bankura Unnayani Institute of Engineering,
India, for more than two years. His research interests include Performance
Evaluation, Wireless LANs, Sensor Networks, Network Security, Mobile
Cloud Computing, and Internet of Things. He is an author of many re-
puted international journal and conference publications. He is a member
of the IEEE.

Dr. Ashok Singh Sairam
Associate Professor

Department of Mathematics
IIT Guwahati.

Ashok Singh Sairam received his M.Tech and Ph.D degree from Indian
Institute Technology Guwahati. He is an Associate Professor in the de-
partment of Mathematics at Indian Institute of Technology Guwahati. His
research interests include SDN, network security, and privacy. He is a
senior member, IEEE. He has published more than 50 research papers in
international journals and conferences.
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Dr. Manas Das
Assistant Professor

Mechanical Engineering
IIT Guwahati.

Dr. Manas Das is an Assistant Professor in the Department of Mechan-
ical Engineering, Indian Institute of Technology Guwahati, India since
2012. He received his Master’s and PhD degree from the Mechanical
Engineering Department, IIT Kanpur. His research areas include ad-
vanced finishing and nano-finishing processes, magnetorheological fin-
ishing (MRF) process, advanced/non-traditional machining processes and
micromachining processes. He has published more than 25 papers in re-
puted international journal and more than 25 conference papers. He has
also written five book chapters and one book in the area of surface finish-
ing. Two research scholars have received PhD degree under his supervi-
sion. Presently, he is supervising eight PhD students in the broad area of
manufacturing.

Dr. Nelson Muthu
Assistant Professor

Mechanical Engineering
IIT Guwahati.

Dr. Nelson Muthu is a product of three well-known universities: IIT
Guwahati where he did his B.Tech in 2008, IIT Bombay and Monash Uni-
versity where he completed his PhD, in 2015, on application of element-
free Galerkin method for linear elastic fracture mechanics problems. After
his PhD, he has worked at Biomedical Engineering and Technology incu-
bation Centre (BETiC), IIT Bombay on medical device innovation from
Dec’15 to July’17. He was a visiting faculty at Sardar Patel College of
Engineering (SPCE), Mumbai where he taught ’Fracture Mechanics’ to
masters students for one semester. Parallely, he also worked on structural
health monitoring project which involved detecting cracks in beam like
structures.

He has corporate experience as an analyst at Global Analytics, Chennai
from July’08-July’10, where he learnt predictive analytics using statistical
modelling techniques.



The Expected Outcomes

The National FoE will provide a forum to showcase the interdisciplinary nature of modern day engineering. It
will, hopefully, encourage the best engineers in the country to interact and take some of the very challenging
projects forward. Since the participation in the National FoE is by invitation only, it is expected, that over
the years, an invitation to participate will be considered as a recognition and honor. Such a situation will
increase competitiveness in engineering and promote excellence. The symposia are expected to promote inter-
disciplinary approaches across fields, and establishment of contacts among the next generation of engineering
leaders.

There are other outcomes of this event, including:

(a) Training
Young Engineers will be exposed to designing and delivering talks to diverse audiences. Also, this will help

in preparing the speakers and choosing participants for bilateral events.

(b) Forum
Collaborative pilot research projects will be sought by INAE, and if found acceptable, will be funded. It is

proposed to initiate a discussion board on the internet of all the 12NatFoE participants to continue the dialog
and interaction even beyond the Symposium.



The Hosts

Indian National Academy of Engineering

The Indian National Academy of Engineering (INAE) founded in 1987 comprises India’s most distinguished
engineers, engineer-scientists and technologists covering the entire spectrum of engineering disciplines, and
functions as an apex body to promote and advance the practice of engineering and technology and the related
sciences and disciplines in India and their application to problems of national importance.

The aims and objects of the Academy include to:
(1) Encourage and promote the pursuit of excellence in the field of Engineering;
(2) Offer the Govt. of India, the local Governments and others, the views of engineers in co- operation with
other professional bodies in regard to all matters pertaining to Engineering;
(3) Promote the National Policy on Education of the Government of India;
(4) Present at all academic forums, the research and development activities on engineering on mutual interac-
tive and cooperative basis both in India and abroad;
(5) Encourage inventions, investigations and research and promote their applications for development of both
organised and unorganised sectors of national economy;
(6) Institute and establish Professorships, Fellowships, Studentships, Scholarships, Awards and other benefac-
tions;and
(7) Interact with Professional Bodies, Engineering and Scientific Academies,etc.,in India and abroad.

The Academy is registered under the Societies Registration Act 1860 and is an autonomous institution sup-
ported partly through grant-in-aid by Department of Science & Technology, Government of India. As the only
engineering Academy of the country, INAE represents India at the International Council of Academies of En-
gineering and Technological Sciences (CAETS).

Indian Institute of Technology Guwahati

Indian Institute of Technology Guwahati, the sixth member of the IIT fraternity, was established in 1994.
The academic programme of IIT Guwahati commenced in 1995. At present the Institute has eleven depart-
ments and five inter-disciplinary academic centres covering all the major engineering, science and humanities
disciplines, offering BTech, BDes, MA, MDes, MTech, MSc and PhD programmes. Within a short period of
time, IIT Guwahati has been able to build up world class infrastructure for carrying out advanced research and
has been equipped with state-of-the-art scientific and engineering instruments. Indian Institute of Technology
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Guwahati’s campus is on a sprawling 285 hectares plot of land on the north bank of the river Brahmaputra
around 20 kms. from the heart of the city. With the majestic Brahmaputra on one side, and with hills and vast
open spaces on others, the campus provides an ideal setting for learning. Two pronged approach is taken at
the Institute to achieve this goal, namely:
(1)Technology focus in all activities at the Institute; and
(2) Professionalization of the Institute for improved efficiency and efficacy in achieving the needed calm in the
environment at the Institute, skills in personnel, and systems & processes to ensure technology focus.

IIT Guwahati has launched its flagship industry immersion-based blended technical education program for
B.Tech. students a unique blend of classroom instructions at the Institute and shop floor experience in the
Industry. It exploits interconnections between academia and industry, and by providing opportunities to un-
derstand the needs of the nation and thereby meaningfully engaging with the Indian society. Select Students
and Faculty Members will immerse inside leading technology Industries during three successive summers.
Other features of this Program include:
(1) Learning-by-doing,
(2) Experiential and cooperative learning,
(3) Working on live assignments under the tutelage of industry professionals, and
(4) Engaging in industry-supported projects.


