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IISc ranked India’s Top University
In 2016, 2017, and before 2018 IISc was ranked No.1 among universities by 

the National Institutional Ranking Framework (NIRF) under the auspices of the 
Ministry of Human Resource Development. Again in 2019 IISc was ranked No.1 

among universities and second in the overall category by NIRF. This year IISc 
ranked fourth under the category of Government funded institutions by Atal 

Ranking of Institutions on Innovation Achievements (ARIIA).
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I am honoured to present the 2019-20 Annual 
Report of the Indian Institute of Science (IISc). 

In May 2019, IISc completed 110 years of 
existence. Over the last century, the Institute 
has established itself firmly as India’s premier 
destination for original research and higher 
education in science and engineering. In keeping 
with its mandate to “provide for advanced 
instruction and to conduct original investigations 
in all branches of knowledge as are likely to 
promote the material and industrial welfare of 
India,” the Institute has always strived to strike a 
balance between the pursuit of basic knowledge 
and applying its research for industrial and 
social benefit.

The Institute also has a rich history of 
contributing to nation building. During 2019-20 
too, several major R&D endeavours of national 
importance were initiated. In September 2019, 
a National Centre for Clean Coal Research and 
Development (NCCCR&D) was inaugurated at 
IISc by Dr Harsh Vardhan, Honourable Union 

Minister of Science & Technology. Its primary 
goal is to address several critical challenges in 
developing clean coal technologies in the country, 
in tandem with developing supercritical power plant 
technologies, both at the materials and systems 
level.

A Centre of Excellence in Additive Manufacturing 
for High-Performance Metallic Alloys was also 
inaugurated in December 2019. With support from 
the Department of Heavy Industries, Government 
of India and Wipro 3D, faculty members from 
various departments also came together to develop 
a prototype of a metal additive manufacturing 
machine, touted as a metal 3D printer. This 
machine uses a high power electron beam to melt 
metallic powders in a vacuum and build complex 
objects such as biomedical implants and aircraft 
components faster and more efficiently.

The Institute has also continued building 
collaborations with technology giants to find 
solutions to problems in strategic areas. One 
example is the new Centre for Networked 

Foreword

In this Annual Report, you will also find glimpses 
of high quality research carried out at IISc this 
past year by our faculty members and students, 
with the help of the technical and administrative 
personnel, and financial support from various 
funding agencies.



Intelligence (CNI) which was established under the 
Division of Electrical, Electronics and Computer 
Sciences (EECS), with support from Cisco. It 
aims to develop next-generation networking 
methodologies and concept solutions that 
can derive knowledge from evolved networks 
of the future. As part of the centre’s activities, 
an advanced networking lab with state-of-the-
art networking devices will be set up at IISc, 
and students will also be supported through 
scholarships and travel grants. 

While funding from the government continues 
to remain critical for IISc’s operations, support 
from non-government sources has also played 
an important role in the Institute’s advancement 
in the last few years. Endowments and grants 
from generous donors have not only enabled 
the Institute to modernise its infrastructure and 
provide enhanced travel and scholarship support 
for its students, but also helped our faculty 
members to pursue groundbreaking research. 

In 2019, TCS Foundation made a generous 
commitment of Rs. 110 crores under Corporate 
Social Responsibility (CSR) to support the 
construction of a state-of-the-art building 
called the “TCS Smart-X Hub”. The hub will 
foster cutting-edge research in areas such 
as biomedicine, traffic congestion, 3D sensor 
systems, and autonomous systems.
 
Another generous philanthropic gesture, made 
by the Pratiksha Trust established by Kris 
Gopalakrishnan and Sudha Gopalakrishnan 
in 2014, has also borne fruit: a new building 
for the Centre for Brain Research (CBR) is 
nearing completion. This will be another state-
of-the-art facility where research on brain 
disorders (particularly on the aging brain) will be 
conducted. A 3 Tesla functional MRI machine 
recently set up in the Centre for Neuroscience, 
with a philanthropic grant from the Tata Trusts, 
will also complement the efforts at CBR. 

Early in 2020, the Institute, along with the rest 
of the world, had to face and respond to the 
growing COVID-19 pandemic. Even as IISc 
started shutting down operations in March 2020, 
its faculty members began working on solutions 
related to diagnostics, vaccines, models of 
epidemic spread and indigenous ventilators. A 
COVID-19 test centre was also set up on campus. 
Efforts are ongoing to work with government 
agencies and industry partners in order to scale 
up and deploy these solutions quickly. 

IISc Annual Report  |  9



In 2019, IISc completed its first year as an 
“Institution of Eminence”. One of the major 
accomplishments under this grant has been 
a significant boost in internationalisation. The 
Satish Dhawan Visiting Professorships and 
the CV Raman Post-doctoral Fellowships were 
instituted to host outstanding researchers on 
campus, and new doctoral joint-supervision 
programmes between IISc and universities 
abroad were launched, in addition to 
substantial international travel support for our 
faculty members and students. New degree 
programmes including an MTech in AI and 
PhD programmes in Advanced Manufacturing, 
Climate Science, and Brain and Artificial 
Intelligence have been introduced. Campus 
infrastructure has been significantly upgraded, 
major administrative operations have moved 
online and substantial support has been 
extended to upgrade and maintain equipment 
in central laboratories. Faculty members have 
also been pursuing technology development in 
futuristic areas such as quantum technologies, 
5G networks and autonomous vehicles. 

Early in 2020, the Institute, along with the rest 
of the world, had to face and respond to the 
growing COVID-19 pandemic. Even as IISc 
started shutting down operations in March 
2020, its faculty members began working on 
solutions related to diagnostics, vaccines, 
models of epidemic spread and indigenous 
ventilators. A COVID-19 test centre was also 
set up on campus. Efforts are ongoing to 
work with government agencies and industry 
partners in order to scale up and deploy these 
solutions quickly. 

I would like to extend my gratitude to my 
predecessor, Prof Anurag Kumar, who, during his 
tenure, introduced several initiatives to modernise 
IISc’s administration and infrastructure, improve 
faculty recruitment, increase support from non-
government sources, enable the careers of 
women researchers in the Institute, and enhance 
IISc’s visibility abroad. He also shouldered the 
responsibility of steering the Institute during the 
initial days of the COVID-19 crisis. I welcome the 
opportunity to continue this legacy and take the 
Institute to greater heights in the coming years. We 
also extend our gratitude to the Chair and Members 
of the Council of the Institute for their valuable 
support and guidance.

G. Rangarajan
DIRECTOR
September 2020
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Division of  
Biological 
Sciences

Division of 
Chemical 
Sciences

Division of 
Electrical, 
Electronics, and 
Computer Sciences

Division of 
Interdisciplinary 
Research

B C Biochemistry
C A F Central Animal Facility 
C E S Centre for Ecological Sciences
C I D R Centre for Infectious Disease Research
C N S Centre for Neuroscience
M C B Microbiology and Cell Biology 
M B U Molecular Biophysics Unit
M R D G Molecular Reproduction, Development and Genetics

I P C Inorganic and Physical Chemistry
M R C Materials Research Centre
N R C NMR Research Centre
O C Organic Chemistry
S S C U Solid State and Structural Chemistry Unit

C S A Computer Science and Automation
E C E Electrical Communication Engineering
E E Electrical Engineering
E S E Electronic Systems Engineering

B S S E Centre for BioSystems Science and Engineering
C C S Centre for Contemporary Studies
C I S T U P Centre for Infrastructure, Sustainable  
 Transportation and Urban Planning
C E N S E Centre for Nano Science and Engineering
C D S Computational and Data Sciences 
M S  Management Studies
I C E R Interdisciplinary Centre for Energy Research
I C WA R Interdisciplinary Centre for Water Research
R B C C P S Robert Bosch Centre for Cyber Physical Systems 
S E R C Supercomputer Education and Research Centre

IISc at a glance 2019-20

ACADEMIC STRUCTURE



Division of 
Mechanical  
Sciences

Division of  
Physical and  
Mathematical 
Sciences

Centres 
under  
the Director

A E Aerospace Engineering
C P D M Centre for Product Design and Manufacturing
C E Chemical Engineering
MT Materials Engineering 
M E Mechanical Engineering
C I E  Civil Engineering
C E A S Centre for Earth Sciences
C A O S Centre for Atmospheric and Oceanic Sciences 
C S T Centre for Sustainable Technologies
D C C C Divecha Centre for Climate Change
MT Materials Engineering  
ME Mechanical Engineering
 
 
C CT Centre for Cryogenic Technology
C H E P Centre for High Energy Physics
I A P Instrumentation and Applied Physics
M A Mathematics
P HY Physics

L I B  JRD Tata Memorial Library
O O C Office of Communications
O I R  Office of International Relations
C C E Centre for Continuing Education
C S S P Centre for Sponsored Schemes & Projects
O D A A  Office of Development and Alumni Affairs
I P T E L   Office of Intellectual Property and Technology Licensing 
C C  Challakere Campus
C S I C  Centre for Scientific and Industrial Consultancy
D I G IT S  Digital Campus and IT Services Office
S I D  Society for Innovation and Development
C B R Centre for Brain Research
K V P Y Kishore Vaigyanik Protsahan Yojana
K S C S T  Karnataka State Council for Science and Technology
I I S C A A  IISc Alumni Association
O C C A P Office of Career Counselling and Placement 
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STUDENTS

PhD MSc (Engg)/ 
MTech (Res)

Int. PhD ME / MTech MDes MMgt BSc  
(Research)

Master of 
Science

2500
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1500

1000
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0

2365

413

217

77 55

334

28

297

613

281

20 28 15 30 16
119 154

68 84 55

453

40

227

51

n Admissions      n On Roll      n Degrees Awarded

Hostels (3143)
Men 2293

Women    850

Messes 4

Continuing Education  (1,450)
QIP Degree program         23
QIP Short Term Courses  560
CCE Proficience      559
Industry sponsored courses    410

Scholarships/Fellowships (2,490)
IISc                                                                         2085
Others 405



FACULTY 2019-20
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Staff (861)
               SC/ST OBC GN

Academic, Scientific 
& Technical (546)

    Academic 13 10 433

    Scientific 28                   2 41

    Technical 15                    0 13

Support (354) 

    Officers                                                            10 7 18

    Administrative 53               8 54

    Technical 13                     1 21

    Maintenance 44                   4  70

    Others 1                       0 2

Publications
Biological Sciences 305

Chemical Sciences 421

Electrical Sciences 454

Mechanical Sciences 671

Physical & Mathematical Sciences 503

Interdisciplinary Research 308

Academic Divisions: 6     Departments: 42                                                 
Biological Sciences 8

Chemical Sciences                                                  5

Electrical Sciences                                                  4

Mechanical Sciences                                            10

Physical & Mathematical Sciences                       5

Interdisciplinary Research                                    10

Interactions
On Campus

    Institute Lectures 10

    Conferences 231 

    Visitors 450

    Delegations 85

Staff

    Visits 416

    Conferences 826

    Lectures delivered 543

   Assistance  in  Other Institutions 479

Awards and Distinctions     (291)
Shanti Swarup Bhatnagar (SSB) Prize                 1

Infosys Prize in Physical Sciences                       1

JC Bose Fellowship                                                 1

Fellows

TWAS 1

Indian National Academy of 
Engineering

5

Indian National Science 
Academy

3

Indian Academy of 
Sciences 

10

National Academy of 
Sciences

1

Swarna Jayanti 3

Other Awards, Honours and 
Recognition

265



STUDENTS 
ADMISSIONS, CONFERMENTS, ON ROLL

Students Admissions from 2015 to 2020

On Roll from 2015 to 2020

2019 -20

Total - 1164
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  PhD/Int PhD        MSc (Engg)/M Tech (Res)        Master Programme              BSc (Research)       Master of Science
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FACULTY
2019-2020

New Faculty Inducted during 2015-2020
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PUBLICATIONS
2019
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2262

663

65

2543

66

Journal Publications

Conference Publications

Popular Science Articles

Technical Research Reports

Book Monographs

Books & Book Chapters

DEGREES AWARDED
2019-2020

PhD

Int. PhD

Mtech/ME

MSc (Engg.)

MMgt

MDes

BSc (Reasearch)

Master of Science

Total - 885 

2662

693

217

28

281
51

154

5528

16



Research
PhD,  Int.PhD,       MTech (Res)     BSc (Res)

Courses offered 2019-20

Course/Research
M Tech       MDes     MMgt      BSc(Research)

ENGINEERING
Civil Engineering   
Earth Sciences   
Computer Science and Automation   
Electrical Engineering   
Electrical Communication Engineering   
Electronic Systems Engineering   
Aerospace Engineering   
Chemical Engineering   
Mechanical Engineering   
Materials Engineering   
Product Design and Manufacturing    
Atmospheric and Oceanic Sciences   
Instrumentation   
Computational and Data Science   
Nanoscience and Engineering   
Energy Research   
Management Studies     
BioSystems Science and Engineering 
Water Research 
Sustainable Technologies   
Cyber Physical Systems 
Climate Change 

Division 100 level 200 level 300 level 400 level
Biological Sciences 1 33 18 0
Chemical Sciences 0 15 14 0
Physical & Mathematical Sciences 0 54 64 1
Electrical Electronics and Computer Sciences 1 127 25 0
Mechanical Sciences 0 185 23 1
Interdisciplinary Research 4 55 22 0
Undergraduate 12 16 33 12
General Academic & Research Provisions 0 5 12 2

SCIENCE

Biochemistry               

Ecological Sciences   

Microbiology and Cell Biology   

Molecular Biophysics   

Molecular Reproduction 
Development and Genetics   

Neurosciences               

Inorganic and Physical Chemistry               

Materials Research               

Organic Chemistry               

Solid State and  
Structural Chemistry               

Mathematics   

Physics   

Astronomy and Astrophysics   

High Energy Physics   

Interdisciplinary Programme - IMI   

Undergraduate Programme    

PROGRAMMES



ENGINEERING
Civil Engineering   
Earth Sciences   
Computer Science and Automation   
Electrical Engineering   
Electrical Communication Engineering   
Electronic Systems Engineering   
Aerospace Engineering   
Chemical Engineering   
Mechanical Engineering   
Materials Engineering   
Product Design and Manufacturing    
Atmospheric and Oceanic Sciences   
Instrumentation   
Computational and Data Science   
Nanoscience and Engineering   
Energy Research   
Management Studies     
BioSystems Science and Engineering 
Water Research 
Sustainable Technologies   
Cyber Physical Systems 
Climate Change 
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The Institute1
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The Indian Institute of Science is an institution of higher learning and
research established in 1909 under the Charitable Endowments Act 
1890. With the establishment of the University Grants Commission 
in 1956, the Institute came under its purview as a Deemed University. 
The principal authority governing the Institute is the Council, which is 
advised by the Court in the formulation of policies. The Director is the 
Chief Executive of the Institute and is assisted in its management by 
the Senate and the Faculties of Science and Engineering.

1.1 The Court

The membership of the Court is drawn from different cross sections of the country such as Industry, 
Universities, Scientific Institutions, etc. In addition to eminent persons of science, learning and industry, 
it also contains the nominees of the Government of India, the Government of Karnataka and the Tata 
Trusts. The Professors of the Institute and the members of the Council are also ex-officio members of 
the Court. The following are the members of the Court:

N CHANDRASEKARAN
President of the Court Chairman, Tata 
Sons Ltd Bombay House, 24, Homi 
Mody Street Mumbai 400 001

PRAHLADA RAMARAO
Formerly Distinguished Scientist and 
Chief Controller, DRDO, NEW DELHI
Adjunct Faculty, Dept of Management 
IISc and NIAS Bengaluru

ANIL D SAHASRABUDHE
Chairman, The All India Council for 
Technical Education Nelson Mandela 
Marg, Vasant Kunj  
New Delhi – 110 067

ANIRUDH SRAVAN
Commissioner, Office of the 
Commissioner Dept of Collegiate 
Education 2nd Floor, DTE Building 
Palace Road Bangalore 560 001

R K KRISHNA KUMAR
Director, Tata Sons Ltd Bombay 
House, 2nd Floor 24, Homi Mody 
Street Fort, Mumbai 400 001

PANKAJ R PATEL
President: FICCI & Chairman & 
Managing Director, Cadila Healthcare 
Ltd., Zydus Tower Satellite Cross 
Roads Ahmedabad 380 015

S N AGARWAL
Chairman, Bhoruka Power 
Corporation Ltd., 5th Floor 
Hitananda-II, 48, Lavelle Road  
Bangalore 560 001

VIJAY PADATE
Director General, The Employers 
Federation of India, 1703, World 
Trade Centre-I, Cuffe Parade 
Mumbai 400 005

SHEKHAR C MANDE
Director General Council of Scientific 
& Industrial Res. Anusandhan 
Bhawan 2, Rafi Marg, NEW DELHI

P RAMA RAO
Former Vice-Chancellor, Univ Of 
Hyderabad Chairman, Governing 
Council, IISc “NAIMISAM” 
Flat No. 301, Plot No. 22, Srinagar 
Colony, Hyderabad 500 073

R S BAWA
Vice Chancellor Chandigarh 
University Gharuan, District Mohali 
Punjab 140 413

SANDEEP SANCHETI
Vice Chancellor  
SRM Institute of Science 
& Technology SRM Nagar, 
Kattankulathur Kancheepuram 
District Chennai 603 203

RAKESH BHATNAGAR
Vice Chancellor  
Banaras Hindu University Varanasi 
221005

SOUVIK BHATTACHARYA 
Vice Chancellor  
Birla Institute of Technology & 
Science 
Vidya Vihar, Pilani - 333 031, 
Rajasthan

M P RAVINDRA
President, IISc. Alumni Association 
IISc Campus, Bengaluru 560 012

ANURAG KUMAR
Director (Ex-officio)

ALL PROFESSORS OF THE 
INSTITUTE
(Ex-officio)

ALL MEMBERS OF THE COUNCIL
(Ex-officio)

V RAJARAJAN
Registrar (Ex-officio Secretary)

Every year Court met once on March.



1.2 The Council
The membership of the Court is drawn from different cross sections of the country such as Industry, 
Universities, Scientific Institutions, etc. In addition to eminent persons of science, learning and 
industry, it also contains the nominees of the Government of India, the Government of Karnataka and 
the Tata Trusts. The Professors of the Institute and the members of the Council are also ex-officio 
members of the Court. The following are the members of the Court:

The Council met quarterly on Jun 07, 2019; Sept 21, 2019; and Dec 21, 2019.

P RAMA RAO
Chairman of the Council Former Vice 
Chancellor University of Hyderabad 
Hyderabad (Nom. GOI)

AMIT KHARE 
Secretary, Min. of Human Resource 
Development Dept of Higher Education, 
Govt. of India Shastri Bhavan, New Delhi 
110001

CHANDRA SHEKHAR KUMAR
Joint Secretary (IISERs)
Ministry of Human Resource 
Development 
Higher Education Department, Govt. of 
India
Shastri Bhawan, New Delhi 110 001

A S KIRAN KUMAR
Former Secretary Department of Space 
Antariksh Bhavan New BEL Road 
Bangalore 560 094

RAJKUMAR KHATRI
Additional Chief Secretary, Higher 
Education Dept Govt. of Karnataka, 
Bangalore 560 001

I S N PRASAD
Additional Chief Secretary  
Finance Dept, Govt. of Karnataka 
Bangalore 560 001

J J IRANI
Director, Tata Sons Ltd. # 7, Beldih Lake 
Northern Town Jamshedpur 831 001

RANENDRA SEN  
A-42, IFS Apartments, Mayur Vihar 
Phase 1 NA, Delhi 110 091

RAJENDRA PRASAD
Director, Amity Institute of 
Biotechnology
Amity Univ Gurgaon 
(Haryana) 122413

NARENDRA JADHAV
Hon’ble Member of Parliament (RS)  
# 304, Shalaka, 4th Floor, Maharshi 
Karve Road Near Cooper age 
Telephone Exchange
MUMBAI 400021

SURESH C ANGADI
Hon’ble Member of Parliament 
(LS) “Spoorthi” Sampige Road 
Vishweshwarayya Nagar 
Belgaum 590 009

R S BAWA
Vice Chancellor, Chandigarh University 
Gharuan, District Mohali 
Punjab 140 413

SANDEEP SANCHETI
Vice Chancellor, SRM Institute of 
Science & Technology SRM Nagar, 
Kattankulathur Kancheepuram District 
Chennai 603 203

ANIL D. SAHASRABUDHE
Chairman, The All India Council for 
Technical Education Nelson Mandela 
Marg, Vasant Kunj 
New Delhi 110 067

SHEKHAR C MANDE
Director General, Council of Scientific & 
Industrial Res. Anusandhan Bhawan, 2, 
Rafi Marg
New Delhi 110 001

ANURAG KUMAR
Director (Ex-officio)

A G SAMUELSON 
(Ex-officio)
Dean, Science Faculty

Y N SRIKANT
(Ex-officio)
Dean, Engineering Faculty

V RAJARAJAN
Registrar (Ex-officio Secretary)



1.3 Finance Committee
The following are the members of the Finance Committee:

P RAMA RAO
Former Vice Chancellor University of 
Hyderabad, Chairman of the Council 
(Ex-officio)

PAVAN KUMAR MALAPATI
Deputy Secretary (Budget & Resources) 
Finance Department 
Bangalore (Nom. GOK)

ASHISH W DESHPANDE
Secretary & Chief Financial Officer Sir 
Ratan Tata Trust, Bombay House, Homi 
Mody Street, MUMBAI – 400 001

R F SAVAKSHA
Secretary & Chief Accountant Sir 
Dorabji Tata Trust 
Mumbai (Nom. Tata Trusts)

DARSHANA M DABRAL
Joint Secretary & Financial Adviser 
Dept of Higher Education
MHRD GOI (Nom. GOI)

CHANDRA SHEKHAR KUMAR
Joint Secretary (IISERs)
Ministry of Human Resource
Development, Higher Education
Department, Govt. of India, 124-C,
Shastri Bhawan, New Delhi 110 001

R NARESH
Pr. Accountant General (A&E)
Karnataka, Bangalore (Ex-officio)

ANURAG KUMAR
Director (Ex-officio)

V RAJARAJAN
Registrar (Ex-officio Secretary)

The Finance Committee met quarterly on Jun 06, 2019; Sep 20, 2019; and Dec 20, 2019.

1.4 The Senate

The Senate is one of the authorities of the Institute 
that consists of the Director as the Chairman, all 
Professors and Associate Professors, one elected 
representative (Assistant Professor) from each of the 
Faculties, the Librarian, and the Registrar (Secretary). 
The Senate meets at least once a term.

This principal academic body functions to (a) plan 
and coordinate the research activities of the Institute, 
(b) regulate and organise courses of instruction and 
study, admission of students, examinations, etc., (c) 
formulate conditions for the award of Degrees of the 
Institute, and (d) recommend names to the Council 
for the award of Degrees.

During the year, the Senate met on May 7, 2019; Aug 
23, 2019; Nov 8, 2019 and Feb 11, 2020. 

The Senate recommended the award of various 
degrees as follows:

1.5 Faculties
The faculties act as advisory bodies to the 
Senate and assist in the discharge of its 
duties. Each Faculty consists of the respective 
Dean as Chairman, all Professors, Associate 
Professors, Chief Research Scientists, 
Principal Research Scientists, Assistant 
Professors and Senior Scientific Officers as 
members and the Assistant Registrar as the 
Secretary.

The Science Faculty met on Apr 29, 2019 and 
Oct 17, 2019. The Engineering Faculty met on 
Apr 30, 2019 and Oct 18, 2019 during the year.

The Joint meetings of Faculty members were 
held on Aug 21, 2018 and Jan 4, 2019. The 
Director chaired the Joint meetings.

• PhD 217
• Int. PhD 28
• MSc (Engg)       51
• ME/MTech 281
• MDes 28
• MMg 16
• BSc (Research) 154
• Master of Science 55
Total 830
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Staff2
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Director: Anurag Kumar

UG Programme: P S Anil Kumar

Dean (Science)
A G Samuelson

Deputy Director (Infrastructure and 
Planning)
Rudra Pratap

Chair, Division of Biological Sciences
Umesh Varshney

Chair, Division of Electrical, Electronics, 
and Computer Sciences
Y Narahari

Chair, Division of Mechanical Sciences
Vikram Jayaram

Registrar
V Rajarajan, MSc
(TNAU, Coimbatore)

Financial Controller
Indumati Srinivasan, MA (JNU)
MPhil (JNU), PGDPPM (IIMB)

Deputy Registrar
V Nagaraja, MA (Mysore)
M C Jayaprakash, MCom, MBA, BL

Deputy Financial Controller
M Krishna Murthy, PhD (Bangalore)
P Manivannan, MA (Madras)

Administrative Officer
Umashankar Apali

Assistant Registrars
Aparna Kandi, BE (Gulbarga)
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Division of 
Biological Sciences

I N  N U M B E R S
• 76 FACULTY MEMBERS 

• 270 PhD STUDENTS

• 59 INTEGRATED PhD STUDENTS 

3.1



Biological Sciences

The Division of Biological Sciences forges important links between basic science 
and innovative research. It is committed to enhancing frontline studies in almost all 
aspects of modern biology: Neuroscience in health and disease, Infectious Disease, 
Structural Biology, Oncology, DNA Repair and Genomic Stability, Systems Biology and 
Bioinformatics, Immunology, Enzymology, Reproductive and Developmental Biology, 
Ecological Studies and more.

T H E M E S 
Investigators in the Division focus on numerous processes central to the understanding 
of life, emphasising on areas with considerable translational potential, namely, Cognition 
and Neuronal Reprogramming, Infectious Diseases, Drug and Molecular Design, 
Diagnostics and Therapeutics in Cancer, Gene Targeting, Genetic Disorders and  
Genetic Diversity.

R E S E A R C H  H I G H L I G H T S 
The Division of Biological Sciences consists of the Departments 
of Biochemistry, Microbiology & Cell Biology, Molecular 
Reproduction, Development & Genetics, Molecular Biophysics 
Unit, Ecological Sciences, Centre for Neuroscience, Centre for 
Infectious Disease Research and Central Animal Facility including 
Primate Research Laboratory

D E P A R T M E N T S  |  C E N T R E S  |  U N I T S 
• BIOCHEMISTRY 

• CENTRAL ANIMAL FACILITY 

• CENTRE FOR ECOLOGICAL SCIENCES 

• CENTRE FOR INFECTIOUS DISEASE RESEARCH 

• CENTRE FOR NEUROSCIENCE 

• MICROBIOLOGY AND CELL BIOLOGY 

• MOLECULAR BIOPHYSICS UNIT 

• MOLECULAR REPRODUCTION, DEVELOPMENT  

 AND GENETICS
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Dr Sandeep M Eswarappa (BC) 

Genetic message encoded in a messenger RNA (mRNA) is decoded to synthesize proteins by a process 
called translation. Ribosomes, the central machinery in this process, read the mRNA sequence in three 
nucleotide units termed as codons. There are specific codons in the mRNA which signal the ribosomes 
to start and stop the process of translation. However, under certain conditions, ribosomes ignore the 
stop signal and continue the process of translation till they encounter the next stop codon. This process 
is termed as translational readthrough.

In this study we have demonstrated translational readthrough in mammalian AGO1 mRNA that 
encodes an argonaute protein. This protein plays an important role in the function of microRNAs, which 
regulate protein synthesis. Translational readthrough in AGO1 mRNA generates a novel type (isoform) 
of argonaute protein with an ability to inhibit the function of miRNAs. Thus, our work has identified a 
molecular inhibitor of microRNA pathway.

Reference:  Anumeha Singh, Lekha E Manjunath, Pradipta Kundu, Sarthak Sahoo, Arpan Das, Harikumar 
R Suma, Paul L Fox, Sandeep M Eswarappa. Let-7a-regulated translational readthrough of mammalian 
AGO1 generates a microRNA pathway inhibitor. EMBO J. 2019 Jul 22:e100727. doi: 10.15252/
embj.2018100727.

Research Snapshots
2019-20
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Nagasuma Chandra (BC) 

Collaboration between Chandra’s computational biology lab and Dipshikha Chakravortty’s 
microbiology lab has led to the design of an antimicrobial peptide (AMP) that can effectively and 
quickly kill a notorious multidrug-resistant bacterium called Acinetobacter baumannii.
 
The researchers used a bioinformatics approach to design a new short protein (peptide) called 
Omega76 that can kill A. baumannii by breaking down its cell membrane. Infected mice treated with 
Omega76 had much better survival rates. The team also found that high doses of Omega76 given 
for prolonged periods did not produce any toxic effects. Because it is both safe and effective, it is a 
promising candidate for developing new antibiotics, the researchers say.

 The collaboration has helped in understanding both the design and efficacy of this peptide. Future 
plans include improving its design further, and exploring clinical uses such as treating diabetic 
wounds and tackling sepsis in hospital environments.

Reference: Ω76: A designed antimicrobial peptide to combat carbapenem- and tigecycline-resistant 
Acinetobacter baumannii, published in Science Advances, July 2019.



Vishwesha Guttal (CES)

While studying how animals behave in groups, such as fish schools or bird flocks, researchers tend to 
discard “noise” – essentially statistical deviations from expected patterns. It is often assumed to be a 
nuisance and is therefore filtered out.
 
But a new study on cichlid fish movement upends this belief. It finds that noise can actually help 
understand how complex group-level behaviours – such as swimming together in a synchronised 
manner to avoid predators and forage efficiently – emerge from simple individual behaviours.
 
Understanding how such emergent behaviour arises in nature can also be useful for studying other 
processes, such as robotic swarms or how information propagates in crowds.

Reference:  
Jitesh Jhawar, Richard G Morris, U R Amith-Kumar, M Danny Raj, R Harikrishnan, Tim Rogers, Vishwesha 
Guttal, Noise-induced schooling of fish, Nature Physics (2020).
https://www.nature.com/articles/s41567-020-0787-y
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Kartik Sunagar (CES)

Commercially available antivenoms in India can be ineffective in treating bites from certain medically 
important neglected snakes, a new study has shown. These snakes are those whose bites are harmful 
to humans, yet are poorly studied. The study was conducted by scientists from the Indian Institute of 
Science (IISc), in collaboration with their counterparts from the Gerry Martin Project and the Madras 
Crocodile Bank Trust and Centre for Herpetology.

In the first part of this two-fold study, they characterised the venoms of major neglected, yet 
medically important, Indian snakes: their composition, and pharmacological activities, and potencies. 
These snakes included the Sochurek’s viper, the Sind krait, the banded krait, and two populations 
of monocled cobras, as well as their closest ‘big four’ relatives (saw-scaled viper, common krait 
and spectacled cobra). In the second part of the study, the research team evaluated how effective 
commercially marketed Indian antivenoms are in treating snakebites from the neglected species.

The main takeaway from the study for antivenom manufacturers, public health officials and policy 
makers is a pressing need to develop region-specific snakebite therapies for the many neglected 
species.

Reference:  
Senji Laxme RR, Khochare S, de Souza HF, Ahuja B, Suranse V, Martin G, Whitaker R, and Sunagar K. 
2019. Beyond the ‘big four’: Venom profiling of the medically important yet neglected Indian snakes 
reveals disturbing antivenom deficiencies. PLoS Neglected Tropical Diseases. 13(12): e0007899.
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0007899



Amit Singh (CIDR)

Tuberculosis (TB) claims millions of lives each year and remains a global health hazard. The 
occurrence of relapse after anti-TB therapy and drug-resistant infections are prime concerns in the 
field of TB management. 

Our findings show that the internalisation by immune cells, intended by the host immune system 
to fight off infections, can prove beneficial for the pathogen, Mycobacterium tuberculosis (Mtb). 
Internalisation of Mtb by host macrophages induces perturbations in the redox physiology of 
bacteria to generate a sub-population of Mtb that withstands oxidative stress within macrophages 
as well as tolerates exposure to high concentrations of first-line anti-TB antibiotics, such as 
isoniazid (Inh). Interestingly, this drug-tolerant fraction of Mtb is harboured selectively within 
macrophages that acidify to a greater extent than those macrophages that are enriched with drug-
sensitive Mtb. In this regard, we hypothesized that off-setting pH within macrophages could prove 
beneficial in preventing the appearance of drug-tolerant Mtb during infection. We demonstrate that 
administering chloroquine (CQ), an anti-malarial drug that neutralises pH within macrophages, 
prevents the appearance of the redox-altered Mtb fraction during infection. Furthermore, combining 
CQ with Inh or rifampicin (Rif) dramatically reverses the tolerance of Mtb towards these antibiotics. 
In mice and guinea pigs that have been chronically-infected with Mtb, the co-administration 
of CQ with Inh or Rif not only increases the efficacy of the antibiotics in alleviating bacterial 
load and improving disease-related pathology but also significantly reduces chances of post-
chemotherapeutic relapse. 

Our work provides a causal link between the heterogeneity in host-pathogen interactions and 
antibiotic tolerance in Mtb, which could have implications for the re-positioning of CQ in currently 
existing anti-TB therapy regimens to achieve a more robust system for TB management.

Reference:  
Mishra, R., Kohli, S., Malhotra, N., Bandyopahdyay, P., Mehta, M., Munshi, M., Adiga, V., Ahuja, V.K., 
Shandil, R.K., Rajmani, R.S., Seshasayee, A.S.N., & Singh, A. Targeting redox heterogeneity to 
counteract drug tolerance in replicating Mycobacterium tuberculosis. (2019) Science Translational 
Medicine, 11(518). DOI: https://doi.org/10.1126/scitranslmed.aaw6635
https://www.researchmatters.in/news/iisc-researchers-use-anti-malarial-drug-increase-
effectiveness-anti-tuberculosis-drugs
http://cidr.iisc.ac.in/amit/



IISc Annual Report  |  39

Deepak Kumaran Nair (CNS)

Akin to human skeleton there are molecules that polymerize to form a cellular skeleton helping the 
cell maintain its shape and function. These structures form the cytoarchitecture of the cells and are 
referred as cytoskeleton. Actin is one of the prominent molecules that form the cytoskeleton at the 
synapses. Synapses are micron-scale structures where the communication between neurons occurs 
and their structure and function are intimately associated with cognitive processes like learning and 
memory. The polymerised form of actin – “Filamentous actin (F-actin)” is the key organisational 
network forming variety of shapes and giving the three-dimensional dynamic structure for neuronal 
synapses. Thus, the organisational of F-actin nanostructures is known to be one of the key factors 
in deciding the structure and function of these synapses in health. A deviation from normal function 
or organisation of F-actin is implicated in cognitive disabilities and neurodegenerative diseases like 
Alzheimer’s disease. Multicolour super-resolution microscopy enables us to have better insights 
into the nanoscale architecture of the synapse in health and disease. Here, we have combined novel 
methods for analysis of nanoscale images of F-actin network using segmentation with pattern 
recognition based on supervised learning. 

This project was supported by DBT, IISc and Tata Program grant towards understanding the early 
detection and treatment of AD. 

Reference:  
Characterization of Nanoscale Organisation of F-Actin in Morphologically Distinct Dendritic Spines In 
Vitro Using Supervised Learning, Siddharth Nanguneri, R. T. Pramod, Nadia Efimova, Debajyoti Das, 
Mini Jose, Tatyana Svitkina and Deepak Nair, eNeuro 16 July 2019, 6 (4) ENEURO.0425-18.2019 
DOI: https://doi.org/10.1523/ENEURO.0425-18.2019
http://www.cns.iisc.ac.in/deepak/Homepage.html



Supratim Ray (CNS)

Our brain generates several rhythms that wax and wane depending on the behavioural state. For 
example, a wave called “alpha” (~10 cycles per second) is generated when our eyes are closed 
and mind is calm, but it wanes off with stress. Since early 1970s, scientists have studied whether 
we can control our own alpha power if provided a feedback. In such experiments, typically a tone 
is generated whose pitch varies with the ongoing alpha power. In these studies, people indeed 
learned to control their alpha and this “neurofeedback training” even reduced their anxiety levels. 
However, these results were subsequently challenged, since the reduction in anxiety could be due to 
familiarity with the task/environment, irrespective of feedback. In our study, we have addressed this 
issue by providing “invalid” feedback (tone pitch independent of alpha) on a small fraction of trials 
without telling the subjects about it, which served as a “control” condition. While previous studies 
have used such “controls” on a different group of subjects, ours is the first in which a subject is his/
her own control. We found that valid feedback indeed sustained alpha power more than invalid, 
especially for people who could not otherwise sustain their alpha activity. Future studies will test 
whether neurofeedback can be used in the treatment of anxiety and depression.

Reference: 
Biswas A and Ray S (2019). Alpha feedback has a positive effect for participants who are unable to 
sustain their alpha activity. eNeuro. Accepted.

Biswas A and Ray S (2017). Control of alpha rhythm (8-13 Hz) using neurofeedback. Journal of the 
Indian Institute of Science. Vol 97:4: 527-531.
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The Department of Biochemistry, started in 1921, 
is celebrating its centenary this year. There are 
12 members of the faculty, 1 Honorary Professor, 
3 Emeritus Scientists, 76 PhD students, 26 PDF/ 
DST Young Scientists/UGC Kothari Fellows, 
administrative staff, 4 permanent helpers and 30 
temporary staff in the department.

C U R R E N T  R E S E A R C H
Proteins, natural products and metabolic engineering; DNA repair, RNA transactions 
and genomic stability; Biology of chaperones; Immunobiology

Protein, natural products and metabolic engineering: In the past year, there has been 
intensive research on anticancer compounds of fungal isolates from marine algae collected 
from Kerala, Tamil Nadu and Goa. A total of 101 fungal strains were isolated which were 
cultivated for 21 to 28 days in PDB medium. MTT assay against different human cancer cell 
lines showed that 11 fungal extracts showed significant cytotoxicity. The ethyl acetate extract 
of Chaetomium globosum isolated algae collected from Goa coastal region displayed high 
cytotoxicity against the MCF-7 cell line (IC50 = 7.2 μg/ml) and this was then subjected to GC-
MS analysis. The anticancer compound was purified by preparative TLC on silica gel and the 

FACT FILE
Established: 1921
Phone: +91-80-2293 2473
Fax: +91-80-2360 0814
Email: office.bc@iisc.ac.in
URL: https://biochem.iisc.ac.in
Degree Programs offered:  
PhD and Int PhD

IN NUMBERS
12 Academic Staff
67 PhD Students
15 Int PhD Students
100 Publications
2 Int PhD Conferments
23 PhD Conferments

Biochemistry
3.1.1

C H A I R P E R S O N
C JAYABASKARAN
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UV and FTIR spectra of the purified compound 
matched with standard chrysin. The results 
indicated that chrysin induced apoptosis in 
MCF-7 cells via ROS mediated mitochondrial 
dependent pathway. In vivo anticancer 
experiments are in progress.

One of the key global healthcare concerns 
is the emergence of antibiotic resistance in 
bacteria. To address the problem of drug 
resistance, a long short-term memory (LSTM) 
language model was used to understand the 
underlying grammar in known antimicrobial 
peptide sequences. Two most effective 
antimicrobial peptides displayed activity 
against multidrug-resistant clinical isolates of 
a variety of bacteria by selectively interacting 
with and disrupting bacterial cell membranes. 
Several chemicals present in the environment, 
e.g. herbicides, phenolics, etc, are capable 
of inducing higher incidences of antibiotic 
resistance. The effects of sodium salicylate 
on E. coli strain MG1655 and its isogenic 
mutant strain lacking Lon protease were 
previously studied. MarA, a key transcription 
factor is a known substrate of Lon protease; 
not surprisingly, the strain lacking Lon is also 
more resistant to antibiotics due to higher 
amounts of endogenous MarA. Four commonly 
used non-steroidal anti-inflammatory drugs 
(NSAIDs), Sodium salicylate, Acetyl salicyclic 
acid, Acetaminophen and Ibuprofen, were 
identified to induce high amounts of phenotypic 
antibiotic resistance. In addition, the roles of 

marA and acrB in the induction of antibiotic 
resistance by the four NSAIDs were dissected.

Mxr1p, a zinc finger protein was identified as a 
key regulator of multiple metabolic pathways 
of the methylotrophic yeast, Pichia pastoris. 
Rtg1p, a basic/helix-loop-helix- leucine zipper 
protein was shown to be a novel cytosolic, 
post-transcriptional regulator of key metabolic 
pathways of P. pastoris. Apolipoprotein L9, 
a phosphatidylethanolamine binding mouse 
protein was shown to interact preferentially 
with lipidated form of Lc3/Gabarap and 
localise to mitochondria and lysosomes in 
autophagy arrested cells.

In addition, a massive resource of three-
dimensional definitions of small molecule 
ligand binding pockets called the augmented 
pocketome of PDB was employed. Putative 
ligand associations are made for more than 
a million sites through novel computational 
analysis. This analysis provides a basis to 
systematically probe allostery in proteins and 
explore them for drug discovery.

DNA repair, RNA transactions and genomic 
stability: The bacterium Helicobacter pylori 
is one of the most common infectious 
agents found in the human stomach. H. 
pylori has an unusually large number of DNA 
methyltransferases (MTases), prompting 
speculation that they may be involved in the 
cancerization of epithelial cells. To better 

Proteins, Natural products and metabolic  
engineering; DNA repair, RNA transactions 
and genomic stability; Biology of chaperones; 
Immunobiology

C O R E  R E S E A R C H



understand the role of M.HpyAXVII in H. pylori 
biology, the hp1369-70 fusion construct was 
expressed in Escherichia coli BL21 (DE3) cells. 
Results from size-exclusion chromatography 
and multi-angle light scattering analyses 
suggested that M.HpyAXVII exists as a dimer 
in solution. Kinetic studies including product 
and substrate inhibition analyses, initial velocity 
dependence between substrates, and isotope 
partitioning suggested that M.HpyAXVII 
catalyses DNA methylation in an ordered BiBi 
mechanism in which the S-adenosylmethionine 
(AdoMet) binding precedes DNA binding and 
AdoMet’s methyl group is then transferred to an 
adenine within the DNA recognition sequence. 
Altering the highly conserved catalytic motif 
(DPPY/F) as well as AdoMet binding motif 
(FXGXG) by site directed mutagenesis 
abolished the catalytic activity of M.HpyAXVII. 
These results provide insights into the enzyme 
kinetic mechanism of M.HpyAXVII. It is 
possible that AdoMet binding conformationally 
“primes” the enzyme for DNA binding.

Cyclic di-GMP and cyclic di-AMP are second 
messengers produced by a wide variety of 
bacteria. Cyclic di-AMP has been shown 
to negatively regulate the expression of 
Mycobacterium smegmatis recA and attenuate 
DNA strand exchange through binding to 
the C-terminal motif of mycobacterial RecA 
proteins. Anionic phospholipids of the bacterial 
plasma membrane have been shown to act 
as a scaffold for RecA storage and regulate 
its recombinational DNA repair and the SOS 
functions. Phamacologically relevant small 
ligands were synthesised and shown to 
bind to the DNA secondary structural motifs 
embedded in the promoter sequences of the 
human acetyl-CoA carboxylase gene and 
oncogenes and regulate their expression.

Studies carried out in the department have 
shown that efficient DNA double strand 
break repair takes place in diffuse large B cell 
lymphoma. They have identified novel miRNA 
that could modulate RAG1 expression in B 
cell development stages. Their results reveal 
that formation of G-quadruplex structures 

can impart differential radiosensitivity to 
human genome and this can be modulated 
in a cell cycle dependent manner. Preliminary 
studies suggests that caffeine could act as 
a radioprotector. In addition, they have also 
conducted investigation to establish DNA 
double strand break repair mechanism in 
mammalian mitochondria.

Investigation of the role of cohesin in gene 
expression is being carried out by researchers. 
Cohesin is an important determinant of 
chromosome architecture due to its DNA 
binding and tethering ability. They investigated 
the role of cohesin near telomeres of budding 
yeast chromosomes. In budding yeast, 
transcription within 20 kb of telomeres is 
repressed, in part by the histone-modifying 
silent information regulator (SIR) complex. 
However, extensive subtelomeric repressed 
domains lie outside the SIR-binding region, 
and the mechanism of silencing within these 
regions remains unexplored. They reported 
a role for cohesin in subtelomeric silencing 
that extends even beyond the zone of SIR 
binding. Clusters of subtelomeric genes 
were preferentially derepressed in a cohesin 
mutant, whereas SIR binding was unaltered. 
Genetic interaction analysis indicated that 
cohesin operates independent of the SIR-
mediated pathway for telomeric silencing. 
They found that compaction of subtelomeric 
domains and tethering to the nuclear envelope 
were impaired in cohesin mutant cells. Their 
findings provide evidence for a unique SIR-
independent mechanism of subtelomeric 
repression mediated by cohesin. In this period 
they also continued studies on phenotypic 
defects arising from cohesin mutations in 
yeast cells, and extended ongoing work with 
other Smc protein complexes.

Another line of research in the department 
demonstrated that a subset of RAD51 
paralogs, XRCC2/FANCU and its binding 
partner RAD51D, restrain active DNA synthesis 
during dNTP alterations. The absence of 
XRCC2 was found to be associated with 
increased levels of RRM2, the regulatory 



subunit of RNR. This in turn resulted in 
elevated nucleotide pools, unrestrained fork 
progression and accumulation of DNA damage 
during dNTP alterations. Also, it was shown 
that clinically relevant mutations of XRCC2 
identified in Fanconi anemia (FA) and breast 
cancer are defective in fork slowdown. They 
also demonstrated that two RAD51 paralog 
complexes (DX2 and CX3) are differentially 
regulated by ATR signaling, through 
phosphorylation of XRCC2 and XRCC3. XRCC2 
was shown to be phosphorylated at Ser247 by 
ATR kinase. However, in contrast to the DSB-
specific activation of XRCC3, phosphorylation 
of XRCC2 was specifically induced by 
replication stress. Functionally, this activation 
of XRCC2 was found to be crucial for 
restraining fork progression, thus preventing 
the generation of post-replicative gaps, fork 
degradation, and genome wide DSBs. Notably, 
cells defective in XRCC2 phosphorylation were 
found to undergo early activation of XRCC3 
during replication stress, which allows HR-
mediated repair of accumulated DNA damage 
and cell survival.

The roles of self-association of RGG-
motif proteins in translation control were 
investigated and it was observed that self-
association likely affects the activity of 
RGG-motif repressor proteins. In addition, 
they are also addressing the role of arginine 
methylation of Sbp1 in regulating its activity.

One of the primary interests of faculty in the 
department is to understand the regulation 
of mammalian translation. They have 
identified 4 mammalian genes (AGO1, MTCH2, 
NNAT and FEM1B) whose mRNAs undergo 
translational read through, a process where 
protein translation continues beyond the 
stop codon. This generates longer proteins 
with different functions. Studies on AGO1 
translational read through have revealed 
a global microRNA sponge. It is generally 
believed that human mature erythrocytes don’t 
perform protein translation. However, it is not 
clear how they manage to survive 120 days 
in circulation without fresh protein synthesis. 

Their laboratory has demonstrated that mature 
erythrocytes can indeed translate at low level. 
At present, the regulation of translation in 
different physiological stresses such as fever 
and hypoxia is being investigated.

Biology of Chaperones: Over the last two 
decades, the department has contributed to 
better understanding of the roles of heat shock 
protein 90 (Hsp90) in the pathogenesis of 
diseases caused by a number of organisms, 
e.g. Plasmodium, Giardia, Trichomonas, 
Entamoeba, Trypanosoma, Babesia, Theileria 
etc. Using a variety of protozoan parasites of 
human and veterinary importance as model 
systems, the potent role of Hsp90 inhibitors 
in specifically targeting their virulence 
and growth has been shown. The current 
focus is on understanding the mechanistic 
aspects of the post-transcriptional repair of 
Hsp90 pre-mRNAs to generate the mature 
message in G. lamblia with the aim to identify 
unique molecular components which may 
be facilitating this process. In addition, a 
new area of interdisciplinary research in 
understanding flagellar motility in G. lamblia 
has been initiated. Also, unique metabolites 
released from Plasmodium infected RBCs 
have been identified and their potential as 
clinical biomarkers is being evaluated. Finally, 
the pathophysiology and potential alternate 
modes of transmission of sexually transmitted 
parasite T. vaginalis is being understood.

Recent studies have focused on the 
elucidation of the organisation of pre-
sequence translocase and mechanisms of 
protein translocation across the mitochondria. 
Their laboratory has uncovered the roles 
of maintenance of mitochondrial quality 
control during human health. In addition, their 
laboratory has uncovered Reactive Oxygen 
Signalling (ROS) networks in eukaryotes. The 
design, synthesis and characterisation of ROS-
scavenging nano-enzymes and drug delivery 
vehicles for therapeutic applications has been 
evaluated.
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Immunobiology: Sepsis is a complex 
syndrome caused due to excessive host-
mediated inflammatory responses during 
infections and is the leading cause of death 
in intensive care units. In our laboratory, we 
have standardised a Salmonella Typhimurium 
(S. Typhimurium) infection-induced peritonitis 
model of sepsis in mice. We have shown 
that NOS2-derived NO is a critical mediator of 
inflammatory responses, including cytokine 
burst and neutrophil recruitment to the 
peritoneal cavity, which most likely contributes 
to the protection from sepsis-induced organ 
damage and survival of mice. In addition, the 
effect of genetic heterogeneity on the immune 

FACULTY & STAFF 

NAGASUMA CHANDRA | PhD (Bristol), Professor 
PATRICK D’SILVA | PhD (IIT Bombay), Professor 
SANDEEP M ESWARAPPA | PhD (IISc), Assistant Professor 
C JAYABASKARAN | PhD (IISc), Professor 
SHIKHA LALORAYA | PhD (Wisconsin), Professor 
GANESH NAGARAJU | PhD (IISc), Associate Professor
DIPANKAR NANDI | PhD (California-Berkeley), Professor 
SATHEES C RAGHAVAN | PhD (BHU), Professor 
PURUSHARTH RAJYAGURU | PhD (CCMB), Assistant Professor 
PN RANGARAJAN | PhD (IISc), Professor
D NARASIMHA RAO | PhD (IISc), Professor
UTPAL S TATU | PhD (IISc), Professor

HONORARY PROFESSOR

K MUNIYAPPA | PhD (IISc)

EMERITUS PROFESSORS

G PADMANABAN | PhD (IISc)
AJ RAO | PhD (IISc)
HS SAVITHRI | PhD (IISc)

response of an individual to the influenza virus 
through a new mathematical model connecting 
genomic information to the disease susceptibility 
phenotype was investigated. It was shown 
that larger the genetic diversity, higher is the 
protection against the spread of influenza in a 
population and protection against epidemic break 
outs and in some cases sequence motifs. Using 
this knowledge, a genome-wide scan was carried 
out in M. tuberculosis, from which more than a 
thousand ATP binding proteins were identified. 
Several of these were validated experimentally 
using a chemical proteomics approach in a 
collaborator’s laboratory.
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The Central Animal Facility (CAF) breeds, 
maintains and supplies pure and inbred strains 
of experimental animals for biomedical research 
activities at the Institute. The animal species 
includes New Zealand white rabbits, Wistar rats, 
Sprague Dawley rats and several strains of mice 
(Swiss albino, BALB/c, FVB/N, CD1, C57BL/6, 
C3HeJ) including knockout mice (IFNg, KO, INoS 
KO, etc.).

FACT FILE
Established: 1971
Phone: +91-80-22932734/22932457
Fax: +91-80-23606569
Email: office.caf@iisc.ac.in
URL: http://caf.iisc.ac.in
Degree Programs offered: Nil

Central Animal Facility 
3.1.2

C H A I R P E R S O N
K SOMASUNDARAM
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The experimental animals are provided to 
several investigators who are using animals for 
research activities in the Division of Biological 
Sciences (Biochemistry, Microbiology and Cell 
Biology; Molecular Reproduction, Development 
and Genetics; Molecular Biophysics Unit, Centre 
for Neuroscience) and other departments such 
as Mechanical Engineering, Materials Research 
Centre, Materials Engineering, Inorganic and 
Physical Chemistry and Centre for Nanoscience 
and Engineering.

C O R E  R E S E A R C H

FACULTY & STAFF 

RAMACHANDRA S G | PhD (UAS), Chief Research Scientist
RAVINDRANATH H ALADAKATTI | PhD (Karnatak University), Principal Research Scientist
BALAJI K N | PhD (IISc), Professor
KUMARAVEL SOMASUNDARAM | PhD (Madurai Kamaraj University), Professor



The Centre for Ecological Sciences (CES) conducts 
cutting-edge research in diverse areas of ecology, 
behaviour and evolutionary biology. We study a 
range of taxa from insects, herpetofauna and birds 
to the largest land mammal, the Asian elephant. 
We employ diverse tools from molecular ecology to 
mathematical modelling of ecosystems.

C U R R E N T  R E S E A R C H
CES has continued to carry out cutting-edge research in the field of ecology, 
evolution and behaviour, which we summarise below. 

Behavioural ecology and Evolution: Broadly, we investigate the ways in which animals have 
adapted over evolutionary and ecological time. Based on studies on lesser false vampire bat 
Megaderma spasma, we found evidence for an auditory confusion effect in bats when locating 
acoustically signaling katydids in aggregates. Using lizard as a study system, we were able to 
show that urban populations of lizards have social coping styles, characterised by behaviour 

FACT FILE
Established: 1983
Phone: +91-80-2293 2506, 
2360 0985
Email: office.ces@iisc.ac.in
URL: http://ces.iisc.ac.in/new/
Degree Programs offered:  
PhD and Int PhD

IN NUMBERS
11 Faculty members
1 Scientific staff
1 Honorary Professor
25 PhD students
3 Int PhD Students
55 Publications 
8 PhD student conferments

3.1.3
C H A I R P E R S O N
PRAVEEN K KARANTH

Centre For  
Ecological Sciences 
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hormonal responses. Our study of sexual 
selection in a wild population of the rock lizard, 
Psammophilus dorsalis, sheds light on sexual 
signalling by females, a poorly understood 
research topic. 

Our work also shows that Aedes spp. females 
pay careful attention to competitors and 
predators when selecting habitats to lay eggs. 
We examined the primitively eusocial wasp 
Ropalidia marginata and show that 62.4% ± 
16.2% of the adults use space on their nest 
non-randomly. We find that spatial organisation 
appears to be a mechanism of minimizing the 
costs and maximising the benefits of social 
life. We have collaborated with civil engineers 
to understand the construction of termite 
mounds.

CES members have engaged with an 
international group of researchers to write 
a comprehensive review paper including a 

general theoretical framework for mixed species 
groups. We used the mathematical framework 
of the coagulation-fragmentation process 
to develop a first analytical model of group 
dynamics for mixed-species flocks. Our model 
predicts that the composition of flocks are 
group-size-dependent and do not merely reflect 
the population level heterogeneity.

We have initiated several new areas of research 
on evolution and biogeography including 
co-speciation between host and parasite, 
comparative evolutionary genomics of Indian 
primates and computational evolution. In 
addition, we elucidated the phylogeography of 
intertidal snail species differing in their pelagic 
larval duration (PLD) and habitat preference 
and carried out oceanographic modeling to 
understand dispersal.

Applied Ecology and Evolution: Our work 
has revealed disturbing deficiencies in the 

CES carries out research in Animal Behaviour, 
Behavioural Ecology, Bioacoustics, Biogeography, 
Chemical Ecology, Climate Change, Community 
Ecology, Ecosystem Ecology, Evolution, Forest 
and Grassland Dynamics, Marine Ecology, 
Mathematical Ecology and Modelling, Molecular 
Ecology, Movement Ecology, Nutrient Cycling, 
Phylogenetics, Phylogeography, Plant–Animal 
Interactions, Predator–Prey Interactions, Sensory 
Ecology and Stress Physiology. 

C O R E  R E S E A R C H



FACULTY & STAFF 
SUMANTA BAGCHI | PhD (Syracuse), Associate Professor
ROHINI BALAKRISHNAN | PhD (TIFR), Professor
RENEE M BORGES | PhD (Miami), FASc, FNA, Professor
RAGHAVENDRA GADAGKAR | PhD (IISc), FASc, FNA, FTWAS, Foreign Associate, US Natl Acad 
Sci, Honorary Professor
VISHWESHA GUTTAL | PhD (Ohio), Associate Professor
KAVITA ISVARAN | PhD (Florida), Associate Professor
PRAVEEN KARANTH | PhD (SUNY, Albany), Associate Professor
TV RAMACHANDRA | PhD (IISc), Scientific Officer
KARTIK SHANKER | PhD (IISc), Associate Professor
UMESH SRINIVASAN | PhD (NCBS), Assistant Professor
RAMAN SUKUMAR | PhD (IISc), FASc, FNA, FTWAS, Professor
KARTIK SUNAGAR | PhD (Portugal), Assistant Professor
MARIA THAKER | PhD (Indiana State), Associate Professor

neutralisation capabilities of the currently marketed Indian antivenoms, and emphasised the 
pressing need for developing region-specific snakebite therapy for the neglected yet medically 
important snakes in India. In free-ranging Asian elephants subject to increasing incidences 
of conflict with humans, we find that one of the proxies of physiological ‘stress’, i.e., faecal 
glucocorticoid metabolites (fGCM), is greatly influenced by seasonality, habitat, and presence of 
calves, adult females and their lactating status. 

In a global collaboration, we evaluated the effectiveness of satellite telemetry in terrestrial wildlife 
research. Using models, we demonstrated that the previously proposed connection between 
cluster-size distributions and ecosystem resilience is incorrect. Instead, we show that one can 
infer thresholds of ecosystem collapse by computing simple metrics such as spatial variance 
and spatial autocorrelation. We also investigated the connection between global change drivers 
(e.g. temperature, precipitation, land-use) and ecosystem function (e.g. productivity, food-web 
interactions, decomposition). 
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The main goal of the Centre for Infectious 
Disease Research (CIDR) is to integrate research 
activities in the area of infectious diseases with 
interactions and collaborations and provide 
avenues for multidisciplinary activities with 
translational outcomes. CIDR hosts fellows with 
a fully equipped and functional laboratory and a 
state-of-the-art BSL-3 facility to perform their 
research. A dedicated viral BSL-3 is currently 
under construction and will be operational in 
the near future, where research on emerging 
viral pathogens will be carried out. Research 
activities in CIDR are spearheaded by faculty from 
Biological Sciences or scientists with senior level 
fellowships, e.g. DBT-Wellcome, Ramalingaswami, 
Ramanujan, etc., through which competitive 
grants have been procured for studies related 
to infectious disease research. In addition CIDR 
received generous funding from the Infosys 
foundation in January 2016.

Centre For Infectious 
Disease Research

3.1.4
C O N V E N E R 
BALAJI K N



C U R R E N T  R E S E A R C H
Research on Mycobacterium: An important 
area of study is the understanding of the 
mechanisms by which Mycobacterium 
tuberculosis evades immunity. A comparative 
analysis of some 5000 whole genome 
sequences of Mycobacterium tuberculosis 
isolates curated from India identified precise 
amino acids that are recognised by CD4+ T 
cells, resulting in the bacterium escaping 
immune recognition. These studies have 
significant potential impact on TB vaccine 
design. This work along with a highly detailed 
analysis of the immune response induced by 
BCG vaccination, the only licensed vaccine 
in the fight against TB, has provided fresh 
insight on the potential efficacy of BCG 
revaccination in a TB endemic country like 
India. In addition, key markers have been 
identified in chronically activated CD4+ T cells 
during Mycobacterium tuberculosis infection. 

The second area of investigation is 
potentiating the activity of anti-TB drugs 
by modulating host immune response to 
eradicate tuberculosis. Modulating the 
levels of acidity in macrophages using an 
antimalarial drug chloroquine potentiated 
the activity of front line anti-TB drugs such 
as isoniazid and rifampicin. Mechanistically, 
Mtb exploits acidic pH of macrophages to 
alter its redox physiology and enters into a 
phenotypic state that is tolerant to drugs. Our 
study points to the critical role of host and 

pathogen heterogeneity in tolerating antibiotics 
and targeting acidic pH could be one the 
strategies to increase the efficacy of  
anti-TB drugs in vivo. 

Research on Emerging RNA Viruses: In 
the Infosys wing of CIDR, the Emerging Viral 
Pathogens laboratory was setup in 2019. 
The major focus of the lab is human RNA 
viruses, which are primary contributors of new 
pandemics and epidemics. On the influenza 
virus front we are trying to develop novel 
broad-spectrum vaccines and antivirals. 
For SARS-CoV-2 we are in the process of 
developing novel antivirals, vaccine candidates 
and developing cell culture and animal models 
to study virus biology and pathogenesis. For 
dengue and other mosquito borne flaviviruses 
we are studying their interactions with Aedes 
aegypti host, with the aim of developing 
CRISPR based gene drives to abrogate viral 
transmission by the mosquito vector. 

COVID-19 Diagnostic Lab: To meet the 
urgent need for scaling up diagnostic capacity 
in the wake of the COVID-19 pandemic, 
CIDR faculty members, with support from 
IISc administration, have setup a dedicated 
COVID-19 diagnostic facility in the Infosys 
wing of CIDR. It became operational in early 
May 2020 and has already screened more than 
15000 samples so far from different collection 
centers across Bangalore and neighboring 
cities. 

FACT FILE
Established: 2013
Phone: +91 80 2293 3063
Email: office.cidr@iisc.ac.in
URL: http://cidr.iisc.ac.in/
Degree Programs offered: PhD and 
Int PhD

IN NUMBERS
12 Publications
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ASSOCIATE FACULTY 
UMESH VARSHNEY | PhD (Calgary), Professor
BALAJI K N | PhD (IISc), Professor
DIPANKAR NANDI | PhD (University of California-Berkeley), Professor
BALASUBRAMANIAN GOPAL | PhD (IISc), Professor
DIPSHIKHA CHAKRAVORTTY| PhD (Savitribai Phule Pune University), Professor
NAGASUMA CHANDRA | PhD (University of Bristol), Professor
DEEPAK K SAINI | PhD, Associate Professor
AMIT SINGH | PhD (University of Delhi), Associate Professor
SHASHANK TRIPATHI I PhD (ICGEB), Assistant Professor

Ongoing work is directed towards understanding 
and targeting drug tolerance in Mycobacterium 
tuberculosis and application of network biology 
to identify new drug combinations. Another area 
of research is focused on the principal immune 
mechanisms that contribute to reactivation of 
tuberculosis in the context of HIV infection and 
affiliated research on the mechanisms of action 
of BCG vaccination and its efficacy in preventing 
TB. Another newly developed area of research 
is virus-host interactions of emerging RNA viral 
pathogens including SARS-CoV-2, influenza 
and dengue. The overall aim is to understand 
molecular basis of viral pathogenesis and 
translate the knowledge to novel antivirals and 
improved vaccine candidates.

C O R E  R E S E A R C H
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Understanding the structure, function and 
development of the brain in health and disease 
requires studying the brain across different levels 
of organisation using molecular, cellular, systems, 
cognitive, and computational approaches. 
These are the main focus areas of the Centre for 
Neuroscience (CNS). It recruits faculty across 
wide-ranging disciplines to establish a strong 
programme in basic neuroscience and builds links 
to existing expertise in IISc as well as with clinical 
centres to develop translational research. The 
department currently has nine faculty members, 
one Honorary Professor, one Wellcome-DBT India 
Alliance Intermediate Fellow, two Ramalingaswami 
Fellows and one INSPIRE faculty fellow.

Centre for  
Neuroscience 

3.1.5 
C H A I R P E R S O N
ADITYA MURTHY

C U R R E N T  R E S E A R C H
Brain signals were recorded from awake monkeys using both microelectrodes and 
electrocorticogram (ECoG) electrodes and it was found that the spatial spread of ECoG was 
on average only 3-4 times greater than the LFP, suggesting that ECoG signal was also local, 
with a standard deviation approximately equal to the diameter of the electrode. We also tested 
whether human subjects can voluntarily control the strength of their brain rhythms using an 
online feedback. We incorporated a novel design in which some invalid (false feedback) trials 



were randomly interspersed between valid 
(contingent) trials, thus allowing each subject 
to be his/her own control. We found that in 
subjects who could not otherwise maintain 
their alpha activity, contingent feedback was 
more helpful than false or no feedback.
To understand whether and how motor 
plans and decisions made in the brain get 
converted to specific patterns of activity in 
the muscles leading to behavior, we recorded 
from frontal eye fields (FEF) and neck 
muscles in macaque monkeys while they 
were performing a memory-guided saccade 
task. We showed that an accumulate to 
threshold model, seen in areas such as 
the frontal eye fields, which is linked to 
determining the computations about when 
to move, could be assessed by examining 
the recruitment pattern of motor units from 
peripheral neck muscles. Interestingly, we 
observed a heterogeneity of responses 
amongst motor units, such that units 
with smaller amplitudes showed distinct 
modulation during the delay period. These 
data suggest that small motor units that are 
recruited early may reflect important sensory 
motor transformations that are occurring 
simultaneously in the central nervous 
system.

In the last year, we have obtained several 
new insights into object representations in 
brains and machines. First, we have studied 
how learning to read changes visual shape 

representations. Our main finding is that 
reading makes letters more discriminable and 
reduces interactions between letters, thereby 
making words more predictable from letters. 
This finding challenges a long-held belief in the 
field that learning to read should lead to the 
formation of specialised detectors for letter 
combinations, which would have caused word 
responses to be less predictable from letters. 
Second, we have found systematic differences 
in face processing between humans and 
computer algorithms. Third, we have shown 
that humans have systematic priors about 
objects in natural scenes, and these can 
improve the performance of state-of-the-art 
deep neural networks. 

Memories of lifetime events once acquired 
are consolidated over time and these 
memories acquire the ability to be retrieved 
independent of the original brain structure 
where it was formed. During this process our 
brain is thought to acquire representation that 
encapsulates the common features of related 
memories. However, little is known about 
how these memories are represented at the 
neuronal scale and if that representation has 
functional bearing during retrieval. Our lab 
research has shown that knowledge structure 
acquired through past experience not only 
enhances the cognitive capacity for encoding 
new related memories but also promotes 
emergence of novel context relevant response 
in the animals. Results from our research 

FACT FILE
Established: 2009
Phone: +91 80 2293 3431
Fax: +91-80-2360 3323
Email: office.cns@iisc.ac.in
URL: www.cns.iisc.ac.in
Degree Programs offered: PhD and  
Int PhD

IN NUMBERS
10 Faculty members
38 PhD students
6 Int PhD Students
22 Publications
3 PhD Conferments



IISc Annual Report  |  59

show that higher order associations develop 
during the remote retrieval and through in vivo 
imaging we tracked and showed that not just 
the numbers but also spatial reorganisation 
can store these memory representations. 

Astrocytes are the major glial cells in the 
central nervous system (CNS) and respond to 
CNS infection, injury or disease by undergoing 
a spectrum of gene expression, morphological 
and physiological changes in a process termed 
reactive astrogliosis. Reactive astrocytes 
can be protective or harmful for the normal 
functioning of the brain. We have identified 
the transcription factor, serum response 
factor (SRF) as critical for the maintenance of 
astrocytes in a non-reactive state. The deletion 
of SRF with astrocytes in the brain results in 
widespread gliosis. These SRF mutant mice 
exhibited better neuroprotection following 
excitotoxicity when compared to that in control 
mice. Our findings indicate that SRF-dependent 
transcription is critical for the conversion of 
astrocytes to a neuroprotective state. Efforts 
are underway to identify SRF target genes with 

Motor Control, Neurobiology of Disease, Neural 
Mechanisms of Selective Attention, Neuronal 
Differentiation and Development, Neurobiology 
of Learning and Memory, Molecular Organisation 
of Synapse, Visual Perception and Recognition, 
Interactions between Emotion, Motivation and 
Cognition; Molecular Mechanisms of Behavior, 
Neural Signal Processing and Oscillations.

C O R E  R E S E A R C H

the aim to identify novel therapeutic targets 
that aid in neuroprotection following injury 
and in neurodegenerative disorders. 
The following developments from our 
research are notable: 1) Development of a 
live super resolution imaging microscope 
with a combination of radial fluctuation and 
stochastic labelling to image organelles 
in live cells 2) Development of a paradigm 
for objective characterisation of nanoscale 
organisation of F-actin in excitatory 
synapses imaged with Single Molecule 
Localisation Microscopy 3) Understanding 
molecular determinants that control Real-
time Nanoscale Localisation and Regulation 
of Amyloidogenic Processing of APP in 
the synapses of excitatory neurons 4) 
Development of novel strategies for tRNA 
labelling to map translation events in sub-
compartments of individual neurons.

The following brain-related research have 
shown promising results: (1) Discovered 
a novel link between sub-cortical brain 
connectivity and attention (2) Showed that 



infra-slow brain dynamics, as estimated 
with functional MRI data, provide reliable 
markers of cognitive function and decline 
(3) Developed a GPU-based, accelerated 
algorithm for rapid and scalable estimation 
of individualised brain connectomes (4) 
Developed psychophysical models of 
attention to show that both endogenous 
(voluntary) and exogenous (automatic) 
attention can be split into sensory and 
decisional components. 

The model system C. elegans was used to 
study aspects of learning and memory using 
the conserved transcription factor CREB1.
An Emotion & Cognition lab was set up at the 
Centre for Neuroscience, IISc. This lab initiated 
behavioral and brain imaging (functional MRI) 
research on interactions between reward and 
emotional processing. 

FACULTY & STAFF 
SP ARUN | PhD (Johns Hopkins), Associate Professor
SRIDHARAN DEVARAJAN | PhD (Stanford), Assistant Professor
BALAJI JAYAPRAKASH | PhD (TIFR), Assistant Professor
ADITYA MURTHY | PhD (Pittsburgh), Professor
DEEPAK NAIR | PhD (Leibniz Institute for Neurobiology), Assistant Professor
SRIKANTH PADMALA | PhD (Maryland), Assistant Professor
NAREN RAMANAN | PhD (NUS), Associate Professor
VIJAYALAKSHMI RAVINDRANATH | PhD (Mysore), Hon. Professor
SUPRATIM RAY | PhD (Johns Hopkins), Associate Professor
KAVITA BABU | PhD (Institute of Molecular and Cell Biology, Singapore), Associate Professor

ASSOCIATE FACULTY 
GOVINDAN RANGARAJAN | PhD (Maryland), Professor
CHANDRA SEKHAR SEELAMANTULA | PhD (IISc), Associate Professor
POLANI B SESHAGIRI | PhD (IISc), FNASc, FAMS, Professor

ADJUNCT FACULTY 
ANINDYA SINHA | PhD (TIFR, Mumbai), Professor
SANJAYA VISWAMITRA | Head of Radiology
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The Molecular Biophysics Unit (MBU) is currently 
engaged in frontline research in contemporary areas 
of Biophysics, Structural Biology and Physiology. 
Research activities in the Unit focus on the structure, 
conformation and interactions of biomolecules and 
their functions, with the main objective of explaining 
biological activity in molecular terms.

C U R R E N T  R E S E A R C H

The projects handled in the unit include biophysical, structural, and computational studies of 
biomolecules with the aim to understand the biological phenomena at the molecular level. 

Tools to characterise the complex phase organisation in membrane using ideas from non-
affine deformation and topological rearrangements in lipids were developed. Membrane 
heterogeneity was correlated in terms of packing defects and showed the implications in 
peripheral protein membrane association. Recently, molecular-level insight into how the bulging 
of membrane at the EHD1 scaffold leads to fission was revealed.

FACT FILE
Established: 1971
Phone: +91-80-2293 2459
Fax: +91-80-2360 0535
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Degree Programs offered:  
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13 Faculty members 
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3.1.6
C H A I R P E R S O N
N SRINIVASAN

Molecular  
Biophysics Unit 
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Neurotransmitter transporters are vital for the 
control of neural communication and serve 
as targets for anti-depressants, addictive 
drugs and drugs to treat chronic pain. In 
this context, recently the X-ray structure of a 
neurotransmitter transporter in complex with 
medication popularly used to treat neuropathic 
pain and fibromyalgia was elucidated. 
Antimicrobial efflux is a mechanism leading 
to multi-drug resistant pathogens. Recent 
work on a proton-driven antibacterial efflux 
transporter QacA has provided insights into the 

promiscuous substrate recognition observed in 
efflux transporters.

Two new research areas on understanding the 
molecular mechanism behind the mammalian 
circadian rhythms and metamorphic proteins 
have commenced.

Research is underway towards characterisation 
of large multi-protein complexes that mediate 
intra-cellular RNA levels in Staphylococci. 
Also, the molecular mechanism(s) that 

Protein folding and dynamics, protein-protein 
interactions, protein-DNA/RNA interactions, lectin-
carbohydrate interactions, peptide synthesis and 
design, X-ray crystallography of proteins and 
viruses, solution NMR studies of proteins and 
nucleic acids, CryoEM studies of biomolecular 
complexes, computational modelling and dynamics 
of biological molecules, theoretical studies on the 
conformation of peptides, proteins, and nucleic 
acids, unusual nucleic acid structures and control 
of transcription, ionophores and drugs and their 
interaction with membranes, genome organisation, 
synthetic protein and vaccine design, ion channels 
and electrophysiology, neurophysiology and 
computational neuroscience.

C O R E  R E S E A R C H



link environmental conditions with the 
transcription mechanism in Mycobacteria will 
be understood. A recent prominent finding 
was that RNA degradation mechanisms 
are directly regulated by other information 
pathways in bacteria.

Incorporation of thioamide into the peptide 
backbone of a cyclic peptide results in 
enhanced local rigidity. The increased 
local rigidity translates in global rigidity 
of the peptide backbone. This increased 
rigidity results into extremely well-defined 
conformation of the peptide that could 
be used to pre-design the orientation of 
pharmacophores for target recognition. 
This was utilised to develop cyclic peptides 
that have very high affinity to integrins in-
cellulo. The structural rigidity also results in 
increased metabolic stability of the peptides 
in human serum ex vivo.

Maintenance of telomere DNA has 
implications in cellular aging and cancer. 
Several proteins and telomere repeat 
containing non-coding RNA, TERRA, play 
roles in this process. Recently, it was shown 
that the RGG-box in hnRNPA1 specifically 
recognises the telomere DNA and RNA 
G-quadruplex structures and helps adjacent 
UP1 domain to unfold DNA G-quadruple 
efficiently. The structural and bioinformatics 
analysis revealed that the SWI/SNF protein, 
BAF250a contains a C-terminal ARM-
repeat domain along with the N-terminal 
ARID domain, implicating these domains 
in function and assembly of the BAF 
remodeling complex. 

The derivatives of the HIV-1 envelope 
surface protein were designed and it was 
demonstrated that these elicited broadly 
neutralising sera in guinea pigs and 
broadly protective antibodies in rabbits and 
macaques. In other studies, a gp120 derived 
fragment was expressed on the surface 
of proteinaceous nanoparticles and we 
explored different immunogen combinations 
to elicit neutralizing antibodies and used 

diverse protein engineering strategies to 
design and test derivatives of the outer domain 
of HIV-1 gp120 as potential immunogens. 
Immunogens derived from the conserved 
stem of the influenza virus surface protein, 
hemagglutinin were designed. Using the 
methodology of yeast surface display, the 
immunogen libraries were screened to isolate 
a derivative that was thermally stabilised over 
previous design by about 24°C. This will be 
tested in future vaccine studies.

Models of medial entorhinal cortical stellate 
neurons exhibited degeneracy, whereby 
models with disparate channel combinations 
were endowed with similar physiological 
characteristics. The generation of dendritic 
spikes and the consequent sharp tuning of 
neuronal responses are together attainable 
even when iso‐feature synapses are randomly 
dispersed across the dendritic arbor. Targeted 
synaptic plasticity converts silent cells to 
place cells for specific place fields in models 
with disparate channel combinations that 
receive dispersed synaptic inputs from multiple 
locations. The research demonstrated a 
unique convergence of cellular- and network-
scale degeneracy in the emergence of 
channel decorrelation in the dentate gyrus, 
whereby disparate forms of local and afferent 
heterogeneities could synergistically drive input 
discriminability. It unveiled a pivotal role for 
dendritic voltage-gated ion channels in actively 
amplifying or suppressing biochemical signals 
and their spatiotemporal spread.

The structural basis for the allosteric inhibition 
via feedback mechanisms have been 
investigated for the enzyme Acetohydroxy acid 
synthase. High resolution structures of the 
regulatory subunit in complex with effector 
molecules have provided an insight into the 
above mechanism.

Structural studies of polyketide synthase, 
pore forming toxin bacterial secretion system, 
bacterial ion channels and GPCRs are 
underway using cryo-electron microscopy. 
Cryo-EM techniques are used to characterise 
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the protein structure, conformational changes 
and dynamics of very small (100 kDa) protein 
complexes to extremely large biological 
macromolecules (2.6 MDa).

Extensive analysis of 3-D structures of protein-
protein complexes highlighted the importance 
of interactions of protein-protein interface 
residues with the protein in which the interface 
residues are housed. Extensive analysis of 
toxin-antitoxin systems in Mycobacterium 
tuberculosis enabled recognition of novel 
systems, cross talks and cross regulation. A 
protocol has been designed for repurposing 
FDA approved drugs against infectious 
diseases as well as cancer.

The crystal structures of the coiled-coil 
region of nonstructural protein 4 (NSP4), 
from two strains of the rotavirus as two 
novel antiparallel tetrameric forms, were 
determined. The study demonstrates the 
structural diversity of the protein under 
different conditions. DNA damage-inducible 
1 (Ddi1) is a multidomain protein with one 
of the domains being retropepsin-like. HIV-
1 protease inhibitors were found to reduce 
opportunistic infections caused by pathogens 
like Leishmania and Plasmodium, and some 
of them were shown to inhibit the growth 
of these parasites. The crystal structure of 
the retropepsin-like domain of Ddi1 from 
Leishmania major was determined and 
its binding with one of the HIV-1 protease 
inhibitors was characterised in solution.

Studies on the sensitivity of the longer isoform 
of human brain TREK1 leak potassium ion 
channel to hypoxia, that has neuroprotective 
role, using single-ion channel molecule 
patch clamp recordings on excised inside-
out patches of hTREK-1 channels expressed 
in HEK293 cells indicates an increase in 
the activity of hTREK-1 channel during 
hypoxic conditions. Polymodal regulation 
by ischemic factors like pH and lactate 
are being investigated. The role of lactate 
whose concentration in the brain rises during 
epileptic activity is being investigated for its 

neuroprotective role in hippocampal subicular 
neurons and identifying the ion channel 
mechanisms. In vitro brain slice experiments 
are being conducted on the medial entorhinal 
cortex stellate cells (that show grid cell firing 
in vivo), subjected to in-vivo like stochastic 
synaptic activity through the dynamic clamp, 
to understand mapping between the speed-
direction modulated excitatory inputs, and 
firing rate modulation.

A novel therapeutic approach targeting both 
a metabolic pathway in Mtb essential for its 
survival and the host machinery crucial for 
its survival in the host was developed. The 
compound targets an allosteric site in the 
essential enzyme, ArgJ, of Mtb not found in 
human or its commensals sparing the humans 
of harmful effects of currently used therapy. 
While the genetic basis for a number of 
neuropsychiatric disorders afflicting millions 
is increasingly being appreciated, for the first 
time a link between immunity and obsessive-
compulsive disorder (OCD) was establised by 
demonstrating incursion of TH17 cells in the 
thalamic and brain – stem circuit of the brain.

UV cross-linking experiments and ITC revealed 
that the association of 32 P azido-labeled 
ppGpp with RNAP was weaker without ω 
subunit. Altered distribution of RNA polymerase 
lacking the omega subunit was found within 
the prophages along the E. coli genome. ChIP-
chip analysis of wild-type and rpoZ-defective 
mutant strains elucidated the functional role 
of omega subunit. Substrate-induced domain 
movement in a bifunctional protein DcpA 
regulates cyclic-do-GMP turnover C-di-GMP 
homeostasis in M. smegmatis is supported by 
DcpA, a bifunctional protein. FRET experiments 
were used to gain insight into how interactions 
and movement among these three domains 
affect the DcpA activity.

High-throughput in vitro and in silico analyses 
have been carried out to understand the 
influence of flanking sequences outside the 
cognate sites in binding of three transcription 
factors (TF) families in vertebrates. It is 



found that local structural features of flanking 
sequences are instrumental in determining the 
binding affinity of TFs for their core consensus 
motifs. 

Structural studies on mycobacterial proteins 
involved in maintaining genomic integrity and 
mycobacterial and archeal lectins were carried 
out. The mode of cation of second single 
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stranded DNA binding proteins RecGwed and 
MutT2 has been elucidated. A major long-
range collaborative programme on the design 
of inhibitors against selected TB proteins has 
been kicked off. 



IISc Annual Report  |  67

The origin of the department of Microbiology 
& Cell Biology (MCB) traces back to the 
Pharmacology Laboratory and the Fermentation 
Technology Laboratory, both established in 
the early 1940s, which were amalgamated in 
1968. MCB has 17 faculty members: 1 Honorary 
Professor, 8 Professors, 4 Associate Professors 
and 4 Assistant Professors. The major research 
activities include investigations on microbial 
pathogenesis and eukaryotic cellular & 
developmental processes.

Microbiology and  
Cell Biology

3.1.7 
C H A I R P E R S O N
USHA VIJAYRAGHAVAN

Pathogenesis and Genome Biology of Human Pathogens: One of the mechanisms by 
which the human pathogen Salmonella enterica causes infection is by surviving inside 
dendritic cells (DCs) and suppressing antigen presentation. Mechanistic studies revealed 
that Salmonella infection induces a host epigenetic modulator SIRT2, which produces nitric 
oxide (NO) in amounts required to inhibit the T cell response. This inhibition of T cell via 
SIRT2-mediated NO production impairs antigen presentation, facilitating the establishment 
of Salmonella infection. Similarly, examination of host-pathogen interaction in the context of 
Tuberculosis (TB)-causing bacteria (Mycobacterium tuberculosis [Mtb]) identified an epigenetic 
mechanism coordinated by c-ABI-TWIST1 to deregulate inflammatory response during Mtb 
infection. This study proposes to use c-ABI inhibitors in potentiating innate immune response 
against TB infection. Further investigation on Mtb revealed a crucial role for a protein WhiB4 
in protecting the TB bacteria from oxidative stress by condensing the DNA. Compacted DNA 
has reduced surface area and hence lower vulnerability to oxidative stress. Modulating the 
levels of WhiB4 attenuated the ability of Mtb to survive inside macrophages and in animal 

C U R R E N T  R E S E A R C H



models of experimental TB. Asymmetric cell 
division and heterogeneity in cell length also 
modulate mycobacterial stress response. 
It was shown that mycobacteria secrete 
Diadenosine polyphosphates, Ap to induce 
variations in the length of mycobacterial 
cells during cell division. In the context of 
protein translation, studies have identified 
the evolutionary lineages of initiator and 
elongator methionine tRNAs. This study led 
to the identification of a single mutant tRNA 
capable of initiating and elongating protein 
synthesis in bacteria, thus indicating that 
initiator and elongator methionine tRNAs might 
have originated from a single ‘dual function’ 
tRNA. Using Mycobacterium smegmatis as a 
model system, it has been demonstrated that 
modulation of DNA gyrase expression has a 
wide-spread influence on cell division, nucleoid 
structure, chromosome condensation, and 
gene expression. Knocking down DNA gyrase 
also led to increased susceptibility of bacteria 
towards clinically relevant anti-TB drugs. 

Viral Pathogenesis and Vaccine Design:
Hepatitis C Virus (HCV) is a liver-specific 
pathogen, which manipulates the host 
machinery to establish a chronic infection. 
Studies have identified the role for a host 
factor, Human antigen-R (HuR) and a micro-
RNA (miR-125b) in mediating HCV replication. 
Furthermore, a long non-coding RNA, Highly 
Upregulated in Liver Carcinoma (HULC), was 
found to increase the number and the size 
of lipid droplets (LDs), which enhanced the 

association of the viral core protein with LDs and 
facilitated the release of the virus particles. In 
the field of flavi-virology, comparison of immune 
response elicited by the highly efficacious live 
attenuated vaccine SA14-14-2 against Japanese 
Encephalitis Virus (JEV) to those generated by 
circulating wild-type strains of JEV resulted in 
new insights on the correlates of protection. The 
live attenuated SA14-14-2 vaccine stimulated 
far more robust CD8+ T cells than seen in 
natural infections, and to a wider repertoire 
of viral proteins. Cell biological investigations 
of virus-infected cells have revealed that the 
SA14-14-2 vaccine induces ER stress and the 
unfolded protein response, leading to enhanced 
autophagy in infected cells, which is well known 
to generate vesicles that can be cross presented 
by dendritic cells.

Cellular Processes, Cell Division, and Cancer 
Biology: Correct orientation of the mitotic 
spindle during metaphase is fundamental for 
dictating the future plane of the cell division 
axis. It is well known that the evolutionarily 
conserved dynein adaptor protein NuMA 
regulates the correct spindle orientation. Further 
studies discovered that Polo-like kinase 1 (Plk1) 
directly phosphorylates NuMA and regulates 
proper spindle orientation by orchestrating the 
cortical localisation of NuMA/dynein. Inhibition 
of Plk1 in metaphase robustly enriches NuMA 
and dynein at the cell cortex, which affected 
spindle orientation on cell grown on the L-shape 
micro-patterns. In humans, several lysosomal 
disorders are mediated by alterations in the 
mechanisms of cargo segregation, vesicle 
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biogenesis and transport, and vesicle fusion. 
Work in this direction identified a major role for 
Rab22A in recycling endosome biogenesis and 
Rab4A in organising cargo-specific domains on 
sorting endosomes. Efforts are also ongoing to 
understand microRNA (miRNA) metabolism in 
Caenorhabditis elegans (C. elegans), especially 
how these regulatory RNAs themselves get 
regulated by the turnover pathway. In the field 
of cancer biology, genetic and epigenetic 
landscapes were identified during glioma (adult 
brain tumor) development. It was discovered 
that RNA methylase METTL3 and m6A 
modification are essential for glioma stem cell 
growth. Furthermore, it was found that GBMs 
with Calcitonin receptor (CALCR) mutations 
define a subtype with poor prognosis.

Gene Regulation, Development and Lifestyle 
Diseases: Fundamental mechanisms 
underlying cardiovascular diseases and 
pathologies are not completely understood. 
In parts, we lack basic tools to study heart 
failure in vitro and in vivo. A simple and cost-
effective method was developed for culturing 
cardiomyocytes using keratin derived from 

human hair to study the cardiac hypertrophy. 
This resulted in elucidating the role for SIRT2 
deacetylase in the development of heart failure. 
The SIRT2 deficiency hyperactivated NFAT 
signaling pathway in the heart thus induced 
spontaneous pathological cardiac hypertrophy. 
Another SIRT family member, SIRT6 played 
an important role in inducing metabolic shift 
associated with the remodeling of failing 
heart. In the area of plant developmental 
biology, genome-wide datasets of OsMADS1 
transcription factor- chromatin interactions and 
comparative gene expression generated snap 
shots of two temporal gene regulatory networks. 
One of its indirectly downstream target, a 
transcription factor OsbZIP47, was shown to 
partner with OsMADS1 thus establishing a 
regulatory loop between these factors that likely 
controls floral development. Intron splicing is an 
essential step in post-transcriptional fine-tuning 
of eukaryotic gene expression to give functional 
mRNA. Using yeast as a model system, the 
role of an essential fission yeast splicing RNA 
helicase in intron context specific splicing and 
its role in centromere heterochromatin formation 
was uncovered. 

Some areas where MCB department has a long 
tradition of excellence are (i) Host-Pathogen 
Interaction, (ii) Gene Regulation, (iii) Cancer and 
Cell biology, (iv) Vaccine and Drug development, 
and (v) Plant Biology. Some newer areas where 
we are expanding include (i) Systems Biology, (ii) 
Molecular Virology, (iii) Microbial Ecology, and (iv) 
Cardiovascular and Muscle Research.

C O R E  R E S E A R C H



The timing of transition to flowering in plants is crucial for their reproductive success. Two 
transcription factors, VASCULAR PLANT ONE–ZINC FINGER1 (VOZ1) and VOZ2 were found 
to promote flowering in Arabidopsis by modulating the activity of another flower-promoting 
transcription factor, CONTANS. At the level of cellular morphogenesis in plants, the molecular 
control of cell shape in epidermis, especially trichomes, is not clear. Studies show that 
the CIN-TCP transcription factors suppress trichome branching in Arabidopsis by direct 
transcriptional activation of the GLABROUS INFLORESCENCE STEMS transcription factor, a 
known negative regulator of trichome branching. 
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Research in the Department of Molecular 
Reproduction, Development and Genetics 
(MRDG) is diverse and ranges from molecular to 
organismal scales. Groups within the department 
conduct research in bacterial and human genetics, 
signal transduction, mammalian reproduction, 
endocrinology, developmental biology, ageing 
and metabolic disease, cancer, stem cells and 
cryo-electron microscopic analysis of large 
macromolecular complexes.

Molecular  
Reproduction,  
Development and  
Genetics 

3.1.8 
C H A I R P E R S O N
ARUN KUMAR

Following are the important on-going research projects in the department.

Cellular Signaling and inflammation: Towards understanding aging and inflammation, 
our lab focuses on a class of receptors known as G protein-coupled receptors (GPCRs) and 
their roles in the cascade of events which occur when cells grow old. Receptors, however, do 
not work in isolation, and our lab is keenly pursuing the mechanisms by which GPCRs and 
receptors of other classes, cross paths, a phenomenon known as ‘cross-talk’. We study the 
ramifications of such cross-talk in the context of cellular responses in aged cells, which we 
study using live imaging, pharmacological and gene inactivation and metabolomics profiling 
approaches. Similar to ‘eukaryotic cells’, ‘prokaryotic’ bacterial cells also possess an extensive 
internal network of connections that direct specific responses to specific stimuli. In this area, 
our laboratory specifically studies two-component signalling (TCS) cascades and has recently 
reported the presence of intricate networking amongst TCS systems in Mtb. 

C U R R E N T  R E S E A R C H



Utilisation of Beta-glucosides by bacteria:
Sustained work in the laboratory over the past 
two decades has explored the evolutionary 
significance of bacteria maintaining genetic 
systems in their genomes that are silent and 
uninducible. Results from the laboratory over 
the past year using the bgl operon of E. coli 
as a paradigm have highlighted the fact that 
rather than being silent, enhanced expression 
of the bglG gene has a significant role in the 
physiology of the organism, particularly in 
stationary phase. Using genomic and genetic 
approaches, it could be shown that regulation 
of the ridA gene that encodes a deaminase 
by BglG has a significant impact in reducing 
the toxicity associated with the catabolism of 
amino acids such as serine in stationary phase. 
These studies have also helped to identify 
regulators involved in diverse physiological 
functions that are influenced by BglG.

Structural biology of translation: Scd6 is 
a highly conserved protein and functions 
to repress translation by binding to eIF4G. 
However, there is no clear understanding of 
the interaction between the two proteins and 
how this repressor protein is regulated. In 
order to study the interaction between the 
Scd6 and eIF4F, recombinant His-eIF4G protein 
was expressed and purified. 100nM eIF4G 
was incubated with increasing concentration 
of recombinantly purified Scd6. Native PAGE 
analysis showed binding of Scd6 with eIF4G at 
1:1 and 1:2 ratio but not at higher concentration 
of Scd6. Purified Scd6 undergoes 
oligomerisation as analysed by native PAGE 

analysis and the oligomerisation is driven by 
the RGG motif. Results suggests that Scd6 
forms higher oligomers whereas Scd6-without-
RGG and mutant Scd6 remain as monomer. 
Thus, self-association of RGG motifs seems to 
regulate the translation repressor protein, Scd6.

Signal transduction, infection and transgenic 
mouse models to study gastrointestinal 
function: We have characterised a novel 
transgenic mouse harboring an activating 
mutation in receptor guanylyl cyclase C that 
appears to mimic some of the features seen in 
patients with familial diaroeal syndrome. These 
changes include an altered gut microbiome 
and increased faecal water content and gut 
transit. We have also shown the role of a 
universal stress protein in modulating biofilm 
formation in Mycobacterium smegmatis 
and also characterised the role of a novel 
phosphodiesterase in mycobacteria that 
has profound effects in cell physiology and 
membrane properties. 

Reproductive Biology and Endocrinology: 
Analysis of endocrine profiles of dairy cows 
immediately prior to parturition. We examined 
the effect of blocking Wnt signaling on 
lipogenesis and insulin sensitivity and its 
regulation by steroids in pregnant rats. The 
results have implications on treatment of 
hypocalcemia in cows.

Muscle Development: LIM domain, constituted 
by two tandem C2H2 zinc finger motif, proteins 
regulate several biological processes. They 
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are usually found associated with various 
functional domains like Homeodomain, kinase 
domain and other protein binding domains. 
LIM proteins that are devoid of other domains 
are called LIM only proteins (LMO). LMO 
proteins were first identified in humans and are 
implicated in development and oncogenesis. 
We have identified a novel role for LIM only 
protein Beadex (LMO2) in development of 
Crystal cell blood formation in Drosophila 
melanogaster. 

Epigenetics of Development: Recently, 
a unique form of X-chromosome dosage 
compensation has been demonstrated in 
human preimplantation embryos, which 
happens through the dampening of X-linked 
gene expression from both X-chromosomes. 
Subsequently, X-chromosome dampening has 
also been demonstrated in female human 

pluripotent stem cells (hPSCs) during the 
transition from primed to naïve state. However, 
the existence of dampened X-chromosomes 
remains controversial in both embryos and 
hPSCs. Specifically, in preimplantation embryos 
it has been shown that there is inactivation of 
X-chromosome instead of dampening. We have 
performed allelic analysis of X-linked genes 
at the single cell level in hPSCs and found 
that there is partial reactivation of the inactive 
X-chromosome instead of chromosome-wide 
dampening upon conversion from primed to 
naïve state. In addition, our analysis suggests 
that the reduced X-linked gene expression in 
naïve hPSCs might be the consequence of 
erasure of active X-chromosome upregulation.

Molecular Reprogramming of Adipocyte 
differentiation: In general, white adipose tissue 
(WAT) expands massively during obesity and 

The core research areas of the department are 
as follows: Gene Regulation in Prokaryotes & 
Eukaryotes, Host-Pathogen Interactions, Human 
Genetics, X-inactivation, Signal Transduction, 
Developmental Biology and Ageing, Adipocyte 
differentiation and metabolic disease, 
Morphogenesis, Mouse Embryo Development, 
Stem Cells and Differentiation, Reproductive 
Biology, Endocrinology, Cancer Biology and 
Cancer Stem Cells, and Protein Translation and its 
Regulation

C O R E  R E S E A R C H



aging with lipid overload. Conversely, brown 
fat, a distinct tissue dissipates energy in the 
form of heat through uncoupled respiration 
and increasing activity of brown adipose tissue 
(BAT) is considered an attractive therapeutic 
strategy to help reduce obesity and associated 
metabolic disease. In our current study, we 
have identified a small molecule (SML), as 
an inducer of brown adipose function. Unlike 
genetic manipulation, small molecules that can 
induce BAT function are safer and attractive 
therapeutic targets to develop anti-obesity 
regimens. Therefore, we examined the effect of 
SML on adipose tissue and whole body energy 
metabolism. Interestingly, SML treatment led 
to enhanced BAT activity and browning of WAT, 
which protected mice against high fat diet-
induced obesity. Further mechanistic studies in 
myoblast cells revealed that SML suppresses 
myogenic differentiation and thereby promotes 
brown adipogenesis. 

Genetics of human disease: Wilson disease 
(WD) is an autosomal recessive disorder, 
characterised by excessive deposition of 
copper in various parts of the body, mainly in 
the liver and brain. It is caused by mutations 
in the ATP7B gene. We report the genetic 
analysis of 102 WD families from a south 
Indian population. Thirty-six different ATP7B 
mutations, including 13 novel ones, were 
identified in 76/102 families. The haplotype 
analysis suggested that all the 14 recurrent 
mutations have founder effects. Interestingly, 
the mutation analysis of affected individuals 
in two families identified two different 
homozygous mutations in each family, and 
thus each affected individual from these 
families harbored two mutations in each 
ATP7B allele. Our study thus increases the 
mutational landscape of ATP7B with a total 
number of 758 mutations. The present study 
will be advantageous in genetic diagnosis and 
genetic counseling in WD.

Host-microbe interaction: To understand 
how sensing/perception in a complex 
environment shapes adaptation in prokaryotes 

and eukaryotes, ensuring their survival. We 
utilise a genetically tractable eukaryotic 
model, Caenorhabditis elegans, to understand 
how sensory neurons and G-protein coupled 
receptors allow sensing of microbes in the 
environment leading to adaptation in the 
worm’s behavior or its physiology, to optimise 
its survival. We have found that C. elegans 
uses olfaction as the means to distinguish 
between some species of bacteria. Volatiles 
that are perceived as threat allow worms to 
run away (flight response), lay their eggs far 
away from threat cues and allow them to 
mount a defensive physiological response. We 
also utilise Pseudomonas aeruginosa, a Gram-
negative bacterium, to understand how its large 
genomic repertoire of two-component sensors 
and response regulators (136 genes) regulates 
quorum-dependent processes, namely swarming 
motility and biofilm formation.

Early mammalian embryonic development:
Studies on the cellular and molecular regulation 
of blastocyst hatching and pluripotent stem 
cell (PSC) differentiation are in progress. (1) 
Molecular regulators responsible for rodent 
blastocyst development and hatching have 
been investigated. Expression and function of 
blastocyst-derived hatching enabling factors 
identified and characterised. (2) A non-invasive 
approach to measure human embryo-viability 
biomarkers carried out. (3) Our in-house derived 
and established mouse embryonic stem cells 
(GS-2 ESCs) and induced pluripotent stem 
cells (N9 iPSCs) were employed as cellular 
platforms to achieve cell lineage commitment 
and differentiation toward cardiovascular 
progenitors and their enrichment and expansion, 
for potential use in cell-transplantation. (4) 
Assessment of stress-status of free-ranging 
Asian elephants was made by measurement of 
fecal glucocorticoid metabolites. 

Cancer Stem cells: Metastasis, the spread of 
tumor from primary site to distant organs, is the 
major cause of cancer-associated deaths. Two 
key processes that aid in this process are 1) the 
Epithelial to Mesenchymal transformation that 
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enables cancer cells to become more migratory 
and invasive, and 2) anoikis resistance which 
enables cancer cells to death triggered by 
matrix-detachment. Work done in our lab 
identified a key role for the cellular energy 
sensor, AMP-activated protein kinase (AMPK) 
in both these processes. AMPK activation 
causes metabolic re-wiring by activating 
catabolic and inhibiting anabolic processes. By 
identifying AMPK as a key switch in metastasis, 
our work highlights metabolic vulnerabilities of 
metastatic cancer cells, which can be targeted.

Cancer glycobiology: The relationship 
between cancer (breast and ovarian) cells 
and their tissue microenvironments in the 
context of invasion and metastasis is being 
investigated using approaches including 
experimentation and computation to 
understand how changes in glycans that 
contribute to cell and tissue structure, and are 
aberrantly regulated and in turn impact affect 

cancer cell phenotypes. In 2019, our publications 
highlight the complexity of the tumor 
microenvironment in governing the invasion 
of breast and ovarian cancer epithelia and the 
manner of their migration. 
 
Cancer and cellular signaling: Our group is 
studying the pathways that regulate breast and 
brain cancers. We have been able to establish 
that cancer associated fibroblasts are essential 
for breast cancer promotion in vivo which is 
comparable to the role of TGF-β over expressing 
fibroblasts. In glioblastoma, we were able to 
identify differential DNA methylation pattern 
in the tissues of recurrent glioma patients 
compared to the primary tumors. Also, we 
established the pathway of IGFBP2 actions 
that involve regulation of HIF1α and β-catenin. 
With respect to Activin mediated signaling, we 
identified several regulators notably ERK in the 
activation of SMAD2 and this involves activation 
of EGFR and AKT pathways.
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Chemical Sciences

The faculty members of the Division work on all contemporary topics in chemistry, 
including Chemical Synthesis, Drug Design, Chemical Biology, Materials Chemistry, 
Surface and Interface Science, Nanochemistry, Molecular Spectroscopy, Ultrafast 
Chemical Dynamics, Computational and Theoretical Chemistry, Solid State Chemistry 
and Nuclear Magnetic Resonance spectroscopy. 

T H E M E S 
The Division of Chemical Sciences has consistently maintained its position among the 
top 50 chemistry departments in world rankings over the past decade. It is a globally 
competitive Division with clear focus on top quality research in specific current areas 
such as bio-inorganic chemistry and chemical biology of drugs with a particular aim on 
disease control and cure, ultrafast spectroscopy and dynamics of molecules.

R E S E A R C H  H I G H L I G H T S 
The Division of Chemical Sciences comprises the Department 
of Inorganic and Physical Chemistry, Department of Organic 
Chemistry, Solid State & Structural Chemistry Unit, Materials 
Research Centre and NMR Research Centre
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• INORGANIC AND PHYSICAL CHEMISTRY 

• MATERIALS RESEARCH CENTRE 

• NMR RESEARCH CENTRE 

• ORGANIC CHEMISTRY 
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Research Snapshots
2019-20

G Mugesh (IPC)

Nature has evolved thousands of enzymes to catalyse key chemical reactions that take place inside 
organisms to sustain life. Artificial enzymes are synthetic proteins or small molecules that mimic 
the function of the natural enzymes. 

Researchers at the Department of Inorganic and Physical Chemistry have made remarkable 
contributions to the development of novel methods for an efficient delivery of proteins and synthetic 
small molecules into human cells and regulation of cellular functions by artificial enzymes, which 
have direct impact on human health.

Reference:  
Singh, N.; Mugesh, G. CeVO4 Nanozymes Catalyze the Reduction of Dioxygen to Water without 
Releasing Partially Reduced Oxygen Species. Angew. Chem. Int. Ed. 2019, 58, 7797 - 7801.

Jakka, S.R.; Govindaraj, V.; Mugesh, G. A Single Atom Change Facilitates the Membrane Transport of 
Green Fluorescent Proteins in Mammalian Cells. Angew. Chem. Int. Ed. 2019, 58, 7713 - 7717.
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Prabeer Barpanda (MRC)

In a significant step towards large-scale hydrogen production, researchers at the Indian Institute of 
Science (IISc) have developed a low-cost catalyst that can speed up the splitting of water to produce 
hydrogen gas.

Splitting water using electricity is a widely-explored method to generate hydrogen gas, a long 
sought-after clean power source for fuel cells, batteries and zero-emission vehicles. One of two 
major reactions involved in this process — called the Oxygen Evolution Reaction — is notoriously 
slow, restricting the overall efficiency. Researchers have focused on developing better catalysts — 
materials that can speed up the reaction while remaining neutral. The most efficient catalysts today 
are made from precious metals such as ruthenium and platinum, which are both expensive and rare.
 
An IISc team along with collaborators at JNCASR has now developed a low-cost catalyst by 
combining cobalt oxide with phosphate salts of sodium. The material cost is over two hundred times 
less expensive than the current state-of-the-art ruthenium dioxide catalyst, and the reaction rate is 
also faster.

Reference:  
Gond, R., Singh, D. K., Eswaramoorthy, M., & Barpanda, P. (2019). Sodium cobalt metaphosphate as 
an efficient oxygen evolution reaction catalyst in alkaline solution. Angewandte Chemie, 131(25), 
8418-8423.  
https://onlinelibrary.wiley.com/doi/full/10.1002/anie.201901813



Abhishek Singh (MRC)

In this work, high-throughput screening is coupled with machine learning to develop a prediction 
model on a dataset, which is independent of any particular class and uses only four descriptors 
related directly to the physics of lattice thermal conductivity. By employing physically meaningful 
conditions, high-throughput screening was carried on the dataset. The screening resulted in several 
ultralow and ultrahigh lattice thermal conductivity compounds.

High-throughput screening still requires the explicit evaluation of lattice thermal conductivity; 
development of the prediction model using machine learning was carried out. The significant 
contribution of our work was the preparation of data having as much variability as possible. The 
dataset in our case covers elements from several groups of the periodic table, including 6 crystal 
systems, two orders of magnitude variation in mass and volume, and three orders of magnitude 
variation in lattice thermal conductivity. For finding the descriptors, an extensive property map was 
generated, which includes harmonic and quasi-harmonic properties such as phonon dispersion and 
Grüneisen parameter. From this property map, four simple descriptors were identified related to the 
physics of lattice thermal conductivity, namely maximum phonon frequency, integrated Grüneisen 
parameter, average atomic mass, and volume. Using these four descriptors, the machine learning 
model was developed, which predicts the log-scaled lattice thermal conductivity with root mean 
square error of 0.21 (Figure a).

Figure: Scatter plot for DFT calculated versus (a) ML-predicted κl and (b) Slack model predicted κl

As the quasi-harmonic properties also appear in the Slack model, which is a very popular physics 
based model for the prediction of lattice thermal conductivity, it is employed on our dataset for the 
comparison. The Slack model severely overestimates the lattice thermal conductivity (Figure b), 
highlighting the exceptional performance of developed machine learning model.

Reference:  
Juneja, R., Yumnam, G., Satsangi, S., & Singh, A. K. (2019). Coupling the High-Throughput Property 
Map to Machine Learning for Predicting Lattice Thermal Conductivity. Chemistry of Materials, 
31(14), 5145-5151. Chem. Mater. 31, 14, 5145-5151, 2019.
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Satish Patil (SSCU)

Optoelectronic devices, such as solar cells or LEDs, are traditionally built using inorganic semiconductors. 
In recent years, devices based on organic semiconductors are emerging as an alternative. They are more 
cost-effective, can be printed on any substrate and are especially useful for flexible electronic products 
such as displays, RFID antennae and sensors. However, significant challenges remain in realising their 
full potential. The greatest challenge, arguably, is n-type doping. Doping of organic semiconductors with 
electron acceptors (p-doping) or electron donors (n-doping) increases their conductivity, and improves 
device performance by lowering energy barriers for charge injection and reducing ohmic losses. Although 
doping methods are well-established for inorganic semiconductors, doping in organic semiconductors 
has been difficult.

Over the past few decades, significant progress has been made in p-doping of organic semiconductors, 
but n-doping has remained a challenge. This is due to the scarcity of stable and solution-processable 
n-dopants, and their tendency to react with air and moisture in the atmosphere. Developing such dopants 
for organic semiconductors will improve the efficiencies of organic devices and allow these materials to 
surpass conventional electronics.

In a new study, a collaborative team of IISc researchers have succeeded in achieving n-doping in thin 
films of a molecular semiconductor under ambient conditions, using a dopant called N-DMBI. N-doping 
of the semiconductor resulted in massive enhancements in photoconductivity – the ability of the material 
to conduct electricity when exposed to light. Photoconductivity is an important parameter in fabricating 
efficient solar cells, for example. The recorded transient photoconductivity in the n-doped material was 
found to be among the highest recorded for small organic molecules.

The team also found that as the dopant concentration increased, the photoconductivity of the material 
increased, up to a certain threshold. The enhancement of photoconductivity is likely due to the reduction 
in activation energy in the doped films. The host and dopant combination identified in the current study 
could be a promising material combination to enhance the efficiencies of molecular optoelectronic 
devices.

Reference:  
Sharma, Shikha, Samrat Ghosh, Tanweer Ahmed, Suman Ray, Saurav Islam, Ulrike Salzner, Arindam 
Ghosh, Shu Seki, and Satish Patil. “Fermi Level Pinning Induced by Doping in Air Stable n-Type Organic 
Semiconductor.” ACS Applied Electronic Materials 2, no. 1 (2020): 66-73.



Established more than a century ago in 1909, 
when the Institute was founded, the Inorganic and 
Physical Chemistry Department (IPC) has excelled 
in both fundamental and applied research.

C U R R E N T  R E S E A R C H

Bio and Medicinal Inorganic Chemistry: On this topic the following research areas are being 
undertaken by the department faculty.

Direct delivery of therapeutic agents into cells has been an emerging area of research at IPC. 
Introduction of iodine atoms into small molecules remarkably enhances the cellular uptake, 
representing an interesting strategy for the transport of fluorescent probes and therapeutic agents. 
For the iodine-containing small molecules, the formation of a halogen bond with the thyroid 
hormone-specific transporter, MCT8, has been shown to be responsible for the improvement in the 
membrane transport. The halogen bonding strategy can also be used to transport larger molecules 
such as proteins. Work done at IPC has showed that a single atom change, from hydrogen to 
iodine, enhances the cellular uptake of green fluorescent proteins (GFPs).

Curcumin-based metal complexes as photochemotherapeutic agents have been developed and 
the compounds show significant photo-induced cytotoxicity in visible light while being minimally 
toxic in dark. BODIPY – Copper conjugates are reported to show mitochondrial localisation with 

FACT FILE
Established: 1909
Phone: +91-80-2293 2382
Fax:+91-80-2360 0683
Email: office@ipc.iisc.ac.in
URL: http://ipc.iisc.ac.in/
Degree Programs offered: PhD 
and Int PhD

IN NUMBERS
20 Faculty members
3 Scientific Staff
90 PhD Students
31 Int PhD Students
142 Publications
5 Int PhD Conferments
15 PhD Conferments
2 MS Conferments

3.2.1
C H A I R P E R S O N
ELANGANNAN ARUNAN

Inorganic and  
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singlet oxygen mediated visible light-induced 
apoptotic cell death. 

Metal oxide nanomaterials that are capable 
of mimicking all the three major cellular 
metalloenzymes have been shown for 
controlling the level of reactive oxygen species 
(ROS) inside cells. The nanomaterials appear 
as promising candidates for therapeutic 
applications against oxidative stress-induced 
neurological disorders, particularly Parkinson’s.

Challenging membrane bound metallo-
enzymes that play crucial roles in hydrocarbon 
biosynthesis in nature are being investigated.

Chemical Dynamics and Spectroscopy: 
Several faculty members of the department 
work in this area.

The IPC department has been at the forefront 
in the emerging area of inter-molecular 

bonding. Some highlights: In continuing 
with our efforts on intermolecular bonding, 
microwave spectroscopic evidence for a 
‘carbon bonded’ structure was established for 
the CH3CN-CO2 complex, using the home-made 
pulsed nozzle Fourier transform microwave 
spectrometer. Microwave spectrum of 
propargyl alcohol-water complex showed 
that the global minimum has the OH from 
propargyl alcohol H-bonded to O from water 
and the OH from water H-bonded to the pi 
electrons in the acetyl group. These results 
along with available results on various alcohol-
water complexes have shown that pKa would 
be a good indicator in deciding which is the 
proton donor in hydrogen bonded complexes 
involving alcohol and water.

A single pulse shock tube has been used to 
study pyrolysis of 1,3,5-trimethylcyclohexane, 
which is one of the components of jet fuels. 
A detailed computational study on the self-

Currently, the department has 20 faculty members 
working in rich and diverse areas of chemistry 
including molecular spectroscopy, magnetic 
resonance spectroscopy, chemical dynamics, 
bio photonics, molecular electronics and 
spintronics, analytical and computational theory, 
electrochemistry, polymer chemistry, transition 
metal and non-metal chemistry, bioinorganic 
and biophysical chemistry, chemical biology, and 
functional materials

C O R E  R E S E A R C H



reaction of C2 + C2 has been carried out.
Though 3c-2e bond is a textbook topic, this has 
not been classified considering all possible 
arrangements of the three centres. During 
this year, we presented a new classification 
of three-centre-two-electron-bonds initially 
at the Physical Chemistry Conference of 
the Royal Australian Chemical Institute 
conducted at the University of Perth and 
a detailed manuscript has been accepted 
for publication in the Australian Journal of 
Chemistry. An international workshop on 100 
years of hydrogen bonding was organised, also 
celebrating the 100th Volume of the Journal 
of the Indian Institute of Science. The issue 
featured 16 articles on hydrogen and other 
intermolecular bonds written by experts from 
all over the world.

Metallorganic complexes possessing 
switchable (on/off) second order nonlinear 
optical (NLO) properties triggered by 
an external stimuli is important for 
designing molecular devices in the area of 
optoelectronics. By switching the second order 
nonlinearity (β) of a multimetallic metallorganic 
complex by electrochemical oxidation/
reduction of the metal centers sequentially 
in a series of ruthenium and iron complexes, 
we have shown that the metal oxidation 
states provide a handle for such switching 
application. In fact, electron rich metal center 
along with the surrounding ligands acts as a 
“donor” while an electron deficient metal center 
behaves as an “acceptor”. Electrochemical 
switching of the donor/acceptor nature of the 
metal is what is responsible for the NLO signal 
switching. It is also demonstrated that such a 
switching of β values is possible to induce by 
ligand oxidation/reduction. With multiple metal 
containing complexes a three-state switching 
pattern is also seen. 

Ultrafast surface reactions are being studied, 
including catalytic oxidation of CO monoxide, 
desorption of CO and CO2 on transition metal 
and metal oxide nanoparticle surfaces. 
Ultrafast initial steps in the laser ignition of 
energetic molecules like propellants and 

plasticizers are also being investigated. Steps 
are being taken towards the development of 
X-Ray spectroscopy. Theoretical studies in 
attochemistry are also done.

Theoretical Chemistry: Research in 
condensed matter theory, including the 
statistical mechanics of complex fluids, 
polymer physics and stochastic processes 
is actively pursued in the department. 
Recent efforts have been concerned with 
the development of theoretical models of 
the stochastic thermodynamics of single 
molecules in the condensed phase. Among 
other results, this work has demonstrated, 
within the framework of exact path integral 
calculations, the applicability of various 
fluctuation theorems – including the integral 
fluctuation theorem, the Jarzynski equality, and 
the Bochkov-Kuzovlev relation – to the time 
evolution of the following systems: a breathing 
parabola with an additive time-dependent term, 
source term, a flow-driven finitely extensible 
Gaussian polymer, and a harmonically 
confined two-dimensional Brownian particle in 
linear mixed flow.

Optical response from molecular junctions is 
being investigated using theoretical methods. 
A perturbative technique has been proposed 
recently to explain experimentally observed 
electroluminescence signal from molecular 
junctions. Theoretical methods are being 
developed to compute ionisation times in 
molecules. In a recent work, it has been shown 
how the ionisation time is affected due to 
disorder in nuclear configuration in the gas 
phase. In addition to this, quantum mode-
coupling models and path-integral molecular 
dynamics simulation are being used to study 
dynamics in supercooled quantum liquids. 
An understanding of vibronic dynamics in 
the gas and solution phases via theory is 
being developed. Theoretical work towards 
understanding photodynamics on the 
excited state of aniline was carried out. The 
multicoordinate multisurface potential surface 
for this was developed and the dynamical 
evolution was carried out using the Chebyshev 
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propagation method with in-house codes. The 
dynamical results are now being analysed, 
and we hope to learn about the ultrafast 
photoprocesses in this molecule as a function 
of initial vibrational excitation. We have also 
developed a full-dimensional Empirical Valence 
Bond potential surface for H-atom tunnelling 
dynamics in catecholate, and also computed 
up to four coordinate eigenstates in order to 
see the trends and mode dependence in the 
ground and excited vibrational state tunneling 
splittings. We hope to understand how different 
modes enhance or suppress tunneling. Other 
studies using ring polymer dynamics and 
surface hopping trajectory dynamics are also 
being carried out.

Polymer Chemistry: Periodically grafted 
amphiphilic copolymers are polymeric chains 
where pendant segments are located at long 
equally-spaced intervals; immiscibility between 
the backbone and pendant segments was 
shown to lead to the folding of the chain, which 
in turn helps collocate the backbone segments 
in the middle while the pendant segments are 
located above and below. By suitable design 
alteration, a polymer has been prepared that 
carries two different segments, namely PEG 
and fluorocarbon, at alternating locations but 
in a periodic manner; such a system folds to 
generate a system that carries PEG chains on 
one side and fluorocarbon on the other, thereby 
desymmetrizing the folded chain. 

Amphiphilic double comb polymers carrying 
hydrophobic (alkyl) and hydrophilic (PEG350) 
segments based on itaconate was prepared via 
micellar polymerization to yield temperature 
and shear-sensitive hydrogels; the melting 
temperature and the strength of the hydrogel 
could be tailored by varying the alkyl segment 
length. The double comb polymers also form 
lamellar morphology, wherein the lamellar 
period increased with the pendant alkyl chains, 
confirming the Janus nature of the amphiphilic 
double comb polymers. In a different study, 
access to internal reactive sites in jacketed 
hyperbranched polymers were shown to be 
influenced not only by the size of the intruding 

reactants but also on its relative polarity 
when compared to the jacket segments; 
this observation could be utilised to develop 
substrate-specific hyperbranched polymer-
supported catalysts.

Organometallic and Coordination Chemistry: 
In this sub-discipline, the departmental faculty 
members have contributed to the following.

Rutheinum NHC complexes were used as 
precursors to generate nanoparticles and their 
catalytic activity was explored. Very efficient 
hydroborylation of alkenes and alkynes have 
been studied. Further, NHC complexes of 
iridium were synthesised in chiral and achiral 
NHC ligands to probe hydrosilylation of imines.

An efficient NHC-supported cobalt-catalyst for 
the borylation of aryl chloride and vinyl arenes 
affording the aryl and alkyl boronates, which are 
important synthetic intermediates in organic 
synthesis were developed at IPC department. 
An inexpensive iron-based catalyst for the 
hydroboration of carbonyl compounds and the 
first scandium-based Lewis acid catalyst for the 
hydroboration of alkynes and alkenes were also 
developed.

In continuing efforts on the activation of 
unreactive chemical bonds in small molecules, 
certain unusual iridium complexes bearing 
pincer motif have been developed. These 
complexes have the ability to bring about the 
oxidative addition of molecular hydrogen under 
very mild conditions. Activation of the H–H 
bond using these complexes is dependent on 
the H2 gas pressure thus making it possible to 
map the reaction coordinate for the oxidative 
addition of H2 to a metal center. This has 
significant implications in homogeneous 
hydrogenation catalysis. In addition, iridium 
based pincer complexes for hydrogenation 
of CO2, carbonyl and certain imine substrates 
have been developed. These catalysts are quite 
active and efficient over several cycles. Further, 
air-stable Fe-Co nanostructured alloys have 
been prepared and characterised. They exhibit 
interesting magnetic behaviour.



Supramolecular Chemistry/Catalysis:
Pd(II) and Pt(II) cages and molecular 
barrels were synthesised and their confined 
space was used for studying chemistry of 
photochromic molecules. Newly designed 
organic cages were used as templates 
for nucleation of Au nanoparticles and as 
photocatalysts. 

Main Group Chemistry: In this area, the 
following contributions have been made.
• Development of cost effective, earth 
abundant, less toxic base metal catalysts 
or main group catalysts for the synthesis of 
organoboranes, which are important synthetic 
intermediates in pharmaceuticals and organic 
light-emitting diodes as exemplified by the 
Suzuki-Miyaura cross-coupling reaction 
has been carried out. Considerable effort 
has been committed to the preparation 
of organoboranes using precious metals 
(such as Pd, Rh, Ir, etc.) and more recently, 
using non-precious metals (Cu, Ni, Fe). High 
cost, human toxicity, and limited natural 
abundance are few drawbacks associated 
with precious metals. These drawbacks 
have sparked interest for the development 
of cost effective earth abundant, less toxic 
metals or even metal free catalytic systems to 
promote selective synthesis of organoboranes 
efficiently. Recently, an efficient catalyst 
system based on Co(II)-NHC complex for the 
borylation of aryl halides was developed.

• The design and synthesis of new molecules/
materials containing BORON for the potential 
application in the field of Catalysis, Molecular 
Electronics (OLEDs, TFTs and solar cells), 
and Chemosensory materials are parts of the 
ongoing research at IPC. Also, research on 
the Lewis acidity of tri-coordinated boron for 
the development of boron based proteasome 
inhibitors (BPI) and understanding the 
differences in the catalytic activity of multiple 
proteolytic sites in both eukaryotic and 
bacteria proteasomes are going on.

Electrochemistry, Surfaces and Interfaces:

Sensors and field effect transistors based on 
single layer and few-layer semiconductors - 
metal thiophosphates (MPX3 (M=Ni,Fe,Mn 
etc; X=S,Se)) have been studied. Very sensitive 
and selective NOx sensors, humidity sensors 
have been developed. Electrocatalysis of 
reactions such as hydrogen oxidation has 
been investigated and fuel cells based on 
the developed catalysts are being studied. 
Electrical transport studies have been 
conducted and devices are fabricated using 
semiconducting NiPSe3, and MnPSe3. Another 
class of layered materials based on mixed 
chalcogenides, MoSSe has been extensively 
studied and it is found that the presence 
of isomers affects the physicochemical 
properties. Organic thin films based on 
macrocycles such as phthalocyanines have 
been investigated and efforts to tune the 
molecular orientation on various substrates 
is underway. Preliminary investigations reveal 
that the orientation of molecules affect the 
catalytic properties.

High Temperature Electrochemistry: 
Temperature Programmed Reactivity setup 
were developed at IPC.

Single molecular electronics and Spintronics 
research direction has been initiated at the 
IPC department. Following instruments are 
currently being built at the IPC department. 
1. Mechanically Controllable Break Junction 
(MCBJ) setup with Ultra-low current 
Measurement Capability and Large Dynamic 
Current Measurement Range 
2. Ultra-Sensitive Electrochemical STM- based 
break Junction (EC-STM BJ) setup

These custom-built equipments will have 
unique single molecule conductance 
measurement capabilities and only few groups 
across the world have comparable capability in 
terms of measurable current range and modes 
of single molecule conductance measurement.  
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FACULTY & STAFF 
ELANGANNAN ARUNAN | PhD (Kansas State U), FASc, FNASc, FRSC Professor
ATANU BHATTACHARYA | PhD (U Colorado), Assistant Professor
BINNY J CHERAYIL | PhD (U Chicago), Professor
DEBASIS DAS | PhD (U Michigan), Assistant Professor
P K DAS | PhD (Columbia U), FASc, Professor
K GEETHARANI | PhD (IIT Madras), Assistant Professor
UPENDRA HARBOLA | PhD (JNU), Associate Professor
BALAJI R JAGIRDAR | PhD (Kansas State U), FASc, Professor
KALIGINEDI VEERABHADRARAO | PhD (Uni. Bern), Assistant Professor
G MUGESH | PhD (IIT Bombay), FASc, FNASc, FNA, Professor
PARTHA SARATHI MUKHERJEE | PhD (Jadavpur U), Professor
M NETHAJI | PhD (Madras), Chief Research Scientist
SANJAY PRASAD | MTech (Anna), Scientific Officer
S RAMAKRISHNAN | PhD (U Massachusetts, Amherst), FASc, Professor
SAI G RAMESH | PhD (U Wisconsin), Associate Professor
C RANJAN | PhD (Muelheim Ruhr), Assistant Professor
SOUMYA S ROY | PhD (IISER Pune), Assistant Professor
S SAMPATH | PhD (IIT Madras), FASc, FNA, Professor
AG SAMUELSON | PhD (Cornell U), Professor
S SANDYA | PhD (Kerala), Scientific Officer
P THILAGAR | PhD (IIT Kanpur), Associate Professor
S UMAPATHY | PhD (U Otago), FASc, FNASc, FRSC Professor (On lien)

HONORARY/EMERITUS FACULTY
AR CHAKRAVARTY | PhD (U Calcutta), FASc, FNA, Honorary Professor
ED JEMMIS | PhD (Princeton U), FASc, FNA, Honorary Professor
S VASUDEVAN | PhD (IIT Kanpur), FASc, FNA, Honorary Professor
KL SEBASTIAN | PhD (IISc), FASc, FNA, Honorary Professor
N MUNICHANDRAIAH | PhD (IISc), Emeritus Professor



The Materials Research Centre (MRC) was established 
in 1978, to foster interdisciplinary research in different 
areas of materials science and technology with an 
emphasis on electronic and functional materials. Over 
last one decade, MRC has been pursuing extensive 
research in the emerging areas of biomaterials, 
multiscale simulation and properties of nanomaterials. 
The slogan of the centre, “From basic science to device 
prototypes,” would aptly sum up its research efforts.

C U R R E N T  R E S E A R C H

Energy Harvesting Materials: Faculty of the centre are involved in addressing the challenges 
associated with development of efficient energy harvesting materials using state-of-the-art 
density functional theory-based methods. An extensive study is in progress to develop guidelines 
for designing high ZT thermoelectric materials and ambient condition efficient hydrogen and 
Li storage materials. Nanostructurisation of transition metal silicides is carried out for high 
temperature thermoelectric application. 
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2D Materials and Metamaterials: 
Faculty of the centre are working on 2D 
materials as they are considered as materials 
for next generation devices. In order to use 
2D materials as building blocks in electronic, 
optical, and sensing applications, their 
electronic properties need to be modified. 
A focussed effort aiming towards gaining 
the ability to modify the band gaps of these 
materials in a controlled and non-invasive way 
is currently underway. Meta-structure based 
on Vanadium oxide phase change materials 
for perfect absorbers at IR and microwave 
frequencies is demonstrated.
 
White Light-Emitting-Diodes for Green 
Energy: The LED project evolved for this 
initiative dealt with “White” LEDs, typically 
blue LEDs working in conjunction with yttrium 

aluminium garnet (YAG) phosphor, used for 
lighting applications. A commercial white LED 
produces 110 lm/W at an injection current 
of 700 mA, exemplifies the state-of-the-
art in solid-state lighting. The work at MRC 
developed highly efficient white LEDs higher 
than commercially available LEDs in three 
phases over the last 6 years in collaboration 
with an industry. 
 
Organic Light Emitting Diodes for Flexible 
Displays: MRC faculty are also involved 
in various organic materials development, 
such as light emitting, electron transporting, 
and host materials for OLED application. 
Main focus is on solution-processed device 
fabrication for cost-effective OLED displays 
and lightings. 

The efforts of the faculty of the centre covers the 
following broad areas of research: Semiconducting 
materials for blue LEDs, phosphors for white light 
applications, OLEDs for flexible displays, infra-red 
and UV detection, gas sensing, etc. Biomaterials 
for musculoskeletal applications, catalytic 
materials for water splitting, water purification, 
energy harvesting and storage materials for 
thermoelectric, Li-ion/ Na-ion battery, and hydrogen 
storage, fuel cells, etc. and thermoelectrics and 
meta-materials are pursued in the centre.

C O R E  R E S E A R C H



Biomaterials for Musculoskeletal 
Reconstruction and Regenerative 
Engineering: The researchers at MRC have 
been pursuing interdisciplinary research at the 
cross-roads of Engineering Science, Biological 
Science and Medicine. The research group has 
aptly used the principles and tools of these 
disciplines to develop next generation implants 
and bioengineering solutions to address 
unmet clinical needs for musculoskeletal, 
dental, and neurosurgical applications. Over 
the years, the researchers have created 
interactive and intensive collaborations with 
over 20 clinicians, one MNC and 7 MSMEs/ 
Start ups to accelerate biomaterials science-
to-biomedical device prototype development. 
Encompassing experimental discovery, 
theoretical predictions, computational 

analysis, and clinical translational research, 
the research group has laid the foundation 
for biomechanically-compliant design of 
implants, 3D binderjet printing of biomaterials, 
science of biocompatibility and bioengineering 
strategies to advance the field of biomaterials 
science and regenerative engineering; thereby 
impacting human healthcare.

Nanostructured Materials for Energy 
and Environment Applications: Faculty 
of our centre are involved in designing 
nanostructured based catalysts for water 
splitting, water purification, batteries and fuel 
cells. Few faculties are associated with the 
development of materials for gas sensing 
applications at room temperature, infra-red 
and UV detection.

FACULTY & STAFF 
BIKRAMJIT BASU | PhD (Katholieke Universiteit Leuven, Belgium), Professor
PRABEER BARPANDA | PhD (Rutgers, NJ, USA), Associate Professor
KARUNA KAR NANDA | PhD (IOP Bhubaneswar, India), Professor
P RAJAMALI | PhD (IIT Madras, India), Assistant Professor
SUBINOY RANA | PhD (University of Amherst, MA, USA), Assistant Professor
N RAVISHANKAR | PhD (IISc Bangalore, India), Professor
BALARAM SAHOO | PhD (University of Duisburg, Germany), Associate Professor
ABHISHEK KUMAR SINGH | (Tohoku University, Sendai, Japan), Associate Professor
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The primary focus of the NMR Research Centre is the 
development of new NMR spectroscopic methods and 
their application to important and challenging problems in 
Chemistry and Biology.

C U R R E N T  R E S E A R C H

NMR based identification and quantification of metabolites allows direct mapping of related 
biological pathways and helps in understanding their flux in the cell. However, this requires 
recording data on a large number of samples to arrive at a statistically relevant information, which 
increases the time required for data collection. We develop new techniques, which allows one 
to significantly reduce the time required for acquiring multidimensional NMR data. We have also 
developed methods for automated data analysis, which address the important problem of rapidly 
identifying metabolites from NMR spectrum and mapping them to metabolic pathways. We have 
applied these methods for finding biomarkers in human in-vitro fertilisation (IVF) and for studying 
cancer cell metabolism. 

A simple ternary ion-pair complexation protocol has been developed for rapid testing of 
enantiopurity and the assignment of absolute configurations of various acids and ester derivatives 
employing 1,1’-[binaphthalene]-2,2’-diamine (BINAM) as a novel chiral solvating agent (CSA) in 
the presence of trifluoromethanesulfonic acid (TFMS) as a third ingredient. The protocol also 
permits the unambiguous assignment of stereospecific configurations of different acids and 
ester derivatives. Bifurcated intramolecular hydrogen bond in the dibenzoyl oxalamide derivatives, 
Orchestrated approaches have been developed using pure shift NMR for the extraction of spectral 
parameters, ultra‐high resolution, and sensitivity enhancement.

FACT FILE
Phone: 080-2293 2536
URL: http://nrc.iisc.ac.in

IN NUMBERS
13 Students
3 Faculty members 
30 Publication

3.2.3
C H A I R P E R S O N
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NMR  
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NMR Spectroscopy, Elucidation of molecular 
structures, Chiral Analysis, Weak Molecular 
Interactions, Metabolomics, Structural Biology, 
Bionanomaterials

C O R E  R E S E A R C H

FACULTY & STAFF 
HANUDATTA S ATREYA | PhD (BOMBAY), ASSOCIATE PROFESSOR
N SURYAPRAKASH | PhD (BANGALORE), FNASC, PROFESSOR 
SOUMYA S ROY | ASSISTANT PROFESSOR, PhD (Univ of Massachusetts)
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The Department of Organic Chemistry (OC) is one of 
the oldest departments in IISc, which started in the year 
1911. Core strength of the Department relies on the broad 
areas of organic chemistry, covering all aspects of organic 
synthesis and application of organic chemistry principles 
at the interface of biological and materials chemistry. 

C U R R E N T  R E S E A R C H

Mono-, di- and trimannosides glycolipids and an arabinomannan glycolipid are synthesised and 
studied towards their inhibition efficacies in mycobacterium growth and biofilm growth. The study 
shows that the growth inhibition occurs the most with mannan-containing glycolipids, whereas 
the arabinomannan-containing glycolipids are efficient biofilm inhibitors. Chemical glycosylation 
initiated by a radical halogenation provides a newer route of activation of allyl glycosides. Such 
an allylic halide activation subjects the glycoside reactive under acid catalysis, leading to the 
conversion to a glycosyl cation and subsequent glycosylation with a number of acceptors. A 
glycoconjugation strategy, wherein a sugar vinyl sulfoxide reacts with amine nucleophiles arising 
from lysine side chain in peptides and proteins, at physiological pH and temperature efficiently, is 
developed. The method permits glycoconjugation of the lysine residues present in lysozyme with 
the sugar vinyl sulfoxide.

FACT FILE
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URL: orgchem.iisc.ac.in/

IN NUMBERS
11 Faculty members
56 PhD Students
6 Int PhD Students
73 Publications
1 Int PhD Conferments
10 PhD Conferments

3.2.4
C H A I R P E R S O N
N JAYARAMAN

Organic 
Chemistry  



As part of our ongoing programme on 
enantioselective catalysis, we have developed 
a number of new transformations besides 
venturing into the new fields of research. Some 
of our research highlights are provided below: 
- We have developed the first enantioselective 
decarboxylative [4 + 2]-annulation of ethynyl 
benzoxazinanones with azlactones under 
cooperative copper and bifunctional tertiary 
aminourea catalysis for the synthesis of Î±-
quaternary Î±-acylaminoamides. - The first 
enantioselective vinylogous allylic alkylation of 
4-methylquinolones has been developed. This 
is the first application of 4-methylquinolones in 
an enantioselective transformation.

Perfluoroarene was utilised to induce a 
pentapeptide into a pH-tolerant hydrogel which 
enabled the soft materials to do naked eye 
sensing of Ca2+ ions. Simultaneous sensing of 
ferritin and apoferritin proteins was achieved 
using an iron-responsive dye which allowed 
serum iron estimation. Simultaneous Detection 
of Cu2+and Hg2+ was achieved via two mutually 
independent sensing pathways of using 
a biimidazole Push-Pull Dye. A palladium-
induced formation of nematic liquid crystals to 
metallogel with self-assembled nanowires was 
achieved. Responsive fluorescent assemblies 
were designed allowing multiparametric 
sensing of the phospholipid membranes. 

Multimodal Ion Sensing by Pyridine-End 
OPVs for sustainable detection of toxic 
industrial wastes could be achieved. Tumor 
chemosensitisation was achieved through 
oncogene knockdown mediated by cationic 
tocopherols. New water-soluble oxyamino 
chitosans as biocompatible vectors were 
developed for anticanccer drug and gene 
delivery.

In titanocene(III)-mediated chemistry, reductive 
oxirane-ring opening with concomitant 
intramolecular 5-exo trig radical cyclisation 
led to the synthesis of tetrahydrofuran-based 
oxaspirooxindole systems starting from isatin. 
In another application of Cp2TiCl-promoted 
radical-induced cyclisation, an expeditious 

access to [a]-annelated indoles is achieved. 
In sugar amino acid related work, an amide-
linked minimal diguanosinyl motif that forms 
a G- uadruplex-like structure in solution in the 
presence of potassium ion is developed from 
a series of linear guanosine amino acid dimers 
with linkers of different chain lengths. Besides, 
synthesis, conformational and biological 
studies of dodecameric cationic antimicrobial 
peptides containing tetrahydrofuran amino 
acids helped to delineate the optimal length of 
these novel peptides balancing antibacterial 
activity against toxicity and select candidate 
molecules for further development as novel 
CAP-based antibacterial agents.

Engineered metalloproteins are gaining 
widespread importance due to their efficiency 
in catalysing non-natural reactions. Recently, 
the naturally occuring Fe metal in the heme 
unit has been replaced with several non-
natural metals such as Ir, Rh, Co, Cu etc. While, 
the experiments have been successful the 
molecular origin of the improved performance 
of these metallo-porphyrins is unknown. Future 
developments of these heme-based enzymes 
and also the incorporation of non-natural 
metals in other enzymatic systems require an 
elaborate mechanistic study. We have used 
Density Functional Theory and QM cluster 
approaches to understand the origin of the 
improved reactivity of these non-natural metal 
containing enzymes. We have also used the 
QM cluster approach to understand the effect 
of side chain mutations on enantioselectivity. 
While there are several reactions catalysed by 
these engineered enzymes, we focused on the 
C-H insertion reaction.
 
We have developed synthetic strategy for the 
collective total synthesis of natural products 
of therapeutic significance from abundantly 
available chiral compound tartaric acid. In 
continuation of our efforts we accomplished 
the total synthesis of bio-active natural 
products such as methyldihydropalustramate, 
lentiginosine and conhydrine. Also, we 
developed a useful synthesis for the potent 
macrolactone core of migrastatin, a natural 
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helicities and rigidities (Kauzzmann-Eyring 
constants), using our novel hydrogen bond 
surrogate (HBS). 2. The number of sp2 
constraints and the residue preferences that 
render highest known helicities to even tetra-
peptides - identified. 3. HBS-constrained 
Helix models with highest thermal stabilities 
designed and synthesised. 4. By slowing the 
helix-coil transition to millisecond time-scale 
in model peptidomimetics, the helix-coil 
transition is shown to follow two-state kinetics 
at each residue along the helix sequence. 5. 
The Synergetic Guidance theory is presented 
based on investigation of dynamics of the 
helix-coil transition at the residue following 
a nascent a-helical turn. 6. We find that 
“Peptides transition into α-helical structures at 
all conditions due to the Synergetic Guidance 
by even a transiently developing a-helical 
turn” - first “visualisation” of the entropic basis 
of protein folding at residue level. 7. DNA-
binding TTK zn-finger helical domain mimics 
have been synthesised. 8. HBS-constrained 
analogues that mimic the α2-ACE2 helical 
domain that are recognised by SP-SARS-CoV-2 
proteins have been designed. 9. Thiazine and 
Thioamide based inhibitors of amyloid fibrils in 
vitro and in cells have been identified – SARS 
underway.

Synthesis, surface fabrication and related 
application of 2D MoS2 nanosheets. The 
applications are related to antimicrobial 
activity, sensing and photocatalysis.
Design and development of efficient, novel, 
environmentally benign strategies for organic 
chemical synthesis utilising redox chemistry 
in transition metal and equivalent non-metallic 
catalyst systems is the main area of interest 
of Prof Prabhu. Dr Prabhu has initiated a 
programme to develop highly selective 
oxidation methods, similar to those found in 
nature. The core work of his laboratory lies in 
designing easy to use and robust processes 
using inexpensive catalytic systems.

product possessing anti-cancer activity from 
chiral furyl carbinol. We have also explored 
the novel reactivity of lithium anion of N-allyl 
imine in the conjugate addition reactions with 
unsaturated esters and the addition reaction 
with non-racemic sulfinimines. This strategy 
was used in the synthesis of the alkaloids 
epibatidine and epiquinamide.

Development of paper based, 
photoluminescent sensors for beta-
glucuronidase, formaldehyde, hydrogen 
peroxide, green-tea polyphenols. Development 
of an analytical method for the detection of 
small amounts of water in common organic 
solvents. Development of an analytical method 
for the detection of sub-micromolar quantities 
of lanthanides terbium (III) and Europium (III).
The highlights of the work in 2019 are 
summarised below: 1. Synthesis of 
2-Aryl Naphthoquinones by the Cross-
Dehydrogenative Coupling Involving NHC-
Catalysed endo-Stetter Reaction has 
been developed. 2. Transition-Metal-Free 
Thioamination of Arynes Using Sulfenamides 
has been uncovered. 3. A conceptually novel 
aryne Sommelet-Hauser rearrangement 
has been reported. 4. N-Heterocyclic 
Carbene-Catalysed Umpolung of Imines 
for the Enantioselective Synthesis of 
Dihydroquinoxalines has been disclosed. 5. 
The use of Iodide as a Nucleophilic Trigger 
in Aryne Three-Component Coupling for the 
Synthesis of 2-Iodobenzyl Alcohols has been 
demonstrated. 6. Selective Synthesis of 
N-H and N-Aryl Benzotriazoles by the [3+2] 
Annulation of Sodium Azide with Arynes 
has been disclosed. 7. [8+3]-Cycloaddition 
of Tropones with Azaoxyallyl Cations 
have been uncovered. 8. NHC-Catalyzed 
[3 + 3] Annulation of Thioamides and 
Modified Enals for the Enantioselective 
Synthesis of Functionalised Thiazinones 
has been developed. 9. A Three-Component 
Aminoselenation of Arynes has been 
developed.

1. Design, synthesis and conformational 
analyses of single α-helical turns with highest 



Organic Synthesis; Peptides; Enantioselective 
Catalysis; Synthetic Methodologies; Asymmetric 
Synthesis; Transition Metal Catalysis; Total 
Synthesis of Natural Products; Medicinal 
Chemistry; Chemical Biology; C-H Activation 
and Functionalisation; Hydrogen Economy; 
Cross Dehydrogenative Coupling Reactions; 
Green Chemistry; Carbohydrate Chemistry; 
Macromolecular Chemistry; Biophysical Chemistry; 
Organocatalysis; N-Heterocyclic Carbenes; 
Aryne Chemistry; Asymmetric Catalysis; Material 
Chemistry; a-Helical Turn Mimics; Helix Folding; 
Amyloidogenesis; Supramolecular Chemistry; 
Lanthanide Photoluminescence; Enzyme Sensing; 
Hydrogels; Applied Supramolecular Chemistry; 
Analytical Chemistry

C O R E  R E S E A R C H
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MRINMOY DE | PhD (Massachusetts), Assistant Professor
N JAYARAMAN | PhD (IIT Kanpur), FASc, Professor
UDAY MAITRA | PhD (Columbia), FASc, FNA, Professor
SANTANU MUKHERJEE | PhD (Cologne), Assistant Professor
AT BIJU | Associate Professor 
GARIMA JINDAL| Assistant Professor 
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EN PRABHAKARAN | PhD (IIT Kanpur), Associate Professor
KR PRABHU | PhD (IISc), Associate Professor
KAVIRAYANI R PRASAD | PhD (Pune), Professor

INSA HONORARY PROFESSOR
 S CHANDRASEKARAN



The Solid State and Structural Chemistry Unit (SSCU) 
was founded in November 1976. The unit has provided 
major thrust to frontier areas of Chemistry. Besides 
developing its research and teaching programmes, 
unit members interact closely with other departments 
of the institute. The unit is a premier research 
centre of global repute in the areas of solid state 
and physical chemistry. Our faculty and students 
work in inter-disciplinary areas at the intersection of 
chemistry, physics, and materials science.

C U R R E N T  R E S E A R C H

Experimental and theoretical research pursued in the unit aims at understanding diverse 
phenomena associated with solids and condensed phases at varying length scales as well 
as liquids at the fundamental level. There is also significant emphasis on research activities 

FACT FILE
Established: 1976
Phone: +91-80-2293 2336
Fax: +91-80-2360 1310
Email: chair.sscu@iisc.ac.in
URL: http:// sscu.iisc.ac.in
Degree Programs offered: PhD 
and Int PhD

IN NUMBERS
11 Faculty members
5 Scientific Staff
86 PhD Students (including 18 Int PhD 
Students)
77 Publications
1 Int PhD Conferments
11 PhD Conferments

3.2.5
C H A I R P E R S O N
ANINDA J BHATTACHARYYA

Solid State 
and Structural  
Chemistry Unit 
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aimed at the development of prototypes for 
commercialisation. Some on-going cutting-
edge research areas pursued in the Unit are as 
follows:

Synthesis, Structure, Electronic and 
Magnetic Properties of Oxides:
Inorganic-organic hybrid framework 
compounds have been studied over the years 
with a primary focus on understanding the 
structure and properties. In the course of 
this study, it has been found that new anions 
such as sulfates, thiosulfates, borates can be 
incorporated as part of the framework leading 
to interesting new families of compounds. 
The use of organic acids along with nitrogen-
containing ligands led to new compounds that 
exhibit proton conductivity, (photo)catalysis, 

heterogeneous catalysis. Some of the 
framework solids have shown great potential 
in alkali metal-ion and metal-sulfur battery 
chemistries and hydrogen storage.

Organic Photovoltaic Materials: Synthesis 
of a new class of π-conjugated polymers, 
and correlating their structure and properties, 
has been pursued in great detail. A new 
class of conjugated polymers by various 
chemical routes, which control the polymer 
chain conformations, intermolecular 
interactions, and disorder by rational design 
were initiated and utilised to fabricate 
optoelectronic devices. The synthetic design 
principles helped in developing a new class 
of n-type conjugated polymers, which exhibit 
enhancement of electron charge carrier 

The work of the faculty of the Unit broadly 
focuses on Solid State Materials Chemistry and 
Physics, Physical Chemistry, and Theoretical 
Chemistry with specific emphasis on: Inorganic 
and Organic Materials Design and Synthesis for 
Energy, Nanostructured materials, Molecular 
Magnetic Materials and Switches, Statistical 
Phenomena of Biophysical Systems, Soft Matter, 
Quantum Chemistry and Electronic Structure, 
Multidimensional Femtosecond Microscopy, 
Crystallography, and Structural Chemistry, 
Electronics Device Design and Engineering.

C O R E  R E S E A R C H



mobility. Examples of this type are rare in the 
literature. The conjugated polymers exhibit 
band-like transport, which demonstrates the 
effectiveness of the rational molecular design 
and generate the potential for a new class of 
optoelectronic devices. Understanding the 
photophysical properties of such systems 
would lead to new and efficient photovoltaic 
materials.

Synthesis, Structure and Electronic 
Properties of Molecular Semiconductors:
The main activity centers on exploring novel 
properties of a range of materials with an 
emphasis on their electronic, magnetic, 
dielectric, and optical properties. Besides 
seeking new materials and properties, a major 
thrust is in trying to understand the origin of 
such novel and interesting properties, based 
on advanced experimental techniques and 
state-of-the-art theoretical approaches. Some 
specific highlights of the research in such 
directions are (a) crystal structure engineering 
by fine-tuning the surface energy in II-VI 
nanocrystals e.g. /CdSe, (b) tuning of dielectric 
properties and magnetism of oxide materials 
(c) discovery of multiglass properties in 
partially-disordered La2NiMnO6 (d) Magnetism 
in Fe/Cu Co-doped ZnO nanocrystals (e) 
Discovery of effective Mass Driven Structural 
Transition in Mn-doped ZnS Nanoplatelet (f) 
The very first demonstration of Ultra-narrow 
and widely tunable Mn2+ Emission from Single 
Nanocrystals of ZnS-CdS alloy (g) Resolving 
the age-old controversy regarding NiS and 
proving it to be an unusual self-doped, nearly 
compensated antiferromagnetic metal (h) The 
pioneering work to demonstrate the feasibility 
of obtaining emission across the entire visible 
range from an atomic transition in doped 
quantum dots by strain engineering and (i) 
A microscopic description of how the local 
structure, distinct from the global average 
structure determined by XRD, evolves in to the 
global structure with an increasing length-scale 
of the description and its consequence on the 
widely used concept of a chemical pressure in 
solid solutions.

Other studies on this front have demonstrated 
the occurrence of ground state charge 
transfer between quantum dots. This leads 
to the emergence of strong electrostatic 
forces between quantum dots, leading to 
the formation of a quantum dot solid. These 
solids exhibit chemical properties such as 
stoichiometry and bear a strong resemblance 
to ionic compounds except that the building 
blocks are hundreds of times larger. In another 
study, possible routes to low threshold 
quantum dot lasers have been proposed, and 
novel, low threshold continuous wave quantum 
dot-based lasers have been developed. Other 
studies include the development of novel 
synthetic methods that enable copying the 
morphology of a nanostructure as well as the 
synthesis and spectroscopy of solar energy-
relevant quantum dots composed entirely of 
earth-abundant, non-toxic elements.

Materials Electrochemistry for Renewable 
Energy: In this area, research of the unit 
faculty members focuses on the synthesis 
of electrode and electrolyte materials for 
various battery chemistries, configurations 
and supercapacitors. Critical understanding 
of materials properties, their correlation with 
structure and function is the primary focus. 
Many of these studies have also involved 
the utilisation of synchrotron facilities. 
The synthesis involved the development 
of multifunctional high-performance soft 
materials, inorganic nanomaterials, conjugated 
systems along with networked gel polymer 
electrolytes based on organic materials that 
have been investigated as potential candidates 
for various rechargeable battery chemistries.

Crystal Engineering, Charge Density 
and Related Aspects: The application of 
crystal engineering in the development of 
pharmaceutical solids is the main topic of 
research here. The main objective of crystal 
engineering is to design functional molecular 
solids with tunable properties based on 
intermolecular interactions. The concept of 
supramolecular synthon or the recognition of 
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molecules through intermolecular interactions 
plays a crucial role to correlate the structure 
and property of crystalline solids. A wide 
variety of weak interactions including hydrogen 
bonding, π-π, halogen-halogen interactions 
present in single component as well as multi-
component molecular crystals or cocrystals 
have been studied. The understanding of 
molecular interactions aids in the design 
of pharmaceutical cocrystal with improved 
physicochemical properties.

Theoretical Studies of Electronic and 
Magnetic Properties of Organic Materials:
Studies on the electronic and magnetic 
properties of strongly correlated low-
dimensional systems and conjugated 
Entanglement entropy as a handle to study 
quantum phase transitions in frustrated spin 
chains were established. The scope of Valence 
Bond (VB) method by using new symmetries 
of symmetrically substituted donor-acceptor 
systems in polyenes and polyacenes to carry 
out ED studies on systems spanning nearly 
a billion dimensional Hilbert space was 
extended. This method was employed to study 
excited state tuning in substitute polyenes and 
Tetracene. In addition, systems such as fused 
azulenes can be in magnetic ground states 
due to intrinsic bond frustration in electron 
delocalisation were also established.

Statistical Mechanics Condensed Matter 
and Biological Systems: The problems of 
protein folding and aggregation have important 
implications in several neurodegenerative 
diseases such as Alzheimer’s and Parkinson’s. 
Our faculty have recently addressed a 
fundamental problem in the area of protein 
collapse. Single domain proteins are finite-
sized heteropolymers and behave like random 
coils at high denaturant concentrations, and 
fold into specific three-dimensional structures 
at low denaturant concentrations to perform 
their functions. An interesting fundamental 
question is whether proteins akin to polymers 
undergo a coil-toglobule collapse transition 
during the initial stages of folding (burst-phase) 

organic molecules have been carried out. 
During the course of this study, a new time-
dependent density matrix renormalisation 
group (DMRG) algorithm was developed to 
study the effect of long-range correlations 
on spin charge separation in polyene chains. 
The studies shown through entanglement 
entropy studies, reveal why the DMRG method 
is accurate for models with long range 
interactions. The DMRG method was extended 
to study Bethe lattices and dendrimers. On 
the exact diagonalisation (ED) front, for the 
first time how to exploit both spatial and 
spin symmetries of systems belonging to 
non-Abelian point groups was shown. as the 
conditions are made conducive for folding. 
The collapse transition in proteins is generally 
studied using single molecule fluorescence 
resonance energy transfer (FRET), and small 
angle X-ray scattering (SAXS) experiments. 
The FRET and SAXS experiments disagreed 
on whether Protein L, a model protein used 
to study protein folding, collapses during the 
burst-phase of folding. We studied the burst-
phase of folding for Protein L using a coarse-
grained protein model and molecular dynamics 
simulations to understand the impact of 
various approximations used in these methods 
to resolve the controversy between the 
FRET and SAXS experiments. We found that 
FRET experiments overestimated Rg of the 
protein due to the application of Gaussian 
polymer chain end-to-end distribution to 
extract Rg from the FRET efficiency and 
thereby suggesting pronounced compaction 
in the protein dimensions in the burst-phase. 
We further found that the decrease in Rg is 
close to the statistical uncertainties of the 
Rg data measured from SAXS experiments, 
which suggested no compaction, leading to a 
disagreement with the FRET experiments.

Molecular Simulation and Theoretical 
Model Studies: A detailed theory of 
the effects of intermediate metastable 
phases on the nucleation and growth of 
the thermodynamically stable phase has 
been developed. This theory explains such 



novel phenomena like the role of LDL phase 
in the nucleation of ice from supercooled 
water. A theory of surface tension under the 
same free energy conditions was developed. 
Studies on protein unfolding dynamics in 
aqueous binary mixtures demonstrated that 
while DMSO preferentially melts helices, urea 
does the same to beta sheets. The former 
was not known before this work. A theory of 
pair hydrophobicity in mixed solvents was 
developed. Studies on the origin of hydrophobic 
force law between two hydrophobic surfaces 
were initiated. In another front, the first theory 
of the role of vitamin D in the human immune 
response is being developed.

Magnetic Materials and Switches: The 
world of digital information storage has been 
run mainly by bulk magnets, which have 
brought a significant reduction in size together 
with enhanced storage capacity. Yet much 
betterment could be brought, both in terms of 
size and storage space, by opting for molecular 
magnets that have potential applications in 
the field of data storage, sensors, spintronics, 
quantum computing, etc. Molecular systems 
are at par owing to their several advantages 
such as the chemical and structural versatility, 
low density, solubility towards conventional 
solvents making them fit for various device-
level applications. 

Research activities of the group are directed 
towards rational design, synthesis, and details 
physical characterisation of new molecular 
magnetic materials (organic, inorganic, and 
nanoscale). The research being conducted 
is interdisciplinary in nature covering wide 
aspects of academically driven fundamentals 
of magnetism and challenges of the applicative 
world. Highlights of group activities are 
Electron-transfer systems, Spin-State Switching 
systems, Single Molecule Magnets, Single 
Chain Magnets, Magnetic Nanoparticles, 
Quantum Dots, Switchable Metal-Organic 

Frameworks, Magnetic Liquid Crystals, etc. We 
are also developing various multi-functional 
materials where our interest in studying details 
(Photo)magnetism, Photoluminescence, 
Photo- and Thermo-induced electron transfer, 
Magnetocaloric effect, Magneto-Optical 
properties, etc. The switchable materials 
being synthesised are also studied for their 
applications in various MEMS devices and 
sensors. Detailed theoretical investigations are 
also being carried out to enhance the present 
systems and design new materials.

Multidimensional Femtosecond Spectro-
Imaging: Multidimensional Femtosecond 
Spectroscopy coherently excites a manifold 
of vibronic states and resolves the ensuing 
coherent dynamics with conventionally 
high temporal and spectral resolution. Such 
information has provided valuable insight into 
the nature of System and Bath Hamiltonians 
for a number of systems spanning from 
proteins, organic photovoltaic polymers, 
singlet fission materials and perovskites.

The broad impetus of the group is to 
develop state-of-the-art multidimensional 
spectroscopic tools to probe matter through 
controlled interactions with femtosecond 
pulses and apply such tools to gain a better 
understanding of the fundamental physics of 
energy and charge transfer on femtosecond 
timescales. Such tools will integrate sub-
micron spatial resolution with the conventional 
femtosecond temporal resolution and high 
spectral resolution of multidimensional 
spectroscopies. This will allow to probe 
fundamental processes ranging from 
electronic and nuclear interactions among a 
network of chromophores packed tightly inside 
a photosynthetic cell, to bridging the gap 
between the morphology of photovoltaic thin 
films and device performance by correlating 
morphology with sub-100 fs exciton 
delocalisation physics.
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The Division is assiduously seeking fundamental advances in the following core 
areas: Signal Processing, Communications, Networks, Microelectronics and Devices, 
Photonics, Theoretical Computer Science, Computer Systems and Software, Artificial 
Intelligence and Machine Learning, Control and Optimisation, Power Systems, Power 
Electronics and High Voltage Engineering. 

T H E M E S 
A feature of the Division’s R&D activities is its focus on rigorous innovation in 
contemporary, interdisciplinary themes: Cyber Physical Systems, Big Data Analytics, 5G 
Technologies, Devices for Healthcare, Electronics for Strategic Sector, Network Science, 
Cybersecurity, Neuromorphic computing, Image and Video Processing, and Smart Grids. 

R E S E A R C H  H I G H L I G H T S 
The Division of Electrical, Electronics, and Computer Sciences 
comprises four Departments: Computer Science and Automation; 
Electrical Communication Engineering; Electrical Engineering; 
and Electronic Systems Engineering. A feature of the Division’s 
R&D activities is its forays into contemporary, inter-disciplinary, 
and nationally relevant themes including Cyberphysical Systems, 
Cybersecurity, Data Science, and Neurocomputing. The Division is 
also actively participating in Institute level programmes on Smart 
Energy, Smart Water, Smart Cities, and Devices for Healthcare, and 
Electronics for the Strategic Sector

D E P A R T M E N T S  |  C E N T R E S  |  U N I T S 
• COMPUTER SCIENCE AND AUTOMATION 

• ELECTRICAL COMMUNICATION ENGINEERING 

• ELECTRICAL ENGINEERING 

• ELECTRONIC SYSTEMS ENGINEERING 
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Research Snapshots
2019-20

Ambedkar Dukkipati (CSA)

The success of deep neural networks, in the advancement of AI, can be attributed to models trained 
on large amounts of labeled data. Acquiring massive amounts of labeled data in some domains can 
be very expensive or not possible at all. To address this one can recourse to cross-domain learning. 
In our work, by following Vapnik’s imperative of statistical learning, we propose a direct approach 
to domain adaptation called Contradistinguisher. With this technique, we set benchmark results in 
almost all available datasets that are studied in the literature.

Reference:  
S. Balgi and A. Dukkipati. CUDA : Contradistinguisher for Unsupervised Domain Adaptation. In 
Proceedings of the IEEE International Conference on Data Mining (ICDM) pp.21-30 2019.
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Arpit Patra (CSA)

Round Complexity: Fairness and Robustness are the most desirable properties of MPC protocols. In 
this work (left picture), we extend the study of exact round complexity of fair and robust MPC beyond 
traditional adversaries, to generalised and realistic adversarial settings.
 
PPML: In BLAZE (right picture), we build a blazing fast practically efficient Privacy-Preserving 
Machine Learning framework in the three server setting. Our benchmarks on Logistic Regression and 
Neural Networks outperform existing works in literature by several orders of magnitude.

Reference:  
Arpita Patra and Divya Ravi. Beyond Honest Majority: The round complexity of Fair and Robust Multi-
party Computation. 25th Conference on the Theory and Application of Cryptology and Information 
Security (ASIACRYPT), LNCS 11921, pp. 456--487, 2019. https://eprint.iacr.org/2019/998
 
BLAZE: Blazing Fast Privacy-Preserving Machine Learning. Arpita Patra and Ajith Suresh. 27th Annual 
Network and Distributed System Security Symposium (NDSS), 2020. https://eprint.iacr.org/2020/042



Anand Louis (CSA)

Graph coloring is a fundamental NP-hard problem in the study of algorithms. A graph is said to be 
“partially k-colorable” if the graph induced on a “large” subset of the vertices can be colored using k 
colors. Partial k-colorability is a more robust graph property than k-colorability. Our work gave bi-
criteria approximation algorithms for partially coloring partially 3-colorable graphs.

Reference:  
Approximation Algorithms for Partially Colorable Graphs, Suprovat Ghoshal, Anand Louis, Rahul 
Raychaudhury
International Conference on Approximation Algorithms for Combinatorial Optimisation Problems 
(APPROX), 2019
Other details can be found here: https://drops.dagstuhl.de/opus/volltexte/2019/11243/
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Gaurab Banerjee (ECE)

Dr Gaurab Banerjee and his research group at the ECE department have developed a radar-on-
chip technology for thru-wall imaging applications. An entire radar transceiver, consisting of 
one transmitter, three receivers and a wideband frequency synthesiser was implemented on a 
semiconductor chip, smaller than a grain of rice. This technology has several applications in security, 
healthcare, transportation and infrastructure and is currently being developed into a full product.

Reference:  
G Banerjee, A Chakraborty, J Chauhan, “CMOS wideband RF amplifier with gain roll-off compensation 
for external parasitics, US Patent App. 15/744,155, Allowed, March 2020.



Dipanjan Gope (ECE)

Electromagnetic Interference (EMI) and Electromagnetic Compatibility (EMC) contributes to a 
significant percentage of compliance failures in the hardware verification stage. This leads to delay-
to-market or cancelled projects. We developed a model-based system-level simulation capability 
for Bulk Current Injection (BCI) [1] and Radiated Emissions (RE) [2] for early prediction of possible 
failures. The methodology comprises of fast 3D full-wave Electromagnetic simulation using 
matrix-compression in conjunction with data-based models for apparatus like injection-clamp and 
Integrated Circuits (ICs) to address the complexity of system-level simulation.

 

Figure 1: Bulk Current Injection laboratory test for a hardware comprised of a PNP transistor 
(2SA1576). An IC-model for the transistor is developed. The hardware-in-laboratory environment 
is simulated and the simulated noise-voltage exceeding the IC-model threshold-values is able to 
predict measurement failures [1].

Reference:  
[1] B. P. Nayak, S. Ramesh, S. Rajeev, A. Devi, T. Tsuda and D. Gope, “Model-Based System-Level 
EMI/EMC Simulation for BCI Pass-Fail Prediction,” in IEEE Letters on Electromagnetic Compatibility 
Practice and Applications, vol. 2, no. 2, pp. 28-33, June 2020, doi: 10.1109/LEMCPA.2020.2979227.

[2] H. Muniganti, B. Nayak and D. Gope, “Diagnosis of Radiating Elements for CISPR 25 RE Test 
Setup Using Huygens Box Method,” in IEEE Letters on Electromagnetic Compatibility Practice and 
Applications, vol. 2, no. 2, pp. 40-45, June 2020, doi: 10.1109/LEMCPA.2020.2985342.
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Kunal Narayan Chaudhury (EE)

We recently came up with a necessary and sufficient condition for uniquely registering a 
system of point clouds (whose positions are known in different coordinate systems) in a 
global coordinate system [1]. We did so by relating the registration problem to the rigidity of 
bar-and-joint frameworks. In particular, we obtained a particularly simple connectivity-based 
test for point clouds in two dimensions. Testing uniqueness however remains open in three 
and higher dimensions.

 

Reference:  
A. V. Singh and K. N. Chaudhury, “On uniquely registrable networks,” IEEE Transactions on 
Network Science and Engineering, 2019.



SRIRAM GANAPATHY (EE)

The performance of speech systems is degraded in the presence of noise. The principle of modulation 
filtering attempts to remove the spectro-temporal modulations that are susceptible to noise. While 
traditional approaches use modulation filters that are hand-crafted, we propose a novel method 
for modulation filter learning using deep variational models. Specifically, we pose the filter learning 
problem in an unsupervised generative modeling framework where the convolutional filters capture the 
modulations that are shown to improve speech recognition performance significantly. 
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SANTANU MAHAPATRA (DESE)

We develop a computer code, which elucidates the intricate electron-phonon coupling limited 
quantum transport in two-dimensional material-based nano-scale transistors. Such first-principles-
based computational tool is in demand for advanced technology research, since it enables 
systematic evaluation of new materials at device level even before the wafer is available.

Reference:  
Madhuchhanda Brahma, Arnab Kabiraj, Marc Bescond and Santanu Mahapatra, “Phonon limited 
anisotropic quantum transport in phosphorene field effect transistors” Journal of Applied Physics, 
Vol. 126, No. 114502, 2019. [Editor’s Pick].



SHAYAN GARANI (DESE)

Researchers at PNSI lab are actively involved in the broad areas of research within quantum 
information processing. Novel modified graph state codes were proposed to mitigate quantum 
node failure within a quantum network [1]. Also, the advantage of quantum coding over graph states 
within the context of eavesdropping has been explored [2]. Further, rate-efficient entanglement-
assisted algebraic binary tensor product codes realisable using a quantum gates have been 
proposed for use in quantum transceiver systems [3]. 

 

Figure: Schematic block diagram for entanglement-assisted binary tensor product codes setup 
within a quantum transceiver: The error correction setup consists of the encoder, interleaver, 
channel, de-interleaver, error correction circuit and decoding blocks. Pre-shared entangled bits (Bell 
pairs) are shared between the transmitter and receiver. The circuit elements needed to implement 
the quantum system for each block are drawn within the corresponding blocks. For more detailed 
description of the quantum ECC architecture, the reader is referred to [3].

Reference:  
A. Raina, P. J. Nadkarni, and S. S. Garani, “Recovery of quantum information from a node failure in a 
graph”, Quantum Info. Proc., vol. 19, no. 2, Feb. 2020.
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Uday Kumar Reddy B (CSA)

The highlight has been the creation of an open-source modular and reusable compiler infrastructure 
for machine learning and artificial computations called MLIR (Multi-level Intermediate Representation), 
where the faculty member was a co-founder and the key contributor to its polyhedral compiler aspects. 
MLIR provides a new intermediate representation to progressively lower dataflow compute graphs 
through loop nests to high-performance target-specific code. It is meant to serve as the infrastructure to 
drive compilation of the next generation of programming languages/models to a wide variety of general-
purpose as well as specialized hardware. Within its first year, the project has had significant adoption in 
the compiler stacks of several ML/AI programming models.

Reference:  
MLIR: A Compiler Infrastructure for the End of Moore’s Law. Chris Lattner, Mehdi Amini, Uday Bondhugula, 
Albert Cohen, Andy Davis, Jacques Pienaar, River Riddle, Tatiana Shpeisman, Nicolas Vasilache, 
Oleksandr Zinenko. 
https://arxiv.org/abs/2002.11054. arXiv:2002.11054

High Performance Code Generation in MLIR: An Early Case Study with GEMM. Uday Bondhugula. 
arXiv:2003.00532
https://arxiv.org/abs/2003.00532.



PAVAN TALLAPRAGADA (EE)

This work demonstrates that in event-triggered control, the timing of the events carries implicit 
information. In particular, we have found necessary and sufficient data rates, under bounded 
communication delays, for asymptotic stabilisation of linear systems with event-triggered control. 
These data rates are far lower than the fundamental necessary data rates required for time-
triggered control. Moreover, up to a critical delay an asymptotic data rate of zero suffices to stabilise 
with event-triggered control.

 

Reference:  
M. Khojasteh, P. Tallapragada, J. Cortes, M. Franceschetti, “The value of timing information in event-
triggered control,” IEEE Transactions on Automatic Control, vol. 65, no. 3, pp. 925-940, 2020
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Vinod John (EE)

A voltage equaliser ensures uniform voltage distribution in a series-connected battery or ultra-
capacitor stack to improve its capacity and life significantly. 

The proposed equaliser achieves fast equalisation without requiring complex current control, and 
lends itself to simple hardware and control implementation, and is scalable due to its modular 
design. The developed prototype shown in the figure above is tested on Li-ion cells, hybrid ultra-
capacitor banks, and the widely used lead-acid batteries. The circuit shows excellent voltage 
equalisation performance.



VARUN RAGHUNATHAN (ECE)

Nonlinear optical study of emerging two-dimensional (2D) materials is interesting both for understanding 
material properties and for building useful photonic devices. Our research group in the ECE department 
utilises a nonlinear optical microscope system to characterise optical properties of 2D materials. This 
figure shows third-harmonic generation from multilayer Tin Diselenide by simultaneously acquire forward 
and backward generated third-harmonic signals. Intricate thickness dependence shown in the forward 
and backward directions are understood by investigating Fabry-Perot interference effects within the 
layered material.

Reference:  
R. Biswas, M. Dandu, S. Menon, K.K. Jha, Jyothsna K. M., K. Majumdar, and V. Raghunathan, “Third-
harmonic generation in multilayer Tin Diselenide under the influence of Fabry-Perot interference effects,” 
Optics Express 27, 28855-28865 (2019)
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Himanshu Tyagi

Classical statistics assumes that data samples are available in their entirety at one place. But what 
happens when only limited information is allowed about each sample from a user? The information 
can be constrained in form of communication constraints as in federated learning or local privacy 
constraints. We have developed a general framework for design and analysis of statistical and 
optimisation procedures under such distributed information constraints

Reference:
J Acharya, C Canonne, and H Tyagi, “Inference under information constraints: Lower Bounds from 
Chi-Square Contraction,”  Proceedings of the Thirty-Second Conference on Learning Theory (COLT), 
PMLR 99:3-17, 2019.

P Mayekar and H Tyagi, “RATQ: A Universal Fixed-Length Quantizer for Stochastic Optimisation” 
Proceedings of the Twenty Third International Conference on Artificial Intelligence and Statistics 
(AISTATS), PMLR 108:1399-1409, 2020.



The Department of Computer Science and Automation 
was founded in 1969. It was earlier called the 
School of Automation. In 1986, the name of the 
department was changed to Computer Science and 
Automation. The department is recognised as a 
Centre of Excellence. The faculty and students of this 
department are engaged in cutting-edge research in 
all areas of computer science.

Research activities of the Department of Computer 
Science and Automation (CSA) can be classified 
broadly into three streams: Theoretical Computer 
Science; Computer Systems and Software; and 
Intelligent Systems.
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C U R R E N T  R E S E A R C H
Theoretical Computer Science: Research 
in Theoretical Computer Science has been 
in areas including algorithms, graph theory, 
complexity theory and cryptography.

In the area of algorithms, we have 
developed efficient online algorithms for the 

secretary problem, knapsack problem and 
generalised assignment problem. For the 
forest augmentation problem in survivable-
network-design, we have developed a 
7/4-approximation algorithm for the special 
case of matching input. We have developed 
approximation algorithms for partially 
colorable graphs. We have developed efficient 

Theoretical Computer Science: Algorithms 
and Complexity Theory, Combinatorial and 
Computational Geometry, Cryptography, 
Distributed Computing, Game Theory and Graph 
Theory.
Computer Systems and Software: Programming 
languages, Software Engineering, High-
performance computing, Compilers, Computer 
architecture, Operating Systems, Databases, 
Systems Security and Scientific Visualisation.
Intelligent Systems: Machine Learning, 
Reinforcement Learning, Game Theory and 
Mechanism Design, Stochastic Approximation 
Algorithms, Stochastic Optimisation and 
Control, Computational Biology, Data Analytics 
in Computer Systems, Robotic Systems, and 
Data-Driven Safety.

C O R E  R E S E A R C H



approximation schemes for fair division of 
rent, cake and indivisible goods. We have 
developed a topology-aware distance measure 
between two bivariate functions that supports 
feature-aware comparison and plays an 
important role in multifield data visualisation. 
We have developed new interactive designs for 
visual display and interaction of a topological 
structure called the merge tree. In the area of 
graph theory, we have shown that to prove the 
celebrated Hadwiger’s conjecture in general 
it is sufficient to prove it for all graphs which 
can be expressed as the square of some other 
graph. Also we showed that the Hadwiger’s 
conjecture is true for the squares of 2-trees. We 
have proved special cases of k=4 and k-girth on 
a conjecture which states that a triangle free 
graph of chromatic number k will always have a 
rainbow path on k vertices with respect to any 
proper coloring. We have shown structural and 
algorithmic results on a game-based variant 
of vertex cover problem. We have develolped 
a new method called HyperGCN for training 
graph convolutional networks on hypergraphs. 
In the area of cryptography, we settle the round 
complexity of fair and robust MPC tolerating 
dynamic and boundary adversaries. We have 
presented a practically efficient MPC protocol 
with small number of parties and demonstrated 
its practical performance. We have built 
a set of protocols for privacy-preserving 
machine learning inference and demonstrated 
their practical efficiency. On pairing-based 
cryptography, we have proposed new subset 
predicate encryption (SPE) schemes where the 
predicate function evaluates simple access-
control mechanisms like subset containment. 
In the context of digital signature, we have 
proposed randomisable signature schemes 
based on standard assumption. On privacy 
amplification, we have developed a new 
approach using non-malleable codes for 
building amplification protocols with optimal 
entropy loss as well as constant round 
complexity.

Computer Systems and Software: 
Visualisation: Designed a distance measure 
for comparing individual topological features 

within or across different scalar fields that 
represent scientific data. Applications of the 
measure include symmetry identification, 
feature tracking, and fine-grained analysis 
of time-varying data. Developed a topology-
aware distance measure between two 
bivariate functions that supports feature-
aware comparison and plays an important 
role in multifield data visualisation. Developed 
new interactive designs for visual display and 
interaction using a topological structure called 
the merge tree.

Computer Systems and Security: Research 
was conducted on privacy for delivery drones 
in public airspaces (published in HotMobile 
2019). Research was also conducted on 
programming support for cloud-based trusted 
execution environments (Intel SGX). Other 
topics investigated include securing mobile 
payment schemes as well as model stealing 
adversarial machine learning attacks. We 
designed the secure Diffie-Hellman key 
establishment protocol without the use of a 
trusted third party. This protocol attempts to 
take advantage of the fact that the adversary 
may not be able to compromise multiple 
channels at the same time. Based on this 
assumption, a secure Diffie-Hellman key 
establishment is proposed, and a probabilistic 
evaluation of the same has been carried 
out. DESA: A Dynamic Encryption Scheme 
with Authentication using Symmetric Block 
Cipher: For secure communication, it is 
required that each message is encrypted 
and authenticated before it is transmitted. 
Besides, the encryption schemes must 
produce indistinguishable ciphers, and the 
resulting secure communication must be free 
from various types of attacks such as replay 
attacks. Most existing encryption schemes 
do not satisfy all these requirements together. 
In this work, we have proposed dynamic 
encryption scheme with authentication that 
can potentially satisfy all these requirements 
together. Research on memory management 
especially on kernel object placement in 
NUMA machines and fault tolerant RCU has 
also been conducted.  We also looked at the 
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problem of detecting heap-based vulnerabilities 
at code level and detecting vulnerabilities in 
payment systems and gave suitable solution 
approaches.

Programming Languages and Verification: 
Designed, implemented, and evaluated a novel 
approach to perform formal verification of 
distributed systems using data flow analysis. 
The approach solves a hitherto unsolved 
computer science problem. The evaluation on 
a set of real benchmarks shows good promise 
of practicality. A paper based on this work 
is currently under preparation. Completed 
the development and implementation of 
an approach and tool to verify observation 
purity of a given recursive function that uses 
persistent state internally across calls to 
it. Observational purity means the function 
always returns the same result for the 
same argument. Completed the design and 
implementation of an approach for automated 
testing of C programmes to find buffer over-
run and integer overflow vulnerabilities. This 
approach uncovers vulnerabilities several times 
faster than current baseline approaches. We 
developed effective techniques for sound and 
efficient static analysis for race detection in 
embedded software. 

High Performance Computing: We worked 
on the MLIR project of which one of us was a 
founding team member while on a sabbatical 
at Google, and a co-developer of the early 
infrastructure, especially, the polyhedral/mid-
level analysis and optimisation infrastructure. 
It was open-sourced in April 2019, and is 
currently a major open-source project with 
significant industry traction. The MLIR project 
was initiated to deliver the next generation 
optimising compiler infrastructure with a focus 
on serving the computational demands of AI 
and machine learning programming models. 
MLIR is a new intermediate representation 
designed to provide a unified, modular, and 
extensible infrastructure to progressively lower 
dataflow compute graphs, through loop nests 
potentially, to high-performance target-specific 
code. We have also been working on a new 

compiler-based approach to do high-level 
synthesis of hardware, an approach to do GPU 
code generation using MLIR and new scalable 
techniques for loop fusion in the polyhedral 
framework. 

Intelligent Systems: Unsupervised Learning 
remains a new frontier in Machine Learning. 
For the problem of learning a latent k 
polytope from perturbed samples, it was 
shown that there exists an algorithm which 
has time complexity linear in input sparsity 
and which can recover the model using 
polynomial number in k and the dimension 
where the polytope resides. This immediately 
suggests an input sparsity time algorithm for 
Topic models which was not known earlier. 
Another important question in this domain 
is the number of samples needed to recover 
an unsupervised model. If d denotes the 
dimension, it was shown that kd number of 
samples are sufficient if a latent k polytope 
problem satisfies certain assumptions. This 
result is also useful in determining optimal 
sample complexity for topic models.

A new project on exploring the use of non-
humanoid robots for providing interventions 
to autistic children has been initiated. It was 
demonstrated that the children react well with 
robotic toys, thus eliminating the need for 
humanoids. This project is useful especially in 
Indian settings where the humanoid robots are 
expensive and their use is impractical.

In the area of machine learning in the low 
data regime, several contributions were made. 
A deep learning model called skip residual 
network for one short learning was developed 
and it has set benchmark results. Further, for 
domain adaptation, a state-of-the-art model 
called Contra-distinguisher was developed.
The notion of fairness into multiarmed bandit 
learning was introduced, the well-known upper 
confidence bounds algorithm was extended 
to the new model, and regret bounds were 
derived. This marks an important contribution 
to fair online learning. A novel extension 
to multiarmed bandits was proposed by 



proposing ballooning bandits. This model has 
powerful applications in posting high quality 
content in question-answer forums and online 
discussion forums.

In the context of web-crawling, two online 
algorithms were proposed to estimate the 
rates at which different webpages change. 
These algorithms are based on the principles 
of the law of large numbers and stochastic 
approximation theory. Theoretical guarantees 
and simulations demonstrate their efficacy vis-
a-vis the offline schemes.

We analysed, for the first time, convergence 
of two-timescale stochastic approximation 
algorithms where both recursions have non-
ergodic controlled Markov noise in them and 
the driving vector field in both recursions 
is set-valued. This setting is most often 
encountered while analysing reinforcement 
learning algorithms involving online updates 
under partial observations. We further devised 
a reset-mechanism for stochastic recursions 
with set-valued maps that examines the 
iterates at increasing time instants and resets 

them to the boundaries of a region should 
the iterate sequence escape the region. This 
provided for a means to ensure convergence 
of stochastic recursions even when stability 
of the iterates are not guaranteed. In the area 
of reinforcement learning, we developed a 
Q-learning based algorithm that we proved 
is convergent to the fix-point of the scheme 
despite the fact that the update step is an off-
policy recursion by approximating the greedy 
max operation in update step.

The role of centrality and diversity in various 
pattern recognition, machine learning and 
artificial intelligence tasks was examined 
(https://link.springer.com/book/10.1007/978-
3-030-24713-3). The importance of outliers 
and their characterisation and detection was 
examined in detail (https://www.springer.
com/gp/book/9783030051259). Embedding 
nodes in a network in the presence of outliers 
was also analysed. Further, machine learning 
techniques in evolutionary algorithms and 
database robust query processing were 
investigated.
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3.3.2
C H A I R P E R S O N
A CHOCKALINGAM

Electrical  
Communication  
Engineering 

C U R R E N T  R E S E A R C H

Communication, Networking, Signal Processing, Internet of Things and Information Theory:
Work on several topics of 5G, autonomous vehicle transmission, Internet of things, compressed 
sensing, sparse signal processing, sensor array signal processing, neuroscience are in progress 
such as device-to-device communications, full-duplex radios, vechicle to infrastructure 
transmission and mm wave communications. A new multiple access protocol to leverage the 
full-duplex capability envisaged for next generation access points in wireless local area networks 
was proposed. A computationally-efficient and resource-efficient allocation algorithm for device-
to-device communications in 5G networks was developed. Improved energy efficiency of green 
energy harvesting wireless sensor networks, a new ordered transmission technique that reduces 
the average number of sensor nodes while ensuring the same error rates as the conventional 
scheme, and optimised new censoring schemes with channel strength aware transmission were 
also developed.

The transmission rate allocation problem in a cache enabled power constrained wireless access 
system with a fixed probability of local cache hit was modeled as an average file request backlog 
minimisation problem in a two-phase local/remote quasi-birth-death process. A computational 
method for determining the rates based on the approach of showing strong duality for the problem, 
using analytically derived recursive Karush-Kuhn-Tucker optimality equations for the rates is being 
developed. Information constrained statistics and learning: goal has been to study statistics and 
machine learning algorithms with communication and privacy constraints placed on the input data 
to provide optimal algorithms. A “resource-centric” view of information theoretic cryptography: 
design and implementation of city-scale engineering systems that involve distributed control over 
a communication network.
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Information Theory, Communications, 
Communication Networking, Signal processing, 
Photonics, Electromagnetics, Nanoelectronic 
Devices and VLSI. 

C O R E  R E S E A R C H

The sample complexity of sparse support 
recovery was analysed, leading to matching 
upper and lower bounds. A rigorous 
convergence of a Bayesian algorithm for 
dictionary learning (DL) has been carried out; 
such convergence results are not available 
in the literature, even though DL has been an 
active area of research for over two decades. 
A new area of research, namely, linear 
dynamical systems under sparsity constraints, 
has been initiated, where the classical notions 
of observability, controllability, stability have 
been revisited under sparsity constraints. 
A modulation scheme was investigated, 
`Orthogonal Time Frequency Space (OTFS) 
modulation’ suited for communication 
over high-Doppler channels encountered 
in high-mobility environments and in 
mmWave frequencies. Analysed the diversity 
order achieved by OTFS and the PAPR 
characteristics of OTFS, proposed low-
complexity schemes for OTFS signal detection 
and channel estimation and studied MIMO and 
multiuser OTFS systems. Modulation scheme 
for wireless communications in rich scattering 
environments ‘media based modulation’ suited 
was analysed. Initiated investigations on the 
use of deep neural netwroks (DNN) for the 
design and optimisation of next generation 
wireless communication systems.

A new data exchange framework was 
developed, which is now undergoing 
standardisation in BIS. The framework 
allows publishers of IOT data to connect with 

consumers and allows publishers to setup 
access control policies to ensure privacy. 
APIs will allow developers to create new 
applications easily. An open source reference 
implementation has been created and deployed 
in Pune Smart City. Low cost gas sensors 
and the algorithms for their calibration were 
developed. A quadruped walking platform 
and techniques for training robot arms were 
developed. Coding for probabilistic forwarding 
over networks, useing tools from percolation 
theory to analyse probabilistic forwarding 
on grids. Finite-state channels: developed 
dynamic-programming based upper and 
lower bounds on the capacity of finite-state 
channels. Sampling from high-dimensional 
probability distributions on lattices: developed 
a range of Markov chain Monte Carlo methods. 
Convolutional Neural Networks was used 
for classifying skin lesions. A method was 
developed for designing Home Automation 
Control System (HACS) using Virtual Assistant 
and Mobile Application.

Codes for reliable, low-latency communication 
were designed for vehicle to infrastructure 
communication in the direction of autonomous 
vehicles, multiplayer augmented and virtual 
reality, telesurgery. In the area of index coding, 
optimal broadcast rates for two-sender index 
coding were characterised for linear index 
codes and a special case of the general case. 
Also, for a class of generalised index coding 
problems, error correcting index codes were 
found and a discrete polymatroidal framework 



was developed for differential error correcting 
index codes. For coding caching problems 
optimal error correcting delivery schemes were 
found for a well known prefetching scheme 
called symmetric batch prefetching. 
 
Several topics on Image and video processing 
topics have been explored for low light 
image enhancement, quality assessment 
of image stitching algorithms and user 
experience models for rate adaptation in 
video streaming. Low light image restoration 
using deep convolutional neural networks 
showed that learning subbands of multiscale 
decompositions can lead to much better 
performance while using deep CNNs to learn 
to restore low light images. Prediction of 
discomfort due to egomotion in virtual reality. 
Naturalness prediction of predicted videos: 
conducted a subjective study to evaluate 
the naturalness of predicted videos and 
benchmarked popular naturalness assessment 
measures. 

RF, Microwaves, VLSI, Photonics, Cyber 
Physical Systems: A millimeter wave antenna 
array with active beam steering capability 
was designed and characterised, along with 
support hardware and software platforms 
for analog beam steering. Beam shaping and 
beam steering approaches were developed to 
reduce the impact of quantisation. Towards 
an intelligent surface, the performance of an 
electronically reconfigurable meta surface 
to validate media based modulation and its 
effectiveness in a scatter-rich environment 
were evaluated. Computational EM capabilities 
were enhanced by incorporating spatial 
variation of uncertainties in EM problems and 
were solved using FEM where both intrusive 
and non-intrusive approaches were attempted. 
Integrated Circuits for wireless communication 
and sensing, including radars-on-chip was 
developed. Beam steering for visible light 
communication for indoor applications 
was investigated. Hybrid 2D-3D Fast 
Electromagnetic Analysis aided by Pattern 

Recognition for Signal Integrity Analysis: 
Methods were developed to model Vcc in feed 
through Noise in Microprocessors with Fully 
Integrated Voltage Regulators - Distributed 
Formulation and EMI/EMC IC immunity.
Photonic Integrated Circuits: A large group 
velocity dispersion of hybrid modes in a Lithium 
Niobate-on-insulator multimode rib waveguide 
was reported. A novel slot formed, to achieve 
Zero Birefringence, when a sub-micron rib 
waveguide is slit with vertical symmetry 
resulting in L shaped rails,is analysed. Single 
photon sources for quantum communications: 
proposed an on-chip nonlinear optics based 
correlated and higher dimensional state photon 
source using silicon hybrid materials.

VLSI: First demonstration of (a) strong 
luminescence from metallic 2H-TaSe2 and 
(b) fast vertical trion switch through exciton-
trion coherent coupling reported. Experimental 
studies of nonlinear optical effects in novel 
material platforms were carried out: Resonant 
enhancement of nonlinear optical and 
fluorescence processes utilising dielectric, 
2D materials and dielectric-2D material hybrid 
systems and developed super-resolution 
techniques for nonlinear optical microscopy. 
Demonstrated (a) high responsivity and 
ultra-low NEP, while maintaining high speed 
of operation in graphene-absorption based 
photodetector (b) intrinsic limit of exciton 
linewidth in monolayer semiconductor and 
(c) large single-photon and two-photon 
luminescence enhancement through FRET in 
MoS2/SnSe2 layered heterojunction.

Ubiquitous sensing enabled by cyber-physical 
systems: For applications such as smart 
metering, health monitoring devices, cameras, 
manufacturing, etc., enable reduced cost, 
improved operations, and safety. How do 
individuals take to technology and adapt 
their behavior? How can we make IoT with 
AI algorithms effective when people are in 
the loop? How do we build communication 
networks that enable fast decision making 
and feedback? With these broad questions 
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in mind, we studied problems involving (a) 
information design for enabling change in 
behavior for reduced energy consumption, (b) 
providing incentives to stakeholders to share 
ubiquitously sensed but privately held data, (c) 
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camera and AI enabled real-time feedback to 
drivers for enabling safer driving, (d) sensing 
and communication infrastructure for a smart 
factory and (e) real time sensing-enabled 
fatigue monitoring of factory workers.



FACT FILE
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187 Publications
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PhDs Conferments

3.3.3
C H A I R P E R S O N
G NARAYANAN

The Department of Electrical Engineering was started 
in 1911 (then known as Department of Electro-Technics 
and subsequently changed to Department of Electrical 
Engineering in 1913), just two years after the founding 
of Indian Institute of Science. Initially, students were 
admitted for a post-graduate diploma, known as the 
Diploma of the Indian Institute of Science (DIISc). 
Subsequently, the diploma programme was replaced by 
ME degree programme, which is a post-BE programme, 
and which has been named as MTech programme 
recently. The doctoral programme began in the 1950s. 
In 1970s, the MSc (Engineering) degree, a master’s 
programme by research was introduced to supplement 
the research activities which is subsequently named as 
MTech (Research) in the recent past.

Electrical  
Engineering 
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The research work of the Department of Electrical 
Engineering falls in two major fields, namely i) 
Power and ii) Systems and Signal Processing. The 
area of Power includes Power Systems, Power 
Electronics and High Voltage Engineering. The 
Systems and Signal Processing research area 
includes Machine Learning, Real Time Systems, 
Multimedia, Image and Video Processing, 
Biomedical Signal Processing and Speech and 
Audio Signal Processing. 

C O R E  R E S E A R C H

C U R R E N T  R E S E A R C H
Power Systems: Applicability of multi-stage 
homotopy analysis to large power system 
dynamic simulations has been demonstrated. 
An online power system stability monitoring 
system using convolutional neural networks 
has been developed which uses heat maps 
as input. A novel CNN based continuous 
monitoring system developed for assessing 
transient stability of a power system following 
a fault. A piecewise parallel approach to the 
power flow, incorporating generator Q limits, 
with an aim of reducing execution time has 
been proposed. The proposed algorithm is 
validated on 118, 300, 2383, 6515 and 9241 
bus systems. Results obtained from the study 
show that considerable speedup for larger test 
cases can be achieved. 

Two widely used phase lock loops have 
been tested for compliance with IEEE 
C37.118.1a-2014 standard for synchro-phasor 

application. A low-cost micro PMU, combined 
with power quality analyser, has been 
developed for distribution systems. Design and 
implementation of IGBT based static excitation 
system with buck converter for synchronous 
machines have been carried out. As a part of 
development activities in microgrid, automated 
synchronisation and re-synchronisation are 
tested and verified in a synchronous generator-
grid environment in the lab. In the area of 
power system protection, a simple linear 
programming algorithm running in the central 
master controller to co-ordinate the relays 
using three different IEEE standard curves is 
developed. 

Power Electronics: Power electronic 
converters that can transform single phase 
power to three phase power are highly 
beneficial in many applications. A new 
power electronic converter topology, termed 
as Auxiliary Capacitor based Active Phase 
Converter (AC-APC), which converts single-



phase AC to three-phase AC has been 
developed. Tests on the converter show 
a significant reduction of up to 60% in the 
semiconductor power rating and more than 
50% reduction in power loss in the power 
converter. Such a converter can be very useful 
in agriculture, small industry and for rural 
electrification. 

A new method of control of power electronic 
converters called dual comparison one cycle 
control has been established based on the 
research carried out in the laboratory. This 
control is shown to be simple and can be 
implemented using simple analog circuits. The 
control exhibits superior performance, in terms 
of current ripple, dc offset and overall stability 
under a wide range of loading conditions. 
Novel pulse width modulation (PWM) 
techniques are developed for two-level and 
three-level inverter-fed induction motor 
drives. These novel techniques help reduce 
the harmonic distortion in motor current and 
pulsations in the motor torque in switching-
frequency-constrained inverter fed motor 
drives. Research has also been carried out to 
better understand and compensate the effect 
of inverter dead time on the motor applied 
voltage. Improved rotor position sensing 
technique for slip-ring induction motor was 
also proposed and demonstrated. 

Significant research effort has been directed 
towards various aspects of high-speed 
switched reluctance (SR) machine based 
generation system. A 5-kW, 10000-rpm SR 
machine has been developed indigenously and 
tested successfully. Other highlights include 
silicon carbide (SiC) devices based power 
converter for SR machine, a novel protection 
circuit for power devices, and control methods 
for motoring and generating at low and high 
speeds. 

High Voltage Engineering: Theoretical 
studies to design a compensated pulsed 
alternator (compulsator) to drive an 
electromagnetic gun has been carried out. 

Work has been initiated to design and develop 
pulsed power sources for electromagnetic 
manufacturing as well as microbial inactivation 
of liquid food. Experimental and theoretical 
studies in the area of detection of buried 
landmines using pulsed electric field have also 
been carried out. Work is also continuing in the 
area of nano-dielectrics as insulating material 
for various high voltage power apparatus. 
Plasma-assisted combustion is yet another 
active research area of the group. 

Research has successfully reduced numerous 
gaseous pollutants using a cascade of 
discharge plasma treatment with ozone 
treatment. Pollution-induced flashover studies 
on EHV/UHV transmission insulators, condition 
monitoring of HV apparatus, corona, multi-
stress aging studies on composite insulators, 
and studies on high-temperature high-current 
low-sag (HTLS) conductors. In the area 
of high-voltage transformers, closed-form 
analytical expressions have been derived which 
correlate harmonic sum of squares of natural 
frequencies (i.e. both SCNF and OCNF) of a 
1-ph, 3-ph, Y- or Delta-transformer winding to its 
elementary inductances and capacitances for 
any possible condition of the neutral terminal. 
A simplified method has been developed 
for determining the lightning stroke current 
distribution on the skin of the aircraft. 
Modifications have been proposed to Finite-
Difference Time-Domain Method so as to 
model lightning return stroke channel. 

Systems and Signal Processing: New 
robustness results have been proved for 
learning multi-class and multi-label classifiers 
under label noise. Transfer learning method 
suggested for CNNs using the novel concept 
of bank of filter trees. Fast algorithms for 
high-dimensional filtering have been designed. 
Interesting results on convergence analysis 
of nonconvex ADMM show the efficacy of the 
algorithm. A distributed algorithm for rigid 
registration of point sets has been designed 
and uniqueness results for rigid registration 
have been observed. 
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Research has been conducted in the broad 
areas of networked control systems and 
networked transportation. In the area of 
networked control systems, multiple problems 
related to resource aware online sampling 
for control have been explored. In particular, 
implicit timing information carried in the 
online sampling instants, online sampling 
under sensing and actuation time delays and 
online sampling for control under channel 
blackouts have been studied. Work on online 
sampling for control over Markov channels 
has been continued. Hierarchical-distributed 
coordination of intersection traffic for 
autonomous and networked vehicles has 
been one of research the topics in the area of 
networked transportation. Further, research 
has been initiated on coordinating feeder 
vehicles in multi-modal transport. 

On the topic of geometric methods 
for accurate 3D registration of depth 
representations, a highly efficient and 
accurate method has been developed for 
such representations. This method is also 
extended to the multi-view scenario where the 
3D registration problem for multiple scans are 
solved jointly to improve speed. One of the 
focus areas of research in computer vision 
is cross-modal matching, i.e., given data 
from one modality (eg. image-text), the goal 
is to retrieve semantically meaningful data 
from another modality (eg. photo-sketch). 
Work is in progress on challenging problems 
including classifying data from unseen 
classes (zero-shot learning), detecting data 
from unseen classes (novelty detection), and 
semantic segmentation of urban scenes to aid 
autonomous driving. 

In the area of digital signal processing, the 
research work carried out includes Visual 
Speech Recognition, Indian Sign language 
recognition, Reconfigurable and scalable 
FPGA Architectures and implementing Image 
denoising in hardware. In the area of image 
processing and deep learning, the research 
work includes the development of new 
wavelet-based reconstruction strategies for 

unlimited sampling, which is a new sampling 
strategy that promises to offer an unlimited 
dynamic range. A patent application has 
been filed on realising analog-to-digital 
converters that work on the principle of 
unlimited sampling. Novel strategies have 
been developed for performing shape-specific 
segmentation and demonstrated applications 
to fundus images, which greatly aided in 
the automated assessment of glaucoma. 
Approaches for acoustic source localisation, 
new risk minimisation strategies for speech 
signal denoising, and new and robust 
techniques for spectro-temporal modeling 
of the speech signal have been developed. 
It has been discovered that a new class of 
signals that can be reconstructed from their 
magnitude spectrum and established Hilbert 
integral relations. Advanced techniques for 
robust extraction of several parameters of 
voice box from speech acoustics Improved 
understanding of articulation during different 
modes of speech has been developed.
In the area of biomedical imaging, the research 
work includes development of a novel type 
of regularisation for MRI reconstruction 
that results in lower reconstruction error 
compared other regularisations used so far. 
The new regularisation has power to eliminate 
large amount of noise without suppressing 
image resolution. Further, a novel type of 
regularisation for reconstructing images 
from highly under-sampled non-uniform 
spatial point measurement with application 
to speeding up confocal microscopy has 
been developed. For this problem, the widely 
celebrated compressive sensing regularisation 
fails. The regularisation is adaptive to image 
structure and yield high quality reconstruction. 
Also, expanded the research activities in a 
range of different directions such as pschyo-
physicis and neuroscience, understanding 
human performance on speech tasks, speech 
recognition and language recognition.
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Department nurtures educational research with a theme: 
“Atom to System”, which encompasses nanoelectronics, 
signal and information processing, neuromorphic 
integrated circuits, diagnostic and healthcare devices, 
communication networks and Internet on Things and 
power electronic drives. It runs one of the country’s most 
unique and successful MTech programmes in “Electronic 
Systems Engineering”.

FACT FILE
Established: 1974
Phone: +91 80 2360 0810
              +91 80 2293 2246
Fax: +91 80 2293 2290
Email: office.ese@iisc.ac.in

IN NUMBERS
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3.3.4
C H A I R P E R S O N
JOY KURI

Electronic Systems  
Engineering  

C U R R E N T  R E S E A R C H

From Atoms to Systems: In nanoelectronics and energy science, software code has been 
developed to simulate electron-phonon coupling based quantum transport in 2D material-based MOS 
transistors. This is then employed to gain insight into phonon-limited anisotropic quantum transport 
in phosphorene based transistors. This work was published in the Journal of Applied Physics and 
selected as the Editor’s pick.

In the broad area of signal and information processing, several specific topics being worked on. 
In Physical Data Storage, 2D algebraic codes have been developed for correcting random and 
burst errors. This result can pave the way for codes over multi-dimensional storage channels and 
customised for QR codes etc. A patent of Reed Solomon decoders was approved. In Quantum 
Information Processing, techniques for node failure recovery in quantum networks have been 



developed, as well as modified graph states 
that are resilient to eavesdropping; further, 
fundamental work has been carried out 
on entanglement-assisted Reed Solomon 
quantum codes. In Neural Networks and 
Learning Systems, an original theory for 
spatio-temporal neural memories based on 
self-organisation has been developed. In Music 
Signal Processing, a theory towards algorithmic 
synthesis of South Indian classical music has 
been developed.

In the neuromorphic engineering and IC design 
area, the following have been developed: 
Unlimited Dynamic Range Analog to Digital 
Converters (Full IP); Handheld, low-cost 
Electronic Device For Rapid, Real-Time 
Fluorescence-Based Detection of Hg2+ using 
Aptamer-Templated ZnO Quantum Dots; Mixed-
signal hybrid neuromorphic processor with 
memristive synaptic crossbar for cognitive 
computing; Neuromorphic vision; Ultra low 
power machine learning accelerator.

Work in Reconfigurable Computing has seen 
the development of Hardware Accelerators for 
Capsule Network Based Deep Reinforcement 
Learning, High Throughput Hardware for 
Hoeffding Tree Algorithm with Adaptive Naive 
Bayes Predictor, 2-way Superscalar RISC-V CPU 
with caches, virtual memory with CoreMark and 
Dhrystone benchmark values of 3.84/MHz and 
1.0603 DMIPS/MHz, respectively.

In healthcare technologies, the focus is 
on developing novel biomedical devices 
and healthcare solutions by combining 
expertise in microengineering, biomedical 
engineering, electronic system design, 
additive manufacturing, sensor interfacing and 
calibration to solve problems in biology and 
medicine. Specific topics include technologies 
for early detection, screening and diagnosis 
of breast, oral, brain, and other solid tumor 
cancers, smart catheter technologies for 
cardiac ablation and neonatal intubation, 
portable systems for auditory screening of 
infants and neonates using biopotentials, 
blue-sky research in bioresorbable devices for 

recording bio-potentials, and microsystems 
for rapid antibiotic susceptibility screening. 
Work in biomedical engineering has led to 
patent applications for the fabrication of 
microneedles, a device for the measurement 
of cervical dilatation and a portable analyser 
for in situ testing of the degradation of stored 
coconut oil.

Work in the Networked Embedded Systems 
and IoT area has resulted in the following 
outputs: Design and construction of an IoT 
data management algorithm for efficient data 
storage and reconstruction, a neural network 
architecture for Speech to Text decoding, 
RF localisation algorithms using a hybrid 
approach consisting of finger printing with 
cooperative schemes, construction of sensor 
rich projectiles for remote monitoring and 
intrusion detection, RFID based tracking of 
first responders inside a building, and acoustic 
signature based physically unclonable 
functions for device identification.

In the context of Industrial Cyber-Physical 
Systems, a security testbed has been 
implemented for showing the importance of 
application context awareness in security 
mechanisms to detect and mitigate the 
cyber-security threats. The idea is to propose 
a robust and secure framework, as well as 
intelligent security mechanisms to manage 
complex manufacturing plants. In other work, 
an “Energy Router” has been developed for 
use in Smart Grid applications. A network of 
energy routers consists of DC loads as well as 
DC energy sources. The Energy Router is able 
to differentiate between loads by assigning 
priorities to them and is able to route the 
power on demand, from sources to loads, 
through the network by making or breaking the 
connections in the electrical domain. An ESE 
faculty member is also part of the team that is 
developing a metal 3D printer using Electron 
Beam Generator technology, the first of its kind 
in the country.

Faculty working in Communication Networks 
have worked on problems in optimal Virtual 
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Network Function Placement and Traffic 
Steering, lightweight and energy-optimal 
scheduling algorithms for wireless networks, 
energy-optimal VM allocation and VM 
migration in Data Centre Networks, server 
pricing and service scheduling in server farms 
as well as design and control of tactile cyber-
physical systems.

The Renewable Energy Systems area has seen 
work leveraging faculty expertise in power 

Research in the department encompasses a 
spectrum of areas, including nanoelectronics, 
signal and information processing, neuromorphic 
engineering and IC design, reconfigurable 
computing, healthcare technologies and 
biomedical engineering, networked embedded 
systems & Internet of Things, communication 
networks, power electronic drives and renewable 
energy systems. It hosts or co-hosts several 
very popular MTech programmes in “Electronic 
Systems Engineering,” “Microelectronics and 
VLSI” and “Artificial Intelligence.”

C O R E  R E S E A R C H

electronics and led to significant contributions 
in solar photo voltaic based systems, like 
grid connection and maximum power point 
tracking, and induction generation systems 
that can be applied to wind and micro hydel 
plants. Specific mention can be made of solar 
cookers, roof- top photovoltaic integration to 
the departmental grid and ballast-free pico 
hydel generation.
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Division of 
Interdisciplinary 
Research
I N  N U M B E R S
• 38 FACULTY MEMBERS 

• 283 PhD STUDENTS 

• 109 MASTER’S STUDENTS

3.4



Interdisciplinarity is the characteristic feature of the research carried out in this Division. 
Specific research areas include Bioengineering, Urban infrastructure and transportation, 
Nanoscale materials, Nano devices and systems, Economics, Finance, Human resource 
management, Marketing, Optimisation, Public policy, Energy, Water, Internet of things, 
Distributed sensing, Computer systems, Computational science, Data sciences and 
bioinformatics. 

T H E M E S 
Interdisciplinary research has emerged as a crucial component of the research landscape in 
recent years. By breaking down departmental barriers, interdisciplinary research facilitates 
novel breakthroughs that may not be possible within the confines of a particular discipline. 
The Division of Interdisciplinary Research has a wide range of Departments/Centres with the 
common theme of a strong interdisciplinary focus. 

R E S E A R C H  H I G H L I G H T S 
The Division of Interdisciplinary Research consists of the Centre for 
BioSystems Science and Engineering, Centre for Society and Policy, 
Centre for Infrastructure, Sustainable Transportation and Urban 
Planning, Centre for Nano Science and Engineering, Department 
of Computational and Data Sciences, Department of Management 
Studies, Interdisciplinary Centre for Energy Research, Interdisciplinary 
Centre for Water Research, Robert Bosch Centre for Cyber Physical 
Systems and Supercomputer Education & Research Centre 

D E P A R T M E N T S  |  C E N T R E S  |  U N I T S 
• CENTRE FOR BIOSYSTEMS SCIENCE AND ENGINEERING 

• CENTRE FOR SOCIETY AND POLICY

• CENTRE FOR INFRASTRUCTURE, SUSTAINABLE TRANSPORTATION AND 

 URBAN PLANNING 

• CENTRE FOR NANO SCIENCE AND ENGINEERING 

• COMPUTATIONAL AND DATA SCIENCES 

• MANAGEMENT STUDIES 

• INTERDISCIPLINARY CENTRE FOR ENERGY RESEARCH 

• INTERDISCIPLINARY CENTRE FOR WATER RESEARCH 

• ROBERT BOSCH CENTRE FOR CYBER PHYSICAL SYSTEMS 

• SUPERCOMPUTER EDUCATION AND RESEARCH CENTRE
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Research Snapshots
2019-20

Leeba Ann Chacko (BSSE)

What makes mitochondrial DNA so special is that in almost all of us, it is solely inherited from our 
mothers, making mtDNA useful markers in studying several generations worth of an individual’s 
maternal lineage. Paternal and bi-parental mitochondrial inheritance are not completely absent in 
nature. A recent study from the Indian Institute of Science, published in the Journal of Cell Biology, 
discovered a unique inheritance pattern in Schizosaccharomyces pombe, also known as “fission 
yeast”, which is a species of yeast used in traditional brewing. At the end of sexual reproduction, 
two of the four progeny inherit mitochondria from one parent while the remaining two progeny 
inherit mitochondria from the other parent. This inheritance pattern is unlike the conventional 
uni or bi-parental inheritance because not all the resulting progeny inherit mitochondria from a 
single parent, but at the same time, none of the progeny inherit mitochondria from both parents. 
The authors discovered that this ‘unique-parental’ mitochondrial inheritance occurs because of a 
specialised mitochondrial associated protein named, Mcp5.

Reference:  
Chacko+, Mehta+ and Ananthanarayanan*. (2019) Cortical tethering of mitochondria by the anchor 
protein Mcp5 enables uniparental inheritance (in press) (*. corresponding author)
http://jcb.rupress.org/content/early/2019/10/02/jcb.201901108
Website: www.be.iisc.ac.in/~vaish
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Venkatesh Babu (CDS)

Generative Adversarial Networks (GANs) are a class of Neural Networks, which can be used for 
modeling the underlying data distribution from a given set of unlabeled samples. These models 
are of prime importance in modern AI research with enormous potential towards realising 
Generalised AI.

A GAN with single-mode prior may lead to mode-collapse, where it generates samples from either 
one of the two inherent target modes. Though mode-collapse can be avoided by incorporating 
certain improved learning techniques, a single-mode GAN generates samples with mixed features 
of dog and human face, thus allowing generation of implausible samples which is certainly 
undesirable. The failure of such a framework is attributed to the inability of the generator to learn 
a discontinuous mapping, which can intuitively allow a sudden transition from human to dog face 
upon traversal in the latent space. In this work, we propose an elegant solution addressing this 
limitation by presenting GAN-Tree, which follows a hierarchical divisive strategy that caters to 
such discontinuous multi-modal datasets. 

Reference:  
Jogendra Nath Kundu, Maharshi Gor, Dakshit Agrawal, R. Venkatesh Babu, “GAN-Tree: An 
Incrementally Learned Hierarchical Generative Framework for Multi-Modal Data Distributions”, 
accepted in IEEE International Conference on Computer Vision (ICCV) 2019.



Manoj Verma (CeNSE)

Swarming bacteria secrete surfactants, which lowers the surface tension of the surface on which 
they grow. A widely-accepted model has considered only these surfactant-driven parameters as 
the key factors that drive swarming. But now, a more comprehensive model of bacterial swarming 
has been developed by researchers at IISc, which shows that swarming is not merely dependent 
on the fluid properties, but also on other factors.

An interdisciplinary group has found that factors such as how the bacteria sense their 
environment and whether they have flagella or not also determine their swarming behaviour. What 
caught the attention of the research group was the ability of the swarm to sense the presence 
of antibiotics in the environment and swerve to avoid them, something that cannot be attributed 
to merely fluid dynamics. The research group also showed that the presence of flagella is 
important for swarming. Mutant bacteria without flagella showed much slower rates of swarming 
than normal ones with flagella. Understanding how bacterial colonies swarm can lead to novel 
strategies for arresting the propagation of disease-causing bacteria such as P. aeruginosa and B. 
subtilis by creating motility-hindering surfaces to entrap them. Arresting their movement could 
also help tackle the rise of drug resistance.

Reference:  
Kotian, H. S., Abdulla, A. Z., Hithysini, K. N., Harkar, S., Joge, S., Mishra, A., Singh, V. & Varma, M. M. 
(2020). Active modulation of surfactant-driven flow instabilities by swarming bacteria. Physical 
Review E, 101(1), 012407.
http://www.cense.iisc.ac.in/manoj-varma
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Ambarish Ghosh (CeNSE)

Researchers at the Centre for Nano Science and Engineering (CeNSE), IISc, have developed 
a technique to trap and move nano-sized particles in a fluidic medium using only light. The 
nanotweezer technology uses a focused laser beam to trap and manoeuvre a nano-sized silver 
disk, which in turn can attract and ensnare nanoparticles when light is shined on it. The approach 
combines the strengths of two powerful tools: optical and plasmonic tweezers. They used a 
nanodisk made of silver as a plasmonic tweezer, and manoeuvred it using a focused laser beam 
that acted as the optical tweezer. This allowed them to manipulate nanoparticles even in magnetic 
colloids and biological buffer solutions, while also addressing the Brownian motion-induced 
limitations in precisely manoeuvring the tweezers.

The simplicity of the approach would allow the plasmonic tweezers to be integrated with 
advanced optical tweezer systems, for the large-scale manipulation and assembly of 
nanomaterials such as fluorescent nanodiamonds, quantum dots and nanocrystals in standard 
lab-on-chip devices, the researchers suggest.

Reference:  
All optical dynamic nanomanipulation with active colloidal tweezers, published in Nature 
Communications, September 2019. 
https://www.nature.com/articles/s41467-019-12217-2



Akshay Naik (CeNSE)

Researchers from Professor Akshay Naik’s group at Centre for Nano Science and Engineering, 
studied strong coupling mechanism between two modes of a nanoscale resonators. Strong 
coupling between nanoresonators have previously been used to demonstrate novel effects 
such as cooling and electromagnetically induced transparency. The nanoscale resonator in this 
work is drum shaped resonator made of few atomic layers thick membrane and the modes are 
accommodated in this single nano drum resonator. The two different mechanical vibration modes 
have frequencies in 100 MHz range, the frequency range where FM radio works. The modes 
interact with each other via tension in the membrane which can be controlled electrically. In our 
experiment, the coupling is manipulated to enhance or reduce the energy exchange between the 
vibrational modes. The coupling can be increased to such an extent that the energy between the 
modes is exchanged more than 500 times back and forth before the information is lost to the 
environment. This is more than an order of magnitude improvement of in coupling compared to 
previous demonstrations.

This demonstration of strong tunable coupling between high-frequency vibrational modes at 
nanoscale could lead to improvements in sensitivity of nano-mechanical sensors and has major 
implications for mechanical logic circuits and quantum limited measurement.

Reference:  
“Gate Tunable Cooperativity between Vibrational Modes”, Prasad, P. ; Arora, N.; Naik, A. K., Nano 
Letters, 19, 9, pp5862-5867, 2019
https://pubs.acs.org/doi/10.1021/acs.nanolett.9b01219
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R Venkatesh Babu (CDS)

Despite the success of Deep Learning in enhancing the state-of-the-art in various computer-
vision and NLP tasks, they remain highly susceptible to adversarial attacks. An adversarial 
attack is a manipulation of the input to any model, such that, while the manipulated input 
remains indistinguishable from the original input to human observers, it changes the prediction 
of the model. 

An interesting and important question to ask at this point is: Are the Deep-features extracted 
from adversarial images also corrupt? That is, in addition to changing the image label, will they 
also critically damage the outcome of downstream tasks such as captioning and style-transfer? 
Recent work from Video Analytics lab found that the Deep-Features of adversarial images 
generated from existing attacks indeed contain information that can be used for downstream 
tasks indicating the weakness of existing attacks. FDA is the first attack to show task-
agnosticity. That is, FDA enables attack on style-transfer and captioning without any knowledge 
of those tasks. This development hints at existence of Task-agnostic perturbations which may 
be able to damage a wide variety of task without any knowledge of those tasks.

Reference:  
Aditya G., Vivek B.S., and R. Venkatesh Babu, “FDA: Feature Disruptive Adversarial Attack”, in 
International Conference on Computer Vision (ICCV), 2019.[arXiv]



The Centre for BioSystems Science and Engineering 
(BSSE) at the Indian Institute of Science was founded 
on June 4th, 2015. BSSE undertakes research 
and training in the broad multi-disciplinary area of 
biological systems with equal emphasis on science 
and engineering by bringing together biologists, 
engineers and those who are trained as bioengineers.

C U R R E N T  R E S E A R C H

Systems Biology of Cancer: The aim of this work is to understand the dynamics of Epithelial-
Mesenchymal Transition (EMT) and Cancer Stem Cells (CSCs) – the two key drivers of cancer 
metastasis and therapy resistance. We offered novel insights into how different subsets of CSCs/
EMT cells can organise themselves at different locations within a tumor and identified a potential 
therapeutic target to alleviate tumor progression.

Quantitative Cytoskeletal Biology: Mitochondrial dysfunction has been correlated with the 
progression of several neurodegenerative diseases, including Alzheimer’s and Parkinson’s 

FACT FILE
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disease. Using fission yeast as a simple 
model system, we discovered that microtubule 
dynamics dictates the dynamics of the 
mitochondrial fission and fusion dynamics 
in cells. This discovery could have important 
implications in understanding the reversal of 
neurodegenerative mitochondrial phenotypes 
by modulating microtubule dynamics. 
[Mehta, Chacko et al. J. Biol. Chem. (2019)] 
Mitochondria contain their own DNA, 
which encode a set of proteins required for 
mitochondrial functioning. Most mammals 
inherit all their mitochondrial DNA from their 
mother in a process termed uniparental/
maternal mitochondrial inheritance. In fission 
yeast, we discovered that mitochondria 
are also uniparentally inherited by physical 
segregation of parental mitochondria by anchor 
proteins present at the cell periphery. [Chacko, 
et al., J Cell Biol (2019)]

Drug Delivery: Polymeric systems, particularly 
micro- and nano-carriers, have emerged as a 
promising solution for the targeted delivery 
of active drugs. Use of particles for delivery 
offers several advantages. Biologics are 
protected from the harsh external environment 
present (immune clearance and enzymatic 
degradation) during their voyage and increases 

their bioavailability at the target site. Particles 
can be designed to target specific sites 
including organ, cells and intra-cellular 
targets. For this part of the research, we are 
particularly interested in applying biomaterial 
and nano- and microcarrier-based research 
to bridge the gap between basic biology and 
clinical therapies by designing polymeric 
particle-based vehicles to effectively deliver 
cargo to their target sites. The major focus 
is to utilise particle technologies to develop 
engineering platforms for targeted and 
efficient delivery of therapeutics for treatment 
of chronic inflammatory diseases such 
as osteoarthritis and persistent antibiotic 
resistant bacterial infections such as in case 
of tuberculosis.

Immunoengineering: Research in this area 
is directed towards the development of drug 
delivery systems and biomedical implants that 
have the capacity to modulate inflammatory 
immune responses with the ultimate goal 
of treating specific diseases. Our current 
focus is on developing strategies to treat 
complications that arise from type-2 diabetes 
and characterising the immune micro-
environment associated with tumours. 

The primary research areas of BSSE include 
Computational Systems Biology, Mathematical 
Biology, Drug Delivery, Biomaterials, Quantitative 
Cell Biology, Biophysics and Immunoengineering.

C O R E  R E S E A R C H



FACULTY & STAFF 
RACHIT AGARWAL | PhD (Texas), Assistant Professor
VAISHNAVI ANANTHANARAYANAN| PhD (Max Planck Institute, Dresden), Assistant Professor
MOHIT KUMAR JOLLY| PhD (Rice), Assistant Professor
 SIDDHARTH JHUNJHUNWALA| PhD (Pittsburgh), Assistant Professor

ASSOCIATE FACULTY
GK ANANTHASURESH | PhD (Michigan), Professor
PROFESSORGANAPATHY AYAPPA | PhD (Minnesota), Professor
BIKRAMJIT BASU | PhD (Katholieke), Professor
DIPSHIKHA CHAKRAVORTTY | PhD (NCCS), Professor
NAGASUMA CHANDRA | PhD (Bristol), Professor
KAUSHIK CHATTERJEE | PhD (Penn State), Assistant Professor
SAUMITRA DAS | PhD (Kolkata), Professor
NARENDRA DIXIT | PhD (Illinois), Associate Professor
NAMRATA GUNDIAH | PhD (Berkeley), Associate Professor
ASHOK M RAICHUR | PhD (Nevada), Professor
ANNAPOORNI RANGARAJAN | PhD (NCBS), Associate Professor
RAHUL ROY | PhD (Illinois), Assistant Professor
DEEPAK KUMAR SAINI | PhD (AIIMS), Assistant Professor
SANDHYA S VISWESWARIAH | PhD (IISc), Professor
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The Centre for Society and Policy is a policy research 
centre, established in November 2018. As an 
interdisciplinary centre for science and technology 
policy, the centre explores interactions between science, 
technology, society, and development. The Centre 
researches and initiates dialogues with the aim to expand 
the social compact, that is, honour the implicit agreement 
between science and society to work together for 
sustainability, and mutual benefit. The Centre organises 
seminars, lectures and outreach through workshops and 
training programmes. It has a vibrant visiting faculty 
programme to attract leading scientists and researchers in 
the field of science and technology policy.

FACT FILE
Established: November 2018
Phone: 080-2360-6559
Email: office.csp@iisc.ac.in
URL: https://csp.iisc.ac.in/ 
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4 PhD students
5 Policy reviews

3.4.2
Centre for Society 
and Policy 

C U R R E N T  R E S E A R C H

The CSP today addresses several policy agendas including sustainable futures, intellectual property 
rights, genetic engineering and health policy, impact assessments, urban development, genetics and 
society, smart cities and data economics, food security, Crowd work and informal economic systems. 



The centre contributes to the knowledge on S&T policy through policy briefs and working papers. 
The centre has several eminent visiting professors and scholars. The centre is committed to policy 
engagement and impacting policy at all stages of S&T research.

ASSOCIATE FACULTY
ANJULA GURTOO | PhD (IIM Ahmedabad), Professor
ABINANDANAN T A | PhD (Carnegie Mellon), Professor
MOHIT KUMAR JOLLY | PhD (Houston Texas), Assistant Professor
SHASHI JAIN | PhD (CWI, Amsterdam), Assistant Professor

The aim of the centre is to forge meaningful 
interactions between science, technology, 
society and policy through research and 
dialogue in diverse areas like information 
technology, infrastructure, health and 
genomics, S&T for development, sustainable 
futures, biotechnology and natural resource 
and biodiversity.

C O R E  R E S E A R C H



IISc Annual Report  |  153

The department focuses on interdisciplinary programmes 
driven by computation and data intensive methods, 
systems and applications. The research is aligned along 
computational science and computer & data systems. The 
former explores computational methods and applications 
to scientific domains, while the latter into design, 
implementation and evaluation of high performance 
hardware and software systems. 

FACT FILE
Established: 2015
Phone: +91-80-2293 2789
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Computational 
and Data Sciences 

C U R R E N T  R E S E A R C H

In the domain of Computer and Data Systems, several advancements were achieved this year. In 
the area of database systems, a new problem of Hidden Query Extraction was defined and a novel 
algorithm UNMASQUE has been designed that uses a judicious combination of database mutation 
and synthetic database generation to identify the hidden query. On the high performance/parallel 
computing side, methods were developed for scalability predictions based on the number of 
function calls and was demonstrated for large-scale scientific applications. Furthermore, algorithms 
were developed for learning of knowledge graph embeddings for large-scale data on large-scale 
distributed memory machines. The method resulted in reduction of training time for a large dataset 
from twenty-seven hours to under one hour. A divide-and-conquer community detection algorithm 
was also proposed for hybrid CPU-GPU systems. Other research include modelling of network-on-
chip for worst-case estimate of communication latencies in many-core SoC architectures, design 



and realisation of trace and debug unit for 
reconfigurable many-core architectures, design 
and realisation of acceleration kernels for 
genome analytics in reconfigurable many-
core architectures. In the areas of big data, 
IoT, cloud and edge computing -- substantial 
progress has been made in IoT stream 
processing security on the Cloud, storage on 
edge computing, job scheduling and future 
grand challenges for cloud computing and 
distributed graph analytics on elastic cloud 
resources. This research also won the IEEE 
TCSC SCALE Challenge for video analytics on 
the edge, for the first time from India. In the 
area of machine learning and data science, a 
novel data-free method (“Zero-shot Knowledge 
Distillation”) was proposed to train a smaller 
model from a high capacity source model so 
as to retain most of its performance. Without 
even using any meta-data, “Data Impressions” 
were synthesised from the complex model 
and utilised these as surrogates for the 
original training data samples to transfer 
its learning to smaller model via knowledge 
distillation. In the area of computer vision, a 
simple, yet effective unsupervised multi-task 
adaptation framework has been proposed, 
that yields generic image representations 
with superior transferability across both tasks 
and domains. Further, a tree structured GAN 
that can accommodate various modalities 
of visual information. Furthermore, research 
contributions have also been made in the 
areas of Graph Convolution Networks for 
Hypergraphs, word embeddings, zero-shot 
learning for Word Sense Disambiguation 
(WSD), Open Knowledge Graph Embeddings, 
Knowledge-aware Visual Question Answering, 
relating representations in the brain and 
deep networks, etc. In computational 
sciences too, some very important research 
successes were observed in 2019. In the 
area of medical imaging, artificial intelligence 
based methods were developed to improve 
medical image reconstruction in areas of 
photoacoustic as well as low-dose computed 
tomography (CT) perfusion imaging. To this 
end, the first-ever fully data-driven perfusion 
map was developed to denoise low-dose 

CT perfusion imaging of stroke patients 
and furthermore, computational methods to 
model errors compensation in multimodal 
photoacoustic tomography using total least 
squares were developed. In the area of 
mathematical modelling of physical systems, 
a partitioning scheme has been developed 
for reaction-diffusion complex networks with 
the constraint that the resultant sub-networks 
do not lose dynamic stability and has been 
applied to ecological metapopulations context. 
Furthermore, stochastic modelling technique 
was used to model the noisy pharmacokinetics 
of chronic myeloid leukaemia (CML), upon 
administration of IFN-alpha (the traditional 
treatment for CML), TKI (the current frontline 
medication for CML) and Wnt/-catenin 
signalling (the state-of-the art therapeutic 
breakthrough for CML). Additionally, research 
has been conducted to develop Riemannian 
geometric approach to output tracking 
for nonholonomic systems. In the area of 
photonics, optics and computational linear 
algebra, research has been conducted on 
discovering quantum effects on photon 
emission in the strong matter-coupling regime. 
Additionally, an algorithm for evaluation of 
optical scattering in an uncertain parametric 
space has been developed. Furthermore, 
efficient computational methods have been 
developed to solve eigenvalue problems 
of matrices with periodicity. In the area of 
computational mathematics, the research work 
over the last calendar year has focused on 
finite element methods for the solution of PDEs 
and High-dimensional PDEs, moving boundary 
problems, variational multiscale methods, 
multigrid methods. Further, development of 
hybrid CPU-GPU parallel algorithms towards 
exascale computing, robust, accurate and 
scalable parallel implementations of algebraic 
& geometric multigrid solvers have also 
been active topics of research. In the area 
of computational biology, research focus 
was on developing new methods to interpret 
genotype for phenotypic change. The methods 
developed in-house based on interpretation of 
coarse-grained molecular dynamics signature 
competed with machine learning based 
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methods and performed equally well or better. 
Furthermore, for the first time, combining in 
silico and wet lab experimental approach, the 
research was able to point out what residue 
based physico-chemical property of virus 
fusion apparatus modulates its infection 
ability and spread. Research has also been 
conducted in structural and functional 
characterisation of oligomeric states of 
proteins in RecFOR pathway, determination 
of high resolution three dimensional crystal 
structures of TtRecF and TtRecR proteins. 
Three new labs have been set up in the year 
2019 with research focusing on computational 
science. To this end, QUEST lab focuses on 
designing and developing holistic science-
based data-driven scalable solutions to 
complex engineering and environmental 
problems with significant sources of 
uncertainty. Currently the application domains 
are climate change, ocean forecasting, optimal 
routing of marine vehicles, and renewable 
energy systems. FLAME lab’s research 
focuses on the simulation and analysis of 
multi-scale multi-physics fluid flow problems 
that leverage high performance computing 
(HPC) platforms (up to millions of computing 
units). The current work includes simulations 
of turbulent combustion relevant to gas turbine 
and scramjet engines, design of machine 
learning methods for anomalous/extreme 
event detection in scientific phenomena 
and development of scalable asynchronous 
numerical methods and simulation algorithms 
for solving partial differential equations on 
massively parallel computing systems. The 
overarching goal of MATRIX lab is to advance 
current predictive capabilities of computation 
based design of materials using first principles 
based quantum mechanical methods (ab-
initio) that can leverage extreme-scale 
computing platforms, with applications geared 

towards studying complex material science 
problems. Current research involves developing 
mathematical techniques and real-space 
computational algorithms that can leverage 
the latest heterogeneous parallel computing 
architectures and future exa-scale machines 
for ab-initio material modelling, employing 
scientific machine learning approaches to 
accelerate these computational strategies 
and harnessing these new computational 
capabilities to address challenging material 
modelling problems.
 
In the year 2019, an initiative X-CoMP, an 
eXtreme-scale CoMPuting group has been 
started in CDS which comprises of a cluster of 
research groups from CDS with expertise in the 
development of numerical methods, numerical 
analysis, data-driven modeling methods 
and parallel algorithms for many core and 
heterogeneous architectures. Computational 
Fluid Dynamics (CFD), ocean modeling, 
weather forecasting, combustion modeling, ab-
initio material modeling, multiscale modeling 
approaches etc., are the focused application 
areas of X-CoMP.

CDS-industry collaborations have reached new 
heights in 2019. The IFTAS-CDS Collaborative 
Laboratory of Data Science & Engineering 
has been set up to work on two areas –- (a) 
Data-driven scientific computing and (b) 
Mathematics of Data and Computation. 
Further, Shell-CDS Collaborative Laboratory 
on Digital Rock has also been set up which is 
aimed at predicting petrophysical properties 
using simulation techniques. An Innovation 
Lab in collaboration with Huawei also has been 
set up in 2019 for conducting research on 
Intelligent Data Analytics and Cloud, supported 
by a CSR grant. 



FACULTY & STAFF
KONDURI ADITYA | PhD (Texas A&M), Assistant Professor
ANIRBAN CHAKRABORTY | PhD (UC Riverside), Assistant Professor
SASHIKUMAAR GANESAN | PhD (Otto-von-Guericke), Associate Professor 
JAYANT R HARITSA | PhD (Wisconsin-Madison), Professor 
SEKAR K | PhD (Madras), Professor
PHANI MOTAMARRI | PhD (UMich, Ann Arbor), Assistant Professor
DEBNATH PAL | PhD (Jadavpur), Professor
VENKATESH BABU R | PhD (IISc), Associate Professor
SOUMYENDU RAHA | PhD (Minnesota), Professor 
NANDY S K | PhD (IISc), Professor
YOGESH SIMMHAN | PhD (Indiana), Assistant Professor
DEEPAK N SUBRAMANI | PhD (MIT), Assistant Professor
PARTHA PRATIM TALUKDAR | PhD (UPenn), Assistant Professor
SATHISH S VADHIYAR | PhD (Tennessee), Associate Professor
MURUGESAN VENKATAPATHI | PhD (Purdue), Associate Professor 
PHANEENDRA YALAVARTHY | PhD (Dartmouth College), Associate Professor

Computational science research deals with 
mathematical modeling, numerical analysis, 
computational aspects of numerical methods 
to solve complex problems and implementation 
of efficient & robust parallel algorithms in 
massively parallel computers. The research 
finds applications in Climate modelling, 
Electromagnetics, Fluid mechanics, Internet of 
Things, Materials-physics, Optics, Knowledge 
Harvesting, Medical imaging, Photonics, 
Structural biology, Systems Biology, etc. 

C O R E  R E S E A R C H
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Computer & Data Systems research aims to 
design architectures and platforms for Big 
Data, Cloud computing, Internet of Things, 
Databases, Accelerators, Reconfigurable 
Architectures, hybrid CPU-GPU graph 
processing, middleware strategies for 
supercomputer systems, Graph Analytics, 
Computer Vision, Distributed Data Systems, 
Machine Learning and Natural Language 
Processing.



CeNSE is an interdisciplinary research centre with a 
focus on nanoscale systems. The research facilities 
include national nanofabrication facility (14,000 
square feet clean room) and characterisation labs that 
cater to material, electronic, mechanical, chemical and 
optical characterisation. At present, the centre has 13 
faculty members, 122 PhD and 13 MTech students.

C U R R E N T  R E S E A R C H

Strong coupling between nano-resonators have previously been used to demonstrate novel effects 
such as cooling and electromagnetically induced transparency. With mechanical nano-resonator 
made of few atomic layers thick membrane, the coupling between different modes is manipulated 
to enhance or reduce the energy exchange between the vibrational modes. The coupling can be 
increased to such an extent that the energy between the modes is exchanged more than 500 
times back and forth before the information is lost to the environment. Metallic carbon nanotubes 
(CNTs) are demonstrated to be ideally suited as thermo-optic tuners. On-waveguide thermo-
optic tuners are fabricated using metallic CNTs on SOI and silicon nitride micro-ring resonators 
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operating around 1550 nm wavelength. The 
characteristics of the heaters are better that 
the conventional thermo-optic tuners. 
Record coupling efficiency between an 
optical fiber and silicon nitride photonic IC 
is developed and demonstrated. A photonic 
IC that enables RF signal processing 
for next-generation communication and 

radar application is also developed and 
demonstrated. New patterning technology 
is developed to fabricate a photonic device 
with high pattern fidelity and resolution. 
On-chip vibration sensor with picometer 
scale sensitivity is developed which is 
capable of detecting single-molecule mass. 
Liquid sensing with the highest sensitivity 

Core research topics include, but are not limited 
to, nanoelectronics, MEMS/NEMS including 
resonators, nonlinear dynamics, vibratory 
mechanobiology, quantum measurements, 
nanomaterials including pervoskites, oxide 
on Si and 2D materials, nanophotonics using 
silicon and other materials, photonic ICs & 
optical communication, lasers and nonlinear 
optics, nanobiotechnology, electrochemical 
and nanopore biosensors, microfluidics, GaN 
and Gallium Oxide, RF and power transistors, 
photodetectors, thin film devices, oxide/
chalcogenide electronics, 3D systems scaling, 
heterogenous systems, photovoltaics and energy 
harvesting devices, autonomous microrobots, 
bacterial swarms, quantum fluids and materials, 
soft matter physics.

C O R E  R E S E A R C H



is demonstrated besides chemical reaction 
monitoring on-chip using the on-chip photonic 
device. 

It is demonstrated that grain boundaries in 
2D materials can be atomically engineered to 
create or heal defects. This understanding has 
helped create graphene with the best of room 
temperature mobilities till date. 
Novel perovskite solar cell compositions are 
demonstrated using acetaminidinium cation in 
halide lead perovskite matrix. Acetaminidinium 
shows more H-bonding with the perovskite 
matrix, which increases the intrinsic stability of 
the material and also shows higher VOC and 
lower recombination losses. Perovskite solar 
cells with 20% efficiency are demonstrated. The 
growth of epitaxial Ge on silicon substrates 
using liquid pahse epitaxy has been carried 
out, with grain size as large as 10 µm and 
dislocation density of just 108 cm-2. These 
high-quality films are used to demonstrate 
NIR photodetectors that show state-of-art 
performance. Epitaxial Ge on Si is also achieved 
using laser crystallisation.

Energy loss mechanisms in MEMS and NEMS is 
studied as a function of material properties and 
geometry vis-à-vis its relationship with phase 
noise. Design optimisations are carried out 
using a novel optimisation strategy for phononic 
crystals, heaters for on-chip ovenisation and 
resonators with internal flow. Packaging of 
MEMS and NEMS devices is being done for 
enabling fabrication of reliable sensors. Sensor 
systems and systems for fabrication technology 
are being developed including the invention of a 
human ear cochlea inspired bio-mimetic design. 
This design uses implementation of real time 
Fourier Transform for large number of channels 
for neuromorphic circuit and cochlear implant 
applications.

In the area of wide band gap semiconductor 
devices, AlGaN deep-UV p-i-n detectors with 
record high zero-bias efficiency (92%) have been 
achieved and the material-to-device correlation 
has been comprehensively studied. A linear 

MSM array of UV-C detectors is demonstrated 
on bulk Ga2O3 wafer; dual-band near-IR/near-
UV detector is demonstrated using MoS2/GaN 
and In2Se3/GaN platforms. A novel method 
to boost breakdown voltage in HEMTs GaN-
based transistors on Si is demonstrated besides 
realising e-mode GaN HEMTs with high current 
(500 mA/mm) and threshold voltage (5 V). A 
monolithic optically coupled/electrically isolated 
switch is demonstrated using on-wafer resistor 
and optical HEMT. A detailed study (simulation/
theory) is done to benchmark emerging gallium 
oxide RF/power devices with GaN HEMTs. 

An ideal low power transistor, by combining the 
advantages of a tunnel FET (steep subthreshold 
slope) with that of a thermionic FET (high ON 
current), has been demonstrated using dual-
gated multilayer MoS2 FET. Using tunable 
Schottky contact as a switching element, 
record performance is achieved, with steep 
subthreshold slope (SS min 3.4 mV/dec and 
SS avg 29.3 mV/dec for 3 decades). A simple 
method involving in situ etching by hydrogen gas, 
is demonstrated for suppressing Mg diffusion in 
GaN HEMT devices. A Mg concentration decay 
rate of 24 nm/dec, is reported for the in-situ 
etched sample compared to 160 nm/dec for the 
unetched one. An increase in 2DEG mobility in 
AlGaN/GaN HEMT structures on silicon substrate 
from 591 cm2 /Vs for the unetched sample to 
1214 cm2/Vs for the etched sample is achieved. 
MoSe2 nanoflakes based chemi-resistive 
sensors are developed for ppb-level hydrogen 
sulfide gas detection.

Dynamics of liquid interfaces is being studied, 
including the unexpected observation of 
emergence of microscale droplets from 
interfaces exposed to high frequency (>10 
kHz) electric fields. Through experiments and 
simulations, the origin of these droplet streams 
is explained. A novel impedance sensing scheme 
is demonstrated to estimate the mechanical 
properties of blood cells in a microfluidic device. 
In heterogenous integration, 3D stacking of 
ultra-thin functional dies is demonstrated. A low-
temperature process is demonstrated to transfer 



IISc Annual Report  |  161

devices on ultra-thin silicon layers with MOS 
devices from a parent substrate to a foreign 
substrate or stack. Post-fabrication transfer 
of a thin layer of AlGaN/GaN high electron 
mobility transistors (HEMTs) on copper 
heatsink is also demonstrated. 

Manipulation of colloidal objects with light is 
important in diverse fields. While performance 
of traditional optical tweezers is restricted 
by the diffraction-limit, recent approaches 
based on plasmonic tweezers allow higher 
trapping efficiency at lower optical powers but 
suffer from the disadvantage that plasmonic 
nanostructures are fixed in space, which 
limits the speed and versatility of the trapping 
process. Plasmonic nano-disks fabricated 
over dielectric microrods provide a promising 
approach toward optical nanomanipulation: 
these hybrid structures can be maneuvered 
by conventional optical tweezers and 
simultaneously generate strongly confined 
optical near-fields in their vicinity, functioning 
as near-field traps themselves for colloids as 
small as 40 nm. The colloidal tweezers can 
be used to transport nanoscale cargo even 
in ionic solutions at optical intensities lower 
than the damage threshold of living micro-
organisms, and in addition, allow parallel and 
independently controlled manipulation of 
different types of colloids, including fluorescent 
nano-diamonds and magnetic nanoparticles.
The development of piezo-MEMS devices 
and transducers is being pursued, resulting in 
working MEMS transducers with three different 
piezoelectric materials – PZT, AlN, and ZnO. 
This development has led to two patent filings 
(in process) on piezo-MEMS sensors for fluid 
viscosity and density measurements. The 
ability to design and fabricate quality PMUTs 
(piezoelectric micromachined ultrasound 
transducers) resulted in a collaboration with 
Penn State University, USA, for developing 
photoacoustic and particle manipulation 

systems leading to several joint publications. 
A NIR-spectroscopy based handheld sensor 
for a quantitative measure of curcumin in 
turmeric samples using machine learning 
techniques has been developed as a part of 
the effort towards realising miniature sensors 
and systems. 

A widely tunable NIR cascaded Raman laser 
is demonstrated which is the first widely 
tunable high-power fiber laser. kW class high 
coherence fiber lasers for power combining 
applications is also demonstrated. Methods 
for bandwidth scaling of integrated optical 
frequency combs through microwave power 
control is demonstrated. An application of 
machine learning methods to supercontinuum 
generation of high repetition rate optical 
frequency combs is developed and 
demonstrated.

In the area of bacterial swarming, experiments 
and modeling being carried out have revealed 
novel aspects of collective response of a 
bacterial swarm to antibiotics. This is the first 
model reported to account for the effects of 
physical forces due to surfactant gradients as 
well as motility and chemotaxis of bacteria in 
swarming. Studying these factors is important 
to understand the mechanisms involved 
in bacterial response to antibiotic which in 
turn regulates the development of antibiotic 
resistance in bacteria, a major health hazard 
projected to affect millions of lives in the next 
few decades. In the area of single molecule 
nanopore sensors, the specific detection of 
single protein molecules is demonstrated 
using aptamer functionalized 10-20 nanometer 
diameter pores fabricated on a 50 nm thick 
Silicon Nitride membrane. These devices 
are intended to be used for single molecule 
sequencing and clinically relevant applications 
of ultra-sensitive protein detection. 



FACULTY & STAFF
SUSHOBHAN AVASTHI | PhD (Princeton), Assistant Professor
NAVAKANTA BHAT | PhD (Stanford), Professor
AMBARISH GHOSH | PhD (Brown), Associate Professor
AKSHAY NAIK | PhD (Maryland), Associate Professor
DIGBIJOY N NATH | PhD (Ohio State), Assistant Professor
RUDRA PRATAP | PhD (Cornell), Professor
SRINIVASAN RAGHAVAN | PhD (Penn State), Professor
SHANKAR KUMAR SELVARAJA | PhD (Ghent), Associate Professor
PROSENJIT SEN | PhD (UCLA), Associate Professor
VR SUPRADEEPA | PhD (Purdue), Assistant Professor
MANOJ VARMA | PhD (Purdue), Associate Professor
SAURABH CHANDORKAR | PhD (Stanford), Assistant Professor
ADITYA SADHANALA | PhD (Cambridge), Assistant Professor



IISc Annual Report  |  163



The Centre for Infrastructure, Sustainable 
Transportation and Urban Planning (CiSTUP) 
conducts interdisciplinary research on 
understanding, planning, design, operation, and 
control of transportation systems. Development 
of state-of-the-art transportation modelling and 
analysis tools for safe, efficient, and sustainable 
mobility and city planning is a focus area. 
CiSTUP advises transportation agencies, civic 
authorities, and policy makers on scientific 
approaches to designing, planning, and operation 
of transportation systems.

FACT FILE
Established: 2009
Phone: +91-80-
22932521/2043/3251/3252
+91-80-2346 8207
Fax: +91-80-2346 8207
Email: office.cistup@iisc.ac.in
URL: http://cistup.iisc.ac.in/

3.4.4

C H A I R P E R S O N
ABDUL RAWOOF PINJARI

Centre for  
Infrastructure, 
Sustainable 
Transportation and 
Urban Planning 
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C U R R E N T  R E S E A R C H
Research under the theme of “Predict and pre-empt traffic congestion”, such as multiscale 
mobility sensing, modelling, inference and simulation tools for multimodal transport planning 
and traffic control.

Emerging mobility systems – on-demand last mile connectivity for public transit systems, 
shared mobility as a service (e.g., bike sharing systems; vehicle allocation and routing 
problems), electric vehicles, etc.

Understanding and modelling traveler choices in complex travel environments. For example, 
analytical and learning models for driving behaviour in heterogeneous and undisciplined traffic 
streams.

Decision-support tools for public transit agencies, including ridership forecasting models and 
bus-bunching avoidance solutions.

Development of integrated driving and traffic simulators.

Transportation planning, Transportation 
Engineering, Travel demand modelling, 
Traffic operations and control, Transportation 
networks, Operations research in transportation, 
Travel behaviour, Integrated and multimodal 
transportation systems, Public transportation 
operations and planning, Shared mobility, Smart 
mobility, Intelligent transportation systems (ITS), 
Emerging transportation technologies (electric, 
connected, automated vehicles), Sustainable 
transportation and urban planning, Transportation 
infrastructure, Pavement engineering.

C O R E  R E S E A R C H



FACULTY & STAFF
ABDUL R PINJARI | PhD (Texas), Associate Professor
TARUN RAMBHA | PhD (Texas), Assistant Professor
IPSITA BANERJEE | PhD (Univ of California), Research Scientist
RANJU MOHAN | PhD (IIT Madras), Research Scientist
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Part of the post-Centenary vision of IISc was to take 
up challenging socially relevant research pursued in 
various departments brought under one roof. Further, 
there are several national level missions announced by 
the Government of India that directly make a difference 
to the people of the nation and the world. With this 
background, the Interdisciplinary Centre for Energy 
Research (ICER) at IISc launched in 2012 with a major 
thrust towards renewable energy along with other 
research in the broad area of Energy.

Although research in energy science and related 
technologies has a long tradition in the Institute, this 
was the first time that an interdisciplinary approach 
was undertaken to bring together core expertise from 
various disciplines under one roof. Augmenting the 
ongoing research at IISc, a specific focus on solar power 

FACT FILE
Established: 2012 
Phone: +91 80 2293 3521 
Email: office.icer@iisc.ac.in 
Programs offered: PhDs in the area 
of Energy

3.4.6
C H A I R P E R S O N
S DASAPPA

Interdisciplinary Centre 
for Energy Research 



and associated technologies was considered. The group 
on biomass conversion processes and technologies 
had paved a way in the industry and socially relevant 
interventions. Further identifying Energy, in general, as an 
interdisciplinary concern and to provide an environment 
to pool the expertise from various disciplines that cover 
the basics through to application and development, was 
ICER’s focus.

Under this new initiative, research in various fields such 
as biofuels, combustion, concentrated solar power (CSP), 
next-generation solar photovoltaics (PV), novel energy 
storage technologies, green buildings, and sustainable 
technologies are undertaken. 

To nurture fundamental research and promote 
technological development, ICER has a student research 
PhD degree programme in all the broad areas of Energy 
with the involvement of over 30 faculty members from 
various departments. Currently, the Centre has 13 
Associate faculty members and about 30 participating 
faculty members either through student research 
or projects.  Currently, the Centre offers 5 courses 
addressing interdisciplinary energy research.

C U R R E N T  R E S E A R C H
With sustainable energy in focus, utilisation of all resources for efficient conversion is the focus. 
ICER provides a platform to integrate expertise from various disciplines such as Mechanical, 
Electrical, Physical and Chemical Sciences towards addressing the energy needs, with a major 
focus on renewable energy. Advancement of the ongoing R&D areas of solar energy, biomass, 
hydro, combustion and utilisation of a range of fuels, clean coal and also prime movers like 
new cycle using supercritical CO2, gas turbines, IC engines for alternative fuels, energy storage, 
smart grids, cold and thermal plasma etc would be of interest. 



IISc Annual Report  |  169

Apart from these, other areas of national and 
international importance for collaborative 
research are in the areas of efficient 
conversion of municipal solid wastes with a 
focus on distributed approach meeting the 
emissions norms, electrical and electronic 
waste to value-added products and recovery 
— efficient conversion of solid, liquid and 
gaseous meeting the emission norms.  A 
major initiative on the Solid Oxide Fuel Cell to 
use bio-derived gaseous fuel is underway. 
Solar research on PV, as well as thermal 
conversion through material research and 
process optimisation, new cycle development 
for a range of thermal Energy would be of 
interest. 

The following are the major R&D projects at 
the Centre.

National Centre for Clean Coal 
Technologies: Supported by DST, for 
Supercritical CO2 and Steam-based Power 
Systems, clean coal combustion, coal 
gasification, high-temperature materials 
research [Funding of Rs 30 crore approx. (US $ 
4 million) for the period 2018-2023].
Two-Stage Adsorption based Solar Cooling 
cum Desalination: Supported by DST.

Chemisorption based Thermal Storage 
using Metal Hydrides: Supported by DST

High-Efficiency Solar Receiver for s-CO2 
integrated with Static focus Solar Dish: 
Supported by MNRE

Use of bio-hydrogen for PEM fuel stacks – 
Research and Demonstration: Supported by 
DST

Development of metal hydride based high 
temperature thermal energy storage systems 
for waste heat utilisation: Supported by GAIL

A multi-institutional (IISc, RMIT, Lanza Tech) 
project with IISc as a lead “Advanced biofuels 
generation from thermo-chemical conversion 

of biomass – Research, Demonstration, and 
Analysis,”, in principle sanction under Mission 
Innovation IC#4.

UKICERI: UK-India Clean Energy Research 
Institute is an Indo-UK collaborative project 
jointly funded by the Department of Science 
and Technology (DST), Govt. of India and 
Engineering and Physical Sciences Research 
Council (EPSRC), UK. IISc is part of a major 
consortium on smart grid and photovoltaics 
led by IIT Kharagpur from the Indian side and 
Loughborough University from the UK side.

Research Centre for Solar Power in 
Challakere Campus: Under this project, which 
is supported by Karnataka Government, IISc 
has set up research test beds in PV as well as 
small scale CSP for cutting edge solar power 
technologies which include activities such as 
data generation, controls and monitoring of 
performance. 

Major Completed Projects: Solar Energy 
Research Institute for India and the United 
States (SERIIUS): Co-led by IISc on the 
India side and National Renewable Energy 
Laboratory (NREL) on the US side, SERIIUS 
is a major India-US consortium in engaged 
in solar energy research, under the US.-India 
Joint Clean Energy Research and Development 
Center (JCERDC) programme. Altogether, 
the consortium has 34 partners from both 
India and the US, comprising of academic 
institutions, R&D laboratories, and industries. 
The consortium received funding of US$25 
million from US and Indian governments, along 
with matching funding from industry and other 
partners. The first phase of SERIIUS was for 
the period 2012-2018, and as a continuation of 
India-US collaboration in Energy, a new clean 
energy initiative is under consideration under 
the JCERDC programme. 

National Centre for Combustion Research 
& Development (NCCRD): Indian Institute 
of Science and IIT Madras were the two 
institutions selected to host the National 



Centre for Combustion Research & 
Development (NCCRD) funded by DST. Under 
this programme, IISc received a total funding 
of Rs 36 crore (US$ 5 million) over five years 
starting from 2012. Several advanced and 
state-of-the-art facilities in combustion 
research have been established, to address 
grand challenges in the area of combustion. 

Novel Findings
• Developed India’s first closed-loop 
supercritical carbon dioxide-based Brayton 
cycle power block, which is more efficient 
and compact and has the potential to 
replace steam-based power plants in various 
applications such as nuclear, solar, and waste 
heat-based plants.

• To meet the hydrogen economy sustainably, 
IISc has developed thermo-chemical 
conversion process to generate pure hydrogen 
from biomass, which can be upgraded for PEM 
fuel application (99.97% pure). 

• Advanced biofuels like methanol and ethanol 
from thermo-chemical conversion of biomass

• In photovoltaic research, IISc has developed 
a large area testbed and dash-board for 
the reliability and suitability of various PV 
technologies for unique Indian atmospheric 
conditions. Also, novel encapsulated organic PV 
was developed on flexible glass substrates, for 
extended life and stability of the cells.

• IISc has pioneered the development of Cu-
based intermetallic alloy coatings for high-
temperature solar reflectors in solar thermal 
applications.

• IISc has developed a two-Stage Silica gel + 
Water Adsorption based Solar Cooling cum 
Desalination System

• Syngas and natural gas-fired ultralow emission 
combustor technology for hybrid solar thermal 
energy systems in the 100-kW range.

• Despite significant efforts in developing 
tandem ceramic coatings for photo-thermal 
conversion applications, the underlying physics 
behind spectrally selective high absorptance 
and thermal stability of the ceramic absorbers. 

ASSOCIATE FACULTY
DASAPPA S | PhD (IISc), Professor
RAVIKRISHNA R V | PhD (Purdue), Professor
PRAVEEN C RAMAMURTHY| PhD (Clemson), Professor
PRADIP DUTTA | PhD (Columbia), Professor
SAPTARSHI BASU | PhD (Connecticut), Associate Professor
PRAMOD KUMAR | PhD (IISc), Associate Professor
JOY KURI | PhD (IISc), Professor
BIKRAMJIT BASU | PhD (Katholieke), Professor
ANINDYA DEB| PhD (New York), Professor
GOPALAN JAGADEESH| PhD (IISc), FNAE, Professor
SATYAM SUWAS| PhD (IIT Kanpur), Professor
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Reaching across traditional disciplinary boundaries, 
ICWAR aims to provide a comprehensive understanding 
of the impact of complex environmental factors on areas 
related to water science and technology, and subsequently 
offers efficient and effective engineering solutions to 
environmental problems. Students in ICWAR receive 
education in diverse areas and carry out interdisciplinary 
research addressing some of the grand water-related 
science and engineering challenges of modern society.

FACT FILE
Established: 2015
Phone: +91 80 2293 2740 
             +91 80 2293 2669
Fax: +91 80 2360 0404 
Email: office.icwar@iisc.ac.in
URL: www.icwar.iisc.ac.in

IN NUMBERS
10 PhD Students
1 Journal Publications
2 Conference Publications

3.4.7
C H A I R P E R S O N
PP MUJUMDAR

Interdisciplinary Centre 
for Water Research

C U R R E N T  R E S E A R C H

Current research at ICWAR is focused on (i) assessment of hydrologic impacts of climate change on 
local and regional hydrological regimes, ecological, social and economic systems, (ii) development 
of effective methodologies for sustainable water management at local and basin scales; (iii) 
development of smart water solutions for agriculture sector (irrigation and water management) by 
integration of in situ and remotely sensed observations and ICT (Information and Communication 
Technology) tools, (iv) development of methodologies for intelligent water supply network monitoring 
and control for equitable distribution of water in mega cities; and (v) understanding interactions, 
synergies, and feedbacks that link the land surface, freshwater, ocean, and atmosphere systems; and 
(vi) base flow estimation using isotopic mass balance approach in river catchment.



FACULTY & STAFF
PP MUJUMDAR | PhD (IISc), Professor

ASSOCIATE FACULTY
GOVINDASAMY BALA |, PhD (McGill University), Professor
MOHAN KUMAR MS | PhD (IISc), Professor
NAGESH KUMAR D | PhD (IISc), Professor
SEKHAR M | PhD (IISc), Professor 
SRINIVAS VV | PhD (Indian Institute of Technology Madras, Chennai), Professor
PROSENJIT GHOSH | PhD (Physical Research Laboratory), Professor
VENUGOPAL V | PhD (Univ of Minnesota), Associate Professor
RAMANANDA CHAKRABARTI | PhD (University of Rochester), Associate Professor
PRAVEEN C RAMAMURTHY | PhD (University of Clemson), Professor
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The oldest management education department in the 
country, tracing its origin back to 1947, currently has 
a masters and a doctoral programme. The department 
faculty and students engage in research in a wide array 
of management topics and seek to set standards of 
excellence in management research and education.

FACT FILE
Established: 1947
Phone: +91 80 2293 2378
Fax: +91 80 2360 4534
Email: office.mgmt@iisc.ac.in
URL: http://mgmt.iisc.ac.in

IN NUMBERS
5 Faculty Members
39 PhD
31 M Mgt
22 Publications
5 PhD Conferments
16 M Mgt Conferments

3.4.8
C H A I R P E R S O N
PARTHASARATHY RAMACHANDRAN

Management 
Studies 

C U R R E N T  R E S E A R C H

Explored the role of Technology Business Incubators (TBIs) in promoting tech start-ups. In addition, 
the dimensions of contributions of TBIs to national R&D efforts are ascertained and analysed. 
The role of inter-linkages (both vertical and horizontal) in enabling Small & Medium Enterprises to 
innovate and internationalise, and thereby access and exploit the rapidly expanding Global Value 
Chains (GVCs) of Transnational Corporations is examined, in the Indian context.

Climate change concerns, ever-increasing demand for electricity and the new challenge of matching 
dynamic energy resources (uncertain, intermittent, variable) with dynamic loads have forced the 
transitions in the electricity systems worldwide. The expectations are that these transitions should 
lead to attainment of sustainable electricity systems that are compliant with all three dimensions 
of sustainability: Economic, Social and Environmental sustainability. The Indian electricity 
system is going through such a transition. The objectives of the research are to develop a deeper 
understanding of such transitions in the context of Indian electricity system, benchmarking and 
modelling the transitions, model-based planning approaches for sustainability transitions, analysis of 
policy transitions, possibilities of futuristic transformations and planning for demand-side transitions.



FACULTY 
ANJULA GURTOO | Fellow (IIM Ahmedabad), Professor
MH BALA SUBRAHMANYA | PhD (ISEC), Professor
P BALACHANDRA | PhD (IISc), Chief Research Scientist
CHIRANJIT MUKHOPADHYAY | PhD (Missouri), Professor
M MATHIRAJAN, PhD (IISc) | Chief Research Scientist
PARTHASARATHY RAMACHANDRAN | PhD (Oklahoma State), Professor
SHASHI JAIN | PhD (TU Delft), Assistant Professor
YADNYVALKYA | MS (Engg.) (Moscow), MA (CIEFL), Principal Research Scientist

Developed a preliminary stochastic model for 
estimating the reliability of components of 
phased mission systems based on mission 
success-failure data, with cause of failure 
being masked in certain cases. While the 
proposed model and the resulting estimates 
are novel (even when the failure information 
is complete), the extra complication of 
masking is also accommodated in the 
developed methodology to enable analysis 
of the observed mission success-failure 
data of Lakhsya, an unmanned aerial vehicle 
developed by the DRDO ADE lab. Also carried 
out some fresh simulations for power 
comparisons of some new tests, I have been 
developing in the recent years, for financial 
event study.

Mathematical / Heuristic and Machine 
Learning Optimisation for (a) e-tailing, (b) 
Container Terminal Logistics, (c) Closed Loop 
Supply Chain with Sustainable Objective, 
(d) Scheduling of Batch Processors in 

Semiconductor Manufacturing and other 
Industries, (e) Routing and Scheduling, and (f) 
After-sales Service in Automobile industries 
Game theoretic models for river water sharing in 
a trans-boundary river in the presence of negative 
externalities such as pollution and flooding. 
Socio-economic determinants of domestic water 
demand in Bangalore. Development of an index for 
measuring the extent of urbanisation using remote 
sensing data. Multidimensional analysis of water 
sector performance in India.

Development of a real time digital twin for water 
distribution pipeline network. Developed using 
augmenting physics based model with sensor 
data for static IOT network of pressure and flow 
sensors. Model the value of flexibility offered by 
small GEO satellites using Real Options and see 
at what price level they can be considered as an 
alternative to large GEO satellites. We analyse 
Hawkes process and see its applications for HFT. 
An alternate to Black Scholes delta hedging of 
derivatives is being developed.
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Industrial Economics, Innovation & 
Entrepreneurship, SMEs & Start-ups, Energy 
and Environment, Sustainability Transition, 
Sustainable Energy Access, Energy System 
Modelling, Reliability Theory, Financial 
Econometrics, Optimisation, Heuristic 
Optimisation, Business Analytics, Logistics 
/ Supply Chain Management, Operations 
Research, Demand Management, Revenue 
Management, Quantitative finance, Real options, 
Financial risk management, Digital twin, IPR, 
Sustainability of socio-tech systems, Informal 
systems, Urban systems  

C O R E  R E S E A R C H



RBCCPS was established in 2011 as a research and 
academic centre under the Division of Interdisciplinary 
Research, to promote research in cyber-physical systems 
(CPS). The Centre brings together expertise from various 
departments and, together with in-house research staff, 
focuses on foundational and applied research to solve 
cutting edge problems in Robotics involving advanced 
machine learning techniques, Connected Autonomous 
Systems like drones and 5G-enabled autonomous 
vehicles, and Socio-Technical Systems like urban 
transportation systems and Smart Cities.

C U R R E N T  R E S E A R C H

The Robert Bosch Centre for Cyber-Physical Systems (RBCCPS) @ IISc is a research and academic 
centre, under the Division of Interdisciplinary Research in Indian Institute of Science. The centre 
focuses on foundational and applied research to solve cutting edge problems in Robotics involving 

FACT FILE
Established: 2011
Phone: +91-80-2293 
2046/3430
Fax: +91-80-2293 2046
Email: office.cps@iisc.ac.in

IN NUMBERS
385 Publications
27 PhD Students

3.4.9
C H A I R P E R S O N
NAVAKANTA BHAT

Robert Bosch Centre 
for Cyber Physical 
Systems 



IISc Annual Report  |  177

advanced machine learning techniques, 
Connected Autonomous Systems like drones 
and 5G-enabled autonomous vehicles, 
and Socio-Technical Systems like urban 
transportation systems and Smart Cities.

The centre faculty are drawn from various 
departments in the divisions of EECS and 
Mechanical Sciences. In addition, it has a 
strong research and technical staff, who drive 
the experimental components of the centre’s 
research. The centre also hosts several 
young INSPIRE faculty fellows, post-doctoral 

researchers as well as visiting scientists and 
professors from academia and industry. 

The centre hosts a state-of-the-art CPS 
laboratory called the Makery. It is also involved 
in creating and running the Drone Research 
Park and a 5G-V2X Testbed for connected 
autonomous vehicles research. It has 
established strong collaborations with many 
major technology companies and engages 
with many startups. It also works closely with 
government bodies and participates in specific 
standardisation activities.

FACULTY 
BHARADWAJ AMRUTUR | PhD (Stanford), FNAE, Professor
GK ANANTHASURESH | PhD, (Michigan), Professor
R VENKATESH BABU | PhD (IMSc), Assistant Professor 
ARKAPRAVA BASU | PhD (Wisconsin), Assistant Professor
KAUSHIK BASU | PhD (Minnesota), Assistant Professor 
SHALABH BHATNAGAR | PhD (IISc), FNAE, Professor
CHIRANJIB BHATTACHARYYA | PhD (IISc), FNAE, Professor
DEEPAK D’SOUZA | PhD (CMI), Professor
VINOD GANAPATHY | PhD (Wisconsin), Associate Professor
DEBASISH GHOSE | PhD (IISc), FNAE, Professor
PRASANTA KUMAR GHOSH | PhD (USC), Assistant Professor 
AMBARISH GHOSH | PhD (Brown), Associate Professor
ASHITAVA GHOSAL | PhD (Stanford), Professor 
ADITYA GOPALAN | PhD (Texas), Assistant Professor
GURUNATH GURRALA | PhD (IISc), Assistant Professor
MS MOHAN KUMAR | PhD (IISc), Professor
CHANDRA R MURTHY | PhD (UC San Diego), Associate Professor
G NARAYANAN | PhD (IISc), Professor
SN OMKAR | PhD (IISc), Chief Research Scientist
RADHAKANT PADHI | PhD (Missouri), Professor
PARIMAL PARAG | PhD (Texas A&M), Assistant Professor
ARPITA PATRA | PhD (IIT Madras), Assistant Professor
TV PRABHAKAR | PhD (TU Delft), Principal Research Scientist 
CHANDRA SEKHAR SEELAMANTULA | PhD (IISc), Associate Professor 
YOGESH SIMMHAN | PhD (Indiana), Assistant Professor
RAJIV SOUNDARARAJAN | PhD (Texas), Professor 
RAJESH SUNDARESAN | PhD (Princeton), Professor
SURESH SUNDARAM | PhD (IISc), Associate Professor



PAVAN TALLAPRAGADA | PhD (Maryland), Assistant Professor
HIMANSHU TYAGI | PhD (Maryland), Assistant Professor
MANOJ VARMA | PhD (Purdue), Associate Professor 
ASHISH VERMA | PhD (IIT Bombay), Associate Professor
SHISHIR N Y KOLATHAYA | PhD (Georgia Institute of Technology), Assistant Professor
VAIBHAV KATEWA | PhD (University of Notre Dame) Assistant Professor

TECHNICAL STAFF
ARUN BABU | PhD (Homi Baba National Institute), Member of Technical Staff 
JOSEPHINE SELVARANI RUTH D | PhD (NIT Tiruchirapalli), INSPIRE Faculty 
ASHISH JOGLEKAR | PhD (IISc), Member of Technical Staff
RAGHU KRISHNAPURAM | PhD (Carnegie Mellon University), Distinguished Member of Technical 
Staff 
ABHAY SHARMA | PhD (IISc), Member of Technical Staff
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The Supercomputing Education and Research 
Centre (SERC), at IISc provides the state-of-the-art 
computing environment catering to the ever-increasing 
demands of high performance computing for scientific 
and engineering research. The Centre hosts 24/7 
supercomputing facilities and services including 
supercomputers of Petaflop capacities for traditional 
HPC (High performance computing), deep learning and AI 
based applications, HPC software and about 2 Petabytes 
of storage. The centre also provides periodic HPC training 
courses to both the Institute community and personnel 
from outside the Institute and offers HPC consulting 
services. In addition, the Centre leads several national 
initiatives.

FACT FILE
Established: 1970
Phone: +91-80-2293 2737/2738
Fax: +91-80-2360 2648
Email: office.serc@iisc.ac.in
URL: www.serc.iisc.ac.in

IN NUMBERS
HPC provides services to 44 departments, 
134 research groups and 450 students of the Institute
50 publications across the Institute based on 
supercomputing usage
176 million CPU core hours of usage

3.4.10
C H A I R P E R S O N
SATHISH VADHIYAR

Supercomputer 
Education & 
Research Centre



In 2019, our supercomputer systems have served about 
44 departments, 134 research groups and 450 users of 
the Institute in various fields including aerospace, brain 
research, chemistry, climate modelling, computational 
and data sciences, computer science, earth sciences, 
electronics system engineering, inorganic and physical 
chemistry, materials research, mechanical engineering, 
microbiology and cell biology, molecular biophysics, 
physics etc. About 176 million CPU core hours have been 
provided for research in these areas. The supercomputing 
usage resulted in a total of about 50 publications across 
the Institute. SERC resources are also being used by 
researchers from academic organisations, government-
funded R&D laboratories and industry.

C U R R E N T  R E S E A R C H

Faculty conducted research on cloud systems 
with research students from Computational 
and Data Sciences in the “Cloud Systems 
Lab”. This year’s major contribution is 
exploring open research problems in the 
space of cloud resource disaggregation (Mr. 
Anubhav Guleria’s thesis on GPU resource 
disaggregation), Network Virtualisation using 
Service Function Chain integration into SDN 
controllers (Ms. Lakshmi B S), Serverless 
Computing and scaling microservice based 
applications (Ms. Preyashi Agarwal’s), 
Cloud Storage Resilience Frameworks (Ms 
Archita Ghosh) and Cloud Service Resilience 
Frameworks (Ms. Dhanya Mathews). GPU 
disaggregation freamework paper won the 
best paper award in the IEEE-CCEM (2019) 

Conference. Continued support for HPC systems 
at SERC: Continued training of support personnel 
for SahasraT to interface with users, understand 
their requests and analyse system errors and 
event logs; Teach at HPC workshops conducted by 
SERC.

In the area of Digital Library, the areas where 
works were conducted in 2019 include Retrieve 
copyright information from various websites like 
OCLC (WorldCat), Library of congress, hathitrust.
org, openlibrary.org, World eBook Library etc. 
These websites will be queried automatically and 
try to retrieve copyright information. Exploring 
solutions to improve the quality of metadata in 
Digital Library of India (DLI).
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FACULTY & STAFF
FILBERT MINJ | MTech (JNU), Principal Research Scientist
J LAKSHMI | PhD (IISc), Principal Research Scientist
SATHISH VADHIYAR | PhD (Univ of Tennessee), Associate Faculty and Chair
YOGENDRA KUMAR NEGI | MTech (Delhi), Scientific Officer

ASSOCIATE FACULTY
N BALAKRISHNAN | PhD (IISc), Professor
R GOVINDARAJAN | PhD (IISc), Professor

HONORARY PROFESSORS
N BALAKRISHNAN | PhD (IISc), Honorary Professor

Supercomputing systems, applications and 
statistics, Cloud Systems, System Virtualisation, 
Cloud Middleware, Operating Systems, 
Networking, Digital library, Information Retrieval, 
Machine Learning, Information security  

C O R E  R E S E A R C H



Division of 
Mechanical 
Sciences
I N  N U M B E R S
• 138 FACULTY MEMBERS 

• 635 PhD STUDENTS 

• 264 MASTER’S STUDENTS

3.5



Geotechnical Engineering, Civil & Aerospace Structures, Transportation, Water Resources, 
Environmental Engineering and Sustainable Habitat, Climate, Structural and Functional 
Materials, Manufacturing, Design Theory and Methodology, Geochemistry, Tectonics, 
Planetary Evolution, Remote Sensing and GIS Applications, Aerodynamics, Combustion, 
Navigation and Guidance, Solid Mechanics, Fluid Mechanics, Thermal Sciences, Acoustics, 
Robotics, Dynamics, Biomolecular Engineering, Catalysis, Colloids and Interfacial Science, 
Nanotechnology, Thermodynamics and Simulations across length scales. 

T H E M E S 
Research work in the Division encompasses diverse areas. Seismology and climate change 
-- modelling as well as paleo studies -- are focus areas, which lead naturally to work on 
environmentally sustainable materials and design and on waste management. The work on 
materials includes study and modelling of biomaterials, polymers and photovoltaics. Fluid 
dynamics, including shock waves and other phenomena at hypersonic speeds, is another key 
area of study that cuts across the various departments in this Division. Researchers in this 
Division also work on identifying novel drug and vaccine targets for viral infections such as HIV, 
hepatitis C and dengue. 

R E S E A R C H  H I G H L I G H T S 
The Division consists of departments of Aerospace Engineering (which 
includes DRDL-IISc Joint Advanced Technology Programme and ISRO-
IISc Space Technology Cell), Civil Engineering, Chemical Engineering, 
Materials Engineering, Mechanical Engineering, Centre for Atmospheric 
& Oceanic Sciences, Centre for Earth Sciences, Centre for Product 
Design and Manufacturing, Centre for Sustainable Technologies and 
Divecha Centre for Climate Change

D E P A R T M E N T S  |  C E N T R E S  |  U N I T S 
• AEROSPACE ENGINEERING 

• CENTRE FOR PRODUCT DESIGN AND MANUFACTURING 

• CHEMICAL ENGINEERING 

• MATERIALS ENGINEERING 

• MECHANICAL ENGINEERING 

• CIVIL ENGINEERING 

• CENTRE FOR EARTH SCIENCES 

• CENTRE FOR ATMOSPHERIC AND OCEANIC SCIENCES 

• CENTRE FOR SUSTAINABLE TECHNOLOGIES 

• DIVECHA CENTRE FOR CLIMATE CHANGE
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Research Snapshots
2019-20

Pradipta Biswas (CPDM)

The I3D lab of CPDM developed a video see-through robotic interface that can be controlled through 
eye gaze and gesture. The system was useful for a set of young adults with severe speech and motor 
impairment at Vidyasagar -- The Spastic Society of India at Chennai, who could use the system to 
manipulate physical objects themselves using their eye gaze. The I3D team used computer vision 
and machine learning algorithms to analyse live feed of facial video and to estimate where the user 
is looking at. The eye gaze estimation system is integrated to an Augmented Reality application 
that can manipulate a robotic arm for pick and drop task from anywhere within the robot’s working 
envelop. The system is planned to be used for rehabilitation of users with disabilities by enabling 
them to make handicrafts independently. The eye gaze tracking system is also used for automotive 
and aviation applications and the human robot interaction system has potential in developing 
collaborative robots for the smart manufacturing set up at CPDM.

Reference:  
VK Sharma, KPS Saluja, V Mollyn and P Biswas, Eye Gaze Controlled Robotic Arm for Persons with 
Severe Speech and Motor Impairment, ACM International Conference on Eye Tracking Research and 
Applications (ETRA 2020), https://dl.acm.org/doi/10.1145/3379155.3391324

VK Sharma, LRD Murthy, KPS Saluja, V Mollyn, G Sharma and P Biswas, Webcam Controlled Robotic 
Arm for Persons with SSMI, Technology and Disability 32 (3), IOS Press 2020
https://content.iospress.com/articles/technology-and-disability/tad200264
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G K Ananthasuresh (ME)

Abnormalities in nuclear morphology are predictors of cellular dysfunction and diseases such as 
cancer, laminopathy and cardiomyopathy. Molecular mechanisms responsible for the changes in 
nuclear geometry due to a stimulus are typically obtained by systematically probing the various 
structural proteins in the cell using biochemical experiments. In this work, we have shown that the 
molecular mechanisms responsible for changes in nuclear geometry can be inferred by modelling 
the nucleus as a mechanical structure under equilibrium. From the existing literature, we modelled 
the nucleus as an inflated spherical membrane compressed between two rigid plates. The 
parameters of this model were related to the amount of the structural proteins relevant to nuclear 
mechanics. The equations for the mechanical equilibrium of the membrane revealed that its 
deformed shape was a function of two nondimensional parameters, namely, the ratio between 
the inflating pressure to the modulus of the membrane and the ratio between the compressive 
force to the pressure. By fitting the model to experimentally measured nuclear morphologies, 
we could estimate the nondimensional parameters of individual nuclei. The changes in these 
nondimensional parameters due to a stimulus revealed aberrations in the mechanical parameters 
and thereby in the structural proteins. We used this model to predict the molecular mechanisms 
responsible for changes in nuclear mechanics due to hepatitis C virus replication in liver cells and 
further verified them experimentally. 

Since the nuclear morphology was described by two non-dimensional parameters, there should be 
a relationship among any three shape parameters of the nucleus. We estimated the relationship 
among nuclear volume, surface area and projected area; and found that the relationship was 
followed by individual nuclei of multiple cell types. This shows that there are underlying patterns 
in the variability between individual nuclei, which can be revealed by mechanical modelling. The 
relationship and the fact that individual nuclei follow this relationship were artistically portrayed by 
plotting the nuclear morphologies on a surface. 



Reference:  
Balakrishnan, S., S.S. Mathad, G. Sharma, S.R. Raju, U.B. Reddy, S. Das, and G.K. Ananthasuresh. 
2019. A Nondimensional Model Reveals Alterations in Nuclear Mechanics upon Hepatitis C Virus 
Replication. Biophys. J. 116: 1328–1339.

Proposed method for predicting molecular mechanisms from nuclear geometry. Clockwise from 
top left - Obtain three-dimensional morphology of nuclei from confocal images. From these 
morphologies, calculate nuclear shape parameters such as projected area, surface area and 
volume of individual nuclei. By fitting the model to these shape parameters, estimate both the 
nondimensional parameters. The differences in the nondimensional parameters due to a stimulus 
suggest molecular mechanisms causing changes in nuclear mechanics
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Bhushan Toley (ChemEngg)

Tuberculosis (TB) is the deadliest infectious disease today and India has the largest number of 
TB-related deaths among all countries in the world. The current state-of-the-art technology for 
rapid detection of TB is using ‘molecular diagnostics’, i.e. probing for the DNA of Mycobacterium 
tuberculosis (MTB), the TB-causing bacteria. Unfortunately, the World Health Organisation-
endorsed DNA-based TB test (GeneXpert) currently costs Rs. 1800 per test and is unaffordable 
to a majority of India’s population. Further, the GeneXpert instrument costs around Rs. 18 lakh 
and only an estimated 500 GeneXpert machines exist across India, too few to cater to the large 
Indian population. To overcome these limitations, we have invented a low-cost paper-and-plastic 
device that can detect the presence of TB DNA in liquid samples. An untrained user can perform a 
TB test by simply adding liquid samples to the paper reaction zones and placing the device in an 
incubator for 60-80 minutes. The results of the test are read using a cell phone camera installed 
within a small plastic box. The material cost of fabricating the device is only Rs. 61 and the cost of 
reagents per reaction zone is Rs. 41. The device eliminates all expensive instruments traditionally 
required for DNA-based amplification. A pilot clinical trial done in collaboration with CMC Vellore 
achieved 100% sensitivity for the detection of tuberculosis. The research work conducted by 
PhD student Navjot Kaur in the lab of Assistant Prof Bhushan Toley in the Chemical Engineering 
Department was published in Scientific Reports on 25th October.

Reference: 
Kaur, N., Michael, J.S. & Toley, B.J. A modular paper-and-plastic device for tuberculosis nucleic 
acid amplification testing in limited-resource settings. Sci Rep 9, 15367 (2019). https://doi.
org/10.1038/s41598-019-51873-8



Narendra M Dixit (ChemEngg)

Why the same virus can cause very different outcomes in different individuals has been puzzling 
scientists for decades. In a recent study, published in PNAS, researchers in the Chemical Engineering 
Department provide an answer. Over the years, an enormous number of factors, associated with our 
immune system and with viruses, have been identified that contribute to the outcomes of infection. 
The interplay of these factors could be so involved that it made understanding the outcomes difficult. 
In the present study, we showed using mathematical modelling that the outcomes can be understood 
by the interactions of a single factor of our immune system, the so called killer T cells, and their 
interactions with the cells infected by viruses. All the other factors identified simply modulate these 
essential interactions. A new understanding of viral infections thus emerges. The implications can be 
significant. The mathematical model predicts that modulating the essential underlying interactions 
using drugs or vaccines, which is currently possible, could alter the outcomes of infection, potentially 
curing chronic infections like hepatitis C.
 
The figure shows the dynamical motif underlying the outcomes of viral infections. (A) Schematic 
of the motif depicting the essential interactions between infected cells, I, and CD8 T cells, E. (Note 
that arrows and blunt arrows imply positive and negative regulation, respectively.) (B) Phase portrait 
of the system, where regions leading to the 2 stable steady states (filled red dots), clearance and 
persistence, are separated by a basin boundary (red line). The unstable saddle (open red dot) 
underlies immunopathology. Also shown are trajectories with increasing initial antigen load (light 
to dark blue) and increasing initial effector pool size (light to dark pink) and the corresponding time 
course of (C) infected cells, (D) effector pool size, and (E) pathology. (F) Heat maps of peak pathology 
for different initial conditions on the phase portrait with and without exhaustion.

Reference: 
Baral, Subhasish, Rustom Antia, and Narendra M. Dixit. “A dynamical motif comprising the 
interactions between antigens and CD8 T cells may underlie the outcomes of viral infections.” 
Proceedings of the National Academy of Sciences 116.35 (2019): 17393-17398.
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Narendra M Dixit (ChemEngg)

Nearly 150 million people worldwide are currently infected with the hepatitis C virus. If left untreated, 
the virus can cause severe liver damage, leading potentially to liver cancer. Powerful drugs have been 
developed in the recent years that can cure hepatitis C virus infection. A key limitation of these drugs 
is their susceptibility to drug resistance. The virus mutates rapidly and produces variants that are no 
longer targeted efficiently by the drugs. Often, these variants can exist in individuals before the start 
of treatment but go unnoticed because they lie at levels that are below the detection limits of current 
assays. Patients thus run the risk of being administered ineffective drugs. The different viral mutants 
that exist in an infected individual define the different drug resistance pathways accessible to the 
virus at the start of treatment. Drug combinations that block these pathways the most effectively are 
likely to elicit the best responses. Prof Dixit and his group in the department of chemical engineering 
constructed a novel mathematical model to estimate the pre-treatment levels of the entire spectrum 
of hepatitis C virus mutants resistant to a given drug. The model predictions unravelled the massive 
diversity of accessible resistance pathways and explained several confounding observations 
associated with current hepatitis C treatments. The study provides the most sophisticated 
description so far of hepatitis C virus evolution and presents the framework needed to identify 
optimal drug treatments and vaccine designs.

Reference:
Raja, R., Pareek, A., Newar, K., & Dixit, N. M. (2019). Mutational pathway maps and founder effects 
define the within-host spectrum of hepatitis C virus mutants resistant to drugs. PLoS pathogens, 
15(4), e1007701.



Arindam Chakraborty and J Srinivasan (CAOS)

Natural variations in the strength of monsoon rainfall of the distant past are inferred from 
speleothems (mineral deposits in caves). The ratio of the heavy to the light isotope of oxygen in these 
deposits is an indirect measure of rainfall in the past. These data showed that the Indian monsoon 
rainfall was very low during the peak of the last Ice Age about 21,000 years ago. The simulation of the 
variation in global climate during the past 22,000 years (using a coupled ocean-atmosphere model 
developed by the National Centre for Atmospheric Research at Boulder, Colorado, USA) has been 
documented recently. In this simulation, the Indian summer monsoon rainfall increased from around 
3.3 mm/day around 22,000 years ago to 6.6 mm/day 14,000 years ago and then decreased to 6 mm/
day in the 20th century. This change in monsoon rainfall was attributed to changes in the amount of 
solar radiation incident on India during the summer monsoon. The amount of solar radiation incident 
over India has not changed as much (only 6% between 22,000 years ago and 10,000 years ago). We 
have proposed a simple model to unravel the factors that impact monsoon rainfall. Using this model 
we have shown for the first time the role of water vapour and clouds in amplifying the effect of solar 
radiation on monsoon rainfall. The concentration of carbon dioxide in the atmosphere increased from 
180 ppm to 280 ppm over the last 22,000 years. This is one of the main causes of the increase in 
water vapour during this period. We have shown that this rise in water vapour led to the doubling of 
monsoon rainfall. Due to anthropogenic activities, carbon dioxide has increased by about 100 ppm in 
the last 100 years. It will increase further in the near future, and the diagnostic model proposed can 
be used to understand how monsoon rainfall will change.

Reference: 
Jalihal, C., Srinivasan, J. & Chakraborty, A. Modulation of Indian monsoon by water vapor and cloud 
feedback over the past 22,000 years. Nature Commun 10, 5701 (2019). https://doi.org/10.1038/
s41467-019-13754-6

Figure 1: Schematic 
showing the 
evolution of Indian 
monsoon rainfall

Figure 2: The 
diagnostic model 
used in this study
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D Roy Mahapatra (AE)

Hierarchically structured materials, comprising structuring at multiple length scales, allow unusual 
modes of optical transport which are not possible in simpler structures. These processes can allow 
interesting ways to tailor and improve optoelectronic performances of solar cells, photodetectors 
etc. Here, a multidisciplinary team of researchers from Materials Engineering, BioSystems Science 
and Engineering, and Aerospace Engineering at IISc have demonstrated an optical confinement 
phenomenon in a hierarchically structured waveguide platform consisting of alternating clusters 
of nanostructured and planar microscale domains. Typically, defect-free nanostructured arrays are 
considered as the best candidates, in optoelectronic design, for light trapping. However, defective 
structures, such as the ones considered here, could have rich possibilities for unusual optical 
transport which is overlooked by conventional designs. The fabrication of complex micro-nano 
structures would typically require a clean-room environment. However, the team developed an 
unconventional, strain-assisted, self-assembly-based fabrication process using commonly available 
moldable materials, to obtain hierarchically structured platforms.

Reference:
Jagdish A Krishnaswamy, Kumar M P, Sandeep B S, Praveen Ramamurthy, Debiprosad Roy 
Mahapatra, and Gopalkrishna Hegde, “Shaping Resonant Light Confinement and Optoelectronic 
Spectra Using Strain in Hierarchical Multiscale Structures” Adv. Optical Mater.1900471, (2019) DOI: 
https://doi.org/10.1002/adom.201900471

Krishnaswamy Jagdish; Kavita Garg, Ramamurthy Praveen; Roy Mahapatra D.; Hegde Gopalkrishna 
“Moldable biomimetic nanoscale optoelectronic platforms for simultaneous enhancement in 
optical absorption and charge transport” Nanoscale (RSC) (2018) DOI: http://dx.doi.org/10.1039/
C7NR09015C
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Rahul Roy (Chem, Engg)

To push the limits of non-optical detection of cells, we have developed a low-cost disposable Lab-
On-Chip device for cell-in-droplet counting. We established a novel multi-layer device fabrication 
methodology that uses fusible alloy to replace metal microelectrodes but demonstrates high 
sensitivity for cell impedance measurements in a flow cytometry configuration. Using our highly 
sensitive fusible alloy impedance microelectrodes, we demonstrated accurate quantification of label 
free cells in aqueous droplets (for droplet cell assays).

Figure 1: Low-cost disposable co-planar electrodes for microfluidic impedance cytometry. a) A dual-
layer (PDMS) polymer device where the bottom layer forms the channels for the microelectrodes 
fabricated by introducing molten Field’s metal and the top layer is used for cell suspension. b) The 
impedance change (drop) due to the transit of single cells entrapped within the water-in-oil droplet 
over the in-contact microelectrodes is detectable above the noise by lock-in detection. c) Unlabeled 
cells in droplets can be detected at high rates (~ 100 Hz). 

Reference:
Panwar, Jatin, and Rahul Roy. “Integrated Field’s metal microelectrodes based microfluidic 
impedance cytometry for cell-in-droplet quantification.” Microelectronic Engineering 215 (2019): 
111010.



AV Kulkarni (DCCC)

The high mountains which store a lot of water in snow and glaciers are sensitive to climate change. 
Their importance and vulnerability have not been quantified on a global scale. A major global 
investigation was of 78 water towers has been carried out. A new “Water Tower Index” has been 
proposed for ranking water towers in terms of their water-supply role and downstream dependence 
of ecosystems and society. This investigation suggests that the Indus basin and basins located in 
Central Asia are most vulnerable among the world water towers and suggests an immediate action. 

Reference: 
Immerzeel W. W., et. al. Importance and vulnerability of the world’s water towers, NATURE, doi. 
org/10.1038/s41586-019-1822-y, December, 2019.

Fig. The Water Tower Index (WTI), population in WTUs and their downstream basins.
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Praveen Kumar (Mat Engg)

By fine tuning interlayer placed in between thin metallic film and Si, the thermomigration-
electromigration coupling induced mass transport in the thin film can be enhanced as well as 
diminished with change in the sample length. This transition is primarily determined by the extent 
and structure of the interfacial layer formed between the thin film and the substrate, which is 
affected by the thin interlayer. This interfacial engineering brings a new paradigm in designing thin 
film interconnects susceptible to electromigration induced damages. 

Reference:
Somaiah, Nalla, and Praveen Kumar. “Tuning sample length effect on mass transport in current 
carrying Cu-Si thin-film systems via interfacial engineering.” Nanotechnology 30.48 (2019): 485704.



Kaushik Chatterjee (Mat Engg)

For the clinical success of emerging stem cell therapies for treating patients after myocardial 
infarction (heart attack), it is essential to efficiently and reliably direct the conversion of a large 
population of stem cells to cardiac cells (cardiomyocytes). In this study, nanoscale pillars were 
fabricated on a titanium surface and this substrate was markedly more efficient in the supporting 
the commitment of bone marrow-derived stem cells to cardiomyocytes than the smooth titanium 
surface. 

Reference: 
L.D. Ghosh, J. Hasan, A. Jain, N.R. Sundaresan, K. Chatterjee: “Nanopillar array on black titanium 
prepared by reactive ion etching augments cardiomyogenic commitment of stem cells” Nanoscale 
(RSC) 2019, 11: 20766–20776
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Rajeev Ranjan (Mat Engg)

We demonstrate a new strategy involving the use of Raman signal of the host crystal in conjunction 
with the photoluminescence signal of the doped rare-earth ions for large tuning of the overall 
emission color as a function of temperature. As compared to the conventional fluorescence-based 
techniques, our strategy offers very high temperature sensitivity and provides an opportunity to 
design materials for optical thermometry with very large temperature sensitivity. 

Reference:
Arnab De and Rajeev Ranjan, Materials Horizons, 7, 1101 (2020)



Praveen C Ramamurthy (Mat Engg)

Here detection of various contaminants by using conjugated molecules are carried out. The 
design of the organic molecules is based on charge distribution, size, geometric shape of 
analyte and receptor with strategically placed functional groups to specifically interact with 
the specific analyte. Various analytes like lead, mercury, arsenic, chromium, zinc, nitrate, urea, 
toluene, formaldehyde, E-Coli and malonaldehyde were evaluated. These devices have helped in 
fabrication of easy to use handheld solid-state sensors. 

Reference: 
TS Sunil Kumar Naik, S Saravanan, KN Sri Saravana, Utkarsh P, Praveen C Ramamurthy “A non-
enzymatic urea sensor based on the nickel sulfide / graphene oxide modified glassy carbon 
electrode” Materials Chemistry and Physics, 2020, 245, PP.122798.

Ashwini N M, Mithrabinda K P, Praveen C Ramamurthy “Design, synthesis, fabrication and 
simulation of conjugated molecule for detection of lithium ions” Materials Research Express 
2019, 6(4) PP.045101
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V Kumaran (ChemEngg)

A device for complete cell count (CBC) at point of care in low resource settings has been 
demonstrated up to clinical trials. All reagents are pre-loaded on a disposable chip, the size of 
a credit card, costing less than a dollar. The sample is loaded on the chip, and inserted into a 
controller the size of a toaster. The controller autonomously performs all the sample preparation 
and testing and returns a readout which includes 3 part differential WBC, RBC and platelet counts. 
The key technological barrier is the sample preparation, where it is not feasible to mix reagents on 
the microfluidic chip due to slow molecular diffusion. This has been overcome by a fundamental 
advance in fluid mechanics, which is the transition to turbulence at low Reynolds numbers and small 
scales due to a soft wall.

Reference:
U. Abbasi, P. Chowdhury, S. Subramaniam, P. Jain, N. Muthe, F. Sheikh, S. Banerjee and V.
Kumaran, A cartridge based Point-of-Care device for complete blood count, Scientific Reports, 9, 
18583, (2019).



GK Ananthasuresh (ME)

Bistable mechanical switches are efficient because energy is needed only to switch between the 
two stable states and not to stay in either state. Funded by ISRO, a two-terminal electrothermally 
actuated bistable switch is developed and demonstrated using silicon microfabrication. It uses 
bistable arches and two electrically coupled bent-beam thermal actuators one of which is a novel 
initially-retracting actuator. The mechanical design is such that it simplifies power electronics 
needed for it. The developed switch is useful in selecting antenna and filters in RF systems. 

Reference: 
Yadav, D., Murthy, N. S., Palathingal, S., Shekhar, S., Giridhar, M. S., and Ananthasuresh, G. K., “A 
Two-terminal Bistable Electrothermally Actuated Microswitch,” IEEE Journal of Micromechanical 
Systems, Vol. 28, No. 3, June 2019, DOI: 10.1109/JMEMS.2019.2904997.
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Ramsharan Rangarajan (ME)

This work examines a novel paradigm for incorporating flexibility in robots. Using nonlinear 
mechanics and optimisation-based control algorithms, we design a flexible tendon-actuated 
dextrous arm called the “Elastica Robot.” In essence, the Elastic robot transforms the most basic 
mechanical element, namely an elastic beam, into a programmable shape-morphing robot. Since its 
functioning is independent of the length scale or the material, the Elastica robot can be miniaturised 
to design medical devices or enlarged for deployment in space-related applications.

Reference:
P Handral, R Rangarajan, An elastica robot: Tip-control in tendon-actuated elastic arms, Extreme 
Mechanics Letters, 2020, https://doi.org/10.1016/j.eml.2019.100584



Founded in the year 1942 as the Department of 
Aeronautical Engineering, it was renamed as the 
Department of Aerospace Engineering in the year 
1982 to reflect the growing activities in space 
research and education. The department offers 
PhD, MTech and MTech (Res) programmes and 
currently has 33 faculty and 248 research students. 
The academic and research activities are in four 
major areas, namely, Aerodynamics, Structures, 
Propulsion, and Guidance & Control.

C U R R E N T  R E S E A R C H
Aerodynamics: A strong experimental programme spanning low-speed to hypersonic flows 
has been pursued in the several wind tunnels and shock tunnels, fitted with instrumentation for 
classical measurements and modern diagnostics and flow visualisation. Computational studies 
cover external aerodynamics of wings and full aircraft, DNS and LES of turbulent and transitional 
flows, aeroacoustics and new algorithms. A comprehensive study of bubble and conical forms of 
vortex breakdown was completed. Structural changes with swirl number and hysteresis due to the 

FACT FILE
Established:1942 
Phone: +91-80-2293 2417
Fax: +91-80-2360 0134
Email: office.aero@iisc.ac.in 
URL: http://aero.iisc.ac.in
Degree Programs offered: PhD, 
MTech (Res), MTech

IN NUMBERS
23 Faculty members 
9 Scientific Staff 
151 Publications 
118 PhD Students 
23 MTech (Res) 
47 MTech 
2 MSc (Engg), 21 MTech, 2 Mtech (Res),  
26 PhD Conferments

3.5.1
C H A I R P E R S O N
JOSEPH MATHEW

Aerospace  
Engineering
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existence of multiple solutions were identified. 
Changes in vortex breakdown in laminar 
and in moderate Reynolds number turbulent 
flows were determined. Structural changes 
with swirl number and hysteresis due to the 
existence of multiple solutions were identified. 
Changes in vortex breakdown in laminar and 
in moderate Reynolds number turbulent flows 
were determined. An analysis of viscous and 
inviscid global stability of the vortex rings 
was completed. For inviscid rings, growth 

rates were found to be sensitive to details 
of vorticity distribution that calls for a global 
analysis instead of the now classical heuristic 
model for quantitative accuracy. A study of 
predictions of axial compressor aerodynamics 
using large eddy simulations was completed 
for the chord Reynolds numbers of 640,000 
exhibiting all stages of freestream turbulence 
induced transition including spot formation. 
PhD theses on laminar separation and 
turbulent boundary layers were completed. A 

Aerodynamics: Low speed flows-transition 
& turbulence, supersonic & hypersonic flows 
– mixing, drag, heat transfer, computational 
fluid dynamics, LES, aeroacoustics, stability, 
aeroelasticity.
Aerospace structures: Composite structures, 
nanocomposites, functionally-graded materials, 
vibrations, wave propagation, structural health 
monitoring, finite element analysis, non-
destructive evaluation.
Propulsion: Atomisation & sprays, combustion 
instability.
Guidance & control: Optimal control, path 
planning, image processing, obstacle avoidance, 
multi-agent systems.

C O R E  R E S E A R C H



study looked at start-unstart characteristics 
of high compression ratio intakes. The effect 
of length on the critical operating regime of 
ejectors was determined and the role of a 
S-CO2 ejectors in power cycles was determined. 
A new stability analysis of Lattice Boltzmann 
Method was introduced. Several improvements 
to CFD algorithms for meshless solvers, higher-
order finite volume methods, adaptive time-
stepping and applications to flow control for 
high lift devices, propellers, design of flush air 
data sensors, and supersonic base flows were 
investigated. Transonic buffet of airflow over a 
wing, and the use of an active aeroelastic wing 
for roll enhancement and improving lift-to-drag 
ratio, were explored. The Anodized Aluminum 
Pressure-Sensitive Paint (AA-PSP) technique 
was explored for identifying flow structures 
in hypersonic flow. A new two-temperature 
ratio pyrometry technique was developed to 
measure the temperature distribution around 
re-entry bodies at hypersonic Mach numbers, 
and the diagnostics has been integrated with 
the IISc free-piston driven shock tunnel. Data 
analytic tools for analysis of time-resolved 
Schlieren images were developed. The effect 
of stacking fault energy on the evolution of 
micro-structure and texture during blast wave 
assisted deformation of FCC materials was 
comprehensively investigated. It was shown 
that shock wave therapy efficiently cures multi-
species chronic periodontitis (Dental bio-films) 
in a humanised rat model.

Structures: Developed theoretical model 
of nano additive based fibre reinforced 
polymer matrix composite materials for 
thermo-mechanical property enhancement 
was developed, and results were validated 
experimentally. New mathematical model and 
theoretical correlation regarding ultrasonic 
wave induced heat generation in structural 
components with cracks for application in new 
inspection technique was established. Additive 
manufacturing methods for piezoelectric 
sensors were developed, and sensor 
performance was characterised. Optimal 
design of composite plates was performed 

while accounting for uncertainty present in 
composite material properties. Conservative 
design practices for composite structures 
were proposed. A stochastic time domain 
spectral analysis was developed for beam 
structures. Ionic metal polymer actuators 
were studied for actuation of underwater 
autonomous vehicles. Isospectral Timoshenko 
beams were discovered. These non-uniform 
beams which have the same frequencies 
as uniform beams can serve as benchmark 
solutions. Novel computational methodologies 
for modelling stress assisted pitting corrosion 
and inspection of adhesively bonded joints 
were explored. NDE was applied to friction 
stir welded joints in Aluminium Alloys, to 
understand hygro-thermal effects on CFRP 
composites, for adhesively bonded joints 
in CFRP composites, for impact damage 
evaluation in metal-fiber hybrid composites, 
and of corrosion in Aluminium Alloys. 
Vibration and noise control of composite 
materials with resistive and resonant shunting. 
Deicing of aircraft wings. Nonlinear modelling 
of PZT bonded to beams. Single and dual 
adhesive bond strength analysis of single 
lap joint between dissimilar adherends. 
Micromechanical analysis for damage 
modelling of unidirectional composite laminae. 
Qualitative Assessment of 3-D failure criteria 
of composite laminae based on initiating 
failure mechanisms. Other newer areas include 
machine learning, artificial intelligence (AI), 3-D 
weaving, ceramic and metal matrices, ceramic 
vapour infiltration process modelling, active 
constrained layer damping, functionally graded 
magneto-electro-elastic plates, hybrid nano 
composites and natural composites.

Propulsion: Studies have been conducted 
to describe the breakup of liquid jet/sheet 
discharging from non-circular orifices and 
gas-centered swirl coaxial atomizers with a 
focus on the role of atomizer geometry and 
flow conditions on spray drop size. Impact 
dynamics of hydrocarbon fuel drops on 
heated solid surfaces encountered in engine 
combustors was studied. Linear stability 



IISc Annual Report  |  205

analysis was found to correctly predict 
characteristics of self-excited instability 
in swirl-nozzle flows. It can guide nozzle 
geometry design to induce these instabilities. 
A thermoacoustic stability modelling tool 
for evaluating a semi-cryogenic engine was 
developed. New methods of application of 
lattice Boltzmann equation to low speed 
combustion problems were explored. Other 
work included CFD-based optimisation of 
Ramjet intakes, simulation of a complete 
nozzle test facility design, and experimental 
and computational studies of non-Newtonian.

Guidance & Control: A context-aware deep 
Q-network for a swarm of vehicle performing 
search mission in an unknown/uncertain 
environment with heterogeneous targets, an 
AI driven sense-and-avoid system for rapidly 
moving drones, and a robust flight controller 
under resource constraints were developed. 
A novel guidance method for mimicking short 
range ballistic trajectories, a new two-gain 
guidance structure for trajectory shaping 
with seeker field-of-view limitations, and a 
polynomial guidance law that considers line-
of-sight profile shaping as a function of range 
to target were developed. For patter generation 
for surveillance trajectories a novel control 
framework for a unicycle model to generate 
an extensive set of motion patterns was 
introduced. The proposed control law leads 
to Andronov-Hopf bifurcation in speed-scaled 
angular velocity space of the agent. Patterns 
are shown to be identical to the parametric 
form of trochoid curves. In guidance and 
control of autonomous vehicles, the following 

areas were covered: unmanned aerial systems 
for flood management, detection of land-
water boundary using UAV collected images; 
detection and tracking of survivors using UAVs 
in a flood scenario, resource allocation for 
flood affected areas using game theoretical 
methods, route planning in flooded urban 
environments UAV-UGV systems for search 
and exploration, exploring unknown indoor and 
outdoor areas using a hybrid system of UAVs 
and UGVs, strategies for image collection 
for visual reconstruction of the environment, 
task allocation with split and merge of UAV 
swarms, Voronoi partition based search 
strategies modelling onion dynamics in social 
systems using Viscek’s model. MBZIRC 2020 
participation addressed research issues in 
intercepting intruders, building walls and 
extinguishing fire in high rise buildings, design 
of manipulators and grippers, and tracking a 
moving ball in space. Studies also examined 
Output-constrained robust adaptive control 
for uncertain nonlinear MIMO systems 
with unknown control directions, tracking-
oriented mpsp for optimal command tracking, 
unscented mpsp for optimal control of a class 
of uncertain nonlinear dynamic systems, 
waypoint constrained multi-phase optimal 
guidance of spacecraft for soft lunar landing, 
interdependent estimation and guidance with 
zero-effort-miss enforcement, generalised 
explicit guidance with optimal time-to-go and 
realistic final velocity, and three-dimensional 
nonlinear gravity assisted aiming point 
guidance.
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The Centre for Atmospheric Sciences was established in 
1982 and it was renamed as Centre for Atmospheric and 
Oceanic Sciences in 1996. Known for pioneering work on 
monsoon physics and variability, its activities now span a 
broad range of topics in atmosphere, ocean and climate 
science. 

C U R R E N T  R E S E A R C H
We highlight a few results to convey a flavour of research at CAOS. Lowering of surface 
temperature by injecting sulfate aerosols in the stratosphere has been suggested as an option 
to offset the magnitude of human-induced climate warming. We find that stratospheric sulfate 
aerosols are more effective in cooling climate when they reside higher in the stratosphere, which is 
explained in terms of effective radiative forcing.

Using Doppler Weather Radar (DWR) data collected at Hyderabad, Nagpur, Kolkata and Patiala, we 
have shown that monsoonal cloud systems contain a few to more than 20 storms comprised of a 
few to several cumulonimbus clouds grouped together in a contiguous manner, with these storms 
occupying 30 – 70% of the convective area and contributing 90 – 97% of convective precipitation 

FACT FILE
Established: 1982
Phone: +91-80-2293 2505
Fax: +91-80-2360 08654
URL: http://caos.iisc.ac.in/
Email: office.caos@iisc.ac.in
Degree Programs offered: PhD, MSc
(Engg) and MTech (Climate Science)

IN NUMBERS
11 Faculty Members
32 PhD Students
51 Publications
04 MTech
06 PhD Conferments

3.5.2
C H A I R P E R S O N
DEBASIS SENGUPTA

Centre for  
Atmospheric and  
Oceanic Sciences



at any given instant. This has implications for 
parameterising cumulus clouds in models as 
well as planning satellite payloads.

Free Space Optical (FSO) communication links 
are emerging as important communication 
means, owing to high data rate and bandwidth, 
but face a challenge of degradation 
due to optical scintillations caused by 
lower atmospheric turbulence. We have 
estimated the performance of different FSO 
communication links and the effects of 
atmospheric aerosols through influences on 
both atmospheric temperature structure as 
well as turbulence, which affects the bit error 
rate performance of these FSO communication 
links.

Very heavy rainfall events, often termed as 
extreme rainfall, are a major cause of flood 
and related calamities, and what matters 
most for flooding is their collocation in space. 
We showed that during the last couple of 
decades, the larger extreme rainfall events of 
Indian monsoon have been increasing steadily, 
responsible for several devastating floods and 
a global scale signature in the weather pattern 
could potentially be useful for their prediction 
a few days in advance.

We have been working on spatial statistics 
of climate data, motivated by estimation of 
uncertainty in spatial averages in the presence 
of missing observations. In the presence of 
missing data, the spatial average becomes 
a ratio of random variables, so its statistics 
does not have exact formulas. Suitable 
approximations have been developed, and a 
theoretical prediction, verified by simulations, 
is that for uniform weights uncertainty is 
proportional to the spatial variance and 
inversely to rain gauge density per unit area.
We established that Indian monsoon 
droughts can be categorised into two distinct 
categories: the conventional one forced by 
a warm equatorial Pacific (El Nino) and a 
second category resulting from a cold North 
Atlantic anomaly. The evolution of the second 
category differs markedly different from 

the first, providing a substantial advancement 
in mechanistic understanding of what causes 
monsoon droughts and offering new avenues 
for improvements in predictability. We have 
studied multi-scale variability of the near-
surface ocean and atmosphere in a 14-month 
long record from an air-sea flux mooring in the 
north Bay of Bengal, including a monsoon storm 
which gave 0.5 meters of rain over the ocean in 
4 days. Using moored data and simple models, 
we have explained the observed response of 
the Bay of Bengal to powerful tropical cyclone 
Phailin, October 2013, in terms of storm-induced 
turbulent mixing of the upper ocean. Absence 
of ocean cooling may have strengthened the 
maximum windspeed in the cyclone by 5 – 7 m/s.

The southern Bay of Bengal is highly energetic 
due to intrusion of the Summer Monsoon Current 
(SMC) carrying high-salinity Arabian Sea water 
and the presence of the Sri Lanka Dome with its 
cyclonic circulation. We have used microstructure 
profiles measured during the BoBBLE field 
experiment into the southern Bay along with an 
eddy-kinetic-energy budget analysis to study the 
mechanisms involved. Observations and model 
simulation demonstrate that the southern Bay 
cold pool is maintained by the SMC despite the 
ocean gaining heat from the atmosphere. The 
previously overlooked role of the large runoff 
from the Western Ghats into the Arabian sea has 
also been demonstrated.

Vertical transport by convection plays a critical 
role in the global ocean circulation, influencing 
rates of ocean heat uptake, nutrient transport and 
CO2 absorption from the atmosphere. These rates 
are extremely important in climate dynamics and 
their impacts, but perhaps the most revolutionary 
result of our work is that convection is also 
shown to have a substantial influence in driving 
the broad horizontal circulation of the upper 
ocean (such as the mid-latitude gyres and 
the Antarctic Circumpolar Current), which is 
traditionally seen as being primarily wind-driven. 
In the area of geophysical fluid dynamics, we 
have also examined stirring and mixing in the Bay 
of Bengal, surface turbulence in the Bay, as well 
as moist-equatorial waves in shallow water. 



IISc Annual Report  |  209

CAOS faculty and students study the monsoons 
and tropical climate variability, cloud physics 
and tropical convection, space-time variations of 
rainfall and extreme rain events, the hydrological 
cycle, physical oceanography and air-sea 
interaction, nonlinear climate dynamics, the 
planetary boundary layer, aerosol physics and 
chemistry, radiation and climate, large-scale 
waves and geophysical turbulence, ocean 
convection and small-scale turbulence, climate 
change, the carbon cycle and geoengineering. 
In addition to ocean and climate modelling, 
data analysis and theoretical work, the centre 
has a long tradition of field campaigns to study 
physical processes from in situ measurements 
on land and in the atmosphere and ocean.

C O R E  R E S E A R C H
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The faculty members are involved in innovative, 
multidisciplinary research using geological, 
geophysical and geochemical tools to understand 
Earth processes. Equipped with state-of-the-art 
analytical facilities and wide-ranging expertise, 
they are working on diverse problems in earthquake 
geology, global tectonics, core dynamics, ocean-
atmosphere interaction, climate change and 
paleoclimate studies, petrology and geochemistry 
of igneous, sedimentary and metamorphic rocks, 
chemical weathering of the continents.

C U R R E N T  R E S E A R C H
Advances were made in understanding the stability and survival of cratons using both 
instantaneous and time-dependent convection models; understanding deformation in the Indian 
plate and the India-Eurasia collision zone using joint models of lithosphere dynamics and mantle 
convection; evaluating different crustal models in the India-Eurasia collision zone; investigating the 
source of intraplate earthquakes in the Central and Eastern United States.
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Application of signal processing techniques 
to analyse strong motion records of different 
types of earthquakes, in an effort to isolate 
the frequency of the signals relevant for 
seismic hazard assessment. This work is 
done in collaboration with Prof Chandra 
Sekhar Seelamantula (Electrical Engineering 
Department).

Major research activity is focused on the 
tectonic processes of early Earth. Petrology 
research group has taken up advanced 
research on several areas including 
continental correlation and regional tectonics, 
origin and growth of early earth continents, 
lower-crustal processes, role of fluids 
during crustal processes, high-temperature/ 
pressure paleo-tectonic activity and high-
grade metamorphism of early earth. The field 
areas of research include southern India, Sri 
Lanka, Madagascar, South Africa, Northwest 
Scotland, Cameroon, China and Asian tectonic 
terranes (Himalayas, South Korea, Vietnam 
and Japan). Apart from early Earth studies, 
the area of interest has also expanded into 
the field of paleo-climate reconstruction 
using the geochemistry of tropical montane 
peats, micro-textural studies, provenance 
study of placer deposits and high-temperature 
behaviour of concrete and mineralogical 
characterisation of urinary stone.

A novel experimental study of core-mantle 
interaction in the Earth was completed, and 
the findings were published in the Journal of 
Fluid Mechanics. A mechanism for inner core 
seismic anisotropy in the Earth was proposed. 
The experiment provided unprecedented 
insight into the flow regime in Earth’s core 
that would cause the recently observed 
phenomenon of the eastward tilt of the 
geomagnetic North pole. A paper on this study 
is expected to appear in 2020.

Research pursued in the group includes 
monitoring of seasonal pattern in carbon 
and hydrological cycle over Indian region and 
across Southern Ocean, understanding climate 
variabilities in deep time and designing new 

proxy for reconstruction of past climate. 
The laboratory for stable isotope analysis 
at IISc is involved in high precision stable 
isotopic analysis of water, organic matter 
and carbonate minerals. A recent analytical 
achievement from the group include 
development of a method for extraction of 
CO2 from carbonate reaction in an evacuated 
sealed environment for high precision analysis 
of rare-isotopologues in the structurally 
bound molecules of carbon and oxygen in the 
carbonate crystal structure (Fosu et al., 2019). 
The other significant research contribution 
includes introduction of a new stable isotope-
based archaeobotanical proxy for estimation 
of relative humidity level in the atmosphere by 
analysing organic matter from rice grains. 

Former student Anupam Banerjee provided 
Ca isotopic evidence for crustal recycling 
in the mantle source of the Ambadongar 
carbonatites in a paper published in Lithos. 
Former NPDF Shiba Shankar Acharya 
published a paper in Chemical Geology on the 
provenance of sediments from the Eastern 
Arabian Sea and paleoclimatic reconstruction 
using these sediments. The PI’s lab has 
been involved in a series of geochemical and 
isotopic studies on alkaline igneous rocks 
from South India and ~3.0 billion year old 
granitic rocks from the eastern Indian craton.

The key highlights are: 1. Publication on 
the role of Indian summer monsoon in 
propagating the warming event at the 
end of the last ice age from the Southern 
hemisphere to the Northern Hemisphere 
(Nature Geoscience; Kerr-Nilson et al., 
2019). 2. Publication on the rates of nuclear 
glass weathering rates utilising isotopes of 
lithium to identify ideal storage environment 
for nuclear waste (Nature Partner Journal 
- Material Degradation; Gout et al., 2019). 
3. Establishment of Class 10000 volatile 
free clean laboratory. 4. Scientific cruise to 
the Southern Ocean for sediment sample 
collection from the Antarctic Shelf region to 
understand the role of reverse weathering in 
modulating seawater chemistry. 
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Dynamo theory, Planetary magnetism, 
Magnetohydrodynamics, Climate Change 
(Past and Present), Geobiology, Isotope 
Hydrology, Climate-Tectonics Interaction, 
Chemical Oceanography, Environmental Tracers, 
Microchronology, Petrology, Metamorphism, 
Isotope geochemistry, Origin and evolution 
of the Solar System, Crust-mantle processes, 
Paleoclimate reconstruction, Early life 
signatures, Solid Earth Geophysics, Lithosphere 
dynamics, Mantle convection, Mechanics of 
Faulting, Intraplate Seismicity, Seismic Hazard, 
Chemical weathering and planetary thermostat, 
Chemical Oceanography, Advanced Chemical 
Oceanography.

C O R E  R E S E A R C H
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The Department of Chemical Engineering is a 
centre of excellence in chemical engineering 
research and education. It has 11 full-time faculty, 1 
Ramalingaswami fellow, 1 DST-INSPIRE faculty fellow, 
1 adjunct faculty fellow that works in industry, and 54 
students carrying out research in both fundamental 
and applied areas with a strong synergy with industry.

C U R R E N T  R E S E A R C H
Interactions of small molecules and proteins have been investigated using a combination of 
molecular dynamics simulations and experiments. Influence of pore forming proteins on GUVs 
reveals a link between bound states of the protein and lipid dynamics. Insert of small molecules 
into bacterial membranes has been investigated using MD simulations and fluorescence 
correlation spectroscopy. Using lipid dynamics as a measure of permeation we find that the 
bacterial lipopolysaccharide (LPS) outer membrane offers a barrier to small molecules. Free 
energy simulations reveal that the rough LPS has a highest barrier. Bound states which are not 
membrane inserted lowers the lipid diffusivity, however membrane inserted pore states enhance 
the lipid diffusivity. In other studies we have investigated the structure and dynamics of water 
confined in graphene oxide nanopores. Studies with supercooled water indicate that the dynamical 
transitions are a strong function of the extent of hydrophobicity. 
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The flow of granular materials through vertical 
channels and pipes, and inclined chutes was 
examined using the Discrete Element Method 
(DEM). Temporal oscillations were observed 
in flows of low bulk solids fraction through 
channels and pipes. For plane shear between 
parallel plates in the absence of gravity, and 
flow through a vertical channel, computations 
were done using continuum equations based 
on kinetic theory to check the earlier results of 
Alam and Nott (1997) and Mohan et al. (1997). 
The trends were similar for some parameter 
values, but there were some quantitative 
differences. The continuum model of Barker 
et al. (2017) was solved for a vertical channel. 
Velocity profiles were similar to the DEM 
results, but the solids fraction near the wall was 
overestimated by the former. For chute flow, the 
angle at which the flow becomes accelerated 
increased with the width between the sidewalls.

Integrated transesterification (heterogeneous 
catalyst + supercritical methanol) of Mahua 
oil using eleven different solution combustion 
synthesised metal oxides and supercritical 
methanol was performed to synthesise 
fatty acid methyl esters. The solubilities of 
10-undecenoic acid, geraniol, 10-undecenol and 
geranyl butyrate in supercritical carbon dioxide 
and their variation with operating temperature 
and pressure was investigated. Five new semi-
empirical models based on the association 
and solution theories with various activity 
coefficient models to correlate the solubility 
data with operating temperature, pressure, and 
densities. Metal free semiconductor C3N4 was 
coupled with CuWO4 in order to understand 
the Z-scheme mechanism of photocatalysis 
for mineralisation of organic matter in waste 
waters. This Z-scheme composite was 
exploited for simultaneous inactivation of 
gram-positive and gram-negative bacteria and 
extensive analysis of kinetics was studied for 
both the scenarios.

Particulate flows occur widely in nature 
and industry, but understanding of their 
mechanics lags far behind that of fluids. The 
work of my group spans dry granular flows 

to viscous particle-liquid suspensions and 
active suspensions. Using tools from graph 
and network theories, we have developed a 
statistical understanding of stress transmission 
in grain assemblies. We have developed a 
nonlocal constitutive model for dense granular 
flows that incorporates dilatancy, for use in 
continuum descriptions. In the area of particle-
liquid suspensions, we have demonstrated 
that the phenomenon of Discontinuous Shear 
Thickening (DST) is more complex than 
previously understood.

The research work in our group has been in 
two broad areas. In the area of particle-gas 
suspensions, the turbulence attenuation 
and particle dynamics in the turbulent flow 
regime was studied using a combination of 
Direct Numerical Simulation (DNS) for the 
fluid flow and a discrete element simulation 
for the particles. It was found that at even at 
very low volume fraction of particles, as the 
particle volume fraction is increased, there is 
a discontinuous decrease in the turbulence 
intensity by 1 – 2 orders of magnitude at 
a critical volume fraction. This decrease is 
observed for a range of particle and fluid 
parameters, indicating that this turbulence 
collapse is a property of particle-gas 
suspensions. Another area of active research 
is magnetorheological fluids, where a viscous 
suspension of magnetic or polarisable fluids are 
subject to a magnetic field. There is a variation 
in the viscosity of many orders of magnitude 
upon application of a magnetic field, and the 
suspension can virtually jam at a critical value 
of the magnetic field. Our study has focussed 
on two aspects, the single-particle dynamics of 
spheroidal magnetic or magnetisable particles, 
and the study of conducting particles in a 
magnetic field. The particle dynamics has been 
comprehensively studied, and predictions have 
been made for the effect of particles on the 
rheology. 

The soluble lead redox flow battery for large 
scale energy storage, from solar, wind, or other 
sources, offers potential advantages as it does 
not employ a membrane which typically get 
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fouled and need periodic replacement or a 
porous electrode that requires high pressure 
drop as in the currently used vanadium redox 
flow battery. Our group showed the dominant 
role played by concentration gradient driven 
natural convection. In an effort to take it 
towards a pump-less battery, we have shown 
a number of configurations that exclusively 
rely on natural convection driven motion to 
being about mixing and charge battery at low 
potentials and discharge it at high potentials. 
The new configurations include off-wall 
electrodes, addition of an external circulation 
loop driven by natural convection, and a set of 
staggered electrodes of small heights. 

A process engineering toolkit is being 
developed that will enable the use of 
metallic nanostructures as building blocks 
for applications in the fields of sensing, 
energy conversion, and nanoelectronics. We 
have developed a scalable process for the 
formation of self-assembled arrays of metal 
nanoparticles on any desired substrate. This 
has aided in the fabrication of several devices 
such as floating gate memory devices, flexible 
SERS (Surface Enhanced Raman Scattering) 
substrates and PEMFC (Proton Exchange 
Membrane Fuel Cell) catalyst layers. 

Our work has focused on understanding viral 
infections and improving their treatments and 
also the design of microbiomes. We developed 
a description of the outcomes of viral 
infections, explaining why some infections are 
cured while others turn chronic and yet others 
cause host death (PNAS). We constructed a 
multiscale viral evolutionary framework for 
viruses such as hepatitis C which are subject 
to selection pressures within and outside 
cells (PLoS Pathogens). This framework may 
help identify drug combinations that would 
not succumb to resistance. We unraveled 
a synergy-efficacy trade-off that constrains 
the choice of drug combinations (Trends in 
Pharmacological Sciences). We developed an 
in silico framework of antibody production and 
showed how passive immunisation, where 
external antibodies are injected, can improve 

the natural production of antibodies (Cell 
Reports). Finally, with colleagues from Unilever, 
we showed how high-order interactions 
stabilise microbiomes (IECR). 

Original contributions have been made in the 
following areas: 1) Solid-fluid interfacial free 
energy: we have developed a general method 
for computing solid-fluid interfacial free energy 
using molecular simulations. The novelty of 
the method is that this is for the first time, such 
a calculation has been done for a molecular 
system. In addition, the simulations can be 
performed using the open-source molecular 
dynamics package LAMMPS. 2) Dissociation 
temperature of semi-clathrates: semi-clathrates 
are inclusion compounds formed by water and 
salts such as Tetra Butyl Ammonium Bromide 
(TBAB). They are similar to gas hydrates, with 
a major difference being the anions form a part 
of the hydrogen bonded water lattice. We have, 
for the first time, computed the dissociation 
pressure of TBAB semi-clathrate using 
molecular simulations. The calculation also 
helps us to judge the suitability of various force 
fields in simulations of these materials. 

A simple mathematical framework to describe 
the temporal evolution of various viral 
molecules by modelling all the intracellular 
processes relevant to the viral RNA (for the 
Flaviviridae family) was developed. We used 
a stochastic framework to address resource 
(viral RNA) sharing during the start of infection 
when viral RNA is present in low copy. This 
model accurately captures the experimentally 
measured viral dynamics from many studies 
across multiple virus families. Based on 
our findings, we propose a new concept of 
‘Stochastic Infectivity’ that would be useful 
in analysis of candidate fitness functions like 
infectivity, viral loads and mutability. 
Further, to push the limits of non-optical 
detection of cells, we have developed a low-
cost disposable Lab-On-Chip device for cell-in-
droplet counting. We established a novel multi-
layer device fabrication methodology that uses 
fusible alloy to replace metal microelectrodes 
but demonstrates high sensitivity for cell 



impedance measurements in a flow cytometry 
configuration for single cell and microdroplet 
measurements. 

A portable device for detection of tuberculosis 
DNA called FLIPP-NAAT was developed. A 
method for uniform mixing of dried reagents with 
a rehydrating fluid in paper microfluidics was 
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Biomolecular and biomedical engineering, 
catalysis and reaction engineering, colloids and 
interface science, complex fluids and transport 
processes, nanotechnology, energy science 
and engineering, environmental engineering, 
thermodynamics, statistical mechanics and 
molecular simulations.

C O R E  R E S E A R C H

developed. A device called SPECTRA-Tube for 
dry storage and transport of large volumes 
(~2 ml) of sputum was developed. A method 
to expand the dynamic range of commercially 
available lateral flow assays using real time 
imaging was developed.
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The department spans four major areas: Structural, 
geotechnical, water resources and environmental, and 
transportation engineering. A wide spectrum of research 
activities - analytical, numerical, and experimental - are 
pursued. In addition to the doctoral and masters research, 
a unique MTech programme is offered where a student can 
opt for a major and a minor.

C U R R E N T  R E S E A R C H
Development of methods for multi-hazard analysis of landslide prediction and methods for using 
machine learning and data analytics in landslide inventory have been developed. Methods for 
stabilisation of dump sites using bioreactor concepts have been developed based on the study of 
leachate, gas and settlement analysis of municipal solid waste dump sites. 

Estimation of soil moisture through geophysical methods have been evolved. Stability analysis of 
pad foundations for large size oil tanks have been undertaken.

Field experiments of multichannel analysis of surface wave tests were carried out at 275 locations 
in the Indo-Gangetic Basin (IGB) and shear wave velocity were estimated. This data was used to 
estimate the site response and amplification of IGB, based on which a new model for estimation 

FACT FILE
Phone: +91 80 2293 2323/2324 
Fax: +91-80-2360 0404
Email: chair.civil@iisc.ac.in
URL: http://civil.iisc.ac.in/
Degree Programs offered: PhD, MTech (Res), MTech (Civil 
Engineering with Major/Minor in Geotechnical Engineering, 
Structural Engineering, Water Resources and Environmental 
Engineering, and Transportation and Infrastructure Engineering)

IN NUMBERS
24 Faculty Members
4 Scientific Staff
104 PhD Students
6 MTech (Res), 47 MTech
116 Journal Publications 
3 MTech(Res), 27 MTech
10 PhD Conferments 
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of soil thickness has been established. 
New ground motion prediction equation for 
peninsular India had been developed that are 
for the first time applicable up to distances 
of 500 km. Damage assessment and field 
investigation of liquefied site at Tripura due to 
moderate earthquake of 5.7 were studied and 
further reliquefication research is in progress. 
Smoothed finite element approach for 
kinematic limit analysis of cohesive frictional 
materials have been introduced. Collapse 
loads for rectangular foundations have been 
determined using a three-dimensional upper 
bound limit analysis together with a radial 
point interpolation method. A faster scheme 
to generate multimodal dispersion plots for 
Rayleigh wave propagation has been provided. 
Interpretation of bender element test results 
using sliding Fourier transform method has 
also been given.

Three dimensional (3D) image analysis of 
granular soils is carried out using CT scan, 
optical profilometry and fractal analysis. 
Interaction of these granular soils with 
geosynthetics are analysed through interface 
direct shear tests and the micro-topographical 
analysis of surface changes to geosynthetics 
due to indentations of sand grains are 
correlated to the sand particle morphology. 
This study brought out the importance 
of particle shape on the interface shear 
strength, which is required for the design 
of reinforced soil structures. Feasibility of 
using manufactured sand as landfill cover is 
investigated through interface shear tests on 
sand-GCL (geosynthetic clay liner) interfaces. 
A new cyclic triaxial test is developed, 
which can imitate the vertical stress path of 
propagating shear wave in field.

The water-filled capillary network and air-filled 
channels are conduits during different stages 
of moisture loss. It is important to identify 
zones of dominant moisture transport and 
to select appropriate tortuosity equations for 
correct prediction of moisture flux. Generalised 
equations are proposed to predict tortuosity 
factor in zones of dominant capillary liquid 

flow and vapour transport over a wide range 
of relative humidity. The GAB (Guggenheim - 
Anderson - de Boer) equation is explored for 
the first time to describe the relation between 
equilibrium soil water content and water activity 
of structured soils along the drying path. The 
equation is chosen as it has the advantage of 
a theoretical basis and can describe sorption 
behaviour of soils over a wide range of water 
activities.

Understanding the effect of small amounts of 
cohesion on the mechanical response of granular 
ensembles employing image-based measurement 
techniques such as X-ray computed tomography, 
in addition to ensemble level elemental tests 
in mapping the response of cohesive granular 
materials at multiple length scales. Studies 
have been undertaken so as to propose various 
techniques for quantification of the structure 
of the granular packing, void distribution and 
cohesion distribution. These studies have 
focused on specific problems such as cutting, 
machining, drilling in a range of heterogeneous 
solids. Using the framework of cutting we 
specifically study the initiation, formation and 
propagation of shear bands. These experiments 
have a strong theoretical mechanics underpinning 
and the experimental data is analysed in the 
framework of the mathematical theory of 
plasticity. Experiments provide a basis for the 
formulation of constitutive models for granular 
materials. 

Macro and meso-mechanics based modelling 
of plain and reinforced concrete have been 
developed. Macro modelling of plain and 
reinforced concrete involved numerical simulation 
of plain concrete under proportional and non-
proportional monotonic loads to failure. The 
response of reinforced concrete elements under 
uniform stress and gradient stress fields, under 
both in-plane and out of plane loading, has been 
studied. The studies showed good agreement 
between the load deformation responses reported 
in the experiments and the model simulations. 
Meso-mechanics modelling of concrete involves 
looking at concrete at aggregate scale together 
with the matrix and the transition zone. Response 
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of plain concrete under multi-axial stress fields 
at meso-scale has been investigated to realize 
the asymmetry inherent at this scale due to 
the randomness of aggregate distribution. The 
studies showed good agreement between the 
load deformation responses reported in the 
experiments and the model simulations. 
Development of a general adaptive remeshing 
for simulation on polycrystalline aggregate 
cutting, development of a framework for 
large deformation FE of adhesive contacts, 
boundary element analysis of contact 
mechanics in cellular solids and extreme 
deformation in narrow-angle wedges are 
some of the other studies that have been 
undertaken.

Derivation of an error estimator for 
nonlinear dynamical systems, and its usage 
in developing an algorithm for efficient 
uncertainty quantification has been the 
thrust of one study. Development of new 
method for uncertainty quantification using 
domain decomposition, and parallelization 
has been the focus of another investigation. 
Development of nonlocal theories for 
analysing nanocomposites has been another 
investigative foray. Collaboration with 
biologists to study mechanics of spider webs 
is presently evolving.

Acoustic emission characteristics of steel fibre 
reinforced concrete and 2D lattice modelling 
of fracture process in concrete in Mode-I 
Crack classification in concrete structures 
using probabilistic approach are other related 
investigations underway.

Micromechanics based characterisation of 
cementitious materials to capture the effect 
of cracking at the interfacial transition zone 
between aggregates and cement mortar on 
the tensile strength of concrete is studied. 
Large sized concrete specimens are tested 
under uniaxial tensile loading and the evolution 
of damage is studied through the use of 
acoustic emission and digital imaging. Fatigue 
behaviour of concrete using wedge splitting 
compact tension specimens for testing and 

analyses under monotonically increasing 
displacements to characterise the tensile 
strength of concrete have been carried out to 
develop failure criterion of concrete for use in 
finite element based numerical models.
Study of problems related to incentivizing 
users in traffic networks to get to social 
optimum states, ride sharing problems, bike 
redistribution systems, understanding driving 
behaviour using inverse reinforcement learning, 
headway management in transit networks, 
and reliable routing in transit systems have 
been undertaken. Understanding of crowd 
dynamics and risk in mass religious gatherings, 
Evaluating urban transport in terms of 
liveability, and macroscopic traffic flow model 
of HD traffic are some of the other related 
studies that have evolved.

Analysis of the potential use of L-band radar 
(ALOS-2) data for the estimation of soil 
moisture over tropical agricultural areas under 
dense vegetation cover conditions using 
the instrumented Berambadi watershed of 
the Kabini Critical Zone Observatory (CZO) 
maintained by IISc have been undertaken. 
The radar signals were simulated using 
five different radar backscattering models 
over bare soil, and over areas with various 
types of crop cover (turmeric, marigold, and 
sorghum). A study was performed to evaluate 
the ability of Sentinel-2 time-series data to 
enable classification of soil texture, in terms 
of accuracy and uncertainty estimation and 
the approach was applied on the Berambadi 
watershed of the Kabini CZO. A conceptually 
superior variant of Shepard’s method with 
modified neighbourhood selection for 
precipitation interpolation was developed and 
its performance was studied using a 5 km 
gridded precipitation product over Kabini river 
basin.

High-resolution remote sensing, ecohydrology 
and coupled carbon and water cycles in 
terrestrial ecosystems incorporating both data-
driven and physically process based modelling 
approaches have been developed. Current 
research contribution includes  



(i) exploring the potential of high spatial and 
spectral resolution remote sensing for better 
characterizing the soil composition and canopy 
structure of terrestrial ecosystems and (ii) 
assimilating high resolution remotely sensed 
observations in inversion frameworks with 
process based models for better understanding 
the dynamics of coupled water and carbon 
cycles in terrestrial ecosystems under various 
environmental stresses.

A new regionalization approach is developed 
in fuzzy framework to delineate homogeneous 
evapotranspiration (ET) regions. It yielded 
18 regions over India, which are found to 
be statistically more homogeneous in ET 
than the existing agro-ecological zones. The 
regions are useful for different applications 
in hydro-meteorology. Besides this, fuzzy 
entropy-based methodology is developed for 
optimal design and performance assessment 
of hydrometric monitoring networks which 
provide information essential for hydrological 
studies. Its potential over conventional entropy-
based methodologies is demonstrated through 
performance investigation on Mahanadi river 
basin of India, which is frequently prone to 
floods.

Development of a framework for streamflow 
simulation incorporating spatial correlation 
and time irreversible dynamics has been 
completed. This framework may be used 
for multisite streamflow generation keeping 
the physical features of flow hydrograph. 
An understanding of temporal distribution, 
frequency and magnitude of rainfall over 

India using information theory is provided. It is 
observed that uniformity of rainfall distribution 
shows a significant spatial variability and 
changes are observed in the amount and timing 
of rainfall across India. A methodology to 
investigate the association of extreme rainfall 
events with physical drivers and to model 
their dependence structure is developed and 
applied to the Mahanadi river basin in India. This 
methodology can capture the non-stationarity in 
variables: ENSO index, global temperature and 
local temperature and facilitate modelling their 
dependence structure with extreme rainfall. 
Simultaneous retrieval of global scale 
Vegetation Optical Depth (VOD), surface 
roughness, and soil moisture using X-band 
AMSR-E observations: SPRA method is 
proposed to obtain SM, VOD and surface 
roughness from AMSR-E X-band TB.

Global surface roughness map developed 
shows dependencies with vegetation and 
topography. SPRA soil moisture indicated 
better consistency with precipitation over India. 
Partial informational correlation-based band 
selection for hyperspectral image classification 
Hyperspectral (HS) data are enriched with highly 
resourceful abundant spectral bands. However, 
analysing and interpreting these ample amounts 
of data is a challenging task. Optimal spectral 
bands should be chosen to address the issue 
of redundancy and to capitalize on the absolute 
advantages of HS data. Partial Informational 
Correlation (PIC) based band selection approach 
is proposed for feature selection-based 
classification of HS images. 
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Centre for Product Design and Manufacturing 
(CPDM) is among the most research and 
technology intensive design and manufacturing 
schools in India, steeped in the ambience of Indian 
Institute of Science (IISc). CPDM is the design and 
manufacturing face of IISc. 

C U R R E N T  R E S E A R C H
Product Development Process, Informatics, Innovation: Measures have been developed for 
novelty and usefulness that can be used to assess creativity of design outcomes during the 
design process, which was hitherto impossible. To assist designers in problem-solving, a web-
based tool called Idea-Inspire 4.0 is developed to support analogical design. A representation 
has been developed that combines instances of SAPPhIRE model for representing complex 
systems and provide a more comprehensive explanation of a complex system than currently 
possible, with which analogues are presented in order to maximise their utility in inspiring ideation. 
Computation of Minkowski sum has diverse applications but its exact computation is complex; 
using novel slice-representation, a space partitioning scheme for polyhedrons, both exact convex 
decomposition and computation of non-regularized Boolean of thousands of components robustly 
and efficiently, has been achieved. A marching sphere algorithm is developed to compare data sets 
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measured off two configurations of a surface 
where the surface is highly deformable.

Human Factors:  Natural behaviour simulation 
using digital human models through balanced 
postures, autonomous bracing for performance 
enhancement without over-stressing itself 
has been achieved. Development of PURAK, 
affordable, functional, trans-radial prosthetic 
device, funded by the Wellcome Trust UK, is 
completed with conduction of pan-India user 
trials, leading to a startup. A realistic Virtual 
Road Environment generation for Driving 
response/behaviour simulation study with 
India-specific landmarks, unique buildings and 
trees, unique nature of traffic components etc. 
has been developed for a specific stretch of 
Indian road to study driver’s on-road visibility 

and response while driving in the simulated 
environment using 6 DOF driving simulator. 
Current tools for this provide only partial 
solutions; to overcome this, a tool has been 
developed for real time eye-ball detection 
along with eye landmarks in different eye 
configurations and reported. An IMU-based 
sensor performance analysis for segmental 
movement analysis of humans has been 
carried out. An eye gaze-controlled heads 
up display for cars has been invented. A 
multimodal collaborative robot for assistive 
tasks for spastic children and young adults as 
well for smart manufacturing tasks.

Materials and Manufacturing: A novel 
approach for tracking body segments of 
workers in real-time and for analysing the 

Product Development Process, Informatics, 
Innovation, Entrepreneurship, Creativity, 
Biomimetics, KBS, PLM, Human Factors, Digital 
Anthropometry and Modelling, HMI, OHAS, 
Technology Integration, Medical Devices, AR/
VR/Haptics, Clinical Engineering Research, 
CAD/CAE/BIM, Sustainability, Green Buildings, 
Sustainable Materials, Design for BoP, Materials 
and Manufacturing, Computational Metrology, 
Metal Foams, Bio-composites, Smart Factory, 
Additive Manufacturing, Robotics, Controls and 
Autonomous Systems. 

C O R E  R E S E A R C H



tracked data to identify distinct events in 
an assembly process has been developed; 
this paves way for automated, real-time 
assessment of assembly difficulty and its 
sources. To support reuse of legacy knowledge 
in appropriate manufacturing scenarios, 
automated identification of the context of 
diagnostic knowledge from documents is 
needed; a method for understanding the context 
of issues in documents is proposed. A national 
Common Engineering Facility Centre (CEFC) 
for smart factory research platform has been 
inaugurated as a testbed for manufacturing 
research. Work is initiated on integrating a 
four-axis robotic arm and vision system for 
supporting vision-based detection and sorting 
of objects and planning robot paths. Work is 
ongoing for improving quality and durability of 
wood using non-destructive testing, synthesis, 
and characterisation of nanocellulose reinforced 
biodegradable composites.

Sustainability: An uncertainty category called 
‘solution-variant definition’ has been proposed 

to assess the uncertainty involved in assessing 
environmental impacts of design concepts, 
thereby allowing design for sustainability to be 
applied earlier in product development, with 
profound impact on the product with respect to 
its environmental-benignity. A web-based tool 
called InDeaTe for knowledge-driven, sustainable 
design process support is developed for 
improving sustainability considerations in 
design. The tool has been tested in six case 
studies in India and the USA, with significant 
improvements in design of sustainable systems. 

Technology Integration: Work has been 
initiated in developing a next generation tele-
ultrasound system for foetal phonocardiography. 
Development of functional Mark-1 functional 
prototype of an indigenous insulin pump has 
been completed. Based on image processing, 
process for real time lane detection for driver 
assistance are being developed for different 
environmental and road condition. A technology 
business incubator in area of geriatric care and 
MedTech has been initiated. 
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The Centre for Sustainable Technologies 
established in 1974 as ASTRA (Application of 
Science and Technology for Rural Areas), pursues 
cross-cutting collaborative research in areas of 
sustainable energy, buildings and environment. 
Current research addresses a host of global 
concerns while focusing on decentralised S&T 
based interventions: efficient use of primary 
resources, development of low energy buildings, 
building integrated photovoltaics, waste & 
sanitation, clean & renewable energy, waste 
management including sanitary land filling, waste 
to energy, waste recycling & waste disposal, 
bio-mass for energy, plasma technology, Grey 

FACT FILE
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Bioenergy and biomass: Anaerobic digestion of 
biomass for energy and treatment of wastewater, 
including biofilms to treat xenobiotic dosed 
greywater. The major focus on the thermo-
chemical conversion of biomass is towards 
generating PEM quality hydrogen- 99.999 % 
purity for transport sector. Establishing renewable 
energy fuel for Solid Oxide fuel cell (SOFC), 
biomass to liquid fuel generation through 
thermochemical and biochemical route.

Fuel efficient devices: Development of a stove-
mould assembly for rapid self-construction of 
fuel-efficient domestic cooking and bath stoves, 
jaggery furnaces and driers with high operating 
efficiency and lower cooking time in comparison 
other technologies. 

Climate responsive architecture: Building 
and architectural sciences dealing with 
climate-responsive performance of buildings, 
experimental investigation into the thermal 
resilience of vernacular and conventional 
building materials in response to climate 
change. Integrability investigations into the BIPV 
performance comprising building thermal comfort 
and PV performance in tropical regions.

Sustainability & design: Design for the BoP, 
adopting capability approach, in the development 
of a de-skilling mould for construction of 
firewood cookstoves. Sustainability science 
based on systems thinking to assess and 
forecast sustainability in design and technology, 
and the identification of suitable design based 
interventions

Landfill engineering: Model bioreactors and 
their performance is against available literature 
models. Design of landfill components such 
as liners, covers, leachate collectors and site 
location are studied using risk and reliability 
analysis principles.

Turbomachinery: Designing and building 
turbomachinery equipment covering both 
generation and utilization aspects of renewable 
energy including decentralised systems. Hydro 
turbomachinery and thermal turbomachinery 
(organic rankine cycles, high pressure ration 
steam, and super critical CO2) are included. 
Innovative machinery for pumped hydro energy 
storage.

Plasma Technology: Non-Thermal Plasma 
Cleaning, Enrichment and Reforming of 
Gaseous Hydrocarbons. Plasma activated 
water characterisation and its application 
for surface hygiene and food preservation. 
Plasma grey water treatment for recycling 
purposes. Decentralised wastewater treatment 
and recycling, modelling of plasma systems. 
Plasma activated water as anti-cancer 
treatment.

Building materials: Industrial waste blast 
furnace slag is being studied for its use 
as fine aggregate in mortar and concrete. 
The technology of low-C bricks using alkali 
activated binders and C&D wastes.

C U R R E N T  R E S E A R C H

water treatment and recycling, plasma hydrocarbon 
reforming, clean coal technologies, biomass to liquid 
fuels and fuel cell applications, bio-methanation, 
turbomachinery research for energy & water pumping.
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The primary goal of the Divecha Centre for Climate 
Change is to understand climate variability and 
climate change and its impact on the environment. 
The Centre is working with various departments 
to identify technologies to mitigate/reduce the 
severity of climate change. The Centre frequently 
undertakes outreach activities to create awareness 
among people and policy makers about climate 
change and its consequences especially on society.

C U R R E N T  R E S E A R C H
Divecha Centre Grant from the Grantham Foundation: Mainly, we are involved in various topics 
related to atmospheric science, Himalayan glaciers and basic and applied research in renewable 
energy. Experiments using high-altitude balloons have shown large amounts of black carbon 
aerosols at higher atmospheric levels. Model simulations have shown that while biomass burning 
and near-surface anthropogenic activities together with boundary layer dynamics can explain at 
least part of the lower layer, upper layer can be explained only by including emissions from high-
flying aircrafts. Our studies indicate that that once black carbon aerosols are emitted at higher 
atmospheric levels, they can be lofted further via absorption- warming-convection cycles, which 
could propel them even to the stratospheric heights. Once they reach stratospheric heights, 
chemical reactions occurring over their surfaces could have strong implications for the ozone 
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layer. The effect of atmospheric conditions 
like aerosols, temperature and water vapour 
on the power output has been studied using 
Concentrated Photo Voltaic (CPV) modules on 
a dual-axis sun tracker. We are also involved 
in research to fabricate thin film solar cells, 
which are semi-transparent following low cost 
processes. The envisaged application for these 
cells is for windows and skylights of buildings. 
We have studied various aspects of GHG 
inventory, mitigation and adaptation for India to 
meet the requirements of the Paris agreement. 
They have identified requirements for 
modelling and measurements at the national, 
state, industry and municipal levels as well as 
research and capacity building requirements 
for enabling India to meet these requirements.

DST Grant: Studies on glaciers have shown 
that though the rates of retreat of individual 
glaciers are uncertain, on the whole the 
Himalayan glaciers are losing mass at an 
increasing rate over the past few decades. 

With the changing climate, glaciers would 
continue to shrink and the rates of retreat 
may increase even further. This can lead 
to the formation of glacial lakes, which, 
with continued accumulation of glacier 
melt could burst leading to catastrophic 
impacts on human life, settlement and 
infrastructure downstream. By using glacier 
surface velocity, estimated using high spatial 
resolution satellite data and slope, we have 
calculated ice thickness, by applying a basic 
parallel flow model, subsequently outlining 
the bed topography and located potential lake 
sites in over-deepening in the bedrocks. We 
have also developed a model to predict the 
future expansion of lakes. The slide shows 
how the measurements go in line with the 
model projection.

The model predictions have been validated 
using field investigations. A proposal to 
avoid flash flood has been accepted by the 
government of Sikkim, a north eastern state 
in India.

Glaciers, Renewable Energy, Aerosols and their 
impacts on climate, Atmospheric boundary layer, 
Cloud Physics, Geophysical fluid dynamics, 
Monsoon variability and predictability, Numerical 
simulation of the Atmosphere-Ocean- Climate 
system, Paleoclimate studies, Physical-Chemical- 
Biological oceanography, Satellite meteorology, 
Space-time structure and scaling in geophysical 
data, Tropical convection. 

C O R E  R E S E A R C H



ASSOCIATE FACULTY
S K SATHEESH | PhD (Kerala), FASc, FNASc, FNA, FTWAS, FAGU, FRMetS, Chairman & Professor
J SRINIVASAN | PhD (Stanford), FASc, FNAE, FNA, Distinguished Scientist
K KRISHNAMOORTHY |PhD (Kerala), FASc, FNASc, FNA, Distinguished Scientist 
ANIL V KULKARNI | PhD (Kolhapur), Distinguished Scientist
H PARAMESH | MD, FAAP (USA), FIAP, FIAMS, FIAA, FICAAI,FPAI, Visiting Professor
TS GOPI RETHINARAJ | PhD(USA), VisiSting Professor
VIRAJ KUMAR | PhD (Illinois), Visiting Professor
G BALA | PhD (McGill), Professor
G S BHAT | PhD (IISc), FASc, Professor
ARINDAM CHAKRABORTY | PhD (IISc), Associate Professor
PROSENJIT GHOSH | PhD, CEaS, Professor
RAVI S NANJUNDIAH | PhD (IISc), Professor
DEBASIS SENGUPTA | PhD (Bombay), Professor
RAMAN SUKUMAR | PhD (IISc), Professor
D NAGESH KUMAR | PhD (IISc), Professor
PN VINAYACHANDRAN | PhD (IISc), FASc, FNA, Professor
VENUGOPAL VURPUTUR | PhD (Minnesota), Professor
JAI SUKHATME | PhD (Uni. of Chicago), Assistant Professor
ASHWIN K SESHADRI | PhD (CMU), Assistant Professor
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Established in 1945 as Department of Metallurgy 
and re-named in 2006, the Department of Materials 
Engineering has a rich history of accomplishments, 
with active groups pursuing research into materials 
phenomena spanning multiple length and time 
scales. With nearly 200 research papers published 
each year, and with academic programmes leading 
to bachelors, masters and doctoral degrees, it 
is recognized as a leading academic centre in 
materials education and research.

FACT FILE
Established: 1945
Phone: +91-80-2293 2259
Fax: +91-80-2360 0472
Email: office.mte@iisc.ac.in 
URL: http://materials.iisc.ac.in/
Degree Programs offered: PhD, MTech (Research), 
MTech., MS and BS (Research)

IN NUMBERS
19 Faculty members
4 Scientific Staff
107 PhD Students
28 MTech Students
212 Publications
26 PhD Conferments

3.5.9
C H A I R P E R S O N
TA ABINANDANAN

Materials  
Engineering

C U R R E N T  R E S E A R C H
Some of the important research activities are highlighted below.

Ceramic actuator materials: The department has an active research group in electroactive 
ceramics. The group led by Professor Rajeev Ranjan has made notable contributions in the field 
of piezoelectric materials. In the recent past, there has been a concerted international effort for 
developing lead-free piezoceramics which can be viable alternative to the Pb-based PZT. The 
group at IISc has made important fundamental contributions towards understanding the structure-



property correlations in Na0.5Bi0.5TiO3 – based 
lead-free piezoceramics. Very recently the group 
has shown that the lead-free piezoelectric solid 
solution series Na0.5Bi0.5TiO3-BaTiO3 stands out 
in two important respects: (i) low piezoelectric 
coefficients (~200 pC/N) and (ii) anomalous 
decrease in the depolarization temperature at 
the MPB, the reason for which has eluded the 
community. The group has shown that both the 
features are interrelated, and is caused by an 
increasing intervention of a non-ferroelectric 
structural distortion which compromises the 
gains the system acquires at the MPB via the 
inter-ferroelectric instability. The propensity 
of the intervening non-ferroelectric distortion, 
identified as in-phase octahedral tilt, grows 
considerably as the MPB is approached 
causing considerable structural-polar disorder, 
weakening the overall strength of ferroelectric 
interaction. 

Printed electronics: Led by Professor Subho 
Dasgupta, a major initiative has been launched in 
the area of printed electronics and nanoionics. In 
a major breakthrough, the group has fabricated a 
fully printable organic-inorganic semiconductor 
material. The ultra-flexible TFTs fabricated with 
such materials show linear mobility in excess 
of 70 cm2/Vs, at the same time no performance 
degradation for a bending fatigue test with 
bending radius of 1.5 mm. The group has also 
developed a printable silver ink that essentially 
have infinite shelf life and is curable at as 
low temperature as 80°C. The laboratory has 
developed methods for printing co-continuous, 
mesoporous structures with pore size tunability, 
as well as low temperature processed (~100°C) 
FETs compatible to inexpensive polymer, paper 
substrates. 

Organic electronics: Professor Praveen C 
Ramamurthy is leading an ongoing research 
programme in the field of organic electronics. 
Over the years, the group has successfully 
engineered molecules with the view to tune 
their bandgap and thereby their optical and 
electronic properties. The group employs this 
strategy in innovative manner to design new 

electro active molecules and develop sensors to 
detect various challenging toxic metal ions like 
lead, mercury, arsenic in addition to most toxic 
and hugely challenging nitrate and nitrite ions. 
The group has also fabricated biosensors for 
detection E. Coli and malonaldehyde. 

Biomaterials: In the field of biomaterials, 
new alloys of beta-Ti with low modulus 
and high strength have been developed for 
orthopedic applications by joint efforts of 
Professor Satyam Suwas and Professor 
Kaushik Chatterjee. Severe plastic deformation 
of the surface of these alloys was shown to 
enhance the bioactivity of the alloys. Professor 
Chatterjee’s group has prepared fibrous 
polymeric scaffolds for bone tissue engineering 
and enhanced bioactivity using ceramic 
nanoparticles. In another study, cardiomyocytes 
on aligned microgrooves have been shown 
to get organised in a manner similar to the 
heart tissue; such systems could serve as 
a promising platform for studying cardiac 
hypertrophy. 

Diffusion processes in alloys: The group 
led by Professor Aloke Paul has come up 
with a new experimental method for studying 
understanding the complex diffusion processes 
in multicomponent metallic alloy systems. 
This, in conjunction with the advances 
made in the mathematical analysis of such 
systems by the same group, removes the 
stringent obstacles which have hindered our 
understanding multicomponent diffusion for 
over nine decades. The group has successfully 
demonstrated the efficacy of their new strategy 
in various multicomponent systems such as 
Nickel and Cobalt-based superalloys, complex 
concentrated (high entropy) alloys and high-
temperature coatings generally used in jet 
engines and power sectors.

Fracture phenomenon in thin metallic films/
foils: Professor Praveen Kumar is leading a 
research programme in the department which 
emphasizes on understanding the highly 
complex fracture phenomenon in thin metallic 
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films under multiple stimuli like temperature, 
stress, electric and magnetic fields. The 
group has demonstrated the occurrence of 
a synergistic effect during fracture in thin 
metallic foils due to a combined application 
of an electric current and mechanical stress. 
In a related study, they have demonstrated 
a coupling between electromigration and 
thermomigration in thin films leads to an 
enhanced mass transport at the cathode 
and anomalous backward mass transport 
at the cathode. Further, whisker growth in 
Sn coatings has been studied extensively 
to elucidate the role of factors such as 
electric current, grain orientation, and thermal 
stresses. 

Metallurgical phenomena/processes: The 
department has diverse research groups 
working on different aspects of metallurgical 
alloy systems-alloy design, microstructural 
control via processing, modelling, etc. There 
is an ongoing research activity towards the 
development of high-temperature cobalt 
based high strength new class of superalloys. 
A patent has been filed for a new high-
temperature high strength copper alloy. Using 
the aluminium-magnesium alloy system as 
a model, the group led by Professor Satyam 
Suwas has successfully elucidated the role 
of stacking fault energy in grain refinement 
and texture evolution during severe plastic 
deformation. As a more recent development, 
Professor Satyam Suwas has successfully 
established the pathways of processing of 
high temperature titanium aluminides for gas 
turbine applications, to enable them for service 
in high pressure turbines.

A joint effort by Prof Praveen Kumar and 
Professor Vikram Jayaram has led to 
the development of a small-scale testing 
method to study creep of high temperature 
components using cantilevers extracted from 
boilers or rotors in service. The research team 
has shown that data from such tests are 
consistent with the more traditional, larger-
sample uniaxial creep measurements and 

in the process demonstrated that the creep 
rates of boiler steels that have seen 25 years 
services is increased by a factor of 6 – 8. 
Further, by using additively extended beams, an 
alternate method for minimising the size of the 
extracted coupon has been established. 
Professor Abhik Narayan Choudhury is leading 
the simulation and modelling studies of 
metallurgical systems in the department. Using 
phase field modelling, his group has predicted 
equilibrium shapes of precipitates under the 
combined influence of coherency stresses 
(including anisotropy both in the elastic and the 
interfacial energy). Efforts are on to simulate 
electromigration in mutiphase alloy systems. 
The group has developed in-house a Bridgman 
set-up for studying directional solidification of 
a variety of alloys.
 
Dr P Padaikathan has made efforts are made 
in the direction of designing and developing 
high temperature Al-alloys. The main aim is 
to develop next generation aluminium based 
alloys for high temperature applications. The 
addition of alloying elements Fe–Ni–Co–Sc–
Zr aimed at bare minimum of 0.20-0.50at% 
and striving to equate the specific modulus 
of steel by forming the nano-sized second 
phase particles in the matrix. The fundamental 
strategy behind this processing approach is 
to combine the reinforcement of nano-sized 
dispersed particles during solidification, core 
shell formation and precipitation of coherent 
phase during ageing treatment. The primary 
advantages shall be the possibility of achieving 
uniform distribution of particles with varied 
shapes of intermetallic compounds with 
minimal segregation simultaneously. In order 
to achieve high temperature stability, the novel 
microstructural design has been envisioned. 
The emerging microstructures and misfit-less 
crystallographic morphologies are correlated 
and characterised using transmission electron 
microscopy.



Faculty & Staff
TA ABINANDANAN | PhD (Carnegie Mellon), Professor
GS AVADHANI | PhD (IISc), Chief Research Scientist
SURYASARATHI BOSE | PhD (IIT Bombay), Associate Professor
KAUSHIK CHATTERJEE | PhD (Penn State), Associate Professor
ATUL H CHOKSHI | PhD (USC), Professor
ABHIK N CHOUDHURY | PhD (Karlsruhe), Associate Professor
SUBHO DASGUPTA | PhD (TUD, Germany), Assistant Professor
RJ DESHPANDE | MSc (Engg) (IISc), Senior Scientific Officer
GOVIND S GUPTA | PhD (Wollongong), Professor
VIKRAM JAYARAM | PhD (Stanford), Professor
S KARTHIKEYAN | PhD (Ohio State), Associate Professor
PRAVEEN KUMAR | PhD (USC), Associate Professor
SUBODH KUMAR | PhD (London), Professor
P PADAIKATHAN | PhD (IISc), Senior Scientific Officer
ALOKE PAUL | PhD (Eindhoven), Professor
ASHOK M RAICHUR | PhD (Nevada), Professor
PRAVEEN C RAMAMURTHY | PhD (Clemson), Professor
RAJEEV RANJAN | PhD (BHU), Professor
R RAVI | PhD (IISc), Chief Research Scientist
CHANDAN SRIVASTAVA | PhD (Alabama), Associate Professor
SAI GAUTAM GOPALAKRISHNAN | PhD (MIT), Assistant Professor
SATYAM SUWAS | PhD (IIT Kanpur), Professor
SURENDRA KUMAR MAKINENI| PhD (IISc Bangalore), Assistant Professor

HONORARY AND EMERITUS PROFESSORS
DIPANKAR BANERJEE | PhD (IISc), Honorary Professor
KAMANIO CHATTOPADHYAY | PhD (BHU), Honorary Professor
KT JACOB | PhD (London), DSc (Engg) (London), Emeritus Professor
KISHORE | PhD (IISc), Emeritus Professor
KA NATARAJAN | PhD (Minnesota), DSc (IISc), Emeritus Professor
S RANGANATHAN | PhD (Cambridge), Emeritus Professor
S SUBRAMANIAN | PhD (Mysore), Emeritus Professor
MK SURAPPA | PhD (IISc), Honorary Professor
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Polymers and nanocomposites; Biomaterials; 
Structural metals, Alloys, Superalloys; iron 
making, high temperature deformation; Materials 
processing and Advanced characterisation; 
Printed and flexible electronics; High temperature 
coatings; Electronic and structural ceramics; 
Electronic packaging materials; Energy materials; 
Sensors; Computational Modelling.

C O R E  R E S E A R C H



Mechanical Engineering activities at the Indian Institute 
of Science commenced with the establishment of the 
Department of Internal Combustion (IC) Engineering in 
1945. The Mechanical Engineering section of the Power 
Engineering Department was established in 1951, and later 
became a full-fledged Mechanical Engineering department 
(ME). The IC Engineering Department merged with the ME 
Department to give it its present form in 1970. Research 
interests in the department have evolved to span a broad 
range of areas, from the traditional to emerging fields to 
achieve a unique balance that strives to extend the research 
frontiers with applications in related industries. As a result, 
students are exposed to international standards and current 
research methodologies to problems of relevance. The 
department offers Master of Engineering (ME/MTech), 
Master of Science in Engineering (MSc/MTech (Res)) and 
Doctor of Philosophy (PhD) degrees.

FACT FILE
Established: 1945
Phone: +91-80-2293 2332/2512
Fax: +91-80-2360 0648
Email: office.me@iisc.ac.in
URL: https://mecheng.iisc.ac.in/
Degree Programs offered: PhD,  
MTech (Res) and MTech

IN NUMBERS
26 Faculty Members
4 Scientific Staff
128 PhD Students
14 MTech (Res)
36 MTech
94 Publications

3 MSc (Engg)
12 MTech Conferments
11 PhD Conferments

3.5.10
C H A I R P E R S O N
GK ANANTHASURESH 

Mechanical  
Engineering
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C U R R E N T  R E S E A R C H

Biomechanics: Nonlinear mechanics of soft 
biological tissues and elastomers; protein 
rubbers; mechanical characterisation of 
biological cells; mechanobiology and bio-
micromanipulation; bio reactors and cell 
culture in scaffolds and computational 
design of proteins; biomaterials research and 
biomimetics; tissue engineering.

Combustion & Spray Research: Multi- 
dimensional modelling of processes 
involving two- phase flow, turbulence and 
combustion chemistry; application of laser-
based diagnostic techniques in combustion 
and multiphase flow research; fuel spray 
characterisation using shadowgraphy and 
Core Research interferometric Mie imaging 
techniques; trapped- vortex based combustor 
research, Laser-Induced Incandescence (LII) 
imaging for soot formation studies.

Fluid Mechanics: Stability of unsteady 
boundary layers; unsteady boundary layer 
separation; transition and turbulence; 
turbulence modelling; fish- like propulsion; 
shear flow control, stall flutter; shock boundary 
layer interaction; drag reduction using micro-
bubbles; two-phase electro-hydrodynamics; 
atomization of liquid jets.

Fracture Mechanics And Tribology: 
Fretting friction mechanics; impact fracture 
and biomechanics, internal combustion 
engines and technical acoustics, mechanical 
systems and design, MEMS, semi-solid 
forming, solid mechanics, thermal sciences 
& fluid mechanics, fracture mechanics and 
tribology fragmentation dynamic, mixed 
mode, indentation; thin film; tribology; contact 
mechanics of impact and indentation; 
nanotribology of boundary lubrication; metal 
cutting, metal working; scanning probe 
microscopy; fracture of single crystals, 
polycrystalline alloys and amorphous metals, 
computational fracture mechanics; nano 
composite coatings and mechanics at small 
scales; effect of roughness and surface 

asperities on the solid-liquid interface, eco-
friendly, cutting oil studies.
 
 Mechanical Systems and Design: 
Structural and dimensional synthesis of 
kinematic and compliant mechanisms; 
theoretical kinematics; multi-disciplinary 
design optimisation; dynamics and control 
of robot and multi-body mechanical systems; 
computer-controlled mechanical systems; 
bio- medical devices; constructing 3D models 
from sketches, assembly sequence planning 
and evaluation, tools for early stages in 
design, nonlinear dynamics, vibrations, 
structural shape and topology optimisation, 
kinematic assembly modelling, geometric and 
topological modelling.

Advanced Manufacturing and Metal 
Casting: Friction stir welding and friction stir 
processing; semisolid forming; die casting 
and squeeze casting; mould design and metal 
flow analysis by CFD; computer aided design 
of nearnet shaped castings; meso-scale 
manufacturing with metals.

Microsystems: Modelling, design, and micro-
fabrication of Micro-Electro-Mechanical 
Systems (MEMS); energetics of micro and 
nano devices; nano-mechanics; acoustic 
sensors, rate gyroscopes, accelerometers, 
ultrasound sensors, and polymer pumps; 
development of analysis tools for coupled 
multi-physics problems; optimal synthesis 
methods for MEMS; micromanipulation; 
in-situ TEM nanoindentation, deformation 
mechanisms of materials.

Thermal Sciences: Turbulent Rayleigh- 
Benard convection; double-diffusive 
convection, mixed convection, heat pipes, heat 
exchanges, thermal management of electronic 
systems; heat and mass transfer in buildings 
natural ventilation, spent nuclear fuel cases, 
heat and mass transfer in food products; two 
phase flows and heat transfer, heat transfer 
in renewable energy systems; solar thermal 
systems, numerical heat transfer; refrigeration 
and air-conditioning; automotive climate 



FACULTY & STAFF
ANANTHASURESH G K | PhD (Michigan), Professor 
ALOKE KUMAR | PhD (Purdue), Assistant Professor
ASHITAVA GHOSAL| PhD (Stanford), Professor
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GAURAV TOMAR | PhD (IIT Kanpur), Associate Professor
JAYWANT ARAKERI | PhD (Caltech), Professor
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M S BOBJI | PhD (IISc), Professor
NAMRATA GUNDIAH | PhD (California), Associate Professor
NARASIMHAM GSVL | PhD (IISc), Chief Research Scientist
NARASIMHAN R | PhD (Caltech), Professor
NAVANEETHA K RAVICHANDRAN (Caltech), Assistant Professor
PRADIP DUTTA | PhD (Columbia), Professor
PRAMOD KUMAR | PhD (IISc), Associate Professor
RAGHURAMAN N GOVARDHAN | PhD (Cornell), Professor
RAMSHARAN RANGARAJAN | PhD (Stanford), Assistant Professor
RATNESH SHUKLA | PhD (California), Associate Professor
RAVIKRISHNA R V | PhD (Purdue), Professor
SAPTARSHI BASU | PhD (Connecticut), Associate Professor
SATISH V KAILAS | PhD (IISc), Professor
VENKATA SONTI |PhD (Purdue), Professor
SUSMITA DASH | PhD (Purdue), Assistant Professor
KOUSHIK VISWANTHAN| PhD (Purdue), Assistant Professor
HIMABINDU M | PhD (Anna), Senior Scientific Officer 
R T NAIK | PhD (IIT Delhi), Scientific Officer
C DHARUMAN | MSc (Engg) (IISc), Senior Scientific Officer
VENKATARAMAN M K | MSc (Engg) (IISc), Scientific Officer

systems, adsorption coolers and gas storage; 
mathematical modelling and simulation of 
thermal systems; thermal modelling and 
experimentation in solidification; fluid flow 
and heat transfer at micro/nano scales, 
encapsulated nanoparticles for thermal 
storage.

Internal Combustion Engines: Diesel Engines, 
Spark Ignition Engines with other small engine 
test beds, eddy-current dynamometers, 
exhaust gas analysers, crank angle encoder, 
manifold and in-cylinder pressure transducers, 
load panels, data acquisition system, Bio-fuels, 

Fuels transesterification, Engine Performance, 
Combustion diagnostics, Emission analysis, 
and other engines related experimental as well 
as computational research work.

Technical Acoustics: Automotive noise 
control; vibration diagnosis of rotating 
machinery; acoustics of ducts and 
mufflers; industrial noise control; acoustic 
characterisation of absorbing materials. sound 
from turbulent flows, asymptotics in structural 
acoustics, nonlinear structural acoustic 
interactions.
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ASSOCIATE FACULTY
GURUMOORTHY B| PhD (Carnegie Mellon), Professor
DIBAKAR SEN | PhD (IISc), Professor
G R JAYANTH | PhD, (The Ohio State University), Associate Professor



Division of 
Physical and 
Mathematical 
Sciences
I N  N U M B E R S
• 88 FACULTY MEMBERS 

• 231 PhD STUDENTS 

• 14 MASTER’S STUDENTS 

• 69 INT PhD STUDENTS

3.6



Research in the Division covers a wide variety of areas in the Physical Sciences, including 
fundamental investigations in String Theory, Particle Phenomenology, Field Theory, Condensed 
Matter Physics (both theoretical and experimental), Soft-Matter and Complex Systems, Biology-
Inspired Physics, Biomolecular Structure and Biophysics, Atomic and Optical Physics, Astronomy 
and Astrophysics, and cutting-edge Applied Physics research including MEMS-based and 
Fibre-Optic Sensors, Multifunctional Materials such as graphene and carbon nanotubes, Super-
Resolution Fluorescence Microscopy, Nano-Scale Imaging, Optics and Microfluidics, Energy and 
Health Monitoring Instrumentation, and Cryogenic Technologies (including Cryocoolers, Cryogenic 
Instrumentation, and Cryogenic treatment on materials). Research in Mathematics covers major 
areas, both pure and applied, including Probability, Partial Differential Equations, Analysis, Geometry, 
Topology, Algebra, Algebraic Geometry, and Analytic Number Theory. 

T H E M E S 
Given the diversity of this Division, there are a wide variety of research themes. These can be 
gleaned from the core research areas mentioned above. Many of these areas lie in the exact 
sciences, both theoretical and experimental. Along with these, there are growing interdisciplinary 
programmes, such as in Mathematical Biology and Nanoscience. Translational research is also 
being carried out and products based on innovative and cutting-edge technologies, are being 
brought into the market by faculty entrepreneurs in the division.

R E S E A R C H  H I G H L I G H T S 
The Division of Physical and Mathematical Sciences comprise the 
Departments of Instrumentation and Applied Physics, Mathematics, and 
Physics, including the Astronomy and Astrophysics Programme, and the 
Centres of High Energy Physics (CHEP) and Cryogenic Technology (CCT)

Faculty members in this Division have received several awards and 
honours for their research. Their research has been supported by grants 
from major agencies and ministries such as the Department of Science 
and Technology, The Council for Scientific and Industrial Research, the 
Department of Biotechnology, the Defence Research and Development 
Organisation, the Indian Space Research Organisation, and the University 
Grants Commission. A brief report of their research, over the past year, is 
given here.

D E P A R T M E N T S  |  C E N T R E S  |  U N I T S 
• CENTRE FOR CRYOGENIC TECHNOLOGY 

• CENTRE FOR HIGH ENERGY PHYSICS 

• INSTRUMENTATION AND APPLIED PHYSICS

• MATHEMATICS 

• PHYSICS
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Research Snapshots
2019-20

Baladitya Suri (IAP)

Atoms of elements available in nature like Sodium, emit and absorb visible light. The size of a single 
atom is typically 1000 times smaller than the wavelength of light that it emits or absorbs. This is the 
case whenever light interacts with an atom or a sub-atomic particle, even when the ‘light’ in question 
is X-rays or gamma-rays. What if the atom is 1000 times BIGGER than the wavelength of the ‘light’ it 
emits or absorbs? Our research experimentally realises such a scenario. By using a superconducting 
circuit that behaves as an ‘artificial atom’ and by probing it with ‘sound waves’ on the surface of a 
solid, we have, for the first time, realised a giant atom regime of light-matter interaction. In particular, 
we show that such a giant atom will reabsorb the light that it emitted after a finite time interval. 

Reference: 
Andersson, G., Suri, B., Guo, L. et al. Non-exponential decay of a giant artificial atom. Nat. Phys. 15, 
1123–1127 (2019). https://doi.org/10.1038/s41567-019-0605-6
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Prasad Hegde (CHEP)

Prasad Hegde (CHEP) along with collaborators provided the first-ever determination of the (2+1)- 
flavour QCD chiral transition temperature in the two- flavour massless limit. The determination 
was made by comparing lattice data to the O(4) universal equation of state (see 1st figure). This 
could be done since the transition in the two- flavour massless limit is believed to be a second 
order transition belonging to the O(4) universality class. By carrying out calculations at different 
volumes and lattice spacings, various systematic errors stemming from discretisation as well as 
from the finite volume of the simulated system was accounted for. The final result, obtained by 
combining several complementary analyses (see 2nd figure) was Tc = 132 +3 -6 MeV, in which the 
errors account for discretisation, finite volume as well the extrapolation to zero quark mass.

Reference: 
H.-T. Ding, P. Hegde, O. Kaczmarek, F. Karsch, Anirban Lahiri, S.-T. Li, Swagato Mukherjee, H. Ohno, 
P. Petreczky, C. Schmidt, and P. Steinbrecher (HotQCD Collaboration), Chiral Phase Transition 
Temperature in (2+1)- Flavour QCD, Phys. Rev. Lett. 123, 062002 – Published 8 August 2019. 
DOI:https://doi.org/10.1103/PhysRevLett.123.062002



Aninda Sinha (CHEP)

Quantum circuits, the building blocks of quantum computers, use quantum mechanical effects 
to perform tasks. They are much faster and more accurate than the classical circuits that are 
found in electronic devices today. In reality, however, no quantum circuit is completely error-free. 
Maximising the efficiency of a quantum circuit is of great interest to scientists from around the 
world. Researchers at the Indian Institute of Science (IISc) have now addressed this problem 
using a mathematical analogue. They devised an algorithm to explicitly count the number of 
computing resources necessary, and optimised it to obtain maximum efficiency. They were able to 
theoretically build the most efficient circuit and bring down the amount of resources needed by a 
huge factor. The researchers also suggest that this is the maximum possible efficiency achievable 
for a quantum circuit.

Reference: 
Arpan Bhattacharyya, Pratik Nandy, Aninda Sinha, Renormalized Circuit Complexity, Physical 
Review Letters, 124, 101602 (2020).
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.101602

The quantum circuit. Different layers correspond to different error tolerances, with the bottom layer 
having the smallest error tolerance (Credit: authors/Physical Review Letters).
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Subhojoy Gupta (Math)

A projective structure on a surface is a geometric structure modelled on the complex projective 
line, and defines a representation of the fundamental group.

In collaboration with TIFR, we recently developed a geometric understanding of projective 
structures on punctured surfaces arising from meromorphic quadratic differentials. For closed 
surfaces, the geometry was understood by Thurston’s result (1980s), and the monodromy 
representations were classified by Gallo-Kapovich-Marden (Ann. of Math. 2000). We 
extended Thurston’s description to the meromorphic case, and characterise the monodromy 
representations that arise.

Reference: 
[GM] Subhojoy Gupta and Mahan Mj, Monodromy representations of meromorphic projective 
structures, Proc. Amer. Math. Soc., 2020, Available at: https://doi.org/10.1090/proc/14866

Figure. A projective structure on a surface is an atlas of charts to the Riemann sphere such that the 
transition maps on the overlaps are restrictions of automorphisms of the Riemann sphere.



AK Sood (Physics)

Under constant stress, certain soft materials reorganise in a manner similar to how the Earth’s 
crust is restructured during earthquakes. Using an optical microscope and camera, researchers 
microscopically probed the internal dynamics of a soft material sheared by two steel plates. The 
internal reorganisation of the material generated burst-like patterns over time that resembled 
seismograph data generated by earthquakes. Further studies on such materials will eventually help 
identify microscopic precursors of earthquakes.

Reference: 
P. K. Bera, S. Majumdar, Ouillon, D. Sornette & A. K. Sood, “Quantitative earthquake-like statistical 
properties of the flow of soft materials below yield stress”, Nature Communications 11, 9 (2020)

Left: Measured angular speed of top plate versus time. Right: Burst-like events and internal 
reorganisations of soft material 
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Banibrata Mukhopadhyay (Physics)

We are in the gravitational wave (GW) astronomy era. We simulate magnetized rotating white 
dwarfs (B-WDs), shown in Figure 1 as isocontours of magnetic field strength (B) with radius 
(r), emitting GW, provided their magnetic and rotation axes are misaligned. These GWs can be 
detected by the upcoming detectors, e.g. LISA, BBO, DECIGO, ET, confirmed by the sensitivity 
curves shown in Figure 2. This will confirm directly super-Chandrasekhar B-WDs, proposed by 
the Mukhopadhyay-group earlier. 

Reference: 
Surajit Kalita & Banibrata Mukhopadhyay, “Continuous gravitational wave from magnetized 
white dwarfs and neutron stars: possible missions for LISA, DECIGO, BBO, ET detectors”, 
Monthly Notices of the Royal Astronomical Society 488, 4942-4951 (2019).



P K Maiti (Physics)

The DNA and RNA systems are the molecules of life. From electrical to mechanical properties 
of DNA/RNA, we have explored various fascinating aspects of nucleic acids in our works and 
revealed many interesting applications of nucleic acids such as using biomolecules in biosensors, 
molecular wires, and so on. We also present a computational framework to model DNA or RNA 
based nanotubes and study their mechanical and other thermodynamic properties.

Reference: 
S. Naskar Joshi H, Chakraborty B, Seeman NC, P. K. Maiti. “Atomic structures of RNA nanotubes 
and their comparison with DNA nanotubes.”, Nanoscale 11 (31), 14863-78 (2019).
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Jaydeep K. Basu (Physics)

Listeriolysin O (LLO), a pore-forming toxin expressed by Listeria monocytogenes, plays a 
critical role in assisting bacteria escape the phagocytic vacuole. To evolve a suitable defence 
mechanism against LLO-mediated infections, a microscopic understanding of the process 
of vacuole disruption and consequent immune evasion is needed. Using a combination 
of imaging and dye-leakage kinetics on giant unilamellar vesicles along with atomistic 
simulations, we illustrate the intimate coupling between membrane-bound LLO conformations, 
pore formation, and phospholipid reorganisation implicated in the leakage kinetics. 

Reference: 
I. P. Ilanila, Ramesh Cheerla, K. Ganapathy Ayappa, and Jaydeep K. Basu, “Correlated protein 
conformational states and membrane dynamics during attack by pore- forming toxins”, 
Proc. Nat. Acad. Sci. 116, 12839 (2019



S Ramaswamy (Physics)

Particle shape anisotropy enriches the Stokesian sedimentation even at the level of pair dynamics. 
Our experiments with pairs of settling disks display various classes of bound and scattering 
states. We theoretically understand these dynamics at leading far-field order, by constructing an 
effective Hamiltonian in this inertialess regime, with position and orientations acting as canonically 
conjugate variables. This results in a precise mapping of a class of trajectories to Kepler orbits, 
thanks to the 1/r of the viscous hydrodynamic kernel.

Reference: 
R Chajwa, N Menon, S Ramaswamy, Kepler Orbits in Pairs of Disks Settling in a Viscous Fluid, Phys. 
Rev. Lett. 122, 224501 (2019)



IISc Annual Report  |  253



Since inception, Centre for Cryogenic Technology has 
been extending its dedicated support to low temperature 
research activities in the Institute by uninterrupted 
supply of cryogens (LN2 and LHe). Over the years, the 
requirement of cryogens is gradually increasing. To 
meet this challenge, the Centre has been continuously 
upgrading its technical infrastructure to meet the 
increased demand.

C U R R E N T  R E S E A R C H

A project funded by LPSC, ISRO to calibrate TRLS (LOX and LH2) cryogenic level sensors 
for launch vehicle is continued. Two sets of level sensors (LOX and LH2) were successfully 
calibrated and handed over to support their launch activities.

The temperature sensor calibration facility continued to IPRC, Mahendragiri. In this period 32 
temperature sensors were successfully calibrated in the range of 300-4.2K and delivered for 
their activities.
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With the funding of SERB, a non-contact RRR 
measurement technique using planar inductor 
sensors was developed. This method was 
tested for different samples of Niobium having 
a wide range of RRR values.

Investigation on Temperature Dependent 
Inductance (TDI) of a Planar Multi-Layer 
Inductor (MLI) down to 4.2 K was successfully 
carried out.

A detailed investigation on the permittivity 
variation of polymers at temperatures down to 
4.2K and also change in the permittivity with 
respect to varying frequencies was studied in 
depth.

A GM cryocooler based experimental set up 
has been developed for the measurement of 
thermal conductivity of various materials in the 

range of 300K to 4.5K. Experimental studies 
have been conducted on select adhesives 
and activated carbons for the development 
of cryosorption pumps. A high performance 
cryosorption pump has been developed whose 
pumping speed is 3.6 times higher compared 
to an identical commercial cryopump for 
helium gas. 

A research project titled “Design and 
development of flexible transfer lines for 
liquid helium applications” funded by BRNS 
is under progress. Towards this, a stainless 
steel flexible transfer line (with and without 
super insulation) having 20.5mm ID and 3m 
length has been fabricated and experimental 
studies on pressure drop, cool-down and mass 
flow rates for liquid nitrogen at different inlet 
pressures have been conducted. Fabrication 
and testing of another flexible transfer line of 

The spectrum of cryogenic engineering has been 
widely spread in multiple research domains like 
space, atomic energy, tokomak applications, 
cryocooler technology etc. Keeping in pace with the 
global trends, the faculty, students and project staff 
have been actively involved in applied research 
areas like pulse tube cryocoolers, cryogenic 
systems and instrumentation, calibration of 
temperature and level sensors, thermal conductivity 
measurement facility down to 4.2K, cryogrinding, 
low temperature mechanical properties, etc.

C O R E  R E S E A R C H



32 mm ID and 5m in length has been carried 
out and experimental studies are in progress.
A project titled “Cryogenic deflashing of 
different types of rubber components” 
funded by M/s. Surface Improvements 
Pvt. Ltd., Bangalore has been taken up for 
deflashing of several rubber components 
using liquid nitrogen. Both high and low energy 
machines have been used for deflashing of 
several rubber components. The results are 
encouraging.

A project titled “Cryogenic grinding of flashes 
of different rubber components” funded by 

M/s C-DAT Pvt ltd, Bangalore has been taken up 
to grind flashes of different rubber components 
at cryogenic temperatures. Also, a continuous 
grinding and sieving system is to be developed to 
achieve the ground rubber powder less than 80 
mesh. 

Experiments were continued to determine the 
fatigue strength properties of Titanium both at 
room and cryogenic temperature with the help of 
the rotating beam fatigue testing machine. Test 
results clearly indicate enhancement in fatigue 
strength of Titanium at 77K as compared with 
room temperature.

FACULTY & STAFF
UPENDRA BEHERA | PhD (IISc), Principal Research Scientist
R KARUNANITHI | PhD (IISc), Associate Professor
D S NADIG | M Tech (IIT Kharagpur), Principal Research Scientist
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The Centre for High Energy Physics was carved from the 
erstwhile Centre for Theoretical Studies in 2004. Faculty 
in CHEP carry out research in the general area of particle 
physics, field theory, string theory, quantum gravity and 
condensed matter physics. 

C U R R E N T  R E S E A R C H
Several new directions have been pursued in this centre in almost all the spheres of 
theoretical physics and experimental high energy physics. The following are the research 
highlights. 

In the area of quantum computing, two quantum algorithms that can be practical on noisy 
quantum processors are being explored. The quantum approximate optimisation algorithm, 
with a structural similarity to Hamiltonian evolution problems and semi-definite programming 
for optimising linear functions subject to several matrix inequality constraints, which map to 
determination of the Gibbs state density matrix in presence of certain external potentials, is 
explored.

In the area of condensed matter theory, the nature of steady states generated by quasi-
periodic driving of classical and quantum systems was studied. The generation of second-
order topological insulator with multiple corner states by periodic driving was explored.The  
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critical phases of static and periodically kicked 
long-range Kitaev chain was studied in detail. 

In the area of string theory, quantum gravity 
and mathematical physics, a new derivation of 
the famous Froissart bound in particle physics 
using conformal field theory techniques was 
obtained. The bootstrap constraints were 
formulated from a geometric view point with 
the aim to evaluate the critical exponent alpha 
for the 3d Ising model analytically. A new 
approach towards holography and quantum 
gravity in asymptotically flat spaces was 
developed. The swampland conjectures were 
explored in detail. The properties of 1/4 BPS 
dyons in N=4 string theories were studied at 
small charges. A mechanism by which the 
chaos bound of Maldacena-Shenker-Stanford 
can be violated was put forward and studied 
both in conformal field theory and holography. 
The study of the role of boundary conditions in 
the quantization of non-Abelian gauge theories 
was initiated. This investigation has uncovered 
conceptually novel features of the problem 
of quantization of these theories, hitherto 
unrecognised by the theoretical physics 
community. 

The state of the art calculation of meson 
screening masses using 2+1-flavor lattice 
QCD, as well the first determination of the 
chiral transition temperature for 2+1-flavor 
QCD in the 2-flavour chiral limit were 
important achievements in the area of 

lattice gauge theory. Another result was the 
precise determination of the chiral crossover 
temperature of 3+1 QCD at zero chemical 
potential. 

In the area of particle phenomenology, a detailed   
study of energy deposition of long-lived particles 
at the LHC was done. This work suggests that 
modern machine-learning techniques have 
the potential to discriminate between energy 
deposition patterns of prompt and long-lived 
particles. Methods by which a class of self-
interacting dark matter can be searched in future 
experiments was put forward. A proposal for the 
solution to the supersymmetric flavour problem 
on the landscape was made. It was shown that 
the distributions of the soft supersymmetric 
parameter space are typically uniform in nature, 
in simple prototype landscape type models. The 
stability of dark matter using only symmetries 
of the Standard model is being investigated in 
detail. The method of brackets was developed 
and used to evaluate integrals which occur in 
Feynman diagrams. 

In the area of experimental particle physics 
the analysis of the search of dark matter 
produced in association with b-jets as well as 
dark matter produced in association with Higgs 
boson decaying into a b quark-antiquark pair 
was carried out. The search for double-Higgs 
production in both non-resonant and resonant 
“bb gamma-gamma” final state was made. 

FACULTY & STAFF
B ANATHANARAYAN | PhD (Delaware), Professor
BIPLOB BHATTACHERJEE | PhD (Calcutta), Assistant Professor
SOMNATH CHOUDHURY | PhD (CEA Saclay), Assistant Professor
JUSTIN R. DAVID | PhD (TIFR, Mumbai) | FASc, FNASc, Professor
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JYOTHSNA RANI KOMARAGIRI | PhD (TIFR, Mumbai), Assistant Professor
CHETHAN KRISHNAN | PhD (Texas), Associate Professor



APOORVA PATEL | PhD (Caltech), Professor
DIPTIMAN SEN | PhD (Princeton), FASc, FNA, FNASc, Professor
ANINDA SINHA | PhD (Cambridge), Associate Professor
SACHINDEO VAIDYA | PhD (Syracuse), Professor
SUDHIR KUMAR VEMPATI | PhD (PRL, Gujarat), Professor

HONORARY FACULTY
ROHINI GODBOLE | PhD (Stony Brook), FASc, FNA, FNASc, FTWAS, Professor

EMERITUS FACULTY
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J PASUPATHY | PhD (Rochester), FASc, Professor
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The core research areas of the Centre are 
quantum field theory and its applications, 
and experimental high energy physics. The 
theoretical research areas include lattice 
gauge field theory, conformal field theory, 
quantum chromodynamics, beyond standard 
model physics, higher spin field theories, 
phenomenonlogy of standard model and its 
extensions, string theory, astro particle physics, 
quantum field theory applications to condensed 
matter physics, quantum information and 
quantum computing. The experimental high 
energy physics is a part of the CMS experiment 
at CERN, Geneva. 

C O R E  R E S E A R C H



The Department of Instrumentation and Applied Physics 
was established in the year of 1996. The Department 
pursues a wide area of interdisciplinary research activities 
in the domain of applied physics and provides post-
graduate degrees in this area. With 17 faculty members 
offering 17 courses, the department is also making a dent 
in creating social impact.

C U R R E N T  R E S E A R C H
The research in the department of instrumentation and applied physics (IAP) is highly 
interdisciplinary and spans the horizons of physics and engineering, applied to the areas of 
healthcare, food-processing, life-sciences, electronics among others. 

In the frontier research area of semiconductor devices and integrated circuits, the department 
has pursued new device design and engineering, physics based modelling, integrated circuits 
on flexible substrates including thin film transistors (TFTs), impact of mechanical buckling of 
the substrate on the physics of TFTs, self-stabilising circuits, circuit design with disordered 
semiconductor based TFT and self-healing circuits. Further, new activities have been taken 
up in bio-engineering and bio-medical device design such as edible electronics. Technology 
Translation forms another important component of this initiative, including wastewater 
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The core research areas pursued in the department 
encompass amorphous semiconductors, 
phase change memories, fibre optic sensors, 
nanometrology, precision motion control, 
microrobotics, chemical sensor, photodetector, 
supercapacitor, metamaterials, 2D materials, 
photoacoustic imaging, photoacoustic 
spectroscopy, chemical sensors, photodetectors, 
supercapacitorslight-sheet microscopy, super 
resolution microscopy, nanolithography, biophysics, 
cell biology, imaging cytometry, optical traps, 
sensors, semiconductor devices and integrated 
circuits, flexible electronic systems, mass 
spectrometry, electromagnetism, scientific 
computation, tomography, inverse problems, 
optofluidics, biomedical instrumentation, 
microfluidics and lab-on-a-chip, optical metrology, 
nanoscale device physics and electron transport, 
quantum computation using superconducting 
circuits, quantum acoustics, quantum dots, self-
assembled mono-layers, optoacoustic imaging, 
image reconstruction, cancer research and more.

C O R E  R E S E A R C H



treatment (spinoff openwater.in), brain machine 
interface for microUAV control via SSVEP and 
eye gaze (to DRDO) and self healing circuits (to 
ISRO).

In the area of atomic force microscopy (AFM), 
research on diamagnetic levitation was 
initiated and precise in-plane control of the 
levitated stages was demonstrated. Research 
on replaceable AFM tips was continued, 
successfully demonstrating tip replacement 
within ten seconds duration. Research on 
magnetic tweezers demonstrated that trapped 
magnetic micro-particles can be guided to 
move along a variety of trajectories. Theoretical 
investigation of the motion of the magnetic 
particle was also undertaken. A design for 
a compact Atomic Force Microscope was 
also developed and initiated eigen-frequency 
analyses of compliant mechanisms and of piezo-
actuators using the Rayleigh Quotient technique. 
Research on optical beam deflection-based 
motion measurement demonstrated automated 
calibration and multi-point measurement using 
the system.

Further research has been carried out on a 
novel spray coating and a transfer method was 
developed for fabricating a suspended bolometer 
of vanadium oxide-coated multiwalled carbon 
nanotubes (VCNTs). A parametric study was 
performed to evaluate the effect of the substrate, 
modulation frequency, and temperature on 
the bolometric performance and revealed 
that the performance of the bolometer solely 
does not depend on the substrate parameter 
but modulation frequency and bias current 
as a function of temperature also play a key 
attribute. The TCR (temperature coefficient of 
resistance) of the suspended VCNT bolometer 
is ~−0.41%/K which is ~486% higher than the 
reported suspended multiwalled CNTs at 300 
K. Moreover, the suspended bolometer has a 
voltage responsivity of ~67.42 ± 5.46 V/W (~7.68 
times that of unsuspended) at 200 K. Thus, the 
study presents an efficient method to develop 
the suspended bolometer that has not been 
realised so far to obtain much higher TCR and 
responsivity. 

In the field of Optical Metrology, a new structured-
light projection technique (Circular Fringe 
Projection) was introduced and demonstrated 
to overcome a long-standing problem in the field 
of dynamic deformation measurements that 
the four-decades old conventional counterpart 
(Linear Fring Projection Technique) couldn’t solve. 
Innovative Lab-on-a-Chip device is developed to 
perform In-flow Decantation and is validated to 
offer over 99% purity in Plasma-Separation from 
Blood. This microfluidic device offers solutions 
to multiple problems of importance in the field 
Sheath-free Flow Focusing, and Cell Enrichment 
without Centrifugation. Novel Technique for In-situ 
Detection of analyte via interferene synthesis of 
Copper-Nanoparticles is developed and a way 
of enhancing the fluoresce properties of these 
particles was reported.

Further, investigations have been undertaken on 
the electrical switching behavior and topological 
thresholds in Fast Ionic Conducting and 
chalcogenide glasses. Fiber Bragg Grating based 
sensors have been developed for displacement 
sensing, thermography of embedded tumours, eye 
ball tracking, structural shape sensing and sensing 
acceleration. Highly sensitive Fiber Bragg Grating 
sensors have been developed with side hole 
packing and coated-etched Fiber Bragg Gratings 
for special applications such as underwater 
acoustic sensing. 

In the area of ion mass spectrometry, work on 
power series expansion of axially symmetric 
toroidal harmonics for toroidal ion trap was 
undertaken. A different study used an optical 
grating with irregular spacing and the nature 
of light coming out was analysed. This has 
application in precision spectroscopy mainly in 
astrophysics. Differentiation in a non-invasive 
way between different types of brain lesions is 
important in both diagnostics and treatment. This 
work concentrated on differentiating ischemia and 
brain tumor using statistical analysis. 
In the area of condensed matter physics, 
electrostatic force microscopy was 
demonstrated to be a non-invasive sub 
surface tool to probe encapsulated layers in 
van der Waals heterostructures. Preliminary 



IISc Annual Report  |  263
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results were obtained on piezotronics 
with MoS2 devices. Further, transfer 
characteristics and hysteresis in substrate 
engineered MoS2 field effect devices 
were studied. Experiments also probed 
correlated phenomena in twisted bilayer 
graphene systems using thermoelectric 
measurements. 

The department has also demonstrated 
carbon dot synthesis by colloidal method 
and their optical characterisation. Quantum 
yield enhancement by using Hexadecyle 
amine as functionalising agent was studied 
and white light emission was achieved. 
Further, MoS2 Quantum dot synthesis by 
colloidal method and characterisation 
were performed. PbS, CdS, PbSe and 
CdSe quantum dot precipitation in silicate 
glass by melt and quench method was 
also demonstrated. Optimisation of the 
fabrication methods were performed to 
achieve high quality quantum dots. Further, 
design and fabrication of optical fiber 
winding system for fiber drawing system 
were also initiated.

Experimental realization of light-matter 
physics using superconducting artificial 
atoms interacting with microwave radiation 
is another frontier area of research. Within 
this broad theme, the department works on 
single photon generation, entangled photons 
for probing matter, multi qubit architecture 
for quantum computation, new regimes 
of light-matter interaction using SAW 
devices, non-Markovian effects in multiqubit 
architectures, quantum simulation etc. In the 

last year, designing of surface acoustic wave 
filters was undertaken to make unidirectional 
transducers for SAW signals for quantum 
information processing. Further, the first 
realization of a giant atom with intrinsic 
non-Markovianity was also demonstrated. 
This proof of concept experiment showed 
that an atom coupled at two distant coupling 
points reabsorbs the quantum emitted 
by one of the coupling points at the other 
coupling point with a finite probability. In a 
different work, a combined Lamb-shift of two 
superconducting artificial atoms coupled 
to a long section of transmission line with a 
grounded mirror at the far end was shown. 
In yet another work, a strategy based on 
EIT and AT was demonstrated to control 
transmission and reflection of acoustic 
signals using an artificial atom.

Frontiers in Imaging Spectroscopy and 
Theranostics (FIST) is a new lab that was 
established in the department. The lab works 
on various aspects of optoacoustic imaging 
for biological/medical imaging, image 
reconstruction and cancer research. In other 
work, improved glucose sensing using cooled 
IR optoacoustic spectroscopy (CIROAS) with 
higher sensitivity (as water does not generate 
any optoacoustic signal at 4 degrees) 
compared to commercially available devices 
was demonstrated. 

Lastly, a cryosorption pump and flexible cryo 
transfer lines were also developed. 
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The Department of Mathematics comprises 29 faculty 
and over 60 affiliated researchers. Its research profile 
represents diverse interests, ranging from pure to applied 
mathematics, and collaborations with related fields. 
It has a vibrant atmosphere in which members with 
different interests collaborate with each other, and with 
mathematicians internationally.

C U R R E N T  R E S E A R C H
The Deligne-Kazhdan philosophy, which connects the complex representation theory of Galois 
groups of F or the F-points G(F) of a split connected reductive group G, for fields F of characteristic 
zero and of positive characteristic, was studied. Kazhdan’s theory was extended to hold for general 
non-necessarily-split connected reductive groups G. The Schur multiplier of the discrete, as well 
as the finite Heisenberg groups and their t-variants, were studied. The representation groups of 
these Heisenberg groups were described and used to give a construction of their finite-dimensional 
complex projective irreducible representations. Multiplicity one results for representations of general 
linear groups over finite chain rings were explored.

The fusion product decomposition of affine Demazure modules was completed using a combinatorial 
ingredient, and the presentation of such modules was simplified. The study of hypergeometric 
equations associated to multiplicities that are not necessarily positive was continued. A two 
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parameter deformation of the mutliplicity 
function of type BC was studied. It was proved 
that the lacunary maximal function associated to 
spherical means taken over Koranyi spheres in 
the Heisenberg group are bounded on L^p for all 
finite p>1.

Toeplitz operators were studied on Hilbert 
spaces of holomorphic functions on symmetric 
domains, and more generally on certain algebraic 
subvarieties, determined by integration over 
boundary orbits of the underlying domain. The 
irreducible representations of the Toeplitz C*-
algebra generated by Toeplitz operators with 
continuous symbols, were classified, using the 
limit behavior of “hypergeometric” measures 
under certain peaking functions. The Schur 
product theorem (1911) for positive matrices 
was refined to provide tight quantitative lower 
bounds -- first for matrices and then extended to 
Hilbert-Schmidt operators.

Composition operators on certain subspaces 
of the Hardy space were studied, and a criterion 
for detecting invertibility was discovered in the 
spirit of Schwartz’s classical result. Nevanlinna’s 
classification of Pick interpolants was 
generalised to a domain admitting holomorphic 
test functions, with the interpolant lying in the 
Schur-Agler class and affiliated with a certain 
completely positive kernel. The Fridman invariant 
was studied and the relationship to the dual 
of the Squeezing function was clarified. The 
Fridman invariant was shown to detect strong 
pseudoconvexity by its limiting behaviour. The 
boundary behaviour of a biholomorphic invariant 
arising from Blocki’s work on the Suita conjecture 
was studied on strongly pseudoconvex domains.

An international collaborative project was 
continued, studying the weak form of negative 
curvature (“visibility”) of the Kobayashi distance. 
The class of domains exhibiting such visibility 
was significantly broadened, and insights here 
were applied to studying the Bergman metric. 
This has led to optimal growth estimates for the 
latter metric, subsuming all prior results on the 
growth of the Bergman metric near infinite-type 
boundary points. 

A finite element approximation for parabolic 
variational inequalities of the obstacle 
problem was investigated with various space 
discretizations. Conforming, nonconforming 
and discontinuous Galerkin methods were 
explored, as were Dirichlet boundary optimal 
control problems with control constraints 
and proved optimal order error estimates 
with limited regularity. A unified setting was 
proposed to approximate elliptic obstacle 
problem using Hybrid high order method, which 
works on both 2-dimensional and 3-dimensional 
domains and both linear and quadratic methods 
on general polyhedral meshes. 

The optimal control problem on a domain 
with a highly oscillating smooth boundary 
was explored, with the controls applied on the 
oscillating part of the boundary. New unfolding 
operators were introduced to tackle non-
linear inhomogeneous Robin boundary value 
problems. Based on observational evidence for 
decrease in spine density, a network model of 
neurons was developed, which explained the 
consequent loss of coordinated activity and 
transmission efficiency among neurons that 
manifests over time.

Risk-sensitive stochastic differential games 
were investigated for different systems 
including reflective diffusions in a bounded 
domain, in all of Euclidean space, and in 
an orthant. The existence of Nash/saddle 
point equilibria was derived in relevant 
cases. A notion of capacity was defined 
for ad-hoc wireless networks, and an exact 
characterisation (non-asymptotic) of the 
capacity metric was derived, that shows that 
the capacity increases polynomially with the 
BS density. Random geometric graphs were 
studied, with vertex set a homogeneous 
Poisson point process on the unit torus in 
Euclidean space, and edges connecting points 
within a cutoff distance. Cech and Vietoris-Rips 
complexes on such graphs were studied in the 
connectivity regime; for the Rips complex, the 
number of isolated complexes was shown to 
converge to a Poisson distribution.
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Alternate constructions of scaling limits 
of random graphs and random unicellular 
maps were provided, to answer a question 
by Addario-Berry, Broutin, and Goldschmidt. 
The metric space scaling limit of the critical 
configuration model under finite third moment 
assumption was obtained, whence also the 
scaling limit of the vacant set left by random 
walks on random regular graphs around the 
point of phase transition. The scaling limit 
of component sizes of heavy-tailed critical 
configuration models was obtained. Absolute 
continuity of limiting spectral distributions 
of certain families of random matrices was 
shown. A law of iterated logarithm for the last 
passage percolation time with exponential 
vertex weights was proved.

The exact phase diagram for a semipermeable 
TASEP with nonlocal boundary jumps 
was obtained. The phase diagram for a 
multispecies left-permeable asymmetric 
exclusion process was derived. A new class 
of reverse juggling processes was defined and 
their stationary distributions were computed. 
An algebraic model was proposed for the 
distance matrix of a tree, subsuming prior 
work of Graham, Pollak, Bapat, and others. The 
determinant, cofactor-sum, inverse, and many 
minors were computed in this generality, in 
particular extending formulas in the previously 
known special cases. New factorization 
theorems for classical group characters were 
proved, with applications to alternating sign 
matrices and plane partitions.

Combinatorial criteria for the existence and 
uniqueness of a semi-regular tiling with a given 
vertex-type were determined. Focusing on the 
hyperbolic plane H: a semi-regular tiling of H 
with vertex-type (p, q) (where 1/p + 1/q < 1/2) 
was shown to be vertex-transitive, and unique 
up to a vertex- and edge- preserving isometry 
of H. New results were obtained on projective 
structures on punctured surfaces and their 
monodromy. The geometry of meromorphic 
projective structures with higher order 
poles was developed and the image of the 
monodromy map was characterised for such 

structures, in particular shedding light on a 
remark of Poincaré from 1884.

A moment map interpretation for the coupled 
KE metrics was found, in the process 
introducing coupled cscK metrics. Existence 
results were proved for small deformations of 
the complex structure, as well as for solutions 
of the deformed Hermitian Yang-Mills 
equation on three folds for the optimal range 
of the phase angle. Using a Le-Brun Simanca 
style result for openness, and a delicate 
analysis of Cheeger-Gromov convergence to 
use the GIT condition, it was shown that the 
Gravitating Vortex Equations have a solution if 
and only if a GIT polystability condition holds.

The finite mapping class orbits in the 
PSL(2,C) character variety of a surface group 
were characterised. Investigations and 
development of Automated Theorem Proving 
systems were continued, including analysing 
and replicating a successful such case from 
2018, involving a Polymath problem on linear 
word metrics in groups.

Computational algebra methods were 
applied to study Burnside algebras of 
finite groups, traditionally studied using 
commutative algebra and The Burnside ring 
B(G) of a finite group G. Several well-known 
homomorphisms of representation theory 
were made explicitly computable by focussing 
on morphisms between two Burnside rings. 
These include restriction and induction 
maps, the projection and inflation maps, the 
conjugation isomorphism, and the Frobenius-
Wielandt homomorphism. The inputs of these 
algorithms (all implemented in the system 
ApCoCoA) are the tables of marks of the 
two groups, and the outputs are matrices 
of integers representing the maps via their 
image in the ghost ring.

Andrianov’s conjecture on the functional 
equation of the degree 8 spinor L-function 
of a holomorphic Siegel modular form of 
degree 3, was proved using a result of Pollack. 
This followed from a much broader set of 



results, on determining Siegel modular forms 
via fundamental Fourier coefficients. A mod-p 
version of this result was also obtained. A 
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colleague continued ongoing work on Hilbert’s 
12th problem and on the Brumer-Stark conjecture.
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Algebraic and combinatorial topology, 
arithmetic geometry, automated theorem 
proving, combinatorics, commutative 
algebra and algebraic geometry, complex 
geometry, differential geometry, functional 
analysis, harmonic analysis, mathematical 
finance, mathematical physics, nonlinear 
dynamics, number theory, numerical analysis, 
operator theory, partial differential equations, 
probability and stochastic processes, 
representation theory, several complex 
variables, statistical mechanics, time-series 
analysis, Teichmüller theory.

C O R E  R E S E A R C H



The Department of Physics was established in 1933 by 
the Nobel Laureate CV Raman and several other illustrious 
names of Indian Science such as Homi Bhabha, Vikram 
Sarabhai, RS Krishnan, GN Ramachandran, S Ramaseshan 
and TV Ramakrishnan have been associated with this 
Department. It is now a well-established research centre 
for condensed matter physics and astrophysics.

C U R R E N T  R E S E A R C H
Theoretical Condensed Matter Physics: Theoretical condensed matter physics groups 
into soft and hard condensed matter systems, studying statistical, classical, and quantum 
phenomena. Some of the main recent focuses include superconductivity, twistronics, 
many-body localization, thermalization, non-Hermitian quantum systems, diverse turbulent 
phenomena, cardiac arrhythmias, DNA, and others. A many-body localization to delocalization 
transition due to correlated disorder in Fock space was demonstrated. Novel topological 
invariants for non-Hermitian systems were formulated. A new type of conventional 
superconductivity mechanism arising from competition between Coulomb repulsion and 
charge fluctuations in different orbitals was proposed. Novel phases and phase transitions 
in one-dimensional systems arising from particle statistics that are different from fermions 
or bosons were studied. Low frequency phonons and ultra-soft phason modes in twisted 

FACT FILE
Established: 1933
Phone: +91-80-2293 2315
Fax: +91-80-2360 2602
Email: chair.physics@iisc.ac.in
URL: http://physics.iisc.ernet.in
Degree Programs offered: PhD,  
Int. PhD and BSc (Research)

IN NUMBERS
29 Faculty members
5 Scientific Staff 
1 Technical Staff
139 PhD Students
95 Int PhD Students
137 Publications
07 Int PhD Conferments
20 PhD Conferments 

Physics
3.6.5

C H A I R P E R S O N
S PRABAL KUMAR MAITI



IISc Annual Report  |  271

Astronomy and Astrophysics: Cosmology, black 
holes, Nuclear astrophysics, Galactic dynamics, 
interstellar matter, solar physics, and plasma 
physics
Atomic and Optical Physics: Laser cooling and 
atom trapping, laser tweezers
Experimental Condensed Matter Physics: 
Spectroscopy, Electrical Transport, Bulk and Thin 
films, Low-temperature physics
Theoretical Condensed Matter Physics: Strongly 
correlated electrons, topological insulators, 
twistronics, soft matter, biophysics, and nonlinear 
physics

C O R E  R E S E A R C H

bilayers of two-dimensional materials were 
predicted. The effect of drug intercalators 
on mechanical properties of DNA and RNA 
nanostructures were understood. A microscopic 
understanding of the longstanding problem 
of proton mean kinetic energy anomoly for 
confined water was given. A discovery of a 
hidden Hamiltonian dynamics in gravitational 
settling of discs in a viscous fluid was made. 
A theory of the dynamics of active solids with 
uniaxial orientational disorder with emphasis 
on the consequences of rotational invariance 
was given. Transport, multifractality, and 
the breakdown of single-parameter scaling 
was studied at the localization transition in 
quasiperiodic systems. Deep-learning assisted 
detection and termination of spiral- and broken-

spiral waves in mathematical models for 
cardiac tissue were proposed.

Experimental Condensed Matter Physics:
Experimental condensed matter physics 
groups focused on quantum Hall effect, zero 
field nuclear magnetic resonance (NMR), high 
pressure Raman spectroscopy, thermoelectrics, 
superconducting quantum devices, topological 
insulators, superconductivity, light-matter 
interactions and polymer nanocomposites. 
In separate experiments, quantum spin 
Hall effect and universal quantized thermal 
conductance in graphene were observed. A 
new regime of light-matter interaction with 
two-dimensional van der Waal hybrid materials 
was discovered. Novel nueromorphic devices 



containing multicomponent van der Waals 
stack of graphene, molybdenum disulphide 
and boron nitride, with highest known energy 
efficiencies were constructed. Novel dephasing 
mechanisms in quantum transport of surface 
states of topological insulators were discovered. 
Experiments on dual-gated devices with 
electrostatically defined p-n junctions in the 
presence of strong magnetic field revealed 
striking electrical transport depending on the 
chirality of quantum Hall edge states created at 
the p-n junction interfaces. This opens up a route 
towards exotic spintronic devices and provides a 
test bed for investigating the unique signatures 
of quantum Hall effects in topological insulators.
Fermi-surface nesting was found to be the 
origin of simultaneous electronic, magnetic and 
structural transitions in rare-earth nickelates. This 
opens the prospect of hosting superconductivity 
in these materials. A home-made zero field 
NMR spectrometer was setup and used to 
study Cobalt and Iron based compounds. High 
pressure Raman spectroscopy and synchrotron 
x-ray diffraction studies complemented with 
first-principles theoretical analysis, have found 
three isostructural electronic phase transitions 
in PdPS. Studies on SnTe and SnSe have found 
different structural transitions with concomitant 
semi-metal to metal transitions. Thermoelectric 
properties of nanocomposites based on 
skutterudites were studied. Due to severe plastic 
deformation, a material with the highest known 
thermoelectric figure of merit in skutterudites 
was reported. Physical properties of rare-earth 
based perovskite crystals were studied using 
X-ray diffraction, dielectric response, and low and 
high temperature magnetization measurements. 
Re-entrant spin reorientation in Tm based 
orthoferrite compound due to spin-phonon 
coupling was observed. 

A novel cavity optomechanical platform with 
3D superconducting cavities was investigated. 
It paves the way to design hybrid devices with 
superconducting qubit with potentially large 
coherence. Temperature dependent switching 
of magneto-resistance in multi-walled carbon 
nanotube based composites was observed. 

Soft Matter Physics: Experiments were 
performed to study the phototaxis of 
Chlamydomonas reinhardtii as a function of 
cell number density and light stimulus using 
high spatio-temporal video microscopy. 
Surprisingly, the phototactic efficiency was 
found to have a minimum at a well-defined 
number density, for a given light gradient, 
above which the phototaxis behavior of 
a collection of cells could even exceed 
the performance obtainable from single 
isolated cells. The origin of enhancement of 
performance above the critical concentration 
was shown to be due to the slowing down of 
the cells enabling them to sense light more 
effectively. This steady state phenomenology 
was well captured by modelling the 
phototactic response as a density dependent 
torque acting on an active Brownian particle.
In another set of important experiments 
involving pore forming toxins (PFTs), members 
of the soft matter experimental group provide 
a microscopic connection between pore 
formation, lipid dynamics, and leakage kinetics 
by using a combination of Forster resonance 
energy transfer (FRET) and fluorescence 
correlation spectroscopy (FCS) measurements 
on single giant unilamellar vesicles (GUVs). 
These findings may have important 
implications in understanding a wide range 
of virulent bacterial infections and diseases. 
They have also reported the results of X-ray 
scattering based dynamics measurements 
of polymer nanocomposites (PNC) thin films, 
having two interfaces. An external interface 
between the film and substrate and an 
internal one between the nanoparticles and 
the surrounding matrix polymers. The study 
revealed the subtle interplay of the properties 
of these two interfaces on the measured 
viscosity and fragility of these PNC films.

Astronomy, Astrophysics and Cosmology:
The research interests of the Astronomy, 
Astrophysics and Cosmology group span 
over a variety of different topics such as 
solar physics, MHD turbulence, theoretical 
astrophysics of galaxies, galactic dynamics, 



IISc Annual Report  |  273

number of extragalactic sources, providing a 
stepping stone for future 21 cm observations. 
In theoretical cosmology, the group has 
studied the generation of primordial black 
holes in a single field inflationary model and 
found that they can account for the total cold 
dark matter of the universe. The group has 
further studied the stochastic background of 
secondary gravitational waves produced in 
such scenarios which can be detected using 
future observatories such as BBO, DECIGO and 
LISA. The group has also studied novel cross-
correlations of primordial scalar and tensor 
perturbations with magnetic fields during 
inflation which can provide new insights into 
the origin of cosmic magnetic fields. 

Plasma Physics: Plasma physics provides 
the scientific foundation for understanding 
the naturally-occurring astrophysical plasma 
and controlled nuclear fusion. The research 
interests of plasma and fusion are focused 
on wave and particle dynamics in plasmas; 
nonlinear theories and large-scale numerical 
simulations. Plasma physics group has started 
collaborative research between Institute for 
Plasma Research and IISc in the framework 
of the DAE-BRNS. This research project aims 
to provide detailed insights into tokamak 
plasma stability using advanced numerical 
simulations to support our own domestic 
fusion programme and is aligned with the 
mainstream R&D programme of ITER. Plasma 
physics group has developed a first principle 
new simulation code at IISc Bangalore, called 
the global toroidal code using X point (GTC-X) 
to simulate our domestic tokamak experiments 
for the first time. Simulations not only help 
plasma physicists understand basic theories, 
they also provide important support for fusion 
experiments.

accretion disks, physics of compact objects 
such as black holes and white dwarfs, nuclear 
astrophysics, plasma astrophysics, numerical 
simulations, properties of the intergalactic 
medium, statistical analysis and estimation 
of cosmological parameters, radio astronomy, 
neutral hydrogen 21-cm, turbulence in the 
interstellar medium, theoretical cosmology 
and physics of the early universe.
In solar physics, the group has extensively 
worked on understanding the fluctuations of 
the solar dynamo and providing the physics 
behind the solar cycles which has led to an 
accurate prediction of the next solar cycle. 
In understanding astrophysics of galaxies, 
the group has studied the vertical density 
distribution of a multi-component galactic 
disk in the gravitational field of the dark 
matter halo and applied this to a low-surface 
brightness galaxy UGC 7321. The stellar disk 
is shown to flare with radius in the outer disk 
despite the dominance of the dark matter 
halo. Within accretion physics, the group has 
focused on applications of general relativistic 
magnetohydrodynamics in resolving various 
physics problems including astrophysics 
of accretion disks, physics of black holes 
and white dwarfs and radiative processes. 
The group has also studied the origin of 
hydrodynamical turbulence in astrophysical 
shear flows and similar laboratory flows. In 
plasma astrophysics, the group has worked 
on diverse topics such as quantifying density 
and pressure fluctuations in the intra-cluster 
medium, numerical modelling of two-fluid 
cosmic ray equations at shocks, radio halos 
of star-forming galaxies driven by galactic 
outflows and quantifying the large (and small) 
scale dynamo in non-radiating accretion 
flows. The group has focussed on using 
atomic hydrogen 21 cm line to understand 
the nature of turbulence in diffuse neutral 
interstellar medium and also investigated the 
properties of warm neutral medium of the 
Milky Way Galaxy. The deep field observation 
data from the upgraded Giant Meterwave 
Radio Telescope was used to characterise the 
diffuse galactic synchrotron foreground, its 
spectral variation, and properties of a large 
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The J R D Tata Memorial Library, at the Indian 
Institute of Science, is one of the oldest yet 
modern Science and Technology libraries in 
India. Started in 1911, as one of the first set of 
departments in the Institute, it has become a 
precious national resource center in the field 
of Science and Technology. The collection 
of the library which includes books, journals, 
reports, theses, Indian patents and standards 
is regarded as one of the richest collections in 
the country. This rich and valuable collection 
built over ten decades has some of the rare 
reference materials and back volumes of 
several important journals. Apart from its print 
resources, the Library has access to a large 
collection of e-journals, eBooks and online 
databases. Functioning as an effective support 
system for information services across the 
campus continues to be the primary goal of 
the library. 

During the Financial year 2019-20, the Library 
added 1638 documents including 962 books, 
377 donated books, 35 eJournals, 10 eBooks, 
289 PhD. Theses and M.Tech Dissertations. 
The total holdings of the Library had now 
increased to about five lakh plus physical 
documents which includes others materials 
like Technical reports, Standards, Theses 
& Dissertation. The Library continues to 
primarily subscribe electronic-only journals 
and over 13000 e-journals are being currently 
subscribed spending nearly Rs.16.50 crores. 
The ‘Electronic Theses Repository’ (etd@IISC) 
contains about 4500+theses, the Electronic 
Publications Repository (ePrints@IISc) 
contains about 50,000 research publications, 
and the Faculty Profiles Database contains 
592 records.

JRD Tata  
Memorial Library

3.7.1
L I B R A R I A N 
ANANDA T BYRAPPA

The Circulation section has registered 861 new 
members. A total number of 16895 transactions 
were carried out by the Circulation section 
during the period. Work such as reshelving, shelf 
rectification, shifting etc. are being carried out in 
the library on a daily basis. 

The Library continued to maintain pre-eminence 
in providing access to a large number of 
e-resources. Some of the major e-resources 
include the complete journal publication of the 
following publishers and Societies:

01. American Chemical Society - All journals and  
 its Archive

02. American Institute of Physics - Journals and  
 Archive

03. American Physical Society Journals,   
 including Physical review Online (PROLA)   
 Collection

04. American Society for Microbiology - All   
 Journals

05. ASCE Journals

06. ASME Journals

07. Association of Computing Machinery   
 Journals

08. ASTM Journals and Standards

09. Elsevier collection

10. Emerald full text 
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11. IEEE / IEE Journals

12. Institute of Physics Publishing - Complete   
 collection including its Archive

13. JSTOR Archive

14. Oxford University Press -
 Complete Mathematics, Physical and Life
 Science Collections

15. Royal Society of Chemistry - All Journals and
 its Archive

16. Society for Industrial and Applied
 Mathematics (SIAM) - Complete journal   
 collection and its Archive
17. Springer Nature

18. Wiley collection

19. EMS and MSP journal package

Some of the journal backfile collections to 
which access is provided on a perpetual access 
basis include:

01. Elsevier Backfiles in 11 subjects’ categories 
such as Biochemistry, Organic Chemistry, 
Inorganic Chemistry, Physical and Analytical 
Chemistry, Chemical Engineering, Materials 
Science, Mathematics, Physics General, 
Pharmacology, Neuroscience, Engineering 
Technology

02. Wiley InterScience backfiles in eight 
subject categories which include Biochemistry, 
Polymer Science, Analytical Science, Cell and 
Developmental Biology, Chemistry, Genetics 
& Evolution, Materials Science, Physics and 
Astronomy

03.With the support of Authorities and approval 
of the Journal Purchase Committee, the 
following backfiles have been added to the 
e-collection:
• Nature backfiles 
• American Chemical Society Legacy Archive
• Institute of Physics Publishing Journal
 Archive
• OUP Archive

PUBLISHER

 List of e-resources procured under e-Shodh Sindhu in 2017-18
1 ACM Digital Library
2 American Institute of Physics
3 American Physical Society
4 Annual Reviews
5 ASCE Journals Online
6 ASME Journals Online
7 JSTOR
8 Oxford University Press -262 titles
9 Project Muse
10 Springer Link 1700 Collection + Nature Journal

e-Shod Sindhu Consortium: The Ministry of HRD, Government of India has formed a new Consortia 
merging erstwhile consortiums such as INDEST-AICTE, UGC Infonet and N-List Programme. The 
new consortium is named as e-Shod Sindhu (eSS) and is managed by INFLIBNET, head quartered at 
Ahmedabad. IISc has online access to the following list of important e-resources subscribed under eSS. 



while providing prompt supply. This has resulted 
in a discount ranging from 25% to 36% across 
various publishers. 

The Library is recognized as the Resource Center 
for Mathematics for the southern region by the 
National Board of Higher Mathematics, Dept. 
of Atomic Energy, Government of India, and is 
receiving financial assistance for developing this 
collection on Mathematics. In coordination with 
the Department of Mathematics, IISc, The library 
is subscribing to the EMS+MSP journal package 
comprising 32 titles, and The Pacific Journal of 
Mathematics comprising 34 journals from the 
NBHM grant

ePrints & ETD Digital Repositories: ePrints@
IISc (eprints.iisc.ernet.in) is one of the earliest 
and largest Institutional Repositories in the 
country. The ePrints@IISc was started by 
the erstwhile National Centre for Science 
Information. It is currently being managed by the 
JRD Library. The repository collects, preserves, 
and disseminates in digital format the research 
output created by the IISc research community. 
The repository content can be accessed through 
the search and browse functionalities. As on 
date, the total number of publications in the 
repository is about 50,000.

etd@IISc (etd.iisc.ernet.in) is the digital 
repository of Theses and Dissertations of IISc, 
Bangalore, India. This repository has been 
developed to capture, disseminate and preserve 
the research theses of IISc. The repository 
content can be accessed through the search 
and browse functionalities. As on date, the total 
number of records in the repository is about 
4500.

LibSys Software / database: The Library has 
been using LibSys, a Library Management 
Software, for its functions such as Acquisition, 
Cataloguing, Serials Control, and Circulation. 
Online access to Library holdings data is 
through Web-OPAC. Users have the facility to 
browse and search the Library resources and 
view the status of a document or their own 
transactions and make on-line reservations for 
a document issued out. 

Hardware-Software Resources: The 
Library has been providing photocopies of 
documents available in the Library within the 
copyright laws to Scientists/academicians/
students. UGC has identified the Library as 
Document Delivery Center for the Southern 
Region and fixed charges for these services. 
Initially financial assistance was provided by 
UGC-INFLIBNET for the purpose. The Library 
continues to provide this service. In addition, as 
a member of Consortium, the Library provides 
document delivery to other Consortium 
members through JGate Plus (JCCC) 
document delivery service.

In addition, the Library continues to provide 
e-mail based services, new additions of 
books and journals, interactive services like 
reminders, reservations and overdue intimation 
and e-mail-based reference service. The 
website has been redesigned to disseminate 
up-to-date information from the Library. It 
provides comprehensive information on the 
collections, e-resources, databases, new 
additions and all the services provided by the 
Library. The site also serves as a portal to 
access e-resources. 

The Library procures books by placing order 
with vendors who offer substantial discount 

 Databases
1 Economic & Political Weekly
2 Institute for Studies in Industrial Development (ISID) Database
3 JGate Plus (JCCC)
4 MathSciNet
5 Web of Science
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New Initiatives: 
• Moving the Cambridge Structural Database 
(CSD) from SERC to the library
The CSD database used by several 
departments was hosted at SERC and 
the subscription was handled by the IPC 
department. Since May 2019 the CSD database 
is hosted on a Linux machine at the library. The 
database is shared on a network file system 
which can be accessed both from the Linux 
and Windows machines. Subscription renewal 
has also been taken over by the library from 
2019 onwards.

• Moving the Journal of the IISc from local 
hosting to Microsoft Azure cloud platform
The Journal of the Indian Institute of Science 
(JIISc) is being published by the Institute since 
1914. Since 2017, it is being co-published by 
Springer Nature. The Office of Communication 
(formerly Archives and Publication Cell) 
had digitized the entire archival content of 
the journal starting from Volume 1, Issue 1 
onward and has hosted it on the Open Journal 
System (OJS) platform. OJS is an open 
source software application for managing and 
publishing scholarly journals. The JIISc site, 
which was hosted at the OoC has now been 
migrated to the cloud. The OJS software has 
been updated. The secure JIISc on the Azure 
cloud is accessible at https://journal.iisc.ac.in

• Moving ChemOffice subscription and 
administration from the department of Organic 
Chemistry to the library 
ChemOffice is a scientifically intelligent, 
integrated suite of personal productivity tools 
that helps scientists to efficiently keep track 
of their work, gain a deeper understanding 
of their data and produce scientific reports 
professionally and efficiently. The tool is widely 
used by the IISc community. Till 2019, the 
subscription and administration of the tool was 
being managed by the OC department. From 
2020 onward, subscription and administration 
of the tool is being done by the library.

• Shibboleth-based identity provider (IdP) 
server to access subscribed online resources 
without connecting to the IISc campus 
network through VPN client
During the lockdown, library received 
several enquiries about accessing the online 
resources from off-campus as students 
and faculty were unable to connect to the 
campus network through VPN. Realising 
the importance of the situation, library 
quickly assessed the various possibilities for 
facilitating seamless off-campus access to 
the subscribed online resources apart from the 
VPN based access. Shibboleth, a single sign-
on log-in system was identified as a solution 
for off-campus access to the subscribed 
online resources.

The Shibboleth software implements widely 
used federated identity standards, principally 
the OASIS Security Assertion Mark-up 
Language (SAML), to provide a federated 
single sign-on and attribute exchange 
framework. A user authenticates with his 
or her organisational credentials, and the 
organisation (or identity provider) passes the 
minimal identity information necessary to the 
service provider to enable an authorization 
decision. Shibboleth IDP server is accessible 
via the link: https:libraryidp.iisc.ac.in

8.1 Facilitating log in credentials-based access 
to subscribed online resources 
The setting up and configuring the IdP 
server for Shibboleth-based access to online 
resources took about a week’s time. During the 
intervening period, we had contacted most of 
the publishers and arranged for username & 
password-based log in credentials for most of 
the online resources. The details were shared 
with IISc community through regular broadcast 
mails. To access the online resources using 
the log in credentials is quite straight forward, 
but for each publisher a different set of 
credentials are to be use, which can be a 
deterrent. To overcome the issue of using 
different credentials for different publishers, 
Shibboleth-based IdP server was set up to 
facilitate seamless access to the online 
resources from off-campus.



03. Byrappa, A. T. (2020). Invited Plenary Speaker 
in Digital Technologies and Transformation in 
Academic Libraries, CFTRI, Mysore.

04. Byrappa, A. T. (2020). Invited Plenary Speaker 
at National Conference on Innovative Information 
Services in Academic Libraries, Seshadipuram 
First Grade College, Bangalore.

05. Byrappa, A. T. (2020). Invited webinar on 
‘Research Data Management’, Karnataka State 
Library Association, Bangalore.

06. Byrappa, A. T. (2020). Invited webinar on 
‘Skills to Scale up in LIS’, LIS Academy and NCSI-
NET Foundation, Bangalore.

07. Byrappa, A. T. (2020). Invited to chair a 
webinar on ‘Intertwining Research with IPR for 
Value Enhancement’, Informatics India Ltd, 
Bangalore.

08. Byrappa, A. T. (2020). Invited as a panellist 
to speak on ‘KM and AI in Academics’ at 2020 
World Knowledge Management Summit, CII, 
Bangalore.

Others
09. Byrappa, A. T. (2019, August 23). Invited 
by the Royal Society of Chemistry for the 4th 
‘Librarian Appreciation Day’, Kolkata.

10. Byrappa, A. T. (2019). Invited to be a member 
of the Cambridge University Press South Asian 
Advisory Board.

11. Byrappa, A. T. (2019, March 14). Member 
of the selection Committee at Sri Sathya Sai 
Institute of Higher Learning’, Andhra Pradesh.

12. Byrappa, A. T. (2019, June). 2nd LIS Academy 
National Conference on ‘Innovations in Libraries’ 
[Editorial]. ISBN 9788194132004 2019 

13. Byrappa, A. T. (2019). Invited to be on CUP 
Library Advisory Board.

14. Byrappa, A. T. (2019). Invited to be Karnataka 
State Public Library Authority.

• A prototype “Office of Data” (OOD) website 
has been developed with a backend digital 
repository to hold content and facilitate access 
management depending on the nature of the 
data. The OOD site can be accessed on the IISc 
Intranet via the link: http://ood.iisc.ac.in

• Cloud-based kiosk software solution for digital 
display of important services provided by the 
library. The display from a large smart television 
placed at a prominent location is bound to 
attract the attention of the users walking into the 
library. 

• Low cost computing using Raspberry-Pi 
Board: Raspberry-Pi is a very popular, low cost, 
single board computer (SBC) developed by the 
Raspberry-Pi Foundation in the UK. The board 
costs around INR 3,500.00 and including other 
peripherals like monitor, keyboard and mouse 
it works out to less than INR 10,000/- to build a 
PC. It runs on Raspbian, an open source Debian-
based operating system for Raspberry Pi. We 
have been using two Raspberry-Pi based PC’s in 
the Library as Web OPAC (Online Public Access 
Catalogue) terminal and for online exit survey 
(graduating students and retiring staff/faculty). 
It has worked well in the last one year and has 
proved to be a cheaper alternative to costly 
desktop computers. 

Invited talks
The top-level library staff also delivered many 
invited talks in institutes across India during 
the year on modern library practices, thus 
contributing to the much-needed modern 
developments and transformations that libraries 
are undergoing everywhere.

Dr Anand Byrappa
01. Byrappa, A. T. (2019). Invited speaker at 
Wiley Conclave on ‘Value of older content for 
future of research’ New Delhi.

02. Byrappa, A. T. (2019). Invited Plenary 
Speaker on ‘Change Management and Digital 
Disruptions in LIS’ in Digital Technologies and 
Transformation in Academic Libraries, NIT 
Suratkal.
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15. Byrappa, A. T. (2019). Invited to be 
Chairman for Karnataka State Digital Library, 
Dept of Public Libraries.

16. Byrappa, A. T. (2019). Invited to be on Board 
of Studies, Department of LIS, Bangalore North 
University, Kolar, India.

17. Byrappa, A. T. (2019). Invited to be on BoE, 
Department of LIS, Bangalore North University, 
Kolar, India.

18. Byrappa, A. T. (2019). Invited to be on Staff 
Evaluation Committee at ISRO, Bangalore, 
Karnataka, India.

Dr Suresh Balutagi
01. A Journey in Pursuit of Academic 
Excellence Using IRINS for IISc Faculty 
Profiles. 21 August 2019 at INFLIBNET Centre, 
Gandhinagar

Dr Francis Jayakanth
01. Institutional repository software: features 
and functionalities. Short-term training 
programme on open source software. 
Organised by AICTE & VTU, 9-13 March 2020, 
VTU regional centre, Bangalore.

02. Research Data Management – An overview. 
2nd National Seminar of Research Publishing. 
28 February 2020, organised by BMS School of 
Architecture, Bangalore

03. An Overview on Electronic Resources 
Management (ERM). 16 November 2019, 
University of Mysore, Mysuru. 

04. Creation and configuration of virtual 
machines. 16 November 2019, University of 
Mysore, Mysuru. 

05. Cloud computing and its application in 
the libraries. 14 November 2019, University of 
Madras

06. An Overview on Open Access to Scholarly 
Literature. 16 August 2019, R.V. Institute of 
Management, Jayanagar, Bangalore.

07. An Overview on Massive Open Online 
Courses (MOOCs). 10 May 2019, Government 
First Grade College, Rajajinagar, Bangalore.

Publications:
Dr Suresh Balutagi
1. Edited Volume

• Angadi, M., Hadagali, G.S., Shettar, I., 
Kattimani, P.S., Balutagi, S., Agadi, K B. (2019). 
Proceedings of the Digital Technologies 
and Transformation in Academic Libraries, 
National Institute of Technology, Surathkal, 
2019. New Delhi: Shree Publishers & 
Distributors.

Papers Published:
01. Mugannavar, Gurusiddesh, Huded, 
Sidlingappa, and Balutagi, Suresh. (2019, 
December 26-28). Contribution of BMISTEC 
countries to the directory of open access 
journals (DOAJ): a study. Paper presented at 
the Proceedings of International Conference 
on Digital Technologies and Transformation 
in Academic Libraries [DigiTTAL-2019], 
National Institute of Technology, Surathkal, 
(PP. 530-542). New Delhi: Shree Publishers & 
Distributors. (Best Paper Award)

02. Ranjan, Aditya, Balutagi, Suresh, Huded, 
Sidlingappa and Reddy, Subhash (2019, 
December 26-28). A bibliometric analysis of 
open knowledge resources: a study. Paper 
presented at the Proceedings of International 
Conference on Digital Technologies and 
Transformation in Academic Libraries 
[DigiTTAL-2019], National Institute of 
Technology, Surathkal, (PP. 341-351). New 
Delhi: Shree Publishers & Distributors. 
(Consolation Prize)

03. Huded, Sidlingappa, Balutagi, Suresh, 
Ranjan, Aditya (2019, December 26-28). 
Mapping of literature on data mining by J-Gate 
database. Paper presented at the Proceedings 
of International Conference on Digital 
Technologies and Transformation in Academic 



Libraries [DigiTTAL-2019], National Institute of 
Technology, Surathkal, (PP. 429-436). New Delhi: 
Shree Publishers & Distributors.

Mr Ashish Kumar Ahirwal
01. Ashish Kumar Ahirwal. (2019, December 
26-28). Visualization and Academic Contribution 
of Mangalore City: A Bibliometric Approach. 
Paper presented at the Proceedings of 
International Conference on Digital Technologies 
and Transformation in Academic Libraries 
[DigiTTAL-2019], National Institute of Technology, 
Surathkal, (PP. 325-333). New Delhi: Shree 
Publishers & Distributors

Mr Pradeep P Kavi
01. Kavi, Pradeep. P. (2019). Low cost Innovations 
in Academic Libraries. In 2nd National 
Conference on Innovations in Libraries (pp. 154-
161). Vishveshwaraya Technological University 
(VTU) Belagavi, Karnataka: LIS Academy. (Best 
Paper Award)

Awards/Distinctions Conferred:
Government of Karnataka has invited Dr 
Anand Byrappa to be a Chairman for Content 
Selection Committee of Karnataka State 
Digital Library.

Government of Karnataka has invited Dr 
Anand Byrappa to be a Member of Karnataka 
State Public Library Authority, the authority is 
state policy making body for Department of 
Public Libraries.

The Office of Principal Scientific Adviser to 
the Government of India (Office of PSA) and 
the Department of Science and Technology 
(DST) have jointly initiated the process of 
formulating India’s new Science, Technology, 
and Innovation Policy (STIP 2020). As part 
of the STIP 2020 policy drafting exercise, 21 
thematic groups (TGs) have been constituted. 
Dr Francis Jayakanth, Scientific Officer, has 
been designated as an important member of 
the TG- Access to Knowledge and Resources.
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The Archives Cell was established in 2007 with 
a mandate to collect, catalogue and preserve 
all documents, images, and other articles of 
relevance to the Institute. It became Archives 
and Publications Cell (APC) in 2008 with the 
additional responsibility to coordinate and 
facilitate the publication activities of the 
Institute through the IIScPress. Archives and 
Publications Cell has been renamed the Office 
of Communications (OoC) with effect from 
24th April 2019.

Some notable initiatives are the following:

• OoC has extended the copy-editing services   
 to the Institute community, students and
 faculty members for their papers, thesis,
 books etc.,

• IISc Open Day materials: Brochures, posters, 
banners, ID cards, etc.,

• Convocation materials: Backdrop, banners,   
 posters, invitations, mementos to 
 dignitaries, etc.,

• Gifts and memento display and sale are one   
 of the major tasks at OoC since 2018. 

The list of items that are being sold:
• Centenary Copper Medallion with a wooden   
 gift box;

• Key chain and pen drive in customized   
 wooden box;

• Book-Marks (set of twelve) neatly packed;

Office of  
Communications 

3.7.2
C H A I R P E R S O N 
KAUSHAL VERMA

• Parker pen, Roller pen, Gel pen with IISc logo   
 engraved and gift box with a logo

• IISc mugs (big and small) of various designs   
 (Madhubani paintings – original campus   
 images converted into paintings);

• Leather folders
• Bamboo frame
• IISc book mark and Set
• Tea coaster
• Main building gem stone painting
• IIScPress books 
• IIScPress jute bags
• Handmade paper bags of various sizes
• Snippets from Archives
• Set of picture postcards of various themes:   
 Dignitaries at the Institute, Aerospace 75, early  
 Dept buildings, jubilee years, main building,   
 Tata Statue Complex.

• Sweat Shirt, track suite, caps, t-shirt and   
 backpack

IIScPress sets up stalls in the major conferences 
at the Institute and displays and sells the above 
mentioned mementos. 

In-House Publishing
OoC is coordinating the overall publication 
process like Copy editing, design and layout 
and printing of the in-house publications of the 
Institute to the following documents: 
• Annual Reports (Hindi and English)
• Annual Accounts (Hindi and English)
• KERNEL (the annual showcase magazine of   
 IISc)
• Court Report
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• CONNECT (quarterly magazine of IISc)
• Journal of the Indian Institute of Science   
 - Quarterly (co-published by Springer)
• IISc Directory and Planner
• Student Information Handbook and Scheme   
 of Instructions (Four Year Bachelor of Science
 (Research) programme
• Quarks (a magazine of the undergraduate
 students)
• Desk and Wall Calendar
• IISc Diaries and Note pads
• Faculty Information Handbook
• Students Certificates and Transcripts along
 with folders
• Medal Certificates and Folders
• Faculty Award Certificates and special folders

IISc Press
The following committee for IIScPress is 
continuing with effect from January 2017:

Chair: Amaresh Chakrabarti 

Members: 
Diptiman Sen, Series Editor, Lecture Notes 
Series 
Prabal Kumar Maiti, Series Editor, Research 
Monographs 
S P Arun, Series Editor, Popular Science Series 
Ex-officio Chair, OoC: Kaushal Verma 

IIScPress was established in 2008, with a 
mission to bring quality books at affordable 
prices for helping Indian post-graduate 
education in science and engineering.  
Prof Anurag Kumar was appointed as the  
first Chairperson of the IIScPress.

Besides self-publishing, IIScPress publishes a 
variety of books with its co-publishing partners, 
and brings out research monographs, collected 
works of distinguished scientists, lecture notes, 
text-books, biographies, popular science books, 
general books and also other books.

The IIScPress has been publishing books in 
collaboration with World Scientific Publishing 
Company (WSPC) since 2008. In 2013, 

IIScPress signed a co-publishing agreement 
with Cambridge University Press (CUP).

The series that are published with co-
publishers are:

IISc Press – CAMBRIDGE SERIES
Cambridge-IISc Research Monographs
Cambridge-IISc Centenary Lectures
Cambridge-IISc Lecture Notes

The following books have been published 
under these series:
Other than co-publishing agreement, IIScPress 
has also published the following books:
• Jal Jungle Zameen by Bitasta Das
• Resistance: Tales from a Post-Antibiotic   
 World Edited by Julian D’Costa

Journal of the Indian Institute of Science

Director appointed a new committee for the 
Journal with external members w.e.f., 9th 
October 2018:

Editor-in-Chief: G K Ananthasuresh, P/Mech., 
Engg., IISc

Executive Editor: Kaushal Verma, AcP/
Mathematics | Chair, Office of Communications 

Editorial Board:
E Arunan, P/ Inorganic and Physical Chemistry 
(IPC), IISc
Rashna Bhandari, Centre for DNA Fingerprinting 
and Diagnostics (CDFD)
Madhavi Latha Gali, P/Civil Engg., IISc
Anil Kumar, Dept of Chemistry, IIT Bombay
Prabal K Maiti, P/Physics, IISc
Biman B Mandal, Biosciences and 
Bioengineering, IIT Guwahati (IITG)
Sanjay P Sane, NCBS, Bangalore
Aravind Srinivasan, Department of Computer 
Science and UMIACS at UMD,
Rajesh Sundaresan, P/RBCCPS, IISc 
Gaurav Tomar, AcP, Mech. Engg., IISc
Editorial Assistant: Kavitha Harish

 



The Office of International Relations (OIR) at 
Indian Institute of Science (IISc), Bangalore 
was established in the year 1998, with an aim 
to facilitate the Institute’s global cooperation in 
higher education and research through various 
programmes and collaborative opportunities. 
Therefore, OIR is dedicated to coordinate the 
following activities and programmes of the 
Institute:

• Admission of full-time international students  
 to the Course and Research programmes of   
 the Institute: BSc (Research), MTech (Course  
 & Research in Engineering) and PhD in Science  
 and Engineering;

• Enable the formulation of Memoranda of
 Understanding (MoU) and agreements with   
 foreign institutions and their execution;

• Facilitate the academic collaboration through  
 international cooperation in research and   
 education and various bilateral programmes,  
 including mobility programmes for students   
 and researchers;

• Identify the various international funding   
 opportunities at all levels to promote the   
 collaborative research of the Institute; 

• Organise the visits of representatives of   
 international universities and delegations of   
 public bodies to the Institute;

• Coordinate the joint exploratory workshops at  
 IISc and abroad;

Office of 
International 
Relations 
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• Assist in hosting special lectures of    
 internationally acclaimed scientists at IISc, in  
 association with international agencies;

• Act as an advisory body to the growing number  
 of foreign students and visitors at the Institute.

During the year 2019-20, OIR has coordinated 
various activities to strengthen the Institute’s 
International profile. It included:

Academic Delegations to the Institute: OIR 
facilitates the IISc visit of academic delegations, 
dignitaries and diplomatic staff from various 
parts of the world, who are interested in learning 
more about the Institute’ activities, identify 
the possible areas of mutual cooperation in 
research and education, and explore the modes 
to establish new collaborations or strengthen 
the existing ones. We have hosted about 85 
such visits from April 1, 2019 to March 31, 2020, 
where some of the prominent delegations were 
Prof Danilo Nikolić, Rector of the University of 
Montenegro (Podgorica); Prof Paul Wellings 
CBE, Vice-Chancellor of the University 
of Wollongong (Australia); Prof Yoichiro 
Matsumoto, President of the Tokyo University 
of Science (Japan); Prof Ian Greer, President 
and Vice-Chancellor of Queen’s University, 
Belfast (UK); Prof David W. Leebron, President 
of the Rice University (USA); Prof Antoine 
Petit, President of the French National Centre 
for Scientific Research (CNRS), France; Prof 
Medvedev Svyatoslav, Director of the Institute 
of the Human Brain at Russian Academy of 
Sciences (Russia); Prof Ed McCauley, President 
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of the University of Calgary (Canada); Dr Samira 
AS Omar, Director General of Kuwait Institute 
for Scientific Research (Kuwait), Mr Phan Xuan 
Dung, Chairman of the Committee on Science, 
Technology and Environment of Vietnam 
National Assembly and H. E. Ms. Melba Pria, 
Ambassador of Mexico to India.

MoU/Agreements with Academic/Industrial 
partners: During the reporting period, OIR 
has facilitated the formulation of 30 MoUs or 
agreements with various foreign universities/
institutions across the globe to enhance 
our academic cooperation in Science and 
Technology. Under Institution of Eminence, 
annual funding is also available from IISc for 
each MoU/agreement with foreign institution 
on reciprocal basis. This year, we have entered 
into an agreement with Georgia Institute of 
Technology to host their students at IISc for 
the 2020 Summer Study Abroad Programme, 
which could be another model of exploring our 
academic cooperation with foreign universities.
Joint PhD supervision programme is now a 
well-established bilateral programme, where a 
collaborative project is identified between the 
faculty member at IISc and foreign university, 
with at least one PhD student from each side 
involved. The programme provides financial 
support to the enrolled PhD students, while they 
visit the partner institution as a part of their 
jointly supervised research work. Currently, we 
have 12 academic/industrial partners under this 
programme: Technical University of Delft (TUD) 
in Netherlands, CNRS, Thales and University 
of Brest in France, KTH Royal Institute of 
Technology in Stockholm, University of Southern 
California (USC) in USA, Nanyang Technological 
University in Singapore, Australian National 
University (ANU) and Western Sydney University 
(WSU) in Australia, National Formosa University 
and Air Gas Electronic Materials Co. Ltd. in 
Taiwan and KU Leuven in Belgium. Recently, 
our Senate has approved the Joint/Dual Award 
of Degrees with foreign institutes and we are 
currently working on its overall structure and 
guidelines. 

Bilateral exploratory workshops: Theme-based 
bilateral workshops, involving two institutions 
provide a common platform to the interested 
scientists at both ends to identify the partners 
for joint collaborative research and creation 
of joint centres. This year, we have been 
involved in coordinating 7 joint workshops at 
IISc and 3 in abroad to strengthen our bilateral 
research collaboration with Pennsylvania 
State University, City University of Hong 
Kong, University of Strasbourg, University of 
Manchester and Russian Academy of Sciences-
Novosibirsk State University etc. The focus of 
these workshops were dedicated widely from 
Physics, Chemistry, Mathematics, Biological 
Sciences, Health & Life, Material Sciences, 
Energy Research to Computer Science and 
Nanoscience, specifically in Intelligent systems, 
Bio-sensing and Functional Materials. 

Coordination of international opportunities 
for IISc members: Apart from announcing 
the calls/opportunities by various funding 
agencies, OIR also coordinates the nomination 
process, whenever required for highly 
competitive scholarship programmes. Similar 
to the last year, OIR has coordinated the 
process for nominating the IISc students for 
2020 Schmidt Science postdoctoral fellowship 
programme and ANU’s ‘Future Research Talent’ 
(FRT) travel award. We also coordinated the 
Institute’s application process for DUO-India 
fellowship programme 2020. We submitted 8 
applications, out of which 5 IISc members have 
been awarded the fellowship: 4 in ‘Professors’ 
category and 1 in ‘Students’ category. In 
addition, we hosted an information session by 
German funding agencies (DFG, DAAD, Max 
Planck, Humboldt foundation and Heidelberg 
Centre) on “Research and funding opportunities 
for students/postdocs/faculty members in 
Germany” and a Coordination meeting of 
IISc faculty members, who were preparing an 
application for the Indo-German Partnerships in 
Higher education (IGP). 

IISc delegation abroad: During the reporting 
period, OIR coordinated 5 IISc delegations 
abroad. This includes one high-level delegation 



to USA, led by our Director to explore our 
joint cooperation in research and education 
by visiting University of Houston, Rice 
University and Mehta foundation in Texas. 
They visited both the university campuses, 
met the senior executives and experienced 
their remarkable laboratories & facilities. 
The other 4 delegations, consisting of our 
faculty members from different departments, 
travelled to the University of Manchester 
in UK, University of Strasbourg in France, 
Pennsylvania State University in USA and 
City University of Hong Kong in Hong Kong to 
discuss the possibility of joint collaborative 
projects and centres in specific areas. The 
average span of these workshops was usually 
1-2 days, where the visiting scientists could 
spend sufficient time with their counterparts 
to understand each other’s research by 
extensive one to one interactive sessions and 
laboratory visits.

International Students at IISc: As on March 
31, 2020, IISc has 42 full-time foreign 
students from different parts of the world. 
The Institute offers highly competitive Full-
Time International Programmes in Course 
and Research that leads to B Sc (Research), 
M Tech (Course & Research) in Engineering 
and Doctoral (PhD) degrees in Science 
and Engineering. OIR has coordinated the 
admission process of international students 
for the academic year 2019. A total of 188 
online applications were received for the 
research programmes, out of which 50 
candidates were shortlisted for the interviews 
of various departments and 7 were selected 
and offered positions. Five students (3 PhD 
and 2 M Tech) have joined the Institute in their 
respective departments for the academic year 
2019. Soon after their arrival, an interactive 
session was hosted by OIR, where they 
were provided an overview of the Institute, 
OIR activities, general guidelines for their 
legal stay in India. The aim was to officially 
welcome them to the Institute and introduce 
them to our on-roll students, OIR committee 
and staff members. 

Short-term Students/Visitors: IISc always 
encourage short-term international visitors 
in the form of students, researchers and 
faculty members, as it provides a stimulating 
international environment in the Institute and 
facilitates the exchange of best ideas and 
practices. Majority of our short-term students 
come with secured funding, which are often 
sponsored, co-developed by their IISc faculty 
host or Institute. Some of them utilise the 
bilateral programmes like Newton-Bhabha, S 
N Bose, DAAD, TWAS and Fulbright (USIEF). 
IISc also attracts visitors using the several 
new initiatives of the Government of India 
(GIAN, VAJRA and SPARC programmes) and its 
own Infosys Foundation Chair professorship, 
Pratiksha Trust Chairs, IISc’s Centenary and 
other endowed lectures. During this period, 
a total of 303 foreign students, faculty and 
visitors visited the Institute for course studies or 
collaborative research. They were mainly from 
Europe, followed by USA, Asia, UK, Africa and 
others, where France was the leading country 
with 38 visitors. 

New initiatives/opportunities:

Asia 21
Africa 4

Europe 37

Others
 6 USA 23

UK 9

Figure. 1: Global distribution of Short-term 
international students/visitors at IISc 
(2019-20).
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Short-term Visiting Programmes at IISc:
• Short-term Visiting programme for French students/researchers
• International Visiting faculty programme [Exceptional post-doctoral fellows can visit IISc under 
 this programme]
• Post-Doctoral Fellowship Programme for International Students

Funding opportunities for IISc students: Travel funds are available for IISc PhD students for 
collaborative research visits, where the minimum length of stay is one month, and it must include 
the co-funding from the host lab
 



The Centre for Continuing Education (CCE) has been rendering and organising several refresher/
specialised courses for teachers/working professionals from different target groups ranging from 
high school science teachers to research scientists/engineers of the industries/institutions. In view 
of rapid advancements in science and technology, continuous education for teachers and working 
professionals is required to update their knowledge with regard to latest trends. CCE caters various 
programmes for the benefit of teachers. 

Centre for 
Continuing 
Education 

3.7.4
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Programmes in detail 
1. National Programmes:
a) QIP (Quality Improvement Programme)
Programmes Leading to Award of Degrees:
During the current year, under this programme, 8 teachers were admitted for PhD and 1 intake for 
ME/MTech.  Apart from this, 4 persons were given advance admission for PhD during 2019.

SL.NO. PROGRAMME TYPE DETAILS
STUDENTS/
PARTICIPANTS 
BENEFITED

1 National Programmes

a) QIP: Degree 
programme (PhD./ME/M.
Tech)

8 PhD 
2 M Tech

b) QIP Short Term 
Courses: (Engineering 
College Teachers)

23 Courses 
560 participants

2
Industry Oriented 
programmes

a) CCE - Proficience : 39 
Semester long courses 

559 successfully 
completed

b) Industry sponsored 
short term/full term 
courses ( Self Support )

410 participated

DURING THE YEAR
2019 - 20 AT IISC

PhD ME/MTech
Students admitted 8 1
On Roll 23 -------
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b) QIP – Short Term Courses
These courses are sponsored by Government agencies such as AICTE- QIP and are primarily for 
teachers from engineering/science colleges. During the year, 23 one week short-term courses were 
organised with a total participation of 560 faculty members from engineering colleges and other 
private organisations.

2. Industry Programmes:
a) CCE – Proficiency Programme  
The programme is the first of its kind and unique in India. Under the CCE-PROFICIENCE programme in 
2 semesters during the year 2019, 44 evening courses were conducted, 1065 students/professionals 
attended out of which 559 successfully completed the programme. Under this programme, a sum of 
Rs 1,51,81,600 has been received, towards application and course fee.

b) Self-supporting Intensive Courses
The CCE organises various refresher/extension programmes to enable the participation of scientists 
and engineers working in different organisations. During the year, 14 such courses were organised 
for different organisations with a total participation of 410. Under this programme a total sum of Rs. 
94,28,226 has been received as overheads to the Institute.
  
c) Curriculum Development Cell
The Curriculum Development Cell provides financial assistance for book writing, preparation 
of laboratory manuals, holding of conference, workshops, seminars, special lectures and panel 
discussions, for the preparation of monographs and audio-visual aids for teaching etc. Since 1979, 
the Centre has provided financial assistance for 96 faculty members for book writing, out of which, 
54 books have been published/completed. The CCE is using CCE-FACE funds for this purpose.

3. Extension Lecture Programme 
This programme is also unique in the country. Under the Continuing Education Programme Extension 
Lectures have been organised by the Institute faculty since 1990 in institutions of higher learning at 
the technical level, in Engineering and science colleges and in schools, public/cultural organisations, 
Doordarshan and All India Radio at the popular level. These extension lectures are expected to be 
of great help in the transfer of information on the latest scientific developments in this Institute and 
other organisation in India and abroad.  

These lectures are arranged not only in Bangalore, but also in centres in the entire state of Karnataka 
and sometimes even outside the state. Even though the majority of these are in English, lectures are 
also arranged in regional languages like Kannada, if specific requests are received. Many of these 
lectures are supported by demonstration, slides, and models.

A two-day training programme for science teachers was conducted at 4 places in and around 
Bangalore:

1. Kristu Jayanti College, Kothanur, during 18-19 July 2019 In Physics and about 140 teachers and 
students were benefitted by this training.

2. R V College Of Engineering, during 17 July, 2019 Faculty Development Programme (FDP) 40 
teachers were benefitted by this training.



3. KBN Autonomous College, Vijayawada, during 29-30 August, 2019 In Physics and about 
160 teachers and students were benefitted by this training.

4. Smt. Parvatamma and Shri. Shamanur Shivashankarappa, Pre-University College, 
Davanagere, during on 15-16 November, 2019 In Physics and about 80 teachers and 
students were benefitted by this training.

4. HOYSALA GUEST HOUSE
CCE runs a guest house, named after the famous Hoysala Dynasty, which ruled ancient 
Karnataka. It has 60 self-contained and fully furnished single rooms. These are mainly 
intended for accommodating the participants of the programmes conducted under CCE, 
like short term courses and invitees to the Institute. During the year 205 faculty from other 
universities/research laboratories/colleges who visited the Institute, 1702 participants for 
short term courses and workshops/seminars. Revenue of about  
Rs 20,75,260 is received through Hoysala Guest House.
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The Office of Development and Alumni Affairs (ODAA) was established at the Indian Institute of 
Science in 2015 to build a vibrant Industry-Institute-Alumni ecosystem, and raise funds for various 
special projects from corporates, philanthropists and alumni. In addition, the ODAA provides support 
for alumni-related activities and engagement programmes at the Institute. 

Chief Development Officer
Ram Turaga

Development Officer
Sooraj Ravindran

Alumni Relations Officer
Vanishree Hebbar

Projects Completed
• BPCL Women’s Hostel Block
• Jindal Aluminium Women’s Hostel Block

Office Of 
Development and 
Alumni Affairs 
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Inauguration of the New Dr Sitaram Jindal Ladies hostel Block and Mess Hall
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Corporate Partnerships
In addition to several ongoing projects, many organisations and individuals have funded several new 
projects this year through Corporate Social Responsibility (CSR), philanthropy and research grants. 

New projects funded under CSR
• TCS Foundation: TCS Smart-X hub
• Garrett Motion: Support for education and research in high temperature materials & condition   
 monitoring of legacy machines (CPDM), autonomous ground vehicles, and telerobotics
• Cisco: Network Intelligence for enhanced research in the field of technology and distribution
• Tata Elxsi: MTech AI Lab
• Wipro GE Healthcare: Healthcare education & research, setting up labs
• Tata Consulting Engineers: Projects in ICER and protection and monitoring aboratory
• Protescap: Artificial pancreas development
• ANSYS Software: Training manpower for system design and engineering of CO2 based green   
 cooling and power operation technologies
• Toyota Tsusho Insurance Broker: Digital lab and immersive classroom at CDS/SERC 
• Pfeiffer Vacuum: Teachers training at Challakere Campus

New philanthropic contributions and grants
• Linkedin: CSA Golden Jubilee fund
• Lakshya & Sunil Nahar: Makery Project

Alumni Relations
Since 2015, the ODAA has maintained an exclusive alumni portal to help alumni connect with one 
other and with the Institute (www.alumni.iisc.ac.in). More than 7,500 alumni have currently registered 
for this free website, and receive periodic announcements through this portal. In an effort to build this 
database, since 2018 all graduating students have been mandated to register on this alumni portal as 
part of their no dues process. 

The ODAA has also built a large network of alumni through LinkedIn (~12,000 individuals). 

Alumni contributions
The Institute has been receiving generous funding from alumni towards several projects. Apart from 
ongoing projects, contributions were made by alumni towards the following new initiatives in 2019-20:

• Travel funds for UG students with Biology as the major and lab kits to schools served by the IISc   
 Challakere outreach programme (Ms KV Sudha, family of alumnus)
• Dr Nagendra Nath Memorial Lecture (Dr Subraya Gangoli and Dr Aparna Gangoli, family of    
 alumnus) 
• Support for projects at the Department of Electronics Systems Engineering (Mr Seetharam
 Gundurao)
• Rekha Rao Young Investigator position (Dr P Rama Rao)
• Dr MA Govinda Rau Memorial Lecture (Dr Govind Rao, family of alumnus)
• Tuition reimbursement for UG Students (various alumni)
• CN Ramachandra & Kamala Iyer Fellowship for advancement of science and engineering (Sheila
 Somanath, wife of alumnus)
• Dr Aditi Simha Memorial Lecture and contribution towards staff and student’s welfare fund at the



 Department of Physics (Prof Roddam Narasimha)
• Support for projects at the Department of Aerospace Engineering (Dr Gaj Birur)

Annual Alumni Reunion
The ODAA organises an annual reunion to encourage alumni to return to campus and connect with 
the Institute and their parent departments. 

IISc’s 4th annual alumni reunion was held December 14-15, 2019. The first day featured departmental 
interactions, a session titled ‘Reflections by alumni” and parallel sessions by experienced alumni 
hiring, entrepreneurship opportunities and IISc student-alumni interactions. These events were 
followed by the Director’s address to alumni. Ms Ritu Karidhal, Mission Director, Chandrayaan-2, 
ISRO gave a talk on the history and success of the Mars Orbiter Mission. The day ended with the 
presentation of the IISc Distinguished Alumnus Awards 2019 to Prof Raghavendra Gadagkar (1979 
PhD MCB), Ms Ritu Karidhal (2003 M.Tech. AE), Prof Viktor K Prasanna (1978 ME CSA) and 
Dr Prahlada Ramarao (1971 ME AE).

On the morning of December 15, the IISc Student’s Alumni Cell (iSAC) organised a nature/campus 
walk and a cricket match between the students and the alumni.

  

IISc Distinguished Alumnus Awards 2019
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1. Department Profile
IPTeL (Intellectual Property and Technology Licensing) is the Institute’s gateway to filing for intellectual 
property protection and technology licensing. The mandate of this office is to ensure that the 
knowledge being generated at the Institute is protected and then leveraged, by responsible licensing, 
for the benefit of the Institute and thereby to the society at large. IPTeL strives to enable rapid filing for 
IP protection, so that it does not unduly delay the submission of results to academic journals. 

The activities at IPTeL thus fall in two large buckets. One is IP management that includes all the 
processes from IP disclosure by IISc staff and students to maintaining the patent till its point of 
expiry. Two, licensing of the IP so generated in the form of know-how and patents. During the calendar 
year 2017 IPTeL embarked on the process of automating the IP management system, so that more 
emphasis could be placed on licensing. Towards this end, IPTeL has planned in 2018 to increase 
its interface with industry by various licensing modes. Through the year 2019, IPTeL has worked 
extensively towards IP licensing and towards testing and getting the customised automation software 
at IPTeL up and running. IPTeL plans to officially roll out the software in the next couple of days.

2. Patent Licensing 
IPTeL is getting increasingly involved in licensing and pursuing transfer of technologies to various 
companies. We have, from the year 2017 till now, entered into exploratory agreements with many 
companies. A sample list of such engagements is as follows: 

Intellectual Property 
and Technology 
Licensing 

3.7.6
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Industry/Company Technology
Log 9 Materials Confidential know-how
Huwel Lifesciences Pvt Ltd LAMP Kits
Jiva Sciences Pvt Ltd Multidimensional Fluid Focusing Device
Syscon Instruments SPT Hammer

Vasmed Health Sciences Pvt Ltd
1. Measurement of fluid viscosity using 
MEMS-based cantilever system
2. Catheter tip MEMS pressor sensor

AdobeSP Grid Generalized substation Panel

Bionaut Labs
Selective Manipulation and Positioning of 
Colloidal Particles by Magnetic-Plasmonic 
Hybrid Device with Spatial Control

Antsceramics
Indegenous Ceramic Femoral Head 
development



IISc Patents licensed from IISc Start-ups:
• Superwave Technologies
• Pathsodh Healthcare Pvt Ltd 
• Mynvax
• In Scientific
• Sickle Innovations
• Open Water
• Mimyk
• Pratimesh Labs Pvt Ltd
• Invitrosense Pvt Ltd
• Ragavera Indic Technologies
• i2n Technologies Pvt Ltd

3. Basic portfolio index (1995 - June 2020): In 2019 IPTeL embarked on the process of taking 
the IPTeL-Inventor-Attorney interface online through the IPMS software. IPTeL has also worked 
towards compiling the data porting of the existing portfolio that was available in soft format 
into the IPMS software, to aid subsequent automation of most the processes requiring manual 
monitoring and making the licensing procedure easier. This IISc portfolio is now available on 
the software and over the next few months, it is also expected to be available for download in 
certain standard formats as and when required. The current portfolio is as follows:

Industry/Company Technology

RI Instruments
Laser Based System for Studying 
Adsorption Kinetics

CUMI
Method and Process for Production of 
Silicon Carbide

Pennsylvania State University
FEhydro – software library for hydrodynamic 
stability analysis

Reva technologies, Pune H2S Scrubbing Technology
Astha Energy Services PVT LTD H2S Scrubbing Technology
SLPP Renew LLp H2S Scrubbing Technology
M/s Praj Industries Ltd H2S Scrubbing Technology

Ducom
A Dental Implant Assemble for Dental 
Prosthesis

Jindal Steel
Development of New Compositions Dual 
Phase Steels
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Ceased/Lapsed, Indian (57)

Granted, Indian (57)

Under IPO Prosecution (357)

Abandoned during prosecution at  
IPO, Indian (57)

Not Approved by IPTeL (48)

Under IPTeL Prosecution (14)

+

+

+

+

+

+

Direct USPTO filing (41)

Total Disclosures (631)

• Total disclosures submitted by IISc faculty to IPTeL (1995 – June 2020): 631

I. Year Wise Break-up of Disclosures Submitted to IPTeL: 
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II. Year Wise Break-up of Disclosures Submitted to IPTeL; Cumulative:
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III. Year-wise Break-up of Patent Applications Under Prosecution and Patent Applications Granted 
(Indian):
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IV. Cumulative Numbers of Applications Under Prosecution, Patents Granted & Applications 
Abandoned/ Rejected at IPO (Indian): 

V. Year-wise Break up of Cumulative numbers of Applications Under Prosecution, Patents Granted & 
Applications Abandoned/ Rejected at IPO (Indian):

No. granted (Alive + Dead)

NO. UNDER PROSECUTION
NO. OF ABANDONED AND REJECTED
NO. GRANTED (ALIVE + DEAD)

No. of abandoned 
and rejected

No.s under prosecution, 357, 
69%

PERCENTAGE OF PATENTS FILED & PERCENTAGE GRANTED
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The Institute is in possession of 1500 acres of land allotted by the Government of Karnataka during 
2009 in Challakere taluk of Chitradurga District. This second campus of IISc being set up in Kudapura 
village is officially known as “Challakere Campus”. It is 220 km from Bangalore and takes about 4 
hours to reach the campus. Development of infrastructure in the new campus has been a challenge 
given the remote location and geo-climatic conditions.

In the first phase of infrastructure development, several basic facilities have been established. 
Construction of 10 km long peripheral road and the compound along with an imposing entrance, 
construction of two check dams for harvesting rainwater and drawing HT power connection from 
the nearby receiving station were some of the initial steps. Indeed the ground water level in the 
region has risen, and this seems to have served as a step-in-aid for agriculture and allied activities 
in the surrounding region. Some of the infrastructural activities completed in the previous year are: 
construction of water supply system, widening of the peripheral road to serve as the trunk line for 
a few decades in future, construction of RCC trench to carry all power and utility cables along the 
peripheral road, and providing street lights. Water from the KUWSSB has already been drawn to fill the 
reservoirs and this assures supply of drinking water for the next few decades. The peripheral road is 
now lit in the nights to facilitate movement in the dark. 

Major academic activities in the campus are:
(a) Dissemination and capacity building towards adapting and promoting low-C and biomass centric 
technologies developed by Centre for Sustainable Technologies (CST) are in progress. More than 35 
training programmes for surrounding villagers as well as to those from neighboring states have been 
completed. Construction of community centres and toilets in several of the surrounding villages has 
served to demonstrate the low cost sustainable structures.

(b) Climate Research Centre has pursued the collection and analysis of virgin atmospheric data. 
The group has not only published the results in reputed journals, but also been providing data of 
importance to DRDO.

(c) The Talent Development Centre is vigorously pursuing its popular programme of providing 
training to science teachers in High Schools, Kendriya Vidyalaya and Navodaya schools. In addition 
the training has been extended to UG and PG levels under Pandit Madan Mohan Malaviya National 
Mission. Nearly 2000 teachers benefitted from this programme in the year 2019-2020.

Notable feat for the year 2019-2020 is the completion of the HAL supported Skill Development Centre 
and Hostels. Executed by CPWD, these two structures shown below have attracted appreciation 

Challakere 
Campus, Kudapura, 
Chitradurga
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from several quarters at local and national level. The SDC will house workshops and laboratories 
for skilling in mechanical and electronics manufacturing in addition to the modern laboratories for 
teacher training programmes. 

Greening of the campus is vigorously pursued. With a MoU with Karnataka Biofuel Board, about 
10,000 samplings of biofuel species have been planted. A joint project with the Bangalore 
Environmental Trust is being undertaken to establish thematic parks as well as to large scale tree 
planting. A nursery to serve these immediate requirements is nearing completion and is expected to 
serve the longtime needs of the campus.



During the year under review, the Centre for Scientific and Industrial Consultancy (CSIC) has 
strengthened the faculty-industry interactions in the form of informal discussions and advice to formal 
projects, involving design, development and transfer of technology. The Centre has strived to enhance, 
qualitatively and quantitatively, the nature of Institute-Industry linkages. The Centre has undertaken 
major consultancy projects of national significance involving scientific and technological challenges, 
with the ultimate goal of technology transfer for industrial development.

The range of professional consultancy services offered by the Institute faculty through CSIC 
include: 

•  Systems design/analysis

•  Software development

•  Product design/development 

•  Process design/development

•  Model investigations

•  Advice on R & D

•  Transfer of technology

•  Evaluation/overview

•  Diagnostics

The above services have been utilised by a wide range of clientele, comprising of educational/
research institutions, health/pharmaceuticals industries, department of space, defence laboratories/
organisations, irrigation  departments, electricity boards, electronics/telecom industries, engineering 
industries and chemical industries from both the public and the private sector.

During the financial year starting from April 01, 2017 to March 31, 2018, 339 consultancy project 
proposals costing Rs 1874.69 lakhs were communicated to the clients. In the above said period 252 
consultancy projects with an outlay of Rs 1552.20 lakhs materialised. Receipts from consultancy 
projects and consultancy test projects amounted to Rs 1582.24 lakhs. 

Centre for Scientific 
and Industrial 
Consultancy

3.7.8
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DIGITS (Digital Campus and IT Services) Office is a unit set up by the Institute to conceive, plan, and 
create a best-in-class information technology (IT) and networking system, and implement agile IT and 
networking services for operational excellence in the Institute. The DIGITS office has the mandate of 
consolidating and coordinating all digitalisation activities and services in the Institute.

During April 2019-March 2020, the activities of DIGITS have resulted in the following outcomes.

Project ISTAR: Wave 2: Project ISTAR (Implementing SAP S/4 HANA for Transforming 
Administration and Research) for ERP implementation is being executed in two waves:
• WAVE 1 modules: Finance & Accounts; CSSP; HR & Payroll; Stores & Procurement
• WAVE 2 modules: Student Lifecycle Management (SLcM); CCMD; Hostel &Mess

The Realisation phase of Wave-2 of ISTAR is in an advanced stage. System Integration Testing 
(SIT) and Conference Room Pilot (CRP) activities have been completed. Most of the problems and 
issues that were raised during the SIT and CRP sessions have been addressed. During the month of 
June and July, five cycles of User Acceptance Testing (UAT) were conducted. A number of issues 
have been raised during these UAT sessions and are being addressed. DIGITS is thankful to the 
participation of a large number of faculty members and students in these UAT sessions. One more 
final UAT session is planned after all these issues are resolved. A crucial exercise before GoLive is 
the migration of Master and Transactional data. This involves extraction of the relevant data from 
Legacy systems, validation of the veracity of the data wherever necessary, and capturing the data 
into pre-defined SAP templates. The legacy system data is currently residing in different servers 
(Admissions Server, Academics Server, etc.). A committee headed by Prof Matthew Jacob and  
Prof Raghuram Govardhan is overseeing the entire data migration exercise. 

When all the above activities are completed, a blackout period will commence during which the 
legacy transactions will be shut down, final data migration activities will be completed, and all 
cutover tasks will be performed before the actual GoLive. Cutover data includes data on financial, 
leave and other balances that SAP must carry forward, and also open transactions that are still under 
process when we switch from the legacy system to SAP. 

TINA (Telecom and Internet Access): The materials and equipment for upgrading the OFC 
backbone network and for providing full Wi-Fi access across the entire campus including the 
students’ hostels has been procured. 

Digital Campus 
and IT Services 
Office
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OFC Backbone: The campus network can be modelled as a multi-level tree, with main departmental 
switches as vertices and fibre-optic links as edges of the graph. This causes two problems: (a) 
a single fibre cut results in multiple departments losing connectivity, (b) even if there is no fibre 
cut, power failure in an upstream departmental switch results in loss of the network in other 
departments. The TINA team has undertaken a major upgrade of the OFC backbone to bring in 
connection redundancy and resilience to power failures.

Hostel Wi Fi Coverage: WiFi connectivity in hostels has been a long-standing demand of students. 
TINA has taken up a massive exercise of procurement of access points and switches, extension of 
the campus OFC backbone to the hostels as well as Ethernet cabling in all blocks. The “iiscwlan” will 
be available on the Gymkhana side of the campus as well. The first phase of this project is nearing 
completion. Students in many hostels have started using the WiFi network already. 

Video Security Equipment (VISE): The campus currently has video cameras installed in key 
locations for obtaining live feed from these locations (as a part of Phase 1). Phase 2 of VISE has now 
been initiated and partly completed. In the first stage of Phase 2, 70 cameras have been installed in 
38 locations using the existing OFC backbone. This Phase became fully operational by December 
2019. In the second stage of Phase 2, more than 30 additional locations will be covered using the 
upgraded OFC backbone. This is expected to be operational by October 2020.

Moving Applications and Websites to Azure Cloud: More than 90 websites and 10 web portals of 
institute’s various departments, centres, and facilities and the main IISc site are now hosted on Azure 
cloud. We now have implemented reservation for Azure instances; we did this in two phases after 
going through a thorough implementation strategy. This will provide us with better cost management. 
All the websites which were hosted behind the Azure Application Gateways are now configured 
with the Web Application Firewalls for security purpose. We have created an Azure Security Center 
for identifying Vulnerabilities related to Azure cloud resources. Virtual Machines (VMs) and Web 
Admin Panels are restricted within IISc network for security reasons. For critical resources we have 
implemented and enhanced the Backup and Disaster Recovery System. Our Cloud environment 
is flexible, reliable, global, and economical. With the move to Cloud Security Center, we have 
confidentiality, integrity, and availability.

FRP (Faculty Recruitment Portal): DIGITS launched in July 2019 an online portal for prospective 
faculty members to upload their applications and all other documents and publications required. 
FRP sends automatic acknowledgment to the candidates, prepares a single pdf file of the application 
material, and makes it available to the council section and all departments concerned. After the 
concerned department completes the processing and uploads all relevant documents, FRP archives 
all the information. FRP also generates a single pdf file containing all the paperwork required for 
setting up a faculty selection committee. The portal provides user accounts for department chairs, 
council section, registrar, divisional chairs, and the director to obtain a status update. FRP is being 
upgraded to fully automate all its operations.

FARE (Faculty Annual Reporting Environment): DIGITS has launched a portal for faculty members 
to report their activities during a calendar year. The portal can be accessed using the faculty 
member’s iisc.ac.in email account at: https://fare.iisc.ac.in. This portal also enables faculty members 
to report their activities during any given time period. If the information is filled in and submitted 
for multiple years, the portal can be used to generate a pdf file that aggregates all the information 
for those years into a single pdf file. FARE is being upgraded to provide all information required for 
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preparing the Institute Annual Report and other Institute reports. Recently the FARE system database 
is upgraded to include a few key data fields for faculty members extracted from SAP system.

Online Processing of Theses through Scholar One: The customized version of the Scholar One 
Platform for online processing of Ph.D. theses was rolled out in October 2017. Remarkably, over a 
two year period, the tool has halved the cycle time from the submission of thesis to the receipt of the 
final report. The use of the tool was expanded in January 2020 to processing M.Tech. (Research) and 
M.Sc. dissertations as well.

Fixed Asset Accounting: The ongoing ISTAR project requires an online database of equipment 
and furniture in each department and centre in the Institute. IISc departments have traditionally 
maintained an Equipment Register for this purpose and most departments/centres follow a manual 
process for this purpose. DIGITS undertook an elaborate process, under the guidance of the Financial 
controller, Ms. Indumati Srinivasan, to create an online database of equipment and furniture for all 
departments and centres. This exercise was completed in February 2020. By August 2020, the fixed 
asset accounting module will be fully functional. 

Legacy Systems: Since it would take a few more months for a fully operational implementation 
of the S4/HANA system (Wave 2) at the Institute, there is a need to maintain the current IT and 
network services in a stable way. An IT services company Integra Micro Systems helping DIGITS to 
run the existing operations in a reliable and robust way, and in implementing additional applications. 
Integra Micro systems is now fully maintaining the following applications in cooperation with DIGITS: 
admissions; post-admissions academic operations; Health Centre; Hostel & Mess Management; and 
IISc website. Some of these will be phased out after the SLcM implementation.



A. PROJECTS SANCTIONED
 During the period under review SID intiated 46 projects funded by industry/industry consortia, 
covering different departments of the Institute involving the participation of more number of faculty. 

B. INDUSTRY R&D CENTRES IN SID/IISC CAMPUS:
1. I-HUB Centres 
1. United Technologies Corporation India Private Limited (Pratt & Whitney R&D Centre)
2. Tata Motors Limited
3. Tata consultancy Services
4. NLC India Limited

2. Other Centres
1. Robert Bosch Centre for Cyber Physical Systems 
2. Spectroscopy Analytical Test Facility
3. Centre for Infrastructure, Sustainable Transportation and Urban Planning 
4. Energy Storage Systems Initiative
5. Centre for Brain Research

C. Companies/Iindustries with which agreements/MOUs signed during 2019-20
MoU / Agreements have been entered into between the following companies for long-term 
collaboration and for establishing R&D Centers on the campus of the Institute:
01. British Telecommunications 
02. Neyveli Lignite Corporation 
03. AISIN SEIKI Co. Ltd
04. Ashok Leyland Limited
05. Tata Consulting Engineers Limited
06. TVS Motors Company (UAY Agreement) 
07. Volvo Group India Private Limited (UAY Agreement)
08. Fibroheal Woundcare Private Limited
09. 3M India Limited
10. Schneider Electric
11. Eaton Corporation (UAY Project)
12. Indian Audit & Accounts Department
13. Hitachi India Pvt. Ltd. 
14. Toyota Motor Engineering & Manufacturing North America, Inc
15. Autoliv India Private Limited

Society for 
Innovation and 
Development
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16. AIOT Foundry Pvt. Ltd
17. Analog Devices Inc
18. Ministry of Housing and Urban Affairs, Government of India

D. INTERACTION MEETINGS: SID has regularly been connecting with private industries, public 
sector, Government of India entities across segments to scale sponsored research collaboration for 
establishment of I-HUB R&D Centers and projects. SID continues to organise the interact sessions 
between the scientists/technologists from industries and faculty of IISc to showcase the capabilities 
of the Institute and facilitations that would provided in the growth of applied research. The following 
organisations participated in the interaction sessions.

1 Weir Minerals (India) Pvt Ltd
2 United Technologies Corporation
4 Tardid Technologies Pvt Ltd
5 Novartis Healthcare Private Limited
7 Alicon Castalloy Limited
8 Analog Devices Inc.
11 LG Soft India Private Limited
12 Cognizant Technology Solutions India Private Limited
13 Intel Technology Pvt Ltd
14 Govt of Chattisgarh
15 Western Railways

E. UCHHATAR AVISHKAR YOJANA: IISc has submitted project proposals in response to 
the second call for proposals under this scheme and 7 projects have been approved. Projects 
approved since April 2019

Sl. No Project Title Chief  
Project 
Executive

Duration of 
the Project

Industry 
Partner

Participating 
Ministry

Total Budget 
in Rs

1 Technologies 
for Bharat Stage 
(BS) VI Emission 
Compliance for 
Two-wheeler 
Engines

Prof RV 
Ravi Kr-
ishna

36 months TVS Motor 
Company

Ministry of 
Road Trans-
port and 
Highways

198.64

2 Improved direct 
visibility and 
driver safety

Prof Rina 
Maiti

36 months Volvo Ministry of 
Road Trans-
port and 
Highways

133.0

F. Thematic Project:
a. DST-IISc Energy Storage Platform on Supercapacitors – Prof Nagaphani Aetukuri, SSCU

G. Stem Cell
G1. Companies currently being incubated: 23 (including 11 faculty founded companies)



G2. Companies incubated in 2019-20: 5
i.  Urjalinks – Prof Gurunath
Smart switch for energy monitoring (retro-fit)

ii. Polymage Labs – Prof Uday Reddy
Compiler for AI and ML (tensorflow)

iii. Grasp Bionics – V Vinay and Nilesh Walke
Prosthetic arm for radial arm amputees from CPDM

iv. Direct Electric– EE Alumni Startup
 EV Chargers

v. AI Health Highway– Dr (Major) Satish J External 
Digital Stethoscope

G3. Incubation under InCENSE:

G4. Incubation under CPMED:

G5 Others:
• Received a grant of Rs. 3.10 crores from MEITY towards TIDE 2.0 implementation.
  > Need larger space for incubating startups. The Entrepreneurship center is full
• Honeywell has given a CSR grant of Rs 2 crores to support startups
• MoU signed with Shell India towards collaboration in incubation around clean tech
• Facilitated the I-NCUBATE initiative of GDC.

H TIME2

H1 Below is the list of companies which are collaborated with SID -TIME2 in developing 
products jointly.

Startups incubated 1- Nuthan Labs
Incubation Pipeline JK Nano Solutions

Startups incubated 2 – Maitra Medtech & Neuintegrals
Incubation Pipeline 2

Sl No Year Company Product area Status

1 2018
Electronics Relay India, 
Bengaluru

Smart Motor controller Under pre-production phase

2 2018
Volga Instruments Pvt Ltd, 
Mumbai

Warehouse Robot
Partners split, Business 
Partner is searching for 
Tech. Partner

3 2018
Sadhana Enviro Engineering 
systems, Bengaluru

Desilting machine 
design

The company was not 
able to take it forward. 
Another company has 
showed interest and in final 
discussion stage



Sl No Year Company Product area Status

4 2019
Electronics Relay India, 
Bengaluru

Food processing M/c POC ready, IP Filed

5 2019
Oorja Energy Solutions, 
Hyderabad

Dew Point Chiller Tech 
development

POC ready

6 2019
Microtech CNC solutions 
Pvt Ltd, Hosur

Smart storage system POC ready

7 2019 EP Lab Personal cooling Ongoing
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H2 Workshops/ Conferences/Exhibitions

I. TARGETTED RESEARCH 
a. A project on ‘Agricultural Waste Management’ has been scoped with both waste 
minimisation (small, mobile cold storage cum drier) and conversion of waste to wealth 
(fibrous waste to textile fibers, fertilizers, adsorbents and other goodies, castor to bioplastic) 
as the pillars of the project.

b. Funding received from DST for a science and technology hub for the SC/ST community.

c. Preliminary work on concept testing and priority areas for technology intervention have 
been undertaken by interns of CPDM.
  

Sl No Event name Organised by Place
1 Strategic electronics summit ELCINA BIEC, Bengaluru

 2
Discussion on IPR with 
MSMEs

EEPC India Technology Centre Bangalore

3
Nodal Technology Centre 
Symposium

BRD 7, Tuglakabad Delhi

4
Nodal Technology Centre 
Symposium

BRD 13, Palan Delhi

5
Modernisation and Indigeni-
saton Plans of the Indian Air 
Force

Air force Delhi

6
National workshop on Design 
expertise to manufacturing 
MSME sector

Ministry of MSME Delhi

7 Muncipalika - Future cities GoK Bengaluru

8
MSME Crisis & Opportunities 
under COVID situation

Gujarat Chamber of Commerce Webinar



The Centre for Brain Research (CBR) spearheads interdisciplinary research involving basic and 
clinical neuroscience to better understand the mechanisms that underlie healthy and pathological 
aging of the brain. One of the major focus has been to understand the risk and protective factors 
including genetics, lifestyle and related environmental factors that lead to dementia including 
Alzheimer’s diseases. To achieve this common goal faculty, students and staff of CBR carry out 
research in human subjects and model to better understand the processes and mechanisms involved 
in aging. At CBR we are employing the latest tools and techniques of next generation sequencing 
including whole genome sequencing to identify the genetic underpinning of late onset diseases that 
affect the brain. Beside studying the disease of our interest, we are also participating in national level 
programme to generate fundamental knowledge related to genetic variations in Indian population. 
With the availability of the state-of-the-art MRI machine at IISc, we are carrying out multi-modal 
magnetic resonance imaging to identify the changes in the brain during aging.

One of the flagship research programme at CBR is the SANSCOG study, which is large prospective 
study of aging individuals in rural Karnataka wherein they are assessed at periodic intervals through 
their lifespan. 

Research Projects at CBR: Srinivaspura Aging, Neuro Senescence and Cognition (SANSCOG) study 
is a first of its kind, large, cohort study in the rural Indian population (projected n=10,000) that follows 
an interdisciplinary, multimodal approach including detailed clinical, neurocognitive, biochemical, 
genetic and neuroimaging assessments, to understand the risk and protective risk factors for 
dementia and related disorders. End-to-end digitisation has been done for all the assessments. 
Recruitment for the study started in January 2018. The pilot phase of the study (n=1,000) was 
completed in March 2019 and the main phase of the study is now ongoing. So far, 2,126 participants 
have consented for the study, out of which 1,830 have completed their baseline assessments. From 
February 2020, follow-up assessments were also started. 

Team expansion: To increase the number of assessments, the entire assessment team at the 
Srinivaspura project office was expanded by recruiting and training staff from the local community 
itself, thus, building local capacity. Currently, two independent assessment teams are able to carry 
out around 40 assessments per week. The field team underwent retraining and a new office was also 
set up for the field team at the Srinivaspura project office premises itself, for ease of communication 
and monitoring.

Mobile unit: As carrying out assessments at the participants’ villages itself would be more 
convenient for them and improve our recruitment, especially in remote villages, a mobile unit was 

Centre for  
Brain 
Research 
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set-up, with all necessary equipment and facilities. The mobile unit was pilot tested in the Bangalore 
urban cohort (TLSA) and is now ready for deployment in the SANSCOG cohort.

The study progress for the period 1st April 2019 – 31st March 2020 is tabulated below: 

GenomeIndia Genetic variations in individuals play crucial role in shaping our inherited traits, 
susceptibility to diseases, as well as track migration and evolution patterns. Populations 
across the world, depending on their geographic locations and ethnic background, differ in their 
genetic makeup in terms of allele frequency and haplotype structure that could determine, with 
contributions from environmental factors, their susceptibilities to complex genetic diseases. 
The Indian population consists of more than 4500 ethnic groups across the length and breadth 
of the country, who follow their unique cultural practices, and have diverse linguistic affinities. 
This diversity coupled with endogamy has contributed to the genetic diversity of the current day 
Indian population. Thus, the Indian population harbors distinct variations and often many disease-
causing mutations are amplified within some of these groups. Therefore, findings from population 
based or disease based human genetics research from other populations of the world cannot be 
extrapolated to Indians. 

GenomeIndia project aims to identify the genetic variations (common, low frequency, rare, single 
nucleotide polymorphisms or SNPs, and structural variations) present in Indian population through 
whole genome sequencing of representative population groups across the country. This will 
lead to the development of a genome wide association chip specific for Indian population and 
facilitate large scale genetic studies in the future. This will help to identify the genetic variations in 
our population that makes us susceptible to complex diseases such as diabetes, cardiovascular 
diseases, obesity and mental illness, among others. The comprehensive list of genetic variation 
obtained from healthy individuals will serve as filter for non-causal mutations and help perform 
genetic studies on monogenic disorders. The results from this project would thus be a valuable 
national resource for the country and will be made publicly available through an interactive web 
portal. This project is led by Centre for Brain Research (CBR), with collaboration from nineteen 
other national institutes across India, including IISc, IITs, AIIMS, NIMHANS and other leading 
research institutes of the country. 

Title
1st April 2019 to 
31st March 2020

Overall

Participants consented 928 2126
Villages recruited 16 25
Baseline assessments 815 1830
Follow-up assessments 156 12
Brain MRI 0 100
Interim telephonic + home visit contact 435 1208
Blood collection camps 22 45
Blood sample collections 811 1783
Feedback / consultation camps 19 40
Village surveys 11 20
Awareness programmes 14 31
Community engagement (brain health talk, sports events) 4 4



The project has been sanctioned by Department of Biotechnology, Government of India in January 
2020. The total funding is for INR 240 crores. As part of this project, CBR has helped conduct several 
workshops in the partner institutions between January – March 2020 for population identification, 
community outreach and adhering to standard operating procedures for sample collection. Most 
importantly, one workshop was taught by instructors from BROAD institute of MIT and Harvard who 
are part of the GATK and Terra developing team, the programme suite used worldwide by various 
researchers for this purpose. Subsequent to this, about 250 individuals have already been recruited 
into the project. Their whole genomes have been sequenced in the next generation sequencing 
platform (Illumina Novaseq 6000 for WGS), and currently being analysed at CBR. Apart from this, 
the Affymetrix high-throughput whole genome genotype scanner is currently fully operational at 
CBR and more than 2500 individuals’ genomes have undergone genome level genotyping using 
Axiom Precision Medicine Research Array (PMRA) for GenomeIndia as well as other cohort studies 
conducted by CBR. Additionally, CBR proudly hosts a scalable storage system of 2 PetaBytes for data 
storage, and high-performance computing infrastructure of 170 Teraflops capacity, that supports 
data analysis and storage of the massive amounts of multimodal data generated by human studies 
spearheaded by CBR.

Re-orchestrating neuronal mechanisms to counter Alzheimer’s disease (AD): This translational 
project aims to identify the basic alterations at the cellular and molecular level, and the synapses at 
the neuronal circuitry that modifies behaviour during the early stages of Alzheimer’s disease (AD) 
pathogenesis. Using human cells and genetic mouse models, the overarching goal of this study is 
to understand the molecular mechanisms underlying disease associated mutations that eventually 
manifest early behavioural impairments. At the intracellular level, we identified that AD associated 
SORL1 mutations impair mitochondrial mediated late endosome fission. This results in perturbation 
of delivery of key lysosomal enzymes, such as cathepsin D that eventually disrupts cellular as well as 
organismal homeostasis. Using a mouse model of AD we further show that behavioural deficits and 
subtle neuronal circuitry alterations can be identified prior to accumulation of β-amyloid. Thus, our 
approach helps to delineate the early dysfunctional molecular pathways and/or neuronal circuits, that 
might eventually help in designing the novel tools or strategies to reverse or modify the impending 
disease.

Lectures: CBR has organised many interesting and inciting lectures by national and international 
eminent scientists, clinicians, and entrepreneurs across various domains of science and research 
during the academic year 2019-2020. Following speakers delivered the lectures:

1. ‘Lecture on Optical Coherence Tomography ‘
Speaker: Dr G Chandra Sekhar, Vice Chair L V Prasad Eye Institute, Hyderabad,
Date: 24th February 2020

2. ‘Phenomenal resemblance in the degradation mechanism of biological macromolecules’
Speaker: Dr Sudip Kundu, Professor at the Department of Biophysics, Molecular Biology and 
Bioinformatics of University of Calcutta held
Date: 14th February 2020

3. ‘High Definition fiber tracking and its clinical application in traumatic brain injury and presurgical 
planning’
Speaker: Dr Sudhir K. Pathak, Research Scientist at the Learning Research and Development Center, 
University of Pittsburgh
Date: 11th February, 2020



IISc Annual Report  |  317

4. ‘Application of deep learning in gliomas and super resolution brain image analysis’
Speaker: Mr Chandan Ganesh Yogananda, Research Scientist and PhD candidate at University of 
Texas Southwestern Medical Center, Dallas, Texas, USA
Date: 4th February, 2020

5. ‘Evolution in small and isolated tiger populations’
Speaker: Prof Uma Ramakrishnan, Senior Fellow, Wellcome Trust DBT and an Associate Professor at 
National Centre for Biological Sciences (NCBS), Bengaluru 
Date: 9th December 2019

6. ‘How can we enhance Healthcare Role of Research & Innovation’
Speaker: Gullapalli N Rao, Chair, L V Prasad Eye Institute, Hyderabad 
Date: 22nd November 2019

7. ‘Healthcare Innovation: Idea to Clinical Product’
Speaker: Dr Chetan Mittal, Chief Medical Officer, DocOnline Health India Private Limited Bangalore 
Date: 30th August 2019

8. ‘Big data for social value creation’
Speaker: Prof Pulak Ghosh, IIMB Chair Professor of Excellence, Faculty of Decision Sciences & Centre 
for Public Policy (Secondary Member), Indian Institute of Management, Bangalore 
Date: 4th July 2019.

9. ‘Role of MR imaging (MRI) and in vivo MR Spectroscopy (MRS) in Clinical Medicine’
Speaker: Prof N. R. Jagannathan, Prof and Head, Department of NMR and MRI Facility, All India 
Institute of Medical Sciences, New Delhi 
Date: 3rd June 2019.



The Kishore Vaigyanik Protsahan Yojana (KVPY) is a programme established in 1999 by the 
Department of Science and Technology, Government of India to encourage students to take up 
research career in Basic/Natural Sciences. The Department of Science and Technology, the nodal 
agency of the Government has entrusted the overall responsibility for organizing and running the 
KVPY Programme to the Indian Institute of Science, Bangalore and set up a KVPY Management 
Committee which oversees all the aspects of implementing KVPY programme including declaration 
of results. The National Advisory Committee (NAC) oversees proper implementation of the 
programme and a Core Committee looks after both the day-to-day and academic aspects of the 
KVPY Programme. The aim of the programme is to identify and encourage talented students with 
an aptitude for research. This programme strives to assist the students to realise their potential and 
ensure that the best scientific talent is tapped for research and development in the country.

KVPY programme is open to Indian Nationals studying in India. Students enrolled in an 
undergraduate course in Basic Science subjects such as Chemistry, Physics, Mathematics, Statistics, 
Biochemistry, Microbiology, Cell Biology, Ecology, Molecular Biology, Botany, Zoology, Physiology, 
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Biotechnology, Neurosciences, Bioinformatics, Marine Biology, Geology, Human Biology, Genetics, 
Biomedical Sciences, Applied Physics, Geophysics, Materials Science or Environmental Science, 
in their degree courses leading to BSc/BS/BStat/BMath/Int MSc/Int MS, during the academic year 
in which the fellows awarded are made, are eligible to apply for the KVPY fellowship under various 
streams – SA, SX and SB. Since 2010 there is more than 350% increase in the number of KVPY 
Fellowships offered under various categories as depicted in the bar chart.

During 2019, 2,02,283 students have applied for KVPY Aptitude Test, out of this 1,78,606 
applicants appeared for the online examination held on November 03, 2019. The Aptitude Test was 
held at 350 examination centres in 113 cities across the country. After evaluation of the Aptitude 
Test 4068 candidates were called for interview. The interview for the candidates who had qualified 
in the Aptitude Test were conducted during the period 17th January – 4th March 2020 across the 
country. Fifty Seven Committees have been constituted to interview the above candidates. The 
interview was held at 24 selected citites across the country. After evaluating the marks obtained 
by the students in both the Aptitude Test and Interview, 2904 candidates have been recommended 
for the provisional award of KVPY Fellowship-2019 tenable from August 01, 2020.

Empowerment initiative in the KVPY Programme:
i. A certain number of fellowships under the various streams as stated above are available for the 
students belonging to SC/ST community. 

ii. A certain number of fellowships under various streams as stated above are available for the 
students under the category of Person with Disability (Physically and Visually Challenged).

Application fee: General Category Rs 1,000 
SC/ST & PWD Rs 500

Fellowships (Rs 5,000 - Rs 7,000 p.m and a contingency grant equal to 4 months of fellowship 
per year) are given up to the Pre-Ph.D level or for a period of five years whichever is earlier to the 
selected students.

Fellowship Details

Fellowship Value Qualifications
Rs 5,000 p.m. I to III year BSc/BS/BStat/ BMath/Int MSc/Int MS
Rs 7,000 p.m. I/II year MSc IV/V year BS/Int MSc/Int MS
Contingency Grant Equivalent to four months of Fellowship per year

KVPY Fellows SA/SB/SX are eligible to attend the Interview/Counselling for admission to the five year 
Integrated BS/MS Programme conducted by the Indian Institute of Science Education and Research 
(IISER) Kolkata/Pune/Mohali/Bhopal/Thiruvananthapuram/Tirupathi/Berhampur.

KVPY fellows SA/SX/SB are also eligible to apply for Undergraduate degree programme conducted 
by IISc Bangalore.



National Science (Vijyoshi) Camp: The aim of the annual National Science (Vijyoshi) Camps 
is to provide a forum for interaction between bright young students and leading researchers 
in various branches of science and mathematics. With boundaries between disciplines 
fast disappearing, these camps serve as an ideal platform for the young participants to get 
an exciting global viewpoint of questions relating to basic Sciences as well as application 
oriented themes.

As in the previous meetings, a comprehensive programme has been designed for the 
participants. This includes thought-provoking lectures followed by a round of discussion at 
the end of each day’s programme. In addition, the previous meetings have ultimately served to 
motivate and inspire the participants by bringing them together, in what is hoped will be their 
first step towards a career in research in the basic sciences and mathematics.



IISc Annual Report  |  321



During 2019 the National Science (Vijyoshi) Camp was held at Bangalore and Kolkata, the 
details of the camp along with number of students called and attended are as specified below:

Due to the alarming global COVID-19 situation, the National Science (Vijyoshi) Camp – 2020 is 
suspended.

S.No. Place Date Venue No. of stu-
dents called

No. of students 
attended

1 Bangalore 6th to 8th Dec 
2019

JN Tata Auditorium, 
IISc, Bangalore

862 545

2 Kolkata 8th to 10th Dec 
2019

IISER-Kolkata 795 486
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Asian Science Camp-2019: The Department of Science and Technology sponsors 20 students 
to the Asian Science Camp which is normally held during the month of August, every year. The 
responsibility of selecting the students for the Asian Science Camp was vested with HBCSE till 
2011. From 2012 onwards the selection of students for the Asian Science Camp was entrusted to 
KVPY. The KVPY had readily accepted this challenge and taken appropriate actions for selecting the 
students to represent India at the Asian Science Camp. Requests were sent to IISER’s/IISc and other 
reputed institutions in the country to nominate the students to take part in the 13th Asian Science 
Camp held at Shantao, China during July 28th to August 3rd, 2019. The students that were nominated 
were KVPY/INSPIRE Fellows pursuing Basic Science course in the 1st year BSc/BS/BStat/BMath/
Int MSc/MS programme during the academic year 2019-20. In response to the KVPY request, 43 
students were nominated by the various institutions across the country.

The selections committee after scrutinising the eligibility and other aspects had selected 20 students 
to represent India and take part in the 13th Asian Science Camp held at Shantao, China during July 
28th to August 3rd, 2019. The delegation of students from various institutions across the country 
were lead by Prof Dipshikha Chakravortty, Department of Molecular and Cell Biology, IISc and Prof 
Thirupathi Gudi, Department of Mathematics, IISc. The student delegates actively participated in 
the Asian Science Camp and brought laurel to Indian Student Community. A feedback session was 
conducted at IISc after the camp, to know the responses from various students who had taken part 
in the 13th Asian Science Camp. The students were excited to be part of a camp at an international 
level and were proud of representing our country. 

13th ASIAN SCIENCE CAMP – 2019
HELD AT SHANTAO, CHINA
JULY 28TH – AUGUST 3RD, 2019



Committee Members
Convener
AK Nandakumaran

Co-Convener
Abha Misra

Members of the KVPY Core Committee
Santanu Mukherjee
Thirupathi Gudi
Patrick D Silva
Abhishek Kumar Singh
Manish Jain
Vishwesha Guttal
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S Raju

Administrative Officer 
KG Padmanabhan

FACT FILE
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Fax: +91-80-2360 1215
Email: office.kvpy@iisc.ac.in
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http: /www.kvpy.iisc.ernet.in
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The Karnataka State Council for Science and Technology (KSCST) an autonomous S&T organisation 
under Department of Science & Technology, Government of Karnataka established in the year 
1975 is one of the first State S&T Councils to be set up in the country. During the last 45 years of 
its existence, KSCST has been proactively engaging itself to identify, propose and implement S&T 
based solutions to locale specific needs/problems in the broad areas of Water, Education, Geospatial 
Technologies, Housing, Energy, Digital Heritage, Health and E-governance. In association with the 
Indian Institute of Science and several other premier R&D institutions, KSCST has been executing 
many projects and programmes aimed at improving socio-economic conditions of the people of the 
state.

Over the years, a number of technologies have been translated, from research and demonstration 
phase to the implementation and operational phase. KSCST provides support to the State 
Government in formulation of S&T based policies and to both Central and State Governments in 
scientific surveys, project implementation, evaluation, co-ordination & monitoring, organisation of 
scientific meets and awareness campaigns.

Vision: Application of Science & Technology for the management of resources, improvement of 
environment, quality of life and socio-economic conditions of the people of Karnataka.

Mission: Co-ordinate R & D activities for generation of knowledge for scientifically based 
interventions, development and popularisation of appropriate technologies for adaptation by the civil 
society to overcome local-specific problems and, inspire and improve human resources of the S&T 
sector in the state.

Major Programmes:
• Natural Resources Data Management System (NRDMS): A Repository of Natural Resources   
 and Socio-economic database to support local level developmental planning. Generated detailed   
 geospatial action plan for all the taluks and districts. Developed guidelines for generating village   
 cadastre using high resolution satellite imageries.
• Karnataka State Spatial Data Infrastructure (KSSDI): KSSDI is a web portal to find and access   
 spatial information/services via the Internet. Established National Data Registry.
• Academic and Industry Interaction Cell (AIIC): Under Student Project Programme (SPP), supporting   
 innovative under-graduate and post-graduate engineering student projects. Established e-learning   
 centres in government high schools to improve access to advanced educational resources, digital   
 contents, Lab experiments in the form of 3D animations using latest IT gadgets and internet. 
• Rainwater harvesting (RWH): Awareness and technical support for implementation of Rooftop   
 Rainwater harvesting. Provides DPR for government and private institutions.

Karnataka State  
Council for Science 
and Technology  
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• Digital Heritage: Laser scanning of state archaeological sites and Hampi World Heritage site for   
 creating virtual walk through and reconstruction/restoration. 
• Geospatial mapping of Traditional Surface Water Bodies for restoration and rejuvenation.
• Energy Cell: Demonstration and dissemination of new technologies, workshops, Techno-economic   
 feasibility reports and energy conservation & management including bioenergy. Organised a two-  
 day national conference on Bioenergy to allow networking of all stakeholders. 
• Housing: Research, development & dissemination of energy efficient building technologies. Over   
 1 lakh houses built in India and 20,000 in Bengaluru using these building technologies. Organised   
 training for Karnataka Nirmithi Kendra engineers.
• Centre of Excellence in Cyber Security: Promoting the cyber safe and conducive environment for
 industry collaboration, address the skill gaps, build awareness & facilitate innovation in this
 emerging technology field of Cyber Security Startups mentoring
• Patent Information Centre: Promotion, protection and commercialization of Intellectual Property
 Rights of inventors and creators. Established 30 IP cells in engineering and degree colleges to
 encourage startups and entrepreneurs. 
• Karnataka–Israel Industrial Research & Development Programme – Financial support to    
 collaborative industrial R&D ventures between Karnataka & Israeli companies.
• Science popularisation/communication/Teachers’ Enrichment programmes; Radio Serial on   
 Climate Change & Global Warming; National Science Day/National Mathematics Day 
• State Awards for Scientists and Engineers: Recognize and reward Scientific and Technological
 eminence in the state. Instituted by Government of Karnataka.
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The Indian Institute of Science Alumni Association (IIScAA) was formed in the year 1976 to 
provide a common platform for the alumni of the institute to reach out to other alumni across 
various batches, branches, and interests. Following report summarizes the activities of IIScAA 
during the financial year 2019-20. 

The Extra-ordinary General Body Meeting of IIScAA was organised on June 22, 2019 at the 
Faculty Hall, IISc.

Dr B Ashok, President, IIScAA, paid the floral tributes to the Founder, IISc, on March 3, 2020.

The number of IIScAA members who joined during 2019-20 was 115, while the total number of 
IIScAA members as on 31st March, 2020 was 10,200.

IISc Alumni  
Association
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The Office of Career Counselling and Placement (OCCaP) centralised the management of 
campus Placement & Internships. Several placement activities and events were organised to 
facilitate interaction between students and industries through special meetings (pre-placement 
talks, alumni connect meetings, etc) in IISc and helped students hone their skills to meet industry 
requirements. This office is managed by a Placement Officer, who is supported by temporary staff 
for routine activities and by a committee of four professors for policy matters.

OCCaP Annual Report (2019-20)
A. Completion of Final Placement 2018-19
Final placement for batch 2018-19 continued and closed in May 2019 for UG, MTech, 
M.Tech(Res), M.Des, M.Mgmt and PhD students registered with OCCaP to seek placement 
support.

B. Connect with Batch 2019-20 & Batch 2020-21
Students from batch 2019-20 were addressed in June/September 2019 and students of batch 
2020-21 were addressed in January/February 2020 for final placement and internship activities 
respectively. These interactive sessions with the students were to understand their inclination for 
campus placements, share information about placement process/policies and to identify their 
needs for personal skills and those necessarily requiring additional attention.

C. Pre-Placement Offers Post Internship – Batch 2019-20
About 50% of students who pursued internship from batch 2019-20 received direct pre-placement 
full time offers (PPO) during internship season 2019.

D. Final Placement Campus Season 2019-20
Pre-Placement Talks (PPT’s) in campus for UG/Master/PhD/Post Doc students scheduled from 
12th August and continued till 28th September. 75 companies visited on campus to deliver PPT’s. 
Final Placement hiring commenced on campus from 14th October 2019, 78 companies visited on 
campus for full-time hiring.

Office of Career 
Counselling and 
Placement

3.7.15
P R E S I D E N T 
B. ASHOK



Final Placement 2019-20* 2018-19 2017-18 2016-17
Total Students Placed 238 269 235 207
Highest Domestic CTC (LPA) 43.3 62.4 45 30
Highest International CTC (LPA) NA 62.4 NA NA
Average Annual CTC (LPA) 21.9 20 16.7 15
No. of Offers Above 40 LPA 17 8 1 0
No. of Offers 30-40 LPA 58 57 NA 2
No. of Offers between 20-30 LPA 104 65 NA 33 
No. of Master students placed 192 231 194 198
No. of PhD Students Placed 30 35 31 3
No. of Post Doc Students Placed 4 0 0 0
No. of UG Students Placed 12 3 10 6

*Data for 2018-19 is for final placements (October ’18 – June’19) 
*Note: 2018-2020 MTech admission (batch 2019-20) was only 268 compared to 346/457 in the 
previous year

E. Special counselling for specific students 
Students who found their way difficult to get through the interviews and secure a job in early 
placement days were addressed individually to understand their problem areas beyond technical 
domain and help them overcome the same to prepare for further interviews.

F. Internship Placement (Batch 2020-21)
Internship Placements for batch 2018-20 commenced from 10th February 2020. 
45 Companies participated in internship recruitment

G. Special Attempts for PhD & Post Doc students
Continuous meets with PhD and Post Doc students to familiarise them with the prospective work 
opportunities available in industries. PhD/Post Doc placement for final placement and internship 
open round the year.

H. Campus Company engagement events
Campus Day events by select industries in campus for students of IISc to acknowledge them 
with their work. Numerous awards, Cash prizes were distributed during these events and some 
students students were awarded direct summer internship offers.

I. Communication Leadership events
Communication-Emotional-Strength-Goals-Time event lecture organised for students before final 
placements in September 2019.

Charismatic Leadership & Communication, Persuasion and influencing session by professor 
from IIM-B. Received very good feedback from students. Most rated the session as excellent/
very good.

Internship Placement *2019-20 2018-19
Students 115 53
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Undergraduate
Programme

B A C H E L O R  O F  S C I E N C E  ( R E S E A R C H )  A N D 
M A S T E R  O F  S C I E N C E  P R O G R A M M E S
DEAN: P S Anil Kumar | Professor, Physics

ASSOCIATE DEAN:  Nagasuma Chandra | Professor, Biochemistry

4



The undergraduate programme in science which began in 2011 has seen four batches 
of students who graduated with a Four-year Bachelor of Science (Research) degree and 
three batches of students who graduated with a Master of Science degree. In September 
2019, a fifth batch and a forth batch of students will be up for graduation with a Four-year 
Bachelor’s degree and a Master’s degree, respectively. In the first four batches, roughly 50% 
of the students in each batch opted to continue for a fifth year to pursue a Master of Science 
programme. This trend seems to be the norm. The UG students have been continuing to secure 
fellowships such as SN Bose, Khorana, DAAD fellowships, which allows them to carry out 
summer projects in universities in the USA or Germany. Some students have taken up summer 
projects in the industries and several others, in academic institutions within India and abroad. 
Since the programme started in 2011, its popularity has gone up tremendously that it has now 
become one of the most sought-after undergraduate programmes for several scientifically 
oriented, bright, young and energetic minds of the country. This had a strong bearing on 
admissions for the academic year 2019-20; the cut offs in various qualifying examinations for 
admission to the UG programme for the academic year 2019-20 had to be raised compared to 
the year 2018-19.

Career paths of outgoing students: In each batch, roughly 50% of the students have been 
opting to continue for the Master’s programme. Of the remaining 50%, a large fraction 
of students takes the Bachelor’s degree and go elsewhere in pursuit of PhD. and other 
programmes. Students who will be graduating in the forthcoming convocation have got 
admission offers for PhD. or Master’s programmes in top universities/institutes around the 
world including within India. This is a testimony of the great reputation that the UG programme 
of the institute has carved out itself in the world scenario in a short span of 9 years. A very 
small number of students opted to take up jobs and have secured jobs in multinational 
companies.

Co-curricular activities: The UG students are also involved in several co-curricular activities 
apart from academics. The annual national science, technology and cultural fest called 
PRAVEGA, an event organised by the UG students brings out the best in these students; 
additionally, the UG magazine QUARKS which exemplifies their literary talents, and certain 
other activities such as SAMANWAY, the industry outreach initiative of the institute in which 
UG students have an active role in organisation, RANGMANCH and RHYTHMICA which bring 
out the dramatic and the dance talents respectively, are a demonstration of their exemplary 
talents. A young team of undergraduate students from the institute won a gold medal for the 
second consecutive time at the International Genetically Engineered Machine (iGEM) contest 
held in USA. Over 300 teams from all over the world participated in the competition.
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Members of the Faculty have won numerous awards, both national and international, in 
recognition of their research and development work. Some are listed below:

SHANTI SWARUP BHATNAGAR PRIZE FOR THE YEAR 2019, IN PHYSICAL SCIENCES
Aninda Sinha (CHEP)

INFOSYS PRIZE IN PHYSICAL SCIENCES
Mugesh G (IPC)

JC BOSE FELLOWSHIP
Shalabh Bhatnagar (CSA)

FELLOW, TWAS
Umesh Varshney (MCB)

FELLOW OF INDIAN NATIONAL SCIENCE ACADEMY
Utpal Nath (MCB)
Vijay B Shenoy (PHY)
Neelesh B Mehta (ECE)

FELLOW OF INDIAN ACADEMY OF SCIENCES 
Rishikesh Narayanan (MBU)
Partha Sarathi Mukherjee (IPC)
Shalabh Bhatnagar (CSA)
Utpal Nath (MCB)
Binod Sreenivasan (CEaS)
Aloke Paul (MAT)
Rajeev Ranjan (MAT)
Rishikesh Narayanan (MBU)
Arun Kumar (MRDG)
Justin Raj David (CHEP)

FELLOW OF THE INDIAN NATIONAL ACADEMY OF ENGINEERING
Satyam Suwas (MT)
Ravishankar Narayanan (MRC)
Radhakant Padhi (AE)
A G Ramakrishnan (EE)
Debiprosad Roy Mahapatra (AE)

FELLOW OF THE NATIONAL ACADEMY OF SCIENCES
Justin Raj David (CHEP)

SWARNA JAYANTI FELLOWSHIP 
Yogesh Simmhan (CDS)
Apoorva Khare (MA)
Anindya Das (PHY)
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AWARDS, HONOURS AND RECOGNITIONS
Muniyappa K (BC)
CSIR Bhatnagar Fellowship
G N Ramachandran Gold Medal for Excellence in Biological Science and Technology
J C Bose Medal (INSA)

Pundi N Rangarajan (BC)
Foreign Secretary, National Academy of Sciences, India (NASI)

Purusharth Rajyaguru (BC)
Prof Priti Shankar Teaching Award - 2019

Sandeep M Eswarappa (BC)
Invited to join the Early Career Reviewer board of the Journal of Biological Chemistry
Obtained Exceptional Faculty Fund from the Divisional of Biological Sciences, IISc

Kartik Sunagar (CES)
Wellcome Trust/India Alliance Intermediate Fellowship

Kavita Isvaran (CES)
Board of Editors, Ecology Letters, CNRS, France

Maria Thaker (CES)
Priti Shankar Teaching Award for Science

Renee M Borges (CES)
Chairperson, National Committee, International Union of Biological Sciences (IUBS), 2020
Council Member, International Society of Environmental Botanists (ISEB), 2019
Secretary, Indian Academy of Sciences, Bangalore, 2019-2021
Chairperson, DST-PAC on Organismal and Evolutionary Biology, 2019-2022
Secretary & Convener, Sectional Committee, INSA in General Biology, 2019-2022

Raghavendra Gadagkar (CES)
Distinguished Alumnus Award of the Indian Institute of Science for the year 2019

Rohini Balakrishnan (CES)
Elected as Member, Executive Council, International Bioacoustics Society

Sukumar R (CES)
Lead Author for Working Group 2, Assessment Report 6, Intergovernmental Panel on Climate Change 
(IPCC), 2018-2020
Lead Author for Working Group 3, Special Report on Land and Climate Change, Intergovernmental 
Panel on Climate Change (IPCC), 2017-2019

Aditya Murthy (CNS)
KT Shetty Memorial Oration Award for the year 2019 from Indian Academy of Neurosciences
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Kavita Babu (CNS)
Janaki Ammal National Woman Bioscientist Award (Young Category) and co-recipient of the BK 
Bachhawat Travel Award
Janaki Ammal-National Woman Bioscientist Award 2019 (Young Category), Dept of Biotechnology, 
Govt. of India
Wellcome Trust/DBT India Alliance Senior Fellowship

Mini Jose Deepak (CNS)
Har Govind Khorana-Innovative Young Biotechnologist Award for the year 2019, from Dept of 
Biotechnology, Govt. of India

S P Arun (CNS)
Shortlist, Nature Mentoring Awards

Sridharan Devarajan (CNS)
Top Reviewer Award, NeurIPS, 2019 (for being among top 400 reviewers)

A Surolia (MBU)
Prof B K Bachhawat Memorial Lecture, CSIR-IICB, Kolkata

Dipankar Chatterji (MBU)
3rd Vikram Sarabhai Memorial Lecture at Indore

Jayanta Chatterjee (MBU)
Young Scientist Award of the Indian Peptide Society

M R N Murthy (MBU)
Prof George Thottappilly Memorial Lecture on 11.4.2019, at Thrissur, Kerala

Manju Bansal (MBU)
NASI-Buti Foundation Lecture Award (2019)

Raghavan Varadarajan (MBU)
Vice-President and Council Member, Indian Academy of Sciences (2019-21)

Amit Singh (MCB)
CIDR Drug Discovery Award

Dipshikha Chakravortty (MCB)
ASTRA Chair Professorship Award

Nagalingam Ravi Sundaresan (MCB)
National Bio-science Award for Career Development from Department of Biotechnology, India
Winner, NASI-Scopus Young Scientist Award 2018, Category: Biomedical Research and Healthcare

Shashank Thripathi (MCB)
Infosys Young Investigator Award
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Subba Rao Gangi Setty (MCB)
Guha Research conference member
S. Ramachandran National Bioscience Award
Umesh Varshney (MCB)
Goyal Prize

Usha Vijayraghavan (MCB)
16th B Mukherjee Award Lecture, at Central Drug Research Institute 2019
Indian National Science Academy, Sectional Committee VII, Convenor

Annapoorni Rangarajan (MRDG)
P.S. Sarma Memorial Award-2019
PS Sarma Memorial Award by the Society of Biological Chemists

Deepak Kumar Saini (MRDG)
Sentinals Award

Ramray Bhat (MRDG)
Membership of the Indian National Young Academy of Sciences

Sandhya S Visweswariah (MRDG)
‘Royal Society Yusuf Hamied International Exchange Award’, with Dr Lesley Hoyles, Nottingham Trent 
University, UK
Recipient of the Rustom Choksi Award for Excellence in Science and Engineering 2019 given by the 
Indian Institute of Science

 K Geetharani (IPC)
NASI-Young Scientist Platinum Jubilee Award in Physical Sciences, 2019

Arunan E (IPC)
International Advisory Board Member for the First International Conference on Non-Covalent 
Interactions, Lisbon, Portugal September 2019
National Prize for Chemical Spectroscopy and Molecular Structure given by CNR Rao Research 
Foundation

Chinmoy Ranjan (IPC)
TL Ramachar Lecture of the Electrochemical Society of India

E D Jemmis (IPC)
Sir Devaprasad Sarvadhikari Medal, Calcutta University, Kolkata
Year of Science Chair Professorship, SERB-DST, New Delhi

Geetharani K (IPC)
NASI-Young Scientist Platinum Jubliee Award 2019
SERB- Women Excellence Award 2020
Young Associate, Indian Academy of Sciences (2018-2021)
Young Scientist Medal (2019), Indian National Science Academy (INSA)
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Mugesh G (IPC)
Silver Medal by Chemical Research Society of India

S Sampath (IPC)
Prof A.V. Rama Rao Foundation Lecture in Chemistry-2019
CNR Rao award for Nanoscience
Sastra-CNR Award
Rustom Choksi Award for Excellence in Research in Sciences, IISc

Veerabhadrarao Kaliginedi (IPC)
Inspire faculty award

Bikramjit Basu (MRC)
FACerS Fellow, American Ceramic Society

Prabeer Barpanda (MRC)
2019 Emerging Investigators of Journal of Materials Chemistry

Hanudatta S Atreya (NRC)
Selected to the Editorial Board of Nature Scientific Reports Journal

Suryaprakash N (NRC)
Invited Speaker, an honour, at Asia Pacific NMR Conference, Japan
Plenary speaker in high profile ISMAR, at Germany

A T Biju (OC)
Editor-in-Chief, Journal of Heterocyclic Chemistry
Fellow, Royal Society of Chemistry (FRSC)

Erode N Prabhakaran (OC)
Member Board of Science and Research - Thiruvalluvar University, TN
Member Board of Studies - Sri Sathya Sai University, AP

Garima Jindal (OC)
Rekha Rao Young Investigator Award 2020-2022

Jayaraman N (OC)
Prof Kewal Tewari Endowment Lecturer, Panjab University, Chandigarh, 2019

Santanu Bhattacharya (OC)
First ACES lecture, 20th CRSI National Symposium, IIT Kanpur

Santanu Mukherjee (OC)
Associate Editor, Organic & Biomolecular Chemistry (RSC)
Associate Editor, Organic & Biomolecular Chemistry, the Royal Society of Chemistry’s Journal
Chemical Research Society of India (CRSI) Bronze Medal
Fellow, Royal Society of Chemistry (FRSC)
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Uday Maitra (OC)
Dr Darshan Ranganathan Memorial Lecture, CRSI
Prof P.K. Sharma Memorial Lecture, Guwahati University

Abhishake Mondal (SSCU)
“Start-up Research Grant (SRG) from SERB, 2019-2021

Biman Bagchi (SSCU)
Humboldt Science Research Award 2019
National Science Chair, Feb 2019

D D Sarma (SSCU)
Member, Board of Trustees of the Asia Pacific Center for Theoretical Physics (APCTP), Korea

Gautam R Desiraju (SSCU)
Lifetime Achievement - India Research Excellence – Citation Award 2019

Govardhan P Reddy (SSCU)
Alexander von Humboldt Fellowship

Naga Phani B Aetukuri (SSCU)
Early Career Research Award, DST-SERB, 2018-2021
Invited Research stay at Max Planck Institute of Microstructure Physics, Halle for Developing 
strategies to implement neuromorphic elements in electrochemically modified materials

Natarajan S (SSCU)
JSPS visiting professor position at Kyoto University

S Ramasesha (SSCU)
Sir M. Visvesvaraya Senior Scientist State Award

Sarma D D (SSCU)
DAE C. V. Raman Lecture
Gaspard Monge Visiting Professor at Ecole Polytechnique, France 
Prof Vijaya Agarwala Memorial Lecture, IIT Roorkee
The Bernard Coqblin Prize, awarded at Opening and Prize Ceremony of the International Conference 
on Strongly Correlated Electron Systems, Okayama, Japan

Satish Patil (SSCU)
Associate Editor: Resonance – Journal of Science Education
Editorial Advisory Board Member: ACS Chemicals Health & Safety
Editorial Board Member: iScience

T N Guru Row (SSCU)
INSA Senior Scientist 

Vivek Tiwari (SSCU)
New Young Scientist Research Award (DAE-BRNS)
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Anand Louis (CSA)
Pratiksha Trust Young Investigator

Raghavan K V (CSA)
Distinguished Reviewer Award, 34th IEEE/ACM International Conference on Automated Software 
Engineering (ASE 2019)

Shalabh Bhatnagar (CSA)
Prof Rustom Choksi Award for Research Excellence in Engineering

Uday Kumar Reddy B (CSA)
Cray APJ Abdul Kalam HPC award 2019 - Young Researcher HPC Systems

Aditya Gopalan (ECE)
A Qualcomm Innovation Fellowship 2019-20 

Anandi Giridharan (ECE)
Chair Elect, IEEE Women in Engineering, Bangalore Section
Chapter Advisor, IEEE-IISc Women in Science and Engineering
Member of IEEE-IISc HKN Chapter

Anurag Kumar (ECE)
Dr AC Banerjee Memorial Lecture Award (2019) of the National Academy of Sciences

Bharadwaj Amrutur (ECE)
Abdul Kalam Technology Innovation Fellowship

Chockalingam A (ECE)
PSG Distinguished Alumni Award 2019, Coimbatore

Dipanjan Gope (ECE)
Associate Editor IEEE Letters on EMCPA, Special Issue

Himanshu Tyagi (ECE)
Selected as one of the top 100 reviewers for NeurIPS 2019

K V S Hari (ECE)
Elected as Vice President, IEEE Signal Processing Society, for 2020-22

Neelesh B Mehta (ECE)
Khosla National Award of IIT Roorkee

Sundar Rajan B (ECE)
Appointed member of the Fellow Evaluation Standing Committee of IEEE Communications Society

Sundeep P Chepuri (ECE)
Ramanujan Fellowship

Vijay Kumar P (ECE)
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Invited to serve as an external member of the Board of Studies (BoS) in the School of Engineering in 
Shiv Nadar University (SNU)

AG Ramakrishnan (EE)
Invited to attend the Language Technologies for All (LT4All) Conference, at UNESCO Headquarters 
(Paris, France), during 5-6 Decembe, 2019

Gurunath Gurrala (EE)
Best Paper Award in the Smart Grid Session in ICPS 2019, held at Malaviya National Institute of 
Technology, Jaipur

Best Paper in the Session Smart Grids at International Conference on Power Systems - ICPS, MNIT 
Jaipur, 20-22 DECEMBER 2019 

Kaushik Basu (EE)
Prof Priti Shankar Teaching Award for Assistant Professors for Engineering for the year 2019 (IISc)
Jaya Jayant Award for Teaching Excellence for Engineering for the year 2019 (IISc)

Pavankumar Tallapragada (EE)
Outstanding Paper Award from IEEE Transactions on Control of Network Systems

Ramakrishnan AG (EE)
Invited Member of the Senate- IIIT-Allahabad, Prayagraj
Best paper of the issue in IEEE Trans. Power Delivery
Editor of IEEE Transactions on Power Delivery, Feb 2020

Soma Biswas (EE)
Google India AI/ML Research Award

Sriram Ganapathy (EE)
Technical paper chosen as Latest Technical Area Pick for the Journal of Acoustical Society of 
America (JASA)

Chetan Singh Thakur (ESE)
Adjunct Faculty, MARCS Institute of Brain, Behaviour and Development, Western Sydney University 
(WSU), Australia

K Gopakumar (ESE)
Dr.-Ing. Eugene Mittelmann Achievement Award

Shayan Garani Srinivasa (ESE)
Satish Dhawan State Award from Govt. of Karnataka

Mohit Kumar Jolly (BSSE)
Secretary, The International EMT Association
Member, Indian National Young Academy of Science
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Rachit Agarwal (BSSE)
Har Govind Khorana-Innovative Young Biotechnologist Award for the year 2019, from Dept of 
Biotechnology, Govt. of India
Bill & Melinda Gates Foundation
IYBA award
Lakshmi Narayanan Young Investigator Award

Siddharth Jhunjhunwala (BSSE)
Prof Priti Shankar Teaching Award

Vaishnavi Ananthanarayanan (BSSE)
‘Cell Scientists to Watch’, from Journal of Cell Science, UK
BITS Pilani 30 under 30 Award 2019 (Category: Academia, Research and Development)
Member, Editorial Advisory Board, Journal of Cell Science
SERB Women Excellence Award 2019

Deepak Narayanan Subramani (CDS)
Arcot Ramachandran Young Investigator Award

Konduri Aditya (CDS)
Best Paper Honorable Mention Award, IEEE Pacific Visualization 2020
INCITE Award - US Department of Energy (DOE) Leadership Computing award to solve grand scientific 
challenges

Partha Pratim Talukdar (CDS)
Outstanding Paper Award at ACL 2019 (First such distinction for research out of India)

Phaneendra Kumar Yalavarthy (CDS)
Senior Member of Optical Society of America (OSA)
Senior Member of SPIE

Phani Motamarri (CDS)
2019 ACM Gordon Bell Prize Finalist in SC’19 (Supercomputing conference)
INCITE Award 2020 -- US Department of Energy (DOE) Leadership Computing award to solve grand 
scientific challenges

R Venkatesh Babu (CDS)
Associate Editor for “Pattern Recognition” journal, Elsevier

Yogesh L Simmhan (CDS)
Associate Editor in Chief, Journal of Parallel and Distributed Computing
IEEE CLOUD best paper award
IEEE SCALE Challenge Award, for the first time from India

Navakanta Bhat (CeNSE)
Elected as Vice President Education, IEEE Electron Devices Society (2019)

Supradeepa V R (CBR/CeNSE)
INAE Young Associate
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INAE Young Engineer Award-2019
INSA Medal for Young Scientist-2019

M Sekhar (ICWaR)
Award of Excellence in Ground Water Science, instituted by the Indian National Committee of 
International Association of Hydrogeologists

Mathirajan M (MS)
Candidate member of the International Federation of Information Processing (IFIP) Working Group 
5.7 (IFIP Working Group 5.7) based on nomination and based on the number of secondments
Elected as Council Members of Operational Research Society of India (ORSI) for two years Period: 
2019-2020
Member of Academic Council of RV College of Engineering for two years term: 2019-2020

Debiprosad Roy Mahapatra (AE)
DRDO Chair

Dinesh Kumar Harursampath (AE)
Founder Charter Member, Indian Society of Nanotechnology Applications
Guest Editor, AIAA Journal, Special Issue on Asymptotic Analyses, Dynamics and Aeroelasticity, Oct 
2019
Indian Rotorcraft R&D Representative & Keynote Address, Vertical Flight Society (VFS)/American 
Helicopter Society (AHS) International & Turkish Aerospace Industries, 8th Asian-Australian 
Rotorcraft Forum (ARF), Ankara, Turkey
Senior Member for lifetime, Indian Society for Applied Mechanics (ISAM)

Gopalakrishnan S (AE)
Institute for Smart Structures and Systems Distinguished Service Award

Gopalan Jagadeesh (AE)
Elected President of International Shock Wave Institute, HQ Nagoya, Japan
Plenary Lecture, International Shock Wave Symposium, July, Singapore, 2019

Omkar S N (AE)
Kannada Seva Rathna Prashasthi from Bengaluru Nagarajilla Kannada Sahithya Parishattu, 25th 
March, 2019

Radhakant Padhi (AE)
Fellow, IETE

Ranjan Ganguli (AE)
Royal Academy of Engineering Distinguished Visiting Fellowship

Sourabh Suhas Diwan (AE)
SERB Early Career Research Award

Arindam Chakraborty (CAOS)
Certificate of Reviewer Excellence, from Indian Academy of Science
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Govindasamy Bala (CAOS)
Member, Earth Commission, Future Earth

P N Vinayachandran (CAOS)
Co-chair, GODAE Ocean View Science Team
Co-chair, Science Theme-2, IIOE-2, SCOR/IOC/UNESCO
Member, Steering Committee, IIOE-2, SCOR/IOC/UNESCO
Member, Steering Committee, Sustained Indian Ocean Biogeochemistry and Ecosystem
Research (SIBER), Integrated Marine Biosphere Research (IMBER), USA

Satheesh S K (CAOS)
Fellow, Indian Meteorological Society (elected in 2019)
Fellow, The Royal Meteorological Society, UK (elected in 2019)
GM Modi Innovative Science and Technology Award 2019, GM Modi Science Foundation, New Delhi, 
2019
The National Award of Excellence in Atmospheric Science and Technology, Ministry of Earth Sciences, 
Government of India, New Delhi, 2019

Bhushan J Toley (CE)
Inducted as Young Associate of the Indian National Academy of Engineering
Saroj Poddar Foundation Young Investigator Award

Jayant M Modak (CE)
UDCT Alumni Association Distinguished Alumni Award, 2019

V Kumaran (CE)
Distinguished Alumnus Award, IIT Madras, 2020

Abdul Rawoof Pinjari (CIE)
Associate Editor, Transportation Research Part B, Elsevier (2019 - Present)
Best Paper award in the “Traffic Flow Analysis and Facilities Design” category at the 5th Conference of 
the Transportation Research Group of India (CTRG-2019) for the paper by Nirmale, S.K. and Pinjari A.R
Elected as Vice Chair/Chair-Elect of the International Association for Travel Behaviour Research (IATBR)

Anbazhagan P (CIE)
International Editorial Advisory Board in Cambridge Scholars Publishing in the area of Seismology, 
Geophysics and Soil Mechanics
Member NDMA (National Disaster Management Authority) Core Group for development of detailed 
outline for Resource Material on Earthquake Engineering
Nominated Indian Geotechnical Society Member in the International Technical Committee TC- 102 
for Ground Property Characterisation from In-Situ Tests for period of 2018-2021, under International 
Society for Soil Mechanics and Geotechnical Engineering
Research Advisor Nanyang Academy of Sciences, Singapore

Ashish Verma (CiE)
Associate Editor, Journal of Modern Mobility Systems (JMMS), published by Mason Publishing, George 
Mason University
Chair, Technical Committee of TRG “TCT-D01: Travel behaviour and transport demand”
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Received Springer Best Paper Award in the International conference of Transportation Infrastructure 
Projects Conception to Execution (TIPCE), 2019 in the category of Economics

Chandra Kishen J M (CIE)
Elected President of the International Association for Fracture Mechanics of Concrete and Concrete 
Structures (IAFraMCoS)

D Nagesh Kumar (CiE)
Member, International Editorial Board, Journal of Water and Climate Change, IWA Publishing, 
London,UK

Gali Madhavi Latha (CIE)
Associate Editor, Geotextiles and Geomembranes, Elsevier
Member, ISSMGE International technical committee TC-105 Geomechanics from Micro to Macro
Member, ISSMGE International Technical Committee TC-207 on Soil-structure interaction and 
retaining walls
Member, National expert committee for the Guideline for Assessment of Geological and Seismic 
Hazard of Existing Dams

Mujumdar P P (CIE)
Distinguished Alumni Award (Academics), NIT Surathkal

Nagesh Kumar D (CIE)
Prof Satish Dhawan Chair Professor awarded by IISc

T G Sitharam (CiE)
Visiting Professorial Fellow, University of Wollongong, Australia

Amaresh Chakrabarti (CPDM)
DST DUO Fellowship, Italy
Member, Scientific Advisory Board, MIT-SUTD International Design Centre, Singapore University of 
Technology and Design, Singapore
Chair, LITD34 Sectional Committee on Smart Manufacturing Standards, Bureau of Indian Standards, 
GOI
Joint-Coordinator, Leadership in Defence Manufacturing Technology Programme for DRDO, with 
Cranfield UK and NIAS Bangalore
Founding Chair, International Conference series: Industry 4.0 and Advanced Manufacturing
Joint Chair, with CABS DRDO, 8th PLMSS Conference, Bangalore, December 2019

Pradipta Biswas (CPDM)
DST DUO Fellowship with University of Barcelona, Spain
Microsoft AI for Accessibility Grant award

Rina Maiti (CPDM)
Invited Guest speaker in DRDO-IITs/IISc Brainstorming Workshop on Human Factors & Human 
Reliability, at DRDO Bhavan, New Delhi, Jun 24 2019
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Dasappa S (CST)
Amulya and Vimala Reddy Lecture Award in the field of Sustainable Development

Monto Mani (CST)
Associate Editor, Journal of the Institution of Engineers - Series 
Lexus Design Award 2019

Abhik N Choudhury (MT)
INSA Medal for Young Scientist (2019)

Govind S Gupta (MT)
Guest Editor for Trans IIM journal

Satyam Suwas (MT)
Fellow of Electron Microscopy Society of India (EMSI)

Vikram Jayaram (MT)
Life-Time Achievement Award from Electron Microscopy Society of India (EMSI)

Ananthasuresh G K (ME)
Award of Merit from the International Federation for the Theory of Mechanism and Machine Science for 
2019

Ashitava Ghosal (ME)
Elected Executive Committee member of IFToMM for the term 2020-2023

Koushik Viswanathan (ME)
Best paper award - All India Manufacturing Technology, Design and Research conference 2018 
(awarded Feb 2019)
Invited speaker at American Physical Society (APS) annual March meeting 2019
Namrata Gundiah (ME)
Executive Council Member, Indian Biophysical Society
Scientific Advisory Board, Narayana Nethrayala, Bangalore

Pradip Dutta (ME)
Associate Editor, Thermal Science and Engineering Progress (Elsevier)

Pramod Kumar (ME)
KSCST- Prof Satish Dhawan State Award for young Engineers - 2018

Saptarshi Basu (ME)
Elected as Fellow of Institute of Physics, UK

 B Ananthanarayan (CHEP)
Member, Board of Editors of The European Physical Journal Special Topics (EPJST)

Jyothsna Rani Komaragiri (CHEP)
Won the Re-Invitation Grant for Research Alumni to visit Karlsruhe Institute of Technology (KIT), 
Karlsruhe, Germany during July - August 2019
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Prasad Satish Hegde (CHEP)
Member of the International Advisory Committee for the Lattice 2019 conference

Rohini M Godbole (CHEP)
R.D. Birla Memorial Award from the Indian Physics Association, Mumbai

Asha Bhardwaj (IAP)
Infosys young scientist award

Baladitya Suri (IAP)
Infosys Young Investigator Grant

Chandni U (IAP)
INSA Young Scientist Medal

Jaya Prakash (IAP)
Har Gobind Khorana Innovative Young Biotechnologist Award
Infosys Young Investigator Award
Institute of Physics Outstanding Reviewer Award (Inverse Problems Journal)

Sanjiv Sambandan (IAP)
Hamied Fellowship, Cambridge, UK

Shivaprakash N C (IAP)
BOG Chair JNTUH CEH Hyderabad

Apoorva Khare (MA)
Delivered a Plenary talk at the 2019 ILAS (International Linear Algebra Society) meeting – the 
topmost worldwide conference in matrix theory – in Rio de Janeiro, Brazil. Also selected as the 
LAMA Lecturer
Invited to deliver the 20th Professor Wazir Hasan Abdi Memorial Lecture, in Cochin University of 
Science and Technology (CUSAT)
Tarun Tejankit Puraskar, from Loksatta newspaper

R Venkatesh (MA)
Associateship, Indian Academy of Sciences, Bangalore

Sanchayan Sen (MA)
Infosys Young Investigator Position

Soumya Das (MA)
Humboldt Fellowship for experienced Researchers, Germany
Senior Humboldt Fellowship for 18 months from Alexander von Humboldt foundation

Venkatesh R (MA)
Best Alumni Award from Bharathidasan University, Trichy
Distinguished Alumnus from Thiruvalluvar Government Arts College, Rasipuram
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Animesh Kuley (PHY)
Infosys Foundation Young Investigator Award

Prateek Sharma (PHY)
Dr Abdul Kalam HPC Award for Contributions in India (young category)

Rajeev Kumar Jain (PHY)
Core research grant (co-PI) from SERB, DST, India, Feb. 2019
Infosys Young Investigator Award, Nov. 2019

Srimanta Middey (PHY)
Infosys Young Investigator Award
SERB Early Career Award

Vibhor Singh (PHY)
Associate of the Indian Academy of Sciences (2019)



Students
6



6.1 ADMISSIONS AND ON ROLL
During the year, 1164 students (413 for research, 55 for Integrated PhD, 577 for course 
programmes and 119 under graduate programme) joined the Institute taking the number on 
roll to 4146 (2365 students in research, 334 in Int. PhD, 994 in post graduate and 453 in under 
graduate course programme).

6.2 SC/ST STUDENTS
40 students belonging to SC/ST communities in research, 89 in the course programme and 25 
in the under-graduate programme joined the Institute in the current year.

ADMISSIONS
Research: Out of 978 applicants, 761 were called for an interview; 54 were offered admission 
and 40 joined.
Int. PhD: Out of 113 applicants 25 of them were short-listed and called for an interview, 9 were 
offered admission and 6 joined.

COURSES
MTech/MMgt/MDes: Out 861 applicants, 147 were offered admission and 89 joined.
Bachelor of Science (Research): Out of 1690 applicants, 51 were offered admission and 25 
joined

6.3 SCHOLARSHIPS / FELLOWSHIPS
The students participating in research and course programmes are granted scholarships at 
the Institute ranging from 12,000/- to 70,000/- depending on the programme. Those students 
who are granted fellowships by agencies like UGC/CSIR and other bodies are not eligible for 
scholarships awarded by the Institute.

6.4 STUDENTS ASSISTANCE PROGRAMME
Needy students have offered their services in selected Institute activities and have secured 
additional finances under the “earn-while-you-learn” scheme.

Students Aid Fund: This is a co-operative scheme to assist needy and deserving students 
through loans, to meet tuition fees, study tour expenses, cost of books, thesis expenses and 
maintenance at the Institute.
During the period 2019-20, students availed themselves of the loan to the extent of 
Rs.17,00,000/-.

6.5 STUDENTS COUNCIL
The Students Council (an elected body from among the student community) provides an 
effective channel of communication between the Director, faculty and students. Through 
dialogue and discussion on various student matters, problems relating to the students are 
resolved by initiating appropriate action. The Students Council is also responsible for certain 
welfare measures initiated by the student community. The publication of ‘SCAMPUS’, a 
campus magazine and newsletter of the students is one of its main activities.

6.6 HOSTELS 
The Students Hostel consists of 16 hostel blocks for men and 4 for women. Students, 
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research associates, and short-term workers totaling 3243 (2393 men and 850 women) are provided 
accommodation in the hostel blocks.

Four dining halls (2 vegetarian and 2 composite) provide a variety of food items in clean and hygienic 
conditions for all the boarders.

The hostels and dining halls are managed by the Council of Wardens.

6.7 AWARD OF MEDALS
The Institute awards medals every year in recognition of the best thesis (both at the Doctoral and 
Master’s levels) in various fields and for excellence in course programmes and projects.

The following tables give the names of the medal and the recipient for the current year:

SL No Name of the Medal Awardee Dept / Centre
BEST PhD THESIS
1. Prof Chintakindi V Joga Rao Medal Jagannathan N AE
2. Prof Giri Memorial Medal Sneha Saxena BC
3. Sir Vithal N Chandavarkar Memorial 

Medal
Ravi Kiran S Sarvadevaghatla CDS

4. Prof KTS lyengar Medal Oindrila Kanjilal CE
5. The Institute Medal Shubhadeep Bhattacharjee CeNSE
6. The Institute Medal Agrita Dubey CNS
7. The Alumni Medal (Research) Aravinda Prasad CS
8. The Seshagiri Kaikini Medal Yalagala Naresh EC
9. Prof DJ Badkas Medal Anil Kumar Adapa EE
10. Tag Corporation Medal Chaitanya Kumar Matcha ESE
11. Dr Srinivasa Rao Krishnamurthy Medal Monalisa Ghosh IN
12. Dr JC Ghosh Medal (Physical Chemistry) Naiwrit Karmodak IP
13. Prof S Soundarajan Medal

(Inorganic Chemistry)
Prodip Howlader IP

14. The Institute Medal Shirhatti Vinay Dhruva MA 
15. Prof BH lyer Medal Hitesh Verma MB
16. The M Sreenivasaya Medal Riyaz Ahmad Shah MC
17. Mrs CV Hanumantha Rao Medal Saurav Kumar MD
18. Prof BK Subba Rao Medal Apratim Sanyal ME
19. The Indian Economic Association Medal Deepak C MG
20. The Sudborough Medal Debasmita Dwibedi MR
21. Prof KP Abraham Medal Goutam Prasanna Kar MT
22. The Guha Research Medal Santhosh Rao OC
23. Prof Anil Kumar Memorial Medal  

(Experimental Physics)
Abhishek Banerjee PH

24. Kumari L A Meera Memorial Medal  
(Theoretical Physics)

Saurabh Singh PH/HE

25. The Toulouse Medal Hiranmay Maity SS
26. Amulya and Vimala Reddy Medal Sreesha M ST



BEST INTEGRATED PhD THESIS 
27. Dr R K Maller Memorial Medal Aruna Athreya Biological 

Scs.
28. Dr A Nagaraja Rao Medal Arnab Dutta Chemical Scs.
29. Prof PL Bhatnagar Medal Pritam Ganguly Mathematical 

Scs.
30. Kumari LA Meera Memorial Medal Ranjitha Sengupta Physical Scs.

BEST MSc (ENGG) / M Tech (Research) THESIS 
31. NASAS Medal Manasa Bhat AE
32. NetApp Medal Anshu Shukla CDS
33. Prof FM  Mowdawalla Medal Pavan C M EC
34. The Hay Medal Gavaskar Ruturaj Girish EE

BEST ME / M Tech / M Mgt / M Des STUDENTS
35. Mrs Sabita Chaudhuri Memorial Medal Sangeetha B AE
36. Motorola Medal Utkarsh Shreemli CDS
37. Prof NS Lakshmana Rao Medal Greeshma G Gireesh CE
38. Prof KN Krishnaswamy Medal Srishti Sharma CEaS
39. The Institute Medal Piyush Raj CeNSE
40. Prof NR Kuloor Memorial Medal Aamir Faisal Ansari CH
41. The Institute Medal Kamat Raunak Deepak CPDM
42. The Computer Society of India (Banga-

lore Chapter) Medal
Kunal Chelani CS

43. Prof SVC Aiya Medal Rose Mary Augustine EC
44. The Alumni Medal Vishal Shaw EC/ED
45. The NR Khambhati Memorial Medal Abhishek Kumar EE
46. The NR Khambhati Memorial Medal H Shashwatha Kumar Kedalya EE
47. Prof ISN Murthy Medal Vinith Kishore EE/EC
48. The DESE Design Medal Shalakha Singal ESE
49. SV Sastry Memorial Medal Sundara Venkatesh M ME
50. Prof BG Raghavendra Memorial Medal Pravesh Kumar MG
51. The KK Malik Medal Shreehard Sahu M

BEST BACHELOR OF SCIENCE (RESEARCH) STUDENTS
52. The Institute Medal Aditya Ananthanarayanan lyer Biology
53. The Institute Medal Agnish Kumar Behera Chemistry
54. Sitaram Jindal Foundation Medal Shikhar Arvind Materials
55. The Institute Medal Rachitesh Kumar Mathematics
56. The Institute Medal Saraswat Bhattacharyya Physics
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6.8 Awards & Distinctions Conferred On Students

FELLOWSHIP

PRIME MINISTER RESEARCH FELLOWSHIP
Sayan Ray (OC)
Kanishak Vaidya (ECE)
Saswat Chaudhury (MT)
Abhishek Chakraborty (ICWaR)
Walter Samuel (ICWaR)
Ashish Panwar (CSA)
Walter Samuel (CAOS)
Adarsh Ajith Naik (CE)
Mohammed Tabish Khan (CE)
Anshul Shrivastava (ME)
Sreemayee Aditya (CHEP)

GRANTHAM FELLOWSHIP
Chamarthi Sarath Chandra (ICWaR)
Saubhik Das (ICWaR)
Ambuj Kumar Jha (CAOS)
Bijit Kumar Kalita (CAOS)
Devang Falor (CAOS)
Harpreet Kaur (CAOS)
Jayakrishna NKU (CAOS)
Kaustubh Desai (CAOS)
Kottapalli Aditya (CAOS)
Priyanshi Singhai (CAOS)
Rajat Joshi (CAOS)
Rajat Masiwal (CAOS)
Sanchita Agrawal (CAOS)
Sayan Jana (CAOS)
Shikhar Srivastava (CAOS)
Suchistmita Subhadarsini (Civil)
Thamizharasan S (CEaS)
Anasuya Gangopadhyay (DCCC)
G T Dilip Naidu (DCCC)
Kanishk Saxena (DCCC)
M Shravanth Vasisht (DCCC)
Pradeep S (DCCC)
Rohan P Unni (DCCC)

QUALCOMM INNOVATION FELLOWSHIP
Vineeth Kumar (ECE)
Helen Thomas (CIE)
Rito Brata Nath (CIE)
Myna Vajha (ECE)
Nikhil Krishnan M. (ECE)



CISCO FELLOWSHIP AWARD 2019-20
Rooji Jinan (RBCCPS)
Akshatha Jagdish (RBCCPS)

CISCO CENTER OF NETWORKED INTELLIGENCE FELLOWHIP
Rooji Jinan (ECE)
Saraswathy Ramanthan (ECE)

2020 DUO-INDIA STUDENT FELLOWSHIP, GERMANY
Garima Tiwari (IPC)

AICTE-INAE TRAVEL GRANT SCHEME FOR ENGINEERING STUDENTS, 11 NOVEMBER 2019
Swapnil Mache (CEaS)

ALEXANDER VON HUMBOLDT FELLOWSHIP (GERMANY)
Prodip Howlader (IPC)

BHAVAN (BUILDING ENERGY EFFICIENCY HIGHER & ADVANCED NETWORK) FELLOWSHIP 
SUPPORTED BY IUSSTF AND DST
Tarun Kumar (CST)

CISCO M TECH FELLOWSHIP 
Mahak Pancholi (CSA)
Nirabhra Mandal (EE)

CSIR-SYAMA PRASAD MUKHERJEE SRF FELLOWSHIP
Swagata Halder (CNS)
Sakshi Agarwal (MRC)

DST INTERNATIONAL POST-DOC FELLOWSHIP
Awanish Pandey (CeNSE)

ECS F.M. BECKET SUMMER FELLOWSHIP
Ritambhara Gond (MRC)

FULBRIGHT-KALAM CLIMATE FELLOWSHIP FOR DOCTORAL RESEARCH
Akshaya Nikumbh (CAOS)

GOOGLE PHD FELLOWSHIP 2019
Ajith Suresh (CSA)

HARVARD UNIVERSITY POSTDOCTORAL FELLOWSHIP, USA
Kavya Mohan (IAP)

JSPS HOPE FELLOWSHIP
Krishnakanth Sada (MRC)
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MARIE CURIE FELLOWSHIP
Jaideep Joshi (CES)

PRESTIGIOUS QUALCOMM INNOVATION FELLOWSHIP 
Chirag Ramesh (RBCCPS)
Siddharth Asokan  (RBCCPS)

RAMAN-CHARPAK FELLOWSHIP
Anshuman Chaupatnaik (MRC)

UGC KOTHARI FELLOWSHIP
Dhaval Kedaria (MT)

VENKATACHALAIYENGAR FELLOWSHIP
Pramath Anamby (MA)

Visiting student fellowship at MPA Garching
Alankar Dutta (PHY)
Prakriti Pal Choudhury (PHY)

WIPRO PHD FELLOWSHIP
Jogendra Nath Kundu (CDS)

PAPER/POSTAR AWRDS AND ORAL PRESENTATION
Amarendra Kumar (BC)
SBC (I) Best Poster Award
Shivangi Sharma (BC)

Best Oral Presentation Award during the Conference on Drug Discovery and translational medicine 
(DDTM-2019) in Annamalai University, India
Priyanka Gupta (CNS)

Best paper presentation award, Association for Cognitive Science Conference, 2019
Bhavesh Khatri (MBU)

Best Oral Presentation at 7th Indian Peptide Symposium, Hyderabad, India
Priyanka Lahiri (MBU)

Best Poster Award at 7th Indian Peptide Symposium, Hyderabad, India
Best Poster Award at National Conference on Synthetic and Biological Peptides, Bangalore, India
PRV Shabareesh (MBU)

Best Poster award- National Seminar on Crystallography, BARC, India
Puja Majumder (MBU)

Best Poster award-EMBL workshop on membrane proteins
Monalisha Rath (MCB)



Awarded the ‘Best Oral Presentation’ award in National Arabidopsis Meeting held from 29-31 Dec 2019 
in Puri, India
Sukriti Kapoor (MCB)

Best Presentation Award in Molecular Motors, Transport and Trafficking
Bhaskar Kumawat (MRDG)

1st Prize; Poster presentation; Indian Socety for Evolutionary Biology Meeting
Arijit Das (IPC)

Best poster prize at Manchester International Symposium on Highly Excited States, Many-body and 
Non-covalent Interactions, held between 19th and 21st June, 2019
Namrata Singh (IPC)

ACS Poster Prize at the CRSI-NSC-24
Soumalya Bhattacharya (IPC)

Best poster prize at MTIC national conference held in IIT Guwahati
Akash Singh (MRC)

Short listed for best poster award at MRS
K C Krishnapriya (SSCU)

Best Poster award in International Workshop & Conference on Perovskite and Hybrid Photovoltaics 
(ICPHPV), 2019
Swati Singla (CSA)

Second Prize in the poster session of EECS Symposium 2019, Theoretical Computer Science category
Vinay Vasista (CSA)

Best M.Tech (Research) thesis award
Nikhil Krishnan M (ECE)

One of four finalists for the IEEE ISIT Jack Wolf ISIT Student Paper Award
Prathamesh Mayekar (ECE)

Best Student Paper Award, IEEE International Symposium on Information Theory 2018 (awarded at ISIT 
2019)
Bharat Padi (EE)

Nominated for Best Paper Award at IEEE ASRU
Bidhan Biswas (EE)

Best paper of the issue in IEEE Trans. Power Delivery
Neeraj Sharma (EE)

Best Paper Award - Latest Technical Area Pick for the Journal of Acoustical Society of America (JASA)
Pratik Kumar (ESE)
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Best poster award at EECS symposium
Sawan Kumar (CDS)

Outstanding Paper Award at ACL 2019 (First such distinction for research out of India)
Sharmistha Jat (CDS)

Outstanding Paper Award at ACL 2019 (First such distinction for research out of India)
Anish Kalra (CeNSE)

Best Student Presentation Award at Electronics Materials Conference
EMC Best Student paper award
Neha Sakhuja (CeNSE)

Best Poster award at “MRS Fall Meeting, 2019 for the poster titled “ Iron Oxide anchored Tungsten 
Diselenide nanosheets for ultrasensitive detection of ammonia”
Pallavi Das Gupta (CeNSE)

Presented poster on “A non-enzymatic electrochemical technique to detect serum creatinine” in 
AIWPSD conference 2019 in Kolkata from 17 - 20 December 2019 and awarded the Best Poster in 
Sensors and Bioelectronics Category.
Parmeshwar Prasad (CeNSE)

Best Poster Award, Frontiers of Nanomechanical Systems, Palm Springs, California
Preeti Deshpande (CeNSE)

Best poster: GRC on Plasmonically Powered Processes
Anubhav Guleria (SERC)

Best Paper Award by IEEE Technical Committee on Services Computing (TCSVC) Best Student Paper 
Award at IEEE-CCEM (Cloud Computing for Emerging Markets), 2019; Award od USD 300 along with a 
certificate
Anjali P (CIE)

Best presentation during NDE-2019 national seminar held in December 2019, Bangalore IndiBest oral 
presentation for student
Ravi Prakash Kashyap (CIE)

Best Paper in 24th HYDRO-2019 International Conference
Sangram Krishna Nirmale (CIE)

Best Paper award in the “Traffic Flow Analysis and Facilities Design” category at the 5th Conference of 
the Transportation Research Group of India (CTRG-2019) for the paper by Nirmale, S.K. and Pinjari A.R.
Aysha A (CST)

Best Student Paper, Comfort at the Extremes (CATE 2019) Conference, Heriot Watt University, Dubai
Khadeeja Henna P (CST)

Best Student Paper, Comfort at the Extremes (CATE 2019) Conference, Heriot Watt University, Dubai
Priyanka Tripathi (CST)



Best Paper Presentation Award
Sumit Bahl (MT)

James Clerk Maxwell Writers Prize 2018 (Runner-up)
Pranay Likhar (ME)

Second place for oral presentation at IndiaTrib 2019
Debasmita Mondal (PHY)

Best Poster Award, in house physics symposium, iisc
Sanyukta Ghosh (PHY)

Best Poster Award at First Indian Materials Conclave and the 30th Annual General Meeting of MRSI, 
IISc, Bangalore
Shashank Kumar Ojha (PHY)

BEST RESEARCH/THESIS, AWARDS AND MEDALS

S. Sai Venkat Ram (CSA)
AMD Best M.Tech thesis

Disha L Dinesha (EE)
POSOCO POWER SYSTEMS AWARD 2019 in Master’s category

Gaurav Mitra (EE)
POSOCO POWER SYSTEMS AWARD 2020 in Master’s category

Nisha Meenakshi (EE)
Best Doctoral Thesis Award from IndSCA, at WiSSAP 2020 organised at IIT Mandi

Puneet Kumar (EE)
POSOCO POWER SYSTEMS AWARD 2020 in Master’s category

Siva A K (EE)
POSOCO POWER SYSTEMS AWARD 2020 in Master’s category

Sushmit Mazumdar (EE)
POSOCO POWER SYSTEMS AWARD 2020 in Master’s category

Anshu Shukla (CDS)
CDS NetApp Data Science Award for Best M.Tech.(Research) student

Swapnil Gandhi (CDS)
Bronze Medal, ACM Student Research Competition (SRC) at SOSP

Gaurav Tiwari (CIE)
IGS-Prof Leonard’s Annual Award for best Ph D thesis in Geotechnical Engineering
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Adhip Agarwala (PHY)
Springer Outstanding Ph.D. Thesis award

Sahil Tippireddy (PHY)
Best Thesis Award-2019 at DAE-SSPS, at IIT Jodhpur

TRAVEL AWARDS

Pip Banerjee (BC)
Travel awards to attend Gordon Research Conference on “Salmonella Biology and Pathogenesis”, Stone 
Hill college, Eaton, MA, USA and ASM Microbe-2019, San Francisco, USA

Subhashish Chakraborty (BC)
Travel award to attend Gordon Conference on “ Microbial Adhesion and Signal Transduction,” Newport, 
Rhode Island, USA

Ujjayinee Ray (BC)
DBT Travel Grant for participating in 5th international conference on Drug Discovery, Development and 
Lead Optimization, Boston, USA
Tata Trust travel award

Dilip Naidu (CES)
Travel Grant (International Conference, China)

Madhura Amdekar (CES)
Association for the Study of Animal Behaviour (ASAB) travel grant

Saurabh Attarde (CES)
DBT CTEP Travel Grant
EMBO Travel Grant

Shamik Roy (CES)
Travel Grant (International Conference, Malaysia)

Sawan Kumar (CNS)
Google Travel Grant, AAAI 2019

Varsha Sreenivasan (CNS)
Cosyne New Attendees Travel Grant, COSYNE 2019
Pratiksha Travel Fellowship, 2019

Bhavesh Khatri (MBU)
Travel Award of the 27th American Peptide Symposium, Monterey, USA

Pavithraa Seenivasan (MBU)
Scientific research work selected for presentation at COSYNE, 2019, Lisbon, Portugal (Travel grant from 
Pratiksha trust for attending)



Poonam Mishra (MBU)
Scientific research work selected for presentation at IBRO World Congress, Daegu, Korea (Travel grant 
from Pratiksha trust for attending)

Pritha Ghosh (MBU)
Travel Award of the 27th American Peptide Symposium, Monterey, USA

Reshma Basak (MBU)
IBRO-SfN Travel Grants 2019 for presenting research work at Society for Neuroscience Annual meeting, 
Chicago, USA

Aditi Jain (MCB)
Department of Science and Technology international travel award to attend BCVS conference 2019, 
Boston, USA

Prerna Sharma (MCB)
ASCB-Travel award (USA)
Tata trust-travel award (India)

Shrividya Sana (MCB)
Tata funding for attending international meeting American Society of Cell Biology Meeting

Geetanjali Bhatia (IPC)
Gordon Research Conferences’ Carl Storm International Diversity Award to attend the 2020 Noble Metal 
Nanoparticles GRC & GRS

Rinkle Juneja (MRC)
SERB DST travel support award

Divya Ravi (CSA)
Tata Trust Travel grant and student stipend to attend ASIACRYPT 2019 at Kobe, Japan

Alekya B (ESE)
TATA TRUSTS TRAVEL GRANT (Name of conference and location: 21st International Conference on 
BioMEMS and Medical Microsystems, Amsterdam, Netherlands; Dates of conference: December 02-03, 
2019; ORAL PRESENTATION)

Suman Chatterjee (ESE)
TATA TRUSTS TRAVEL GRANT (Name of conference and location: 2nd World Congress on Biosensors 
and Bioelectronics, Singapore; Dates of conference: November 27-28, 2019; ORAL PRESENTATION)

Deepak Babu Sam (CDS)
Google Travel Grant for AAAI

Jogendra Nath Kundu (CDS)
Google Travel Grant for ICCV

Navaneet K L (CDS)
Microsoft Research India travel grant for AAAI
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Siddharth Jaiswal (CDS)
RIKEN Travel Grant, R-CCS HPC Youth Workshop, Japan

Siddharth Seth (CDS)
Microsoft Research Travel Grant

Swapnil Gandhi (CDS)
ACM Travel Grant, SOSP, Canada

Parmeshwar Prasad (CeNSE)
DCMP Graduate Student Travel Award for APS Mach Meeting

Jyotirmoy Paul (CEaS)
AGU travel grant, 16th October, 2019
Selected for Roland Schlich grant to attend European Geoscience Union General Assembly, 2020: 20th 
December, 2019
Special registration support programme grant to Attend International Geological Congress, 2020, New 
Delhi: 26th December, 2019
Tata Trust Grant to attend AGU meeting in San Francisco, USA, 11th October, 2019

Shaakir Shabir Dar (CEaS)
Travel Grant from the European Association of Geochemistry 

Swapnil Mache (CEaS)
AGU Fall Meeting General Student Travel Grant, 1 October 2019

Valens Hishamunda (CEaS)
Travel grant from the European Association of Geochemistry during Goldschmidt conference held in 
Barcelona, Spain, on 23rd August,2019

Sathishkumar N (CE)
Chemical and Biochemical Microsystems Society (CBMS) student travel award (Oct 2019)

A S Vandana (CIE)
Tata Trust Travel Grant

Elizabeth Baby George (CIE)
Berkner Travel Fellowship by American Geophysical Union (AGU) to attend 2019 Fall Meeting

Aditi Jain (MT)
DST International Travel Award
Travel grant by the Disease Models & Mechanisms journal and The Company of Biologists

Srijan Acharya (MT)
DST International Travel Award

Surjadipta De Sarkar (MA)
Fellowship and travel grant to attend a programme on Algebraic and Enumerative Combinatorics at the 
Mittag-Leffler Institute from 13 January - 30 April 2020



OTHERS

Akanksha Rathore (CES)
Invited talk at the Gordon Research Conference on Movement Ecology
Zukunftskolleg research visit fellowship, University of Konstanz, Germany

Nikita Zachariah (CES)
AWSAR Award (Augmenting writing skills for articulating research) - Consolation prize in the popular 
science writing on the national science day, 28th February 2019

Sanjeeta Sharma Pokharel (CES)
Presidential medal from Nepal

Satyajeet Gupta (CES)
Honorary EURAXESS Ambassador, one of the top five finalist in EURAXESS India, performed a science 
slam “Nature

Kapudeep Karmakar (MCB)
Young Scientist Award from Dr KV Rao Scientific Society
Young Scientist Award, ICAR

Namrata Singh (IPC)
IIT Bombay Metrohm Young Chemist Award
IUPAC-Solvay International Award for Young Chemists 2020

Atasi Dan (MRC)
Innovative Student Projects Award, Indian National Academy of Engineering

Ritambhara Gond (MRC)
Ludo Frevel Crystallography Scholarship

Ajith Suresh (CSA)
Student Stipend for attending ACM CCS

Harsh Chaudhary (CSA)
Student Stipend for attending ACM CCS

Indu John (CSA)
Special Mention Award, Young Researchers Symposium, CODS-COMAD Conference, Kolkata, Jan 3-5, 
2019

Mahak Pancholi (CSA)
student stipend to attend Theory and Practice of Blockchains Workshop 2019 at Aarhus University, 
Denmark

Protik Paul (CSA)
Student stipend to attend Theory and Practice of Blockchains Workshop 2019 at Aarhus University, 
Denmark
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Sugato Maulik (EE)
Adjudged overall 2nd best paper in the SAE and IEEE International Transportation Electrification 
Conference, 2019

Lakshmi Annamalai (ESE)
Best startup idea pitch at EMEA workshop, Delhi

Souvik Ghosh (CeNSE)
Carlsberg Foundation Scholarship

Malay Pal (CeNSE)`
GYTI 2019

Angshuman Modak (CAOS)
Environmental Research Letters (top 1% cited papers)

Jyotirmoy Paul (CEaS)
One of the awardees of Best Stories in the DST-AWSAR science communication initiative, 2nd March, 
2020

Khantesh Agrawal (CE)
1st Prize (with Rimjhim Gupta), HY contest, IHFC (2019)
1st Prize, HPCL New Generation Ideation Contest (2019)
Young Scholar Award (Jan 2020) at the International Conference on Electrochemistry for Industry, 
Health, and Environment (EIHE-2020) held at BARC, Mumbai

Navjot Kaur (CE)
AWSAR Award 2019: Article titled “Paper machines for rapid and inexpensive, point-of-care diagnosis of 
tuberculosis” ranked 15th among top 100 articles selected from India
Second prize in oral presentation on “A modular paper-and-plastic device for next generation 
tuberculosis diagnosis” at the “Microfluidics and Lab-on-a-chip” conference organised in Mumbai by 
SelectBio on 12th - 13th September 2019

Ananthanarasimhan Jayanarasimhan (CST)
500 Euro Scholar Ship

Abhilash Agnihotri (MT)
DrA.K.Bose Medal

Ashwani Kushwaha (CHEP)
INFN fellow award” phenomenology of elementary particles

Anindya Biswas (MA)
Dr K.V. Rao Scientific Society’s 19th Annual Science Awards
Professor Venkatachalaiengar Scholarship (2019-20)

Prateek Kumar Vishwakarma (MA)
Queen Elizabeth II Scholarship, to visit Department of Mathematics, University of Regina, Canada for 3 
months



Gopal Hazra (PHY)
PhD at-large Prize, International Astronomical Uninon: https://www.iau.org/news/announcements/
detail/ann19039/

6.9 PLACEMENT
An attractive Placement Brochure was prepared by OCCaP to be circulated with potential recruiters. 
A large number of potential recruiters were contacted with an intent for Campus Association for 
recruiting the students. Brochures were shared and many responded positively with good number of 
work opportunities for our students for Final placements. This has added on to the list of our Eminent 
Recruiters those visited last year on Campus. On Campus and Off Campus interest to hire our students 
was shared by the companies.

A modern and fully functional Placement Portal has been set up for students and recruiters. The portal 
enables companies to register and post their hiring requirements. Students can register, apply for jobs 
and manage interface with recruiters.  The portal facilitates Emails and SMS alerts to selected set of 
students and to disseminate information quickly. 

About 50 % of students who pursued internship from batch 2019-20 received direct pre-placement 
full time offers (PPO) during internship season 2019. Pre-Placement Talks (PPT’s) in campus for UG/
Master/ PhD/ Post Doc students scheduled. 75 companies visited on campus to deliver PPT’s. 78 
companies visited on campus for full time hiring. During this Campus Interviews total students placed 
is 238.
  

6.10 External Registration Programme
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SL 
NO

SPONSORS
NUMBER 
ON ROLL

1 24 - 7 Customer Private Limited 1
2 ABB Corporate Research Center 1
3 Accenture Technology Labs 1
4 ADE-DRDO 1
5 Aeronautical Development Agency 3
6 Aeronautical Development Establishment DRDO 1
7 Amrita School of Engineering 1
8 Atomic Mineral Directorate for Exploration and Research 1
9 Bangalore Integrated Systems Solutions P Ltd. 1
10 BHEL Corporate R and D Division 1
11 Bloom Energy I Pvt Ltd 1
12 BrahMos Aerospace 1
13 BrahMos Aerospace - JV Ministry of Defence 2
14 CDD Society 1



15 Center for Science Technology and Policy 1
16 Center for Study of Science Technology and Policy 1
17 Central Research Lab 1
18 Central Research Laboratory Bharat Electronics Limited 1
19 Centre for Artificial Intelligence and Robotics 1
20 COMSOL Multiphysics Pvt. Ltd 1
21 CSIR- National Aerospace Laboratories 1
22 Defence Metallurgical Research Laboratory 2
23 Defence Research And Development Organisation 12
24 EY 1
25 Gas Turbine Research Establishment 3
26 GE Power Systems 1
27 Generl Electric India Technology Centre 1
28 Hemvati Nandan Bahuguna Garhwal University 1
29 Hindustan Aeronautics Limited 7
30 Hindustan University 1
31 Honeywell Technology Solutions Pvt. Limited 3
32 IBM India Pvt. Ltd. 2
33 Indian Space Research Organisation 11
34 Indira Gandhi Centre for Atomic Research (IGCAR), Kalpakkam 2
35 Infosys Limited 2
36 Innomantra Consulting Pvt Ltd 1

37
Institute of Ayurveda and Integrative Medicine Foundation of Revitaliza-
tion of Local Health Traditions

1

38 Intel Technology India Pvt Ltd 2
39 ISRO 14
40 Microwave Tube Research and Development Centre DRDO 2
41 Nagarjuna Fertilizers and Chemicals Ltd 1
42 National Aerospace Laboratories 6
43 National Centre for Earth Science Studies 1
44 NSTL.DRDO.Ministry of Defence 1
45 NTRO PMO GOVT OF INDIA 1
46 Nuclear Fuel Complex 1
47 Praxair India Pvt Ltd 1
48 Ramaiah Insitute of Management 1
49 RDE Engineers DRDO 1
50 Research Centre Imarat. RCI. DRDO 2
51 Robert Bosch Engineering And Business Solutions Limited 2
52 Samatvam Science and Research Center 1
53 Samsung R and D Institute India Bangalore Pvt Ltd 2
54 Sigma Quant Technologies Pvt. Ltd. 1
55 Solid State Physics Laboratory 1
56 Tata Consultancy Services Limited 1
57 Texas Instruments India Pvt Ltd 3
58 Triveni Turbine Limited 1
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59 Vikram Sarabhai Space Centre 1
60 WEBFIL Limited - Digital Systems Division 1
 GRAND TOTAL 123

6.11 Research Conferments Phd, Int. Phd, MS And M Sc (Engg)

6.11.1 PhD

Biochemistry
Sarmi Debashis Nath Understanding the mechanisms of FANCJ helicase mediated repair of 

DNA double-strand breaks
Matta Srujan Kumar Investigating the role of Tim17 and Mgr2 in regulating the architecture of 

presequence translocase and mitochondrial health
Priyanka Jayal Establishment of human ectopic liver tissue in immunocompromised 

mice as a model for Hepatitis C Virus studies
Sneha Saxena Role of mammalian RAD51 paralogs in replication stress response and 

genome maintenance
Deepa Balagopal Determination of Significance of Sumoylation of the SMC5/6 Complex
Debayan Ganguli Biochemical characterisation of UvrD helicase and its interplay with DNA 

mismatch repair proteins in Neisseria gonorrhoeae
Kamisetty Krishna Rao Identification of novel transcriptional and post- transcriptional 

circuits regulating methanol and ethanol utilization pathways of the 
methylotrophic yeast Pichiapastoris

P Sanjeev Elucidating the role of Wntsignalling pathway in cisplatin-induced 
cytotoxicity and DNA damage response

Divya Beri Metabolic Regulation of Gametocytogenesis in Malaria
Jesminara Khatun Comparative evaluation of retrograde regulatory proteins (Rtg1p, 

Rtg2p, and Rtg3p) of Saccharomyces cerevisiae and Pichiapastoris 
and identification of P. pastorisRtgXp as a novel regulator of multiple 
metabolic pathways

Centre for Ecological Sciences
Torsekar Varun 
Raghunandan 

Lineage delimitation and diversification in Nyctibatrachus, an endemic 
frog genus from the Western Ghats

D K Bharti Dispersal Patterns and Processes in Littorinid Snails Along the Indian 
Coastline

Divya B A Phylogenetic Perspective on the Phytogeography of Western Ghats
Jambhekar Ravi Madhav The influence of landscape composition on butterfly populations: A 

behavioural ecological approach
Viraj R Torsekar Ecology of predator-prey interactions in the context of mate searching
Maitreya Sil Biogeography and comparative phylogeography of freshwater snails of 

India
Ekta Choudhury Large Herbivore Dung Decomposition: Effects on Nutrient Cycling in a 

Tropical Forest of Southern India



Nitika Sharma A place for everything and everything in its place: Spatial organisation 
of wasps on the nests of the primitively eusocial paper wasp Ropalidia 
marginata

Jitesh Jhawar Intrinsic Noise in Collective Dynamics
Madhura Sham Amdekar Dynamic colour change in Psammophlusdorsalis: Role of natural and 

sexual selection
Devica Girish Ranade Intersexual competition in females of a socially polygynous lizard, 

Psammophilusdorsalis
Monika Jain SRF Regulates the Generation of Neuroprotective Reactive Astrocytes in 

the Mouse Brain
Arathy Ramachandran Novel Therapeutic Targets for Alzheimer’s Disease
Murty D V P S Visual narrowband gamma oscillations: Effect of stimulus, healthy aging 

and Alzheimer’s disease

Molecular Biophysics Unit
Rishi Raj Structural and mechanistic studies on Staphylococcal RNA degrading 

enzymes and multienzyme complexes
Poonam Mishra Network Heterogeneities, Intrinsic Plasticity and Decorrelation in the 

Dentate Gyrus
Himani Tandon Computational studies on interacting proteins with special reference to 

toxin-antitoxin systems
Uddipan Kar Design of soluble and particulate immunogens derived from the stem of 

Influenza hemagglutinin
Akanksha Bansal Crystallographic and analytical ultracentrifugation studies of the E. coli 

acetohydroxy acid synthase I enzyme
Rohini Datta Scanning mutagenesis studies of HIV-1 Env immunogenicity and structure
Hitesh Verma Design, Synthesis, and Bioactivity of Thioamidated Macrocyclic Peptides
Nisha G J Molecular Characterisation of Mannose Binding Lectins
Gayatri Kumar Functional and structural studies of proteins involved in telomere 

maintenance
Meenakshi Ghosh Vibrational Spectroscopic studies of Dynamics of BSA unfolding, 

Lysozyme-Ethanol interaction and Tissue Imaging
Devanshu Kurre Structural and functional studies on a small Heat Shock Protein from 

Entamoebahistolytica
Saloni Patel Unravelling the role of cellular phosphatases in lysosome function and 

storage diseases
Kapudeep Karmakar Elucidating the mechanism of interaction of Salmonella with plants
Deepti Sharan The Molecular Basis for the Differential Antibiotic Susceptibility of 

Mycobacterial Subpopulations
Saurabh Kumar Molecular basis of attenuation of the live attenuated Japanese 

encephalitis virus vaccine SA14-14-2
Varsha Narayan Tandra Interactions between host cellular factors and Rotaviralviroplasmic non 

structural proteins NSP5, NSP2 and their influence in virus replication
Mohini Singh Purification and Characterisation of a XRN-2 containing miRNA turnover 

complex form Caenorhabditis elegans
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Amit Kumar Sharma Probing the Splicing and Enzymatic function of fission yeast Prp16-A 
DEAD box RNA helicase

Phoolwanti Rani Deciphering genome-wide binding, action and new functions of 
Topoisomerase I of mycobacteria

Molecular Reproduction, Development and Genetics
Ipsa Jain Investigating the mechanisms of cancer drug resistance
Kartika Vashishtha Use of strategically designed protein – like sequences in structure and 

function recognition

Inorganic and Physical Chemistry
Srividya Kumar Micro-spectroscopic studies on Mycobacteria & Cancer cells
Anupam Bera Thermal and Femtosecond Laser-Induced CO2- Surface Chemistry on 

Supported Iron- Oxide Based Nanoparticle Surfaces under UHV
Nikki Vibrational Spectroscopic studies of Dynamics of BSA unfolding, 

Lysozyme-Ethanol interaction and Tissue Imaging
Mutyala Kishor Kumar 
Reddy 

Development of New Synthetic Methodologies for Selenocysteine, 
Selenopeptides and β-Seleno Amino Acids

Motika Geethika Modulation of Endothelial Nitric Oxide Levels by Enzyme Mimetic Redox 
Modulators

Surendar Reddy Jakka Expanding the Genetic Code: Site-specific Incorporation of Halogenated 
Tyrosine into Green Fluorescent Proteins

Harinarayana Ungati Design and Synthesis of Novel Fluorescent Probes for Cellular Imaging 
and Sensing Applications

Ramesh Naidu Jenjeti Studies on Electrocatalysis and Devices Using 2D Layered Metal 
Chalcogenides and Metal Phosphochalcogenides

Sourav Ghosh Redox Control of Reactive Oxygen and Nitrogen Species by Metal Oxide-
Based Nanozymes and Nanoisozymes

Bijnaneswar Mondal Covalent Organic Cages: Templates for Metal Nanoparticles, 
Heterogeneous Catalysis and Solid State Photochromism

Chirasmita Bhattacharya Bimetallic nanostructures of noble metals: Mechanistic insights and 
applications

Nandini Mukherjee Aspects of Copper and Zinc Complexes for Cellular Imaging and Targeted 
Photocytotoxicity

Jayanta Ghosh Ultrafast Processes in Energetic Molecules
Gabriel Ogunsola 
Orodepo 

Exploring New Architectures for Liquid Crystalline Polymers

Materials Research Centre
Ritambhara Gond Electrochemical and Electrocatalytic Investigation of Pyrophosphate and 

Metaphosphate Family of Battery Insertion Materials
Harish Kumar Choudhary Mechanistic Insights for Controlling Electromagnetic Interference 

Shielding Through Microwave Absorption in Magnetic Composites
Shwetha Shetty A Surface Engineered Nanostructures for Catalytic Applications
Nagabhushan Patel P M Methylammonium Lead Iodide thin films grown by Pulsed Laser 

Deposition for Photodetector Applications



Avinash Mishra Exploration of Exfoliation, Functionalization and Properties of MXenes via 
First-Principles and Machine Learning

Atasi Dan Spectrally selective tandem absorbers for photothermal conversion in 
high temperature solar thermal systems

Mukhokosi Emma Panzi Electrical and Opto-Electronic Devices Based on SnSe2 Thin Films
Subrata Senapati Wide Band Gap Oxides as the Probes for Optical Based Sensing 

Applications
Rohit Kumar Pant Optoelectronic Devices Based on Nanopolar III- Nitrides by Plasma 

Assisted Molecular Beam Epitaxy
Noopur Jain Engineered Catalytic Metal–Metal-Oxide Nano–heterostructure for CO 

Oxidation
Rajeev Kumar Synthesis and development of multifunctional carbonaceous 

nanostructures for magnetic, optical and catalytic applications
Pavithra B Electron Microscopy Investigation of Formation Mechanism and Stability 

of Low- Dimensional Materials
Aswathy M N Functional Oxides for Oxygen Scavenging Applications
Rinkle Juneja Accelerated search for thermoelectric and topological materials using 

first-principles and machine learning

Organic Chemistry
Amaranadha Reddy Synthesis of Chiral Amine Building Blocks from Non-racemic Sulfinimines: 

Application to the Total Synthesis of Natural Products
Vipin Ashok Rangari Sulfinimines from tartaric acid as Efficient building blocks for the 

synthesis of natural products and γ-amino acid based foldamers
Karunakaran Two-Dimensional MoS2: Functionalization and Biological Applications
Chandan Pal Studies on Nucleoside Amino Acid Derived Dinucleotide Mimics and Furan 

Amino Acid Containing G-quadruplex Binding Ligands
Muniraj N Directed C-H Bond Activation for the Formation of C-C and C-N Bonds 

using Cobalt-and Rhodium-Catalysts
Uttam Ghosh Design, Synthesis and Biological Studies of Tetrahydrofuran Amino Acid 

containing Linear and Cyclic Peptides and Studies on Cyclodimerization of 
Dipeptides

Gopal Ch Samanta Synthesis and Studies of Cyclic Oligosaccharides and Arabinomannan 
Glycolipids

Solid State and Structural Chemistry Unit
Sujeesh K S New NMR Methods with high resolution and sensitivity for Rapid data 

analysis
Hiranmay Maity Co-solvent Induced Protein Collapse and Folding
Angela Mary Thomas Molecular Dynamics Studies of Diffusion in confined Regions
Geetanjali Giri Theoretical Studies of Skewed Spin Ladders and Polycyclic Aromatic 

Hydrocarbons
Dev Kumar Thapa Design and Assembly of Nanostructures with Reduced Dissipation
Aswathy M N Protein Folding, Function and Aggregation: Role of Co-solvents and 

Topological Frustration
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Puja Banerjee Microscopic Investigations of the Dynamics of Aqueous Polyatomic Ions, 
Insulin Dimer Dissociation/Association and competitive Nucleation of 
Complex Solids

Computer Science and Automation
Madhav Ram Nimishakavi Relation Schema Induction using Tensor Factorization and Algorithms for 

Low-rank Tensor Completion
Sharad Kumar 
Nandanwar

Recommendations in Complex Networks: Unifying Structure into Random 
Walk

Ashwin Guha On Representations and Spectral Inequalities for Non-Uniform 
Hypergraphs

Srinivas Karthik K Geometric search techniques for Provably robust query processing
Snigdha Athaiya Extending programme analysis techniques to web applications and 

distributed systems
Sayantan Mukherjee Cryptographic Schemes for Predicate Evaluation and Search on 

Outsourced Data

Electrical Communication Engineering
Nikhil Krishnan M On Streaming Codes, Regenerating Codes and Locality-Aided Decoding
Geethu Joseph Linear Dynamical Systems with Sparsity Constraints: Theory and 

Algorithms
Shivkumar K M On Some Questions Involving Prefix Codes
Suresh Chavhan A Method of Designing an Intelligent Public Transportation System in 

Metropolitan Area Using Emergent Intelligence
Yalagala Naresh On Media-Based Modulation for Wireless Communications
Gourav Chatterjee Learning Based Fast-Re- simulation of Design variants encountered in 

Convex/Non convex Optimization for 3D full wave Electromagnetic solver
Ranjani H G Computational Approaches to Structural Analysis of Indian Art Music 

Signals
Chinmayananda A Optimal Code Constructions for Some Multi-Sender Index Coding 

Problems
Nujoom Sageer Karat Error Correction in Index Coding Caching

Electrical Engineering
Bibin Francis Fast and Robust Biomedical Image Reconstruction from Non-uniform 

Samples
Pallavi Bharadwa Modelling Optimisation and Control of Photovoltaic Energy Conversion 

Systems
Sanjay Ghosh Kernel-Based Image Filtering: Fast Algorithms and Applications
Debasish Nath Total Electric Field due to an Electron Avalanche and its Coupling to 

Transmission Line Conductors
Suraj K Algorithms for Processing RGBD Images and Videos for Depth-Based 3D 

Video Systems
Shiva Kumar H R Attention Feedback and Representations in OCR
Anand Sharma Devanagari online handwritten character recognition
Sivaram Prasad Mudunuri Face Recognition in Unconstrained Environment



Nazreen P M Class-specific and noise-specific speech enhancement approaches
Bhargava M S Depth based algorithms for surface aware projection
G Nisha Meenakshi Analysis of whispered speech and its conversion to neutral speech
Venkatramanan D Modeling, Analysis and Controls of Reconfigurable Battery/Grid Tied Solar 

Photo-Voltaic Inverter
Dipanwita SInha
Mukherjee 

Estimating the variation of Nox in diesel exhaust treated with Discharge 
Plasma/Ozone Injection: A case study on modeling with ANN & 
Dimensional Analysis

Ram Krishna Pandey Knowledge-driven training of deep models for better reconstruction and 
recognition

Electronic Systems Engineering
Bhawani Shankar Safe Operating Area Reliability of AlGaN/GaN High Electron Mobility 

Transistors (HEMTs)
Prayag Gowgi S K Spatio-temporal Memories: Theory and Algorithms
Sujata Bhowmick Single Phase Grid Connected Converter using Active Power Decoupler 

with Harmonic Control
Shan S Unified Control based adaptable Converters with a Fractional Harmonic 

Inter Converter Signalling channel for Dynamic tracking of PCC and 
Managing Multiple Converters Connected in Parallel in a Microgid

Ragaja S R Development and Evaluation of an Active Walker for Disabled Children
Jagadeeshchandra 
Shetty K 

Opportunistic Spectrum Access through Mutul Cooperation and Related 
Performance Meters

Ankur Raina Protocols for quantum information processing on graph states
Raghu C V Development of Experience Mapping based Prediction Controller (EMPC) 

for Type-0 systems
Shounak Roy Two-Dimensional Algebraic Linear Error Correcting Codes
Milova Paul Physical Insights into ESD/Hot Carrier Reliability and Novel ESD Devices in 

FinFET Nodes for Robust System on Chips

Biosystems Science and Engineering
Paresh Kumar 
Samantaray 

Porous Polymeric Membranes with Engineered Surfaces for Water 
Remediation

Computational and Data Sciences
 Navchetan Awasth Vector Extrapolation and Guided Filtering Methods for Improving 

Photoacoustic and Microscopic Images
 Abhay Kumar Tiwari Evaluation of the collective eigenstates of emission of an interacting 

emitter-matter ensemble: Surface based nanostructures
Centre for Nano Science & Engineering
Aishwarya Vijayan Menon Polyurethane based Self-healing Nanocomposites for Electromagnetic 

Interference Shielding Applications
Saloni Chaurasia Heterogeneous Intergration of Thin-film Germanium on Silicon and Steel
Parmeshwar Prasad Parametric Manipulation in 2D Materials based NEMS Resonators
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Arun S Continuous-Wave Supercontinuum Generation using Cascaded Raman 
Fiber Lasers

Pavani Vamsi Krishna 
Nittala 

3D Packaging for Integration of Heterogeneous Systems

Velpula Balaswamy High Power Cascaded Raman Fiber Lasers
Awanish Pandey Mode Engineering in Micro Ring Resonators and Their Application
Madhuchhanda Brahma Multiscale Modeling of Quantum Transport in 2D Material Based MOS 

Transistors
Neelima Sangeneni Microwave synthesis of superparamagnetic cobalt ferrite thin films for RF 

CMOS applications
Aneesh Dash Towards an Integrated Graphene Nano-Opto- Electro-Mechanical System
Abhishek Mishra Electro-thermal Transport through Graphene & CNT at Nano-second Time 

Scales and its Implications on Device Reliability
Preeti Deshpande Novel Optical Effects in Plasmonics-Two Dimensional Materials Hybrids
Harish Sasikumar Optical Imaging and Analysis of Static and Dynamic Phenomena in Low-

Contrast Systems
Rathkanthiwar Shashwat 
Vikas

Growth-Device Performance Correlations for A1Gan Ultraviolet 
Photodetectors

Krishnadas Narayanan 
Nampoothiri 

Investigations on Joule Heating and Associated Effects during Liquid 
Dielectrophoresis of Aqueous Droplets

Sandeep Kumar Interface and dielectric study towards E-mode HEMTs and UV integrated 
optoelectronic circuits

Interdisciplinary Centre for Energy Research
Prasenjit Kabi A Study of International Transport Mechanisms in Evaporating Sessile 

Droplets Leading to Dynamic Self-Assembly
Pritom Jyoti Bora Design and Tailoring of Polymer Composite Ultra-thin Films for 

Electromagnetic Interference Shielding

Management Studies
Naveen B R Service Quality of Intercity Bus Transport
Akhil Joseph Conceptualisation, Development and Validation of Energy Internet for a 

Transitioning Electricity System
Sharada B Exploring Entrepreneurial Motivations, Human Capital and Environmental 

Uncertainty as Antecedents of Causation and Effectuation
Balasubramanian 
Sambasivam

Demand Response Planning in a Transitioning Electricity System

Revendranath 
Tirumalsety

An exploratory study on Scaling, Financial Resources and Performance of 
Social Enterprises in India

Aerospace Engineering
Amit Kumar Tripathi Robust Guidance and Control of UAVs for Autonomous Landing and 

Collision Avoidance with Stereovision Sensing
Prem Kumar Optimal Guidance Schemes for Endo-atmospheric Interception of High-

Speed Re-entry Targets



Sudarshan B Experimental Investigation on Aerothermal Effects of Forward-Facing 
Cavity Accounting Geometry aspects and Combination techniques in 
Hypersonic Flow Conditions

K Ramesh Novel, Robust and Accurate Central Solvers for Real, Dense and 
Multicomponent Gases

Sneh Deep Characterisation of high enthalpy flows in the IISc free-piston driven shock 
tunnel using Two-Colour Ratio Pyrometry

Rajan Bharat Kurade Control of shock-induced vortex breakdown in Transonic regime on a 
slender delta wing body configuration using blowing

Pradeep M Bubble and conical forms of vortex breakdown in swirling jets
Ravikumar Lagisetty Advanced Optimal Spacecraft Guidance for Terminal Phase Rendezvous 

and Docking
Ruchika Agnihotr Cerium oxide based active catalyst for green Hydroxylammine (HAN) 

fueled monopropellant thruster
Ganesh Kolappan Geetha Structural health monitoring using laser Doppler imaging of ultrasonic 

guided waves
Kiran M Local and global hydrodynamic instability mechanisms of swirled jets
Sumit Kumar Patel Adaptive Filtering for Large Eddy Simulation of Flows with Shocks and its 

Application to Launch Pad Deflectors
Rajesh V Experimental and numerical study of sink flow turbulent boundary layers
Abhijit Mitra Dynamics of Laminar Separation Bubbles on Low Reynolds Number 

Airfoils
Bidisha Kundu On the analysis of axially loaded Euler-Bernoulli beam using Galerkin, 

Fourier transform, and Lie symmetry approach
Debabrata Adhikari Resin flow in porous perform during VARTM: A theoretical and 

experimental investigation
Himanshu L Dave On the Structure and Propagation of Premixed Flames in Turbulence
S Anjum Haider Rizvi Large Eddy Simulation of Compressor Cascade Aerodynamics

Centre for Atmospheric and Oceanic Sciences
Jayesh Phadtare Anand Observational and Numerical Model Studies of Deep Cloud- Systems over 

the Indian Region
Gaurav Srivastava Changing Nature of the Indian Monsoon Variability at Various Timescales
Dipanjan Chaudhuri Response of the salinity-stratified Bay of Bengal to Monsoon and Tropical 

Cyclone
Ananya S Rao Trends and Variability in Terrestrial Carbon Fluxes and Stocks over India in 

the 20th and 21st centuries: A Multi-model Based Assessment
Deepesh Kumar Jain Multi-Scale Modeling of Moist Convection over India

Centre for Earth Sciences
Pallabi Basu A geochemical, Nd-Sr, and stable Ca isotopic study of siliciclastic and 

chemical sedimentary rocks, volcanic tuffs, and authigenic glauconites 
from Proterozoic sedimentary basins of India
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Srishti Singh Investigating the role of mantle convection in affecting surface 
deformation and topography in the Indian plate and the India-Eurasia 
collision zone

Surajit Mondal Assessing the potential of stable calcium isotope ratios for 
paleotemperature reconstruction from studies of laboratory-precipitated 
inorganic carbonates and modern corals, fish otoliths and foraminifera

Chemical Engineering
Neha Lamba Synthesis of fatty acid methyl esters and solubilities of lipid derivatives in 

supercritical fluids
Disha Jain Syngas Production by Methane Reforming and H2 Purification by CO 

Abatement over Transition Metal-Substituted Reducible Oxides
K P Krishnaraj Flow and structure of dense granular materials
Jatin Panwar Droplet Microfluidics for Nucleic Acid Quantification and Single Cell 

Analysis
Rimzhim Gupta An Approach Towards Inactivation of Susceptible and Antibiotic Resistant 

Bacterial Contamination using Novel Photo–(electro)- catalysts
Subhasish Baral Mathematical modelling of viral infections and the CD8+ cell response

Civil Engineering
Monica Rekapalli Role of physico-chemical processes and micro- structural features in 

influencing moisture loss and engineering properties of compacted 
residual soils exposed to environmental relative humidity

Ketan Bajaj Development of Seismic Design Spectra for Shallow and Deep Soil Sites 
Considering Region Specific Parameters

Sonal Suryabhan 
Dhanvijay 

Structural Dynamic Testing for Seismic Response Simulation and Time 
Variant Reliability Estimation

Greegar George Global and Combined Global- Local Response Sensitivity Analysis of 
Uncertain Structures Based on Model Distance Measures

Chandan Banerjee GRACE-based Assessment of Climatic Controls on Hydrological Variables
Pranesh Roy Non-classical continuum models for solids using peridynamics and gauge 

theory
V Shravan Kumar Rheological Studies on Slow Flow in Dense Granular Ensembles
Sudakshina Dutta Micromechanical modeling of fracture and fatigue behavior of 

cementitious composites
K Keerthana Studies on Flexural Fatigue Behaviour of Plain Concrete- Mechanisms of 

Crack Growth, Effect of Loading Amplitude, Frequency and Notch Size
Vandana A Simulation of Complex Plastic Flows in Metal Sliding and Cutting
Monalisha Nayak A Revisit to Seismic Hazard Analysis of North India with Local Site Effects
Pinom Ering Methodologies for risk assessment of landslides induced by rainfall and 

earthquake

Centre for Product Design and Manufacturing
B S C Ranjan Development of Support for Assessment of Creativity, Novelty and 

Requirement Satisfaction in Designing



Shakuntala Acharya Supporting Environmentally- benign Design at Conceptual Stage
Gajanan Kulkarni Pratap Development of the Combined Methodology to understand Designers’ 

Experimentation and Go-No- Go Decision-Making during New Product 
Design and Development

Centre for Sustainable Technologies
M R D S Nitesh 
Venkateswarlu 

Fate and remediation of Ammonium-N in pit toilet blackwater

Materials  Engineering
Alaparti H V Pavan High Temperature  Mechanical Behavior of  Ni-based Alloys for  Advanced 

Ultra Supercritical Power Plant Applications
Prafull Pandey On the development of low mass density γ’- Strengthened Co-based 

superalloys
Prajakta Prathamkumar 
Katti

Structure-Property correlation in epoxy composites containing 
carbonaceous nanoparticles

Nitish Bibhanshu Thermo-Mechanical Processing Of Third Generation Γ - Titanium 
Aluminides

Naveen Kumar Co-continuous microstructures through spinodal decomposition in ternary 
systems: A phase field study

Nalla Somaiah Mass Transport in Cu- Interlayer-Si Systems under various Thermo-
Electro- Mechanical Excursions

Prince Raj Optimizations of parameters in SiC production via Acheson process – A 
hot model study

Rekha M Y Microstructure and Corrosion Properties of Electrodeposited Metallic 
Coatings Containing Graphene Oxide and Graphene

Mechanical Engineering
Nithiyaraj M Jet Injection into Supersonic Crossflow: Flowfield and Mixing studies
Santanu Pramanik Experimental and Numerical Studies on Low-emission Syngas 

Combustion
Safvan P Statics of Shallow Bistable Arches
Swati Biswas Mechanical Behavior of a Directionally Solidified Nickel-based Superalloy 

Su 247LC DS at Elevated Temperture
Saurabh Satish 
Markandeya

Experimental studies on Soot and Particulate reduction in Heavy Fuel Oil 
combustion

Krishna Mohan Kumar Direct Estimation of Acoustic Source Characteristics of the Internal 
Combustion Engine Exhaust System and Analysis of Complex Muffler 
Configurations

Anoop A M Structural acoustics of perforated panels
Sagar D Khivsara Development Of Tubular Solar Receiver With Supercritical Carbon Dioxide 

As Working Fluid
Kuppuraj R Studies on flow dynamics and spray swirl interactions in gas turbine 

combustor
Yogendra Vasantrao 
Kuwar

Numerical and Experimental Studies on an Automative Air Conditionings 
System
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Rajeev Chaturvedi Ballistic Impact Studies On Spacecraft Sandwich Panel
P Srikrishna Experimental studies on flat plate, single loop and multiloop, pulsating 

heat pipes

Centre for High Energy Physics
Aradhita Chattopadhyaya Applications of Moonshine Symmetry in String Theory
Rahool Kumar Barman Higgs phenomenology and Dark Matter prospects in MSSM, NMSSM and 

U (1) extended SM

Instrumentation and Applied Physics
Sanil K Daniel Development of an Automated Test & Parameter Extraction Tool for Active 

Matrix Displays
Aravind M A Application of Experience Mapping based Predictive Controller (EMPC) 

For Under-damped and Unstable Systems
Anwesha Mukherjee Modified-Graphene & Carbon Nanodots for Nitrogen Dioxide Sensing: 

Effects of Interfacial Electronic Modulation & Dimensionality on Gas 
Interaction

Pankaj Sagar Cryogenic Instrumentation using planar inductor based eddy current 
sensors

Rituparna Ghosh Frequency and Temperature Dependent Mechanical Behavior of Three- 
Dimensional Cellular Structures of Graphene and Carbon Nanotubes: Role 
of Microscopic Interfacical Interaction

Sridhar S Fabrication and Characterisation of Multilayer MoS2 coated etched fiber 
bragg grating sensors and side-hole packaged fiber bragg grating sensors 
with enhanced sensitivity for different applications

Manish Saxena Structured Illumination Techniques for Performance Enhancement in 
Optical Metrology

Teena Jangid Suptter Deposited tin- nitride (Sn3N4) and zinc- tin-nitride ZnSnN2) thin- 
films: Growth characterisation, and application in ammonia (NH3) gas 
sensing

Puspita Ray Studies on thick-GEM UV Photon Detector

Mathematics
Pramath A V Fourier coefficients of modular forms and mass of pullbacks of Saito-

Kurokawa lifts
Sanjoy Kumar Jhawar Phase Transition, Percolation at Criticality, Poisson convergence of 

isolated vertices and Connectivity in Random Connection Models
Ritwik Pal On the signs of Hecke eigenvalues of modular forms and differential 

operators on Jacobi forms
Salellkar Siddhesh 
Pramod 

Characterisation of Brain Signals Across Scales Using Temporally 
Modulated Visual Stimuli

Papri Majumder A Priori Error Analysis of FEM for Parabolic Obstacle Problem

Physics
Ananya Patra Exploring one and two- channel Kondo effect and investigating dielectric 

properties in ferrimagentic nanocomposites of LaNiO3 and CoFe2O4



Lachit Saikia Sculpting colloidal membranes through phase transformations
Oluwashina Korede 
Adegoke

Nonlinear and Geometruic Properties of Accreting Compact Sources 
Based on Spectral and Timing Analyses

Tathagata Biswas First Principles Study of Oxides: Bulk, Interfaces and Defects
Hitha D Shetty Dielectric, Mechanical, Magnetic and Electromagnetic Shielding properties 

of Carbon nanomaterial embedded Polydimethylsiloxane composites
Sumanta Khan Experimental Studies in Quantum Optics using Diode Lasers
Manabendra Kuiri Quantum capacitance and noise measurements in van der Waals 

heterostructures
Dwarasala Adilakshmi Novel Spectral Processing Methods in NMR-Wavelet Transform and 

Pattern Based Analysis
Lokeswara Rao Potnuru Multi-Dimensional Solid State NMR-Methods Development and 

Application to Materials
Sayan Das Study of Thermoelectric Transport Properties of Doped and Vacancy 

Induced BiCuSeO
Rajany K V Numerical Studies of Spiral- and Scroll-wave Dynamics in Cardiac Tissue: 

Spiral- and Scroll-Wave Turbulence; Spiral- and Scroll-Wave dynamics 
in Anatomically and Physiologically realistic Mathematical Models for 
Canine and Human Ventricular Tissue

Gyan Prakash Ultrafast Study of Layered 3D Topological Insulators, Graphene-Gold 
Hybrid Plasmonic Nanostructures and Ultrathin Gold Nanowires

Hemanta Kumar Kundu Probing charge – density waves and superconductivity in low- 
dimensional systems

Krishna Prasad Maity Charge transport in functionalized carbon nanotube and composite with 
polyaniline at low temperature

Tippireddy Sahil Investigation of the Thermoelectric Properties of Single and Double 
Substituted Cu12Sb4S13

Soumen Kumar Bag Effect of Strong Electron Electron Correlations on Band insulators in 
Equilibrium and Non -Equilibrium

Prasun Dhang Numerical studies of shock oscillations and MRI turbulence in accretion
Sreehari H Spectro-temporal signatures of accretion flows around Galactic Black 

Holes
Sandeep Kumar Kataria The Formation and Evolution of Bars, and its Impact on Galaxy Dynamics
Raste Janakee Dhiralal Analytical Formalism to Study the 21 cm Signal from Cosmic Dawn and 

Epoch of Reionization
Siddhartha Gupta Thermal and Non-thermal Processes in Young Star clusters

6.11.2 INT. PhD
Biochemistry
Kondekar Sumedha 
Mahendra

Untangling the Helicobacter pylori genome: Deciphering the significance 
of zinc finger motif(s) in Topoisomerase I catalysis

Madhulika Mishra Towards precision medicine to detect, characterise and treat liver cancer: 
Large-scale data analyses using genome-wide networks

Yedu Prasad Kinetic, Catalytic and Epigenetic Properties of HpyAXVII DNA 
Methyltransferase – a Phasevarion in the Human Pathogen Helicobacter 
pylori
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Javadekar Saniya Milind Investigating DNA structural basis for fragility during chromosomal 
translocations associated with human B-cell lymphomas

Bhosle Amrisha 
Nandkumar

A molecular systems approach to unravel mechanisms and targets in 
antifolate-resistant bacteria and cancers

Centre for Neuroscience
Vikram Pal Singh Role of Mental Schema in Learning, Memory and Problem Solving

Molecular Biophysics Unit
Pooja Jorwal Suppression of epileptiform activity by lactate through HCA1 and GIRK 

channel activation in rat subicular pyramidal neurons

Inorganic & Physical Chemistry
Aishani Ghosal Theoretical studies of the non-equilibrium statistical mechanics of 

colloidal and polymeric systems at the single molecule level
Kritika Khulbe Surface-Engineered Cerium Oxide-Based Hydrolytic Nanozymes for 

Combating Phosphorous-Based Nerve Agents and Bacterial Biofilms
Rupak Saha Synthesis and Characterisation of Imidazole Donor Based Architectures 

and their Applications
Ramkrishna Sarkar Periodically Grafted Amphiphilic Copolymers: Desymmetrizing folded 

chains and regulating lamellar morphology
Sourav Banerjee Femtochemistry of Heterogeneous Catalysis: Recombinative O+O=O2 

Reaction on single Crystal Pd Surface and Beyond

Organic Chemistry
Bidisha Ray Catalytic Asymmetric Direct and Vinylogous Aldol, Michael and Alkylation 

Reactions

Solid State and Structural Chemistry Unit
Iyer Veena Hariharan A Study of Quantum Dot Lasers
Rudra Narayan Samajdar Electrochemical and Spectroscopic Investigations of Some Redox Active 

Biomolecules

Centre for High Energy Physics
Mahul Pandey A Study of the Low-Energy Spectrum and Phase Structure of a Yang –

Mills Matrix Model
Abhiram Kaushik B Heavy flavour and direct photon probes of the gluon sivers function

Mathematics
Somnath Pradhan Risk-Sensitive Stochastic Control and Differential Games
Anwoy Maitra On the Kobayashi geometry of domains
Soumitra Ghara Decomposition of the tensor product of Hilbert modules via the jet 

construction and weakly homogeneous operators
Amar Deep Sarkar A Study of Some Conformal Metrics and Invariants on Planar Domains



Hassain M Representations of Special Compact Linear Groups of Order Two: 
Construction, Representation Growth, Group Algebras and Branching 
Laws

Samarpita Ray Some results on Spectral spaces and Spectral sequences

Physics
Gaurav Kumar Gupta Interplay of Interaction and Topology From Topological Band Theory to 

Topological Field Theory
Tanweer Ahmed Impact of van der Waals epitaxy on structural and optoelectronic 

properties of layered solids
Mit H Naik Taming Electrons in 2D Materials: Influence of Substrates, Defects and 

Moiré Superlattices
Saurav Islam Fluctuations in quantum transport in topological insulators
Suman Sarkar Probing effect of disorder in the electrical and optical properties on van 

der Waals heterostructure
Prakriti Pal Choudhury Cooling, heating and gas evolution in the circumgalactic medium
Anil Kumar Sahoo Mechanistic Insights into Dynamics and Thermodynamics of 

Biomolecular Processes: Protein Unfolding and Aggregation, DNA 
Nanomechanics, and Drug Delivery

6.11.3 Master of Science, MSc (Engg), MTech (Res)
Molecular Biophysics Unit
Amritanjali Kiran Understanding the Role of Arginine Clusters in β – hairpin Antimicrobial 

Peptides
Tanzeel Ahmed Use of sub-family specific residues of protein modules in recognizing 

sites of functional and structural specialization

Microbiology and Cell Biology
Soumyadeep Mukherjee Understanding the Significance of ydc, A Putative Peptidase Encoding 

Gene, In Virulence of Salmonella
Kavita Mehta Identifying key determinants underlying variable efficacy of BCG 

substrains against Pulmonary TB

Inorganic & Physical Chemistry
Jayashree Bhagabati Carbon aerogel supported first-row transition metal catalysts for 

methanolysis of ammonia borane
Akshita Jain Design, Synthesis and Optical Characterisation of Thiophene Based 

Luminophore

Materials Research Centre
Laxmi Narayan Structural and magnetic properties of AI-doped yttrium iron aluminum 

garnet and optical properties of Mn, Sr, Fe-doped ZnO prepared by 
solution combustion method

Organic Chemistry
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Shashwati Paul Ti(III)-Mediated Radical Induced Endo Cyclization

Solid State and Structural Chemistry Unit
Ashish Kr Sarkalya Studies on switching of J and H aggregates in Donor-Acceptor molecular 

materials
Nitin Kumar Tomar Studies on the synthesis and applications of I-III-VI2 semiconductor 

nanocrystals

Computer Science and Automation
Nikita Chopra Data Races and Static Analysis for Interrupt- Driven Kernels
Subendu Malakar Experiences in using Reinforcement Learning for Directed Fuzzing
Patil Vishakha Achieving Fairness in Stochastic Multi-Armed Bandit Problem

Electrical communication Engineering
Vangala Aditya Srinivas Design and Performance of Precoding Schemes in Indoor Wireless VLC 

Systems
Shivam Sharma A Framework for Identifying Solvable Joint Reactions in Over-constrained 

Mechanisms
Radhanshu Sharma Design of broad-band backend compatible photonic devices and vertical 

inter- layer couplers
Kiran Gunde Spectral Efficiency Improvement in Spatial Modulation Systems
Ashok D R Precoding and Channel Estimation Schemes for MIMO VLC Systems

Electrical Engineering
Puneet Kumar Development of Synchro- Phasor Algorithms on Parallella – A Credit Card 

Sized Super Computer
Aditya Vikram Singh Theoretical and Algorithmic Aspects of Rigid Registration

Electrical Systems Engineering
Ankit Tripathi Low Power Analog Neural Network Framework with MIFGMOS

Computational and Data Sciences
Shravan S K Improving Data Center Utilisation by Reducing Fragmentation
Anubhav Guleria EMF: System Design and Challenges for Disaggregated GPUs in 

datacenters for Efficiency, Modularity and Flexibility
Avishek Majumder Exploring the Inherent Sagliency in Visual Data through Convolutional 

Neural Networks

Nano Science and Engineering
Nishanth Mehanathan Oxide semiconductors for silicon tandem solar cells

Aerospace Engineering
S Balan Latin Hypercube Sampling for Efficient Uncertainty Quantification in 

Helicopter Aeroelasticity
Paidipati Mallikarjuna 
Tilak 

Investigations on Interacting and Isolated Swirl Flows



Aditya Anand Two Scenarios for the Late Stages of Transition in a Boundary Layer 
Subjected to Random Distributed Surface Roughness

Maanasa Bhat 0 Experimental Investigation of Fuel Drop Impact on Unheated and Heated 
Solid Surfaces

Chemical Engineering
Aditya Kumar Rapid and  Portable Detection of  Food Adulteration Using Paper- based 

SERS Swabs
Ranade Abhishek 
Chandrashekhar 

Flexible Hydrogen Leak Detector

Ananya Saha A framework for optimizing immunotherapy for long-term control of HIV

Civil Engineering
Neha Gupta Hydrologic Impacts of Land Use and Climate Change on the Gandak River 

Basin, India
Anupama S A Study on Isogeometric Analysis of Laminated Composite Beams
Waghmare Ambadas 
Devrao 

Response of Plain and Reinforced concrete Elements to various 
Mechanical Loads

Mechanical Engineering
Akriti Sharma A shape optimization approach for simulating contact of elastic 

membranes with rigid obstacles
Madhirala Vikranth Kumar 
Reddy

Orientability of the Moving Platform in Planar Cable Robots

Niraj Panthi Shock Dynamics due to Downstream Pressure Perturbations: Idealization 
of Transonic Unstarted Cascade Flutter

Instrumentation and Applied Physics
Vineet Rojwal  Transition of Amorphous silicon into Microcrystalline structure and 

Applications

Physics
Arijit Mandal Effect of a Fast Flux Line on the Coherence of 3D Transmon Qubits
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Events
7



7.1 INSTITUTE LECTURES

PROFESSOR S RAMASESHA MEMORIAL LECTURE

Professor S. Ramasesha Memorial Lecture on ‘Soft Condensed Matter Physics: Physics for 
Biology’ held  on 11 April, 2019, at 4.00 pm at the Faculty Hall of the Main Building by Dr Jean-
François Joanny,  Professor, Collège de France, 11 place Marcelin-Berthelot.

AMULYA & VIMALA REDDY AWARD PRESENTATION AND LECTURE

Amulya & Vimala Reddy Award Presentation and Lecture on  ‘Energy transitions through 
biomass at iisc–scientific and technological perspectives’  held on 15th April, 2019, by Prof S. 
Dasappa, Centre for Sustainable Technologies and currently the Chair, Interdisciplinary Center 
for Energy Research, Indian Institute of Science, Bangalore.

SMT. RUKMINI GOPALAKRISHNACHAR CHAIR LECTURE

Smt. Rukmini Gopalakrishnachar Chair Lecture on ‘Silicon Heterogeneity in the Cloud’  by Dr 
Babak Falsafi, Professor, School of Computer and Communication Sciences and the founding 
Director of the EcoCloud Research Centre at epfl.epfl ent-i ecocloud  inj 233 (Bâtiment INJ) 
Station 14 CH-1015 Lausanne on  9th July, 2019 at 4.00 pm.

PROFFESOR RODDAM NARASIMHA-ENDOWMENT LECTURE

Prof Roddam Narasimha-Endowment Lecture on ‘The Expanding Frontiers of Space Research: 
Inspirations, Innovations and Challenges in Mission and Aerodynamics Design by Professor  
V. Adimurthy, ISRO Honorary Distinguished Professor, VSSC, held on 11 July 2019.

INDIAN NATIONAL SCIENCE ACADEMY LECTURE

• Jawaharlal Nehru Birth Centenary Medal Lecture organised by Indian National Science 
Academy, on ‘Nano-Engineered Materials’ by Prof Pulickel M. Ajayan, Department of Materials 
Science and Nano Engineering, Rice University, Houston, Texas, USA 77005, on 19th July, 2019.

• Indian Institute of Science, jointly with Indian National Science Academy, has been arranged 
a special lecture on ‘Fundamental Research and Innovation: The link between fundamental 
science and economic development’ by  Professor Didier Roux, College of France: Chaire 

IISc Annual Report  |  385



D’Innovation Technologique, Liliane Betancourt 2016-2017, Academie Des Sciences, France, on 16th 
October, 2019.

M J THIRUMALACHAR AND M J NARASIMHAN ENDOWMENT LECTURE  

M J Thirumalachar and M J Narasimhan Endowment Lecture on ‘Rules of engagement: molecular arms 
races between host and viral genomes’ By Prof Harmit Malik, Fred Hutchinson Cancer Research Center 
Seatle, USA, on, 24th October, 2019.

PROFESSOR C N R RAO ENDOWMENT LECTURE

Professor C N R Rao Endowment Lecture on ‘Hybrid Organic-Inorganic Perovskite Halides and Related 
Materials’ on 20th February, 2020, by Professor Sir Anthony Cheetham, Materials Research Laboratory, 
University of California, Santa Barbara, CA 93106, USA, and a Distinguished Visiting Professor at the 
National University of Singapore.

INSTITUTE SPECIAL LECTURE
Institute Special Lecture on ‘A History of AI’ by  Jay Yagnik, Vice President, Google, USA, on 4th 
December, 2019.

INSTITUTE COLLOQUIA
• Institute Colloquium on ‘Interfacial Electrochemisty: Modified Surfaces and Multifunctional Catalysts’ 
by Prof S Sampath, Department of Inorganic and Physical Chemistry, on 25th April, 2019.

• Institute Colloquium on ‘Multiscale modeling of soft and bio-materials’ by Prof Prabal K Maiti, 
Department of Physics, on 30th September, 2019.

• Institute Colloquium on ‘Research with Real-Life Applications’ by Prof AG Ramakrishnan, Department 
of Electrical Engineering, on 25th November, 2019.

• Institute Colloquium on ‘Tube convection-a new type of turbulent flow & Fluid mechanics of fish 
swimming’ by Prof Jaywant H Arakeri, Department of Mechanical Engineering, on 28th January, 2020.

• Institute Colloquium on ‘Fascinating world of Molecular Machines in Living Systems’ by Prof N 
Srinivasan, Chair, Molecular Biophysics Unit, on 2nd March, 2020.
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7.2   CONFERENCE/ SYMPOSIA/ SEMINARS/ WORKSHOPS

Large number of conferences, workshops, seminars and symposia are regularly organised at the 
Institute. Large number of scientists, engineers and educationists take advantage of these. The 
programmes conducted during the year are listed below. The departments involved in organizing the 
event are given in brackets:

BIOLOGICAL SCIENCES
• Inauguration of Centenary Celebrations of Department of Biochemistry, 21-02-2020 (BC)
• SPRNTS: The Scientific Research Partnership for Neglected Tropical Snakebite, 11-10-2019 (CES)
• SERB School in Chemical Ecology, 22-07-2020 (CES)
• SCCS-Bengaluru, 15-10-2019 (CES)
• Curriculum Development Workshop, 01-07-2019 (CES)
• Workshop on Molecular phylogenetics, 01-10-2019 (CES)
• Climate change and the essential service of pollination, 17-07-2019 (CES)
• 3rd Annual SERB School in Chemical Ecology, 22-07-2019 (CES)
• Animal Signals: Function and Evolution, 12-12-2019 (CES)
• Students Conference on Conservation Science, 15-10-2019 (CES)
• SPEEC-UP 2019, 30-08-2019 (CES)
• Third Workshop on Brain, Computation and Learning, 24-06-2019 (CNS, CDS, CSA, DESE, EE, MBU)
• IISc-Penn State Joint Workshop, 07-01-2019 (CNS, EE, CDS)
• Elettra Review Meeting, 11-11-2019 (MBU)
• Computational Approaches to Memory and Plasticity, 27-06-2019 (MBU)
• Brain, Computation and Learning, 24-06-2019 (CNS, CDS, CSA, MBU, EE)
• Indo-UK AMR, 16-12-2019 (MCB)
• 3-day International Forensic Microscopy Workshop, 19-11-2019 (MCB)
• Biological Transactions from Molecules to Organisms, 17-01-2019 (MCB)
• Science Academies, 28-01-2019 (MCB, MRDG)
• Residential Molecular Biology Training Programme, 08-04-2019, 29-07-2019, 04-11-2019 (MCB, MRDG)
• Faculty Symposium, 24-08-2019 (MCB)
• MoFlo XDP Flow Cytometry Workshop, 20-05-2019 (MCB)
• Workshop on High-Dimensional Cell and Data Analysis, 28-06-2019 (MCB)
• Basic Flow Cytometry Workshop, 30-08-2019 (MCB)
• Phenotypic Heterogeneity as a Driver of Cancer Progression, 05-01-2020 (MRDG, BSSE)
• Collective Behaviour, 2019 (MRDG, CES, BSSE, CE)

CHEMICAL SCIENCES
• Empowering Women, 06-04-2019 (IPC)
• 100 Years of Hydrogen Bonding, 09-01-2020 (IPC, OC)
• Wellness Session, 18-02-2020 (IPC)
• Polymer and Composites: Fundamentals to Applications, 27-06-2019 (MRC)
• Fundamentals of and Clinical Perspectives on Implantable Biomaterials, 23-08-2019 (MRC)
• SAIF Users Meeting, 27-06-2019 (NRC)
• National Workshop on NMR Spectroscopy: An Academia Industry Interaction, 02-12-2019 (NRC)
• EMBO Workshop on Intrinsically Disordered Proteins: From Molecules to Systems, 08-12-2019 (NRC)
• Pfizer Symposium on Organic Chemistry, 19-02-2020 (OC)



• ICMAT-2019, Singapore, 23-07-2019 (SSCU)
• International Conference on Strongly Correlated Electron Systems, Japan, 23-09-2019 (SSCU)
• Biophysical Society Meeting, San Diego, 01-02-2020 (SSCU)
• International Conference on Molecular Simulations, Korea, 01-11-2019 (SSCU)
• International Conference on Spins in Molecular Systems: Experiment, Theory and Applications-2019,  
 02-12-2020 (SSCU)
• Modern Trends in Molecular Magnetism-2019, 27-11-2019 (SSCU)
• Recent Advances in Molecular Magnetism-2019, 26-11-2019 (SSCU)
• Electro- and Photo-Switchable {Fe4Co4} Cubes: Fundamental Aspects and Integration into Hybrid   
 Materials, 18-11-2019 (SSCU)
• 7th European Conference on Molecular Magnetism-2019, 15-09-2019 (SSCU)
• ACS Fall Meeting, San Diego, 23-09-2019 (SSCU)
• MPI-Team SSI Workshop, 08-11-2019 (SSCU)
• ACEPS, 24-11-2019 (SSCU)
• 2019 MRS Fall Meeting, 01-12-2019 (SSCU)

ELECTRICAL, ELECTRONICS, AND COMPUTER SCIENCES
• CSA50 - Pratiksha Trust Workshop on Theoretical Computer Science, 02-01-2019 (CSA)
• EECS Symposium, 11-04-2019 (CSA, ECE, EE, ESE)
• Data Analytics, 2019 (CSA)
• Joint workshop by IISc, Microsoft Research, and U. Pennsylvania on Programming Languages, Formal  
 Methods, and Cyber-Physical Systems, 10-01-2019 (CSA)
• 1st Software Engineering Research in India Update Meeting, 12-07-2019 (CSA)
• 20th International Conference on Distributed Computing and Networking, ICDCN 2019, Bangalore,   
 India, 04-01-2019 (CSA, CDS)
• LinkedIn-MSR-IISc workshop on Fairness, Accountability, Transparency and Ethics in Machine  
 Learning, 09-01-2020 (CSA)
• Graph Theory and Combinatorics (Course), 29-04-2019 (CSA)
• CyPhySS 2019, (ECE, CSA, AE)
• NCC 2019, (ECE, EE)
• National Conference on Communications (NCC) 2019, 20-02-2019 (ECE, EE, ESE.)
• IEEE 5th Global EMC Conference, 06-11-2019 (ECE)
• Tools for AI: Machine Learning and Data Analytics, 29-07-2019 (ECE, CSA, CCE)
• QPower Electronic Converters: Operation and Control, 02-12-2019 (EE)
• SOLAR ENERGY SYSTEMS, 01-07-2019 (EE, MT)
• Image Processing & Computer Vision, 00-01-1900 (EE)
• Mathematical Models & Algorithms for Image Processing & Computer Vision, 00-01-1900 (EE)
• Design of High-power inverters for Electric vehicles, 28-05-2019 (EE)
• FPGA based Controller Design for Power Electronic Converters, 10-06-2019 (EE)
• High Power DC-DC Converters, 14-08-2019 (EE)
• DC-AC power converters: Operation and Control, 09-12-2019 (EE)
• Advanced Topics in Power System Protection, 27-05-2019 (EE)

INTERDISCIPLINARY RESEARCH 
• Mathematical modeling of epithelial-mesenchymal plasticity and related cellular traits, 21-07-2019   
 (BSSE)
• 4-day Workshop on “Monsoon Music: A demonstration of monsoon melodies in Hindustani Music” on  
 July 5th, 12th, 19th & 26th, 2019 (CSP)
• 2-day Workshop on “Intellectual Property Rights (IPR)”, on July 26th – 27th, 2019 (CSP)
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• Workshop on “Communicating Research to Non-Experts”, on Jan 18th, 2019 (CSP)
• Workshop on “Magic of Science on Feb 11th, 2020 (CSP)
• Seminar on “Hampi And Its Environs: Insight Into Techno-Cultural And Geological Landscapes”, Aug  
 21, 2019 (CSP)
• Seminar on “Explorations in Information Architecture for Development”, Aug 23, 2019 (CSP)
• Seminar on “Story Telling in Political Campaigns, Aug 28th, 2019 (CSP)
• Seminar on “Modes of Stories in Films”, Aug 30th, 2019 (CSP)
• Seminar on “Should Scientists be Activists?”, Sep 13, 2019 (CSP)
• Seminar on “History Beyond Chauvinism”, Dec 13, 2019 (CSP)
• Seminar on “Sanskrit: An Ever-Creative Language”, Mar 6th, 2020 (CSP)
• Seminar on “Andrew’s Love And Will’s Garden: Exploring The Lives And Minds Of Humans And   
 Machines”, Feb 7th, 2020 (CSP)
• Panel Discussion on “Data Economics and Policy”, Feb 14th, 2020 (CSP)
• Panel Discussion on “The Future and Promise of Artificial Intelligence”, Feb 28th, 2020 (CSP)
• Facebook Data for Good Workshop, 01-07-2019 (CDS)
• Indian Symposium on Computer Systems (IndoSys), 19-07-2019 (CDS)
• Indo-German Conference on Computational Mathematics -IGCM 2019, 02-12-2019 (CDS)
• IISc-HMS Workshop on “Diploid Assemblies And Phenotype Interpretation On Cloud”, 20-12-2019   
 (CDS)
• ACM Winter School on Cloud Computing, 09-01-2020 (CDS)
• IISc-Russian Academy of Sciences-Novosibirsk State University Research Meeting, 24-02-2020 (CDS)
• Visvesvaraya PhD Scheme for Electronics & IT /ITES, 10-05-2019 (CeNSE)
• Basic Training Programme in Nano Science and Technology, 14-05-2019 (CeNSE)
• MNFACS 2019, 11-07-2019 (CeNSE)
• Basic Training Programme in Nano Science and Technology, 14-10-2019 (CeNSE)
• ITEC Event on Science Technology and Innovation Policy, 27-11-2019 (CeNSE)
• Embedded Systems for IoT, 2019 (CeNSE)
• Micro and Nano Fabrication and Characterisation symposium (MNFACS -2019), 11-07-2019 (CeNSE)
• IUSSTF workshop on sensor technology, 2019 (CeNSE)
• Discussion Meeting held on “Scale Issues in Hydrology” during 1-3 Dec 2019, in Hoysala Village   
 Resort, Hassan  (ICWaR)
• Final Stakeholder Workshop for Upscaling Catchment Processses for Sustainable Water Management  
 in Peninsular India (UPSCAPE) project held during 23rd Oct, 2019 (ICWaR)
• Meeting on “Towards-smart and Nutrition-sensitive Food Systems in India” Meeting held during 23rd  
 to 25th Sep, 2019 (ICWaR)
• Monsoon School held during 5th-10th Aug, 2019 (ICWaR)
• National Workshop on Urban Climate Network held on 2nd and 3rd Aug, 2019 (ICWaR)
• Project Steering Meeting for the project “National Supercomputing Mission_Urban” held in ICWaR on  
 1st Aug, 2019 (ICWaR)
• Annual Progress Meet for the project “Urban Floods Model for Bangalore City” in “School of Ancient  
 Wisdom” on 23rd Apr, 2019 (ICWaR)
• Seminar on “Recent Advances in Himalayan Glaciology”, by Dr Anil Kulkarni, Divecha Centre for   
 Climate Change, IISc, 21st Feb 2020, (ICWaR)
• Seminar on “Critical Zone Science for Water Resource Management in Agricultural Landscapes”, by  
 Dr Laurent Ruiz, Indo-French Cell for Water Sciences, IISc, 28th Jan 2020 (ICWaR)
• Seminar on “Mega-trends in the Growth of Hydrologic Understanding: From Newton to Darwin to   
 Wegener” by Prof Murugesu Sivalapalan, University of Illinois, 18th Nov 2019 (ICWaR)
• Seminar on “Understanding Hydrologic Cycling From A Thermodynamic Earth System Perspective” by  
 Dr Axel Kleidon, University of Maryland, 16th Oct, 2019 (ICWaR)



• Seminar on “Karnataka GIS: A tool towards transparent governance” by Dr JayKumar P D (KSRSAC),  
 30th Sep, 2019 (ICWaR)
• Seminar on “Artificial Recharge – An all-weather solution for Groundwater Crisis or Overrated   
 Panacea? ” by  Dr Dipankar Saha,  National Ground Water Training and Research Institute, Raipur, 28th  
 Aug, 2019 (ICWaR)
• Seminar on “Frontiers of Hydrology Research – Role of Isotope Tracer Applications” by Dr R D   
 Deshpande, Geosciences Division of Physical Research Laboratory (PRL), Ahmedabad, 16th Jul, 2019  
 (ICWaR)
• Seminar on “India’s Water Crisis: Bridging the Science-Policy-Practice Gap” by Dr Veena Srinivasan,   
ATREE, 26th Jun, 2019(ICWaR)
• Seminar on “Desalination – Technical challenges and Road Ahead” by Dr Purnima Jalihal,  National   
 Institute of Ocean Technology,  29th May, 2019 (ICWaR)
• Seminar on “Drought Monitoring System in Karnataka” by Dr G S Srinivasa Reddy, KSNDMC, 25th Apr,  
 2019 (ICWaR)
• Start-ups and their Ecosystems: Role and Promotion Strategy, 09-12-2019 (MS)
• Consortium of Students in Management Research 2019, 28-11-2019 (MS)
• Talk by Milan Jain on 19th August 2019 entitled “Beyond Control: Enabling Smart Thermostats for   
 Refrigerant Leakage Detection” (RBCCPS)
• Talk by Deepanshu Vasal on 9th Oct 2019 entitled “Decentralised decision making with strategic   
 users” (RBCCPS)
• Talk by Alexandre Reiffers on 26th Nov 2019 entitled “An optimization approach to drift detection and  
 clustering in time-series: Application to air quality data in India” (RBCCPS)
• Talk by Prof  Sridharakumar Narasimhan on 10th Dec 2019 entitled “Operation of water distribution   
networks” (RBCCPS)
• Talk by Prof Veeraruna Kavitha on 13th Dec 2019 entitled “Acquisition Games with Partial-   
 Asymmetric Information” (RBCCPS)
• Talk by Prof Yann Busnel on 14th Feb 2020 entitled “The Need For Enlightened Sampling In The   
 Supervision Of Large-Scale Networks” (RBCCPS)
• The RBCCPS conducted the 3rd Cyber Physical System Symposium (CyPHySS 2019) workshop on 15- 
 16 Jul 2019 (RBCCPS)
• IISc NVIDIA GPU Bootcamp, 02-05-2019 (SERC)
• Short Course on High Performance Computing, 27-05-2019 (SERC)
• Short Course on Introduction to HPC, 13-09-2019 (SERC)
• Parallel Computing with MATLAB and Scaling to HPC Cluster, 15-10-2019 (SERC, MA)
• SERC NVIDIA GPU Workshop, 14-11-2019 (SERC)
• A Short Course on HPC, BigData and AI, 20-01-2020 (SERC)
• SERC Matlab Deep Learning Workshop, 26-02-2020 (SERC)

MECHANICAL SCIENCES
• Missile Tech- Design, Development & System Engineering, 21-08-2019 (AE)
• India-USA Lecture Series on Aging Aircraft, 27-11-2019 (AE)
• Air Traffic Modelling and Aviation Safety, 27-09-2019 (AE)
• Short Course on Engineering Optimization, 15-07-2019 (AE)
• Satish Dhawan centenary lecture series, 01-01-2020 (AE)
• SSWR-IMechE Lecture Series on Stealth Technologies, April 2019 (AE)
• SSWR-IMechE Lecture Series on Propulsion Technologies, August 2019 (AE)
• SSWR-IMechE Lecture Series, December 2019 (AE)
• AERES-2019, 16-10-2019 (AE)
• Experimental Mechanics Dynamic Applications, 30-12-2019 (AE)
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• IEEE Symposium on Computational Intelligence for Security and Defence Applications, 06-12-2019    
 (AE)
• Onset of Indian Summer Monsoon: Theory and Prediction, 25-07-2019 (CAOS, DCCC)
• Science writing workshop, 03-02-2019 (CAOS, DCCC)
• World Asthma Day, 07-05-2019 (CAOS, DCCC)
• World Environment Day, 04-06-2019 (CAOS, DCCC)
• Introduction to Climate Science, 12-08-2019 (CAOS, DCCC)
• Meeting of the Future Earth, 23-09-2019 (CAOS, DCCC)
• Towards a Sustainable Water Future, 24-09-2019 (CAOS, DCCC)
• Dialogue on Climate Change Policy, 25-09-2019 (CAOS, DCCC)
• Climate Change and Environment, 04-11-2019 (CAOS, DCCC)
• Professor Roddam Narasimha Endowment Lecture, 11-07-2019 (CAOS, AE)
• 16th Asian Congress of Fluid Mechanics, 13-12-2019 (CAOS)
• 1st International Conference on Operational Cloud Seeding, 30-05-2019 (CAOS)
• EGU General Assembly, 7-04-2019 (CEaS)
• 27th IUGG General Assembly, 8-07-2019 (CEaS)
• The 2019 Macau Planetary Science Forum, 24-11-2019 (CEaS)
• Goldschmidt 2019, 18-08-2019 (CEaS)
• AGU Fall Meeting 2019, 9-12-2019 (CEaS)
• Rare Events: Applications, Computation, and Theory, 07-07-2019 (CE)
• Complex Fluids Symposium, 05-12-2019 (CE)
• Bangalore Microscopy Course, 15-09-2019 (CE)
• SPARC Workshop on Pathways for Synergies among Mobility as a Service (MaaS), Electric Vehicles   
 (EVs), and Multimodal Public Transit Systems, 03-06-2019 (CIE, CiSTUP)
• Training Programme on “Traffic Systems Modelling and Simulation”, 21-06-2019 (CIE)
• ISSMGE TC-102 Workshop on Ground Property Characterisation from In-Situ Tests, 26-04-2019 (CIE)
• Approaches in Travel Behavior Research for Transportation Planning and Policy Decision Support, 09-  
 08-2019 (CIE)
• 4th Indian Conference on Applied Mechanics, 03-07-2019 (CIE, ME)
• Upscape Consortium Meeting, 11-03-2019 (CIE, ICWaR)
• Training Programme on Basic Hydrology, 15-07-2019 (CIE)
• Urban Network Workshop, 02-08-2019 (CIE, ICWaR)
• Monsoon School on Urban Floods, 05-08-2019 (CIE)
• Upscape Stakeholder Meet, 23-10-2019 (CIE, ICWaR)
• Discussion Meeting on Scale Issues in Hydrology, 01-12-2019 (CIE, ICWaR)
• Basic Hydrology, 15-07-2019 (CIE)
• Remote Sensing and GIS Applications for Water Resources Management, 04-11-2019 (CIE)
• Training Programme on Surge Analysis and Design of Surge Protection Systems, 11-07-2019 (CIE)
• Fracture characterisation of concrete using Non-destrutive testing including acosutic emsision testing,   
 16-12-2019 (CIE)
• Static and Dynamic Traffic Assignment, 05-08-2019 (CIE)
• 7th International Conference on Research into Design, 09-01-2019 (CPDM)
• 1st International Conference on Industry 4.0 and Advanced Manufacturing, 28-06-2019 (CPDM)
• 7th International Conference on Product Lifecycle Modelling, Synthesis and Simulation, 18-12-2019   
 (CPDM)
• Meeting at International Telecommunication Union, Telecom Branch of UNO, Geneva, Switzerland, 05-  
 06-2019 (CPDM)
• 50th Annual Symposium of Society of Flight Test Engineers (SFTE), Toulouse, France, 13-06-2019 (CPDM)
• ACM International Conference on Automotive user Interface, 21-06-2019 (CPDM)



• National Workshop on Hydrogen Technologies Generation, Storage and Use from Indian Perspective,  
 19-09-2019 (CST, ICER)
• 15th Workshop on Low Carbon Materials and Building Systems, IISc, 05.08.2019 (CST, CiE, KSCST)
• One day workshop on Alternative Roofing Systems, IISc, 13.11.2019 (CST)
• One day workshop on Alternative Roofing Systems, IISc, 04.11.2019 (CST)
• One day hands on workshop on Compressed Stabilised Earth Blocks Technology, Government   
 Engineering College, Kannur, Kerala, 15.02.2020 (CST)
• 16th Workshop on Low Carbon Materials and Building Systems, C-BELT, IISc Campus, Challakere,   
 17.02.2020 (CST, CiE, KSCST)
• Workshop on Astra Efficient Wood burning devices, 22-25Apr 2019 (CST)
• Workshop on Astra Efficient Wood burning devices, 27-28 July 2019 (CST)
• Workshop on Astra Efficient Wood burning devices, 16-20 Nov 2019 (CST)
• Session Chair in International Workshop on Prediction skill of extreme Precipitation at Indian Institute  
 of Tropical Meteorology, Pune 25-11- 2019 (DCCC)
• APM-2019, (MT)
• Advances in Process Metallurgy, 2019-20 (MT)
• Indian Conference on Applied Mechanics, 03-07-2019 (ME, CE)
• International Conference on Industrial Tribology, 01-12-2019 (ME)
• Indian Conference on Applied Mechanics INCAM 2019, 02-07-2019 (ME)
• IndiaTrib2019, 01-12-2019 (ME, MRC)
• Indian Congress on Applied Mechanics, 03-07-2019 (ME, CiE)
• Indian Conference on Applied Mechanics INCAM 2019, 02-07-2019 (ME)
• Indian Conference on Applied Mechanics, 03-07-2019 (ME, CE)
• International Conference on Industrial Tribology, 01-12-2019 (ME)
• Indian Congress on Applied Mechanics, 03-07-2019 (ME, CiE)

PHYSICAL AND MATHEMATICAL SCIENCES
• Indo-Israel String Theory Meeting, 17-02-2019 (CHEP)
• “Standard Model at the LHC 2019” at Zurich, 23-04-2019 (CHEP)
• “Game of Flavours: CMS Heavy Flavour workshop” at Dubrovnik, 30-04-2019 (CHEP)
• New Physics with Exotic and Long-Lived Particles, 01-07-2019 (CHEP)
• Vigyan Samagam Mega Science Exhibition, CERN-India Week, 27-08-2019 (CHEP)
• Swissnex Science Symposium 2019 on New Frontiers in Physics, 04-09-2019 (CHEP)
• Workshop on High Energy Physics Phenomenology (WHEPP XVI) at IIT Guwahati, 01-12-2019 (CHEP)
• Teachers Enrichment Workshop (TEW), 08-04-2019 (MA)
• Discussion meeting on Multi-Scale Analysis and Theory of Homogenization (MATH-2019), 26-08-2019  
 (MA)
• GROUP ALGEBRAS, REPRESENTATIONS AND COMPUTATION, 14-10-2019 (MA)
• Advanced Instructional School on Riemannian Geometry, 08-07-2019 (MA)
• NCM Instructional School for Teachers on Analysis and PDE, 06-05-2019 (MA)
• NCM Instructional School for Teachers on Analysis and PDE during May 6 -18, 2019 (MA)
• Discussion Meeting on Representation Theory during Dec 14 -16, 2019 (MA)
• Qmat | Conference on Quantum Condensed Matter, 08-07-2019 (PHY)
• Indian Statistical Physics Community Meeting, 14-02-2019 (PHY)
• Thermoelectric Materials and its Applications, 13-05-2019 (PHY)
• 2nd Annual Meeting on Quantum Condensed Matter, 08-07-2019 (PHY)
• Q-Mat 2019, (PHY)
• Novel phases of quantum matter, 23-12-2019 (PHY)
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8.1 Centre for Campus Management and Development (CCMD)
Estate Management is done by the Centre for Campus Management and Development (CCMD), 
which looks after maintenance of all the buildings, infrastructural needs, electrical requirements, 
construction of new buildings, maintenance of water supply, sanitation, and maintenance of roads. 
The overall improvements in the campus maintenance also come under the purview of CCMD. 

CCMD takes care of the Main building, residential quarters, Departments, Guest House, Hostels, 
Mess, Gymkhana, Health Centre, Faculty club, Tata Memorial club, and all central amenities – such 
as restaurants.

Electrical breakdown in generators, transformers, high tension wires, low tension wires, water 
supply, and sanitation are addressed within 24 hours.  

CCMD also looks after the Sewage Treatment Plant (STP), which recycles the sewage water to be 
used for gardens and flush tanks.  

A 24 hour Maintenance and Service Centre is available along with staff to attend to minor 
complaints.

During the year 2019-20, the works completed, work in progress and new initiatives are as follows: -

Institute Units
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Sl.No. Description of Works Cost (Rs in lakhs) Area in Sq.Mtrs.
1 Construction & renovation of Centre for 

Neuroscience in old TIFR Building, IISc
626.64 2692.00

2 Construction of new Hydraulics building 
for Civil Engineering Department

823.65 4875.00

3 Construction of Utility block at New Ani-
mals Facility Building at IISc

183.66 -

4 Construction of Sidewalk with drain 
along Gulmohar, Tala and Madhura Marg 
at IISc

381.54 -

5 Exterior Painting including Lobby and 
Staircase Area of Block 1 to 10 of NNE 
60 and NE/ND Quarters at New Housing 
Colony, IISc

49.48 -

6 Replacement of existing Air Conditioning 
Plant with CFC HVAC at Main Building, 
IISc

22.05

7 Electrical Upgradation of Sub-station for 
LT (SS-10) at IISc 

37.75

8 Renovation of Unit-IA at Main Building at 
IISc 

29.29

9 Repairs to Existing Mangalore Tiled 
Road, Painting works and other allied 
works at the Contemporary Studies 
Building, IISc 

26.34



10 Exterior Painting and other allied works 
at Vignanapura campus, IISc 

23.63

11 Providing Painting, Water Proofing and 
other Allied works for KRVH Qtrs, at IISc 

17.09

12 Re-surfacing the existing damaged 
bituminous roads at IISc and Vignanpura 
Campus, Bangalore 

129.56

13 Provision of Smart Pumping Station and 
Water Management System 

506.84

Works in progress during the year 2019-20

Sl.No. Description of Works Cost (Rs in lakhs) Area in Sq.Mtrs.
1. Providing Concrete Road, upgradation 

of Main Gate, Compound Wall and other 
Allied Works at IISc

62.50 -

2. Construction of 500 Room Ladies Hos-
tel building at IISc

5209.33 -

3. Work of Construction, Supply, erection, 
testing and commissioning of 100 KLD 
capacity combined sewage/ effluent 
treatment plant (CSETP) at Chemical 
Sciences building, IISc, Bangalore, 
including comprehensive operation and 
maintenance of CSETP for the period of 
3 years after defect liability period of 1 
year 

184.15

4. Renovation of Bungalow – 5 at IISc 184.70
5. Conversion of Existing 66 KV Overhead 

Line to Underground Cable at IISc cam-
pus 

2167.61

6. Providing vitrified tiles, Renovation of 
rest room and other allied works at J R 
D Tata Memorial Library, IISc, Bangalore. 

41.80

7. Construction of CPDM Annex Building 
and Renovation work for Existing Build-
ing at IISc

2189.50

New Works Commenced during the year 2019-20

Sl.No. Description of Works Cost (Rs in lakhs) Area in Sq. Mtrs.
1 Construction of Rock Storage and 

Thin Section Laboratory Space at 
Centre for Earth Sciences, IISc

460.50



Sl.No. Description of Works Cost (Rs in lakhs) Area in Sq.Mtrs.
1. Providing Concrete Road, upgradation 

of Main Gate, Compound Wall and other 
Allied Works at IISc

62.50 -

2. Construction of 500 Room Ladies Hos-
tel building at IISc

5209.33 -

3. Work of Construction, Supply, erection, 
testing and commissioning of 100 KLD 
capacity combined sewage/ effluent 
treatment plant (CSETP) at Chemical 
Sciences building, IISc, Bangalore, 
including comprehensive operation and 
maintenance of CSETP for the period of 
3 years after defect liability period of 1 
year 

184.15

4. Renovation of Bungalow – 5 at IISc 184.70
5. Conversion of Existing 66 KV Overhead 

Line to Underground Cable at IISc cam-
pus 

2167.61

6. Providing vitrified tiles, Renovation of 
rest room and other allied works at J R 
D Tata Memorial Library, IISc, Bangalore. 

41.80

7. Construction of CPDM Annex Building 
and Renovation work for Existing Build-
ing at IISc

2189.50

8.2 Official Language 
CHAIRPERSON: ANJULA GURTOO

Hindi Teaching Scheme: An In-Service Hindi Teaching Programme is offered to the staff to train them in 
the Official Language. The Institute takes the responsibility of providing class-rooms, and study materi-
al. Classes are organised during office hours. This year also many Institute staff from different depart-
ments have been trained and they were also trained to use Hindi software on computer. 

Hindi Workshop: The Institute regularly organises Hindi Workshops on various aspects of the use of 
Hindi in Central Government Offices and conversation session for the benefit of the Institute staff. Staff 
from different Sections/Units of Institute takes part in these workshops and are utilizing the same in 
their offices. A workshop was conducted by Ms. Suniti Sharma, Director (OL), MHRD, New Delhi.  The 
Report was mainly on “Official Language Rules & Policy” and “Detailed review of Parliamentary Ques-
tionnaire on Official Languages” respectively on 03.02.2020 and 04.02.2020.  The workshop was exclu-
sively organised for all the Administrative Officers. 

Hindi Competitions: In order to encourage the use of Hindi language by the staff in official work, Official 
Language Unit & Hindi Samiti jointly organised several competitions such as General Quiz, Dictation, 
Extempore Speech, Cross Word, Dumb Charades, Memory Test, Antakshari, Creative Writing and Poetry 
Recitation. Staff and students of the Institute participated in large numbers in these competitions.

Hindi Day: “Hindi Day” Celebration was held in the Institute on 26th September 2019 at Choksi Hall.  The 
function was presided by Prof Anurag Kumar, Director, IISc, Bangalore. Prof Anjula Gurtoo, Chairperson 
of the Official Language Unit delivered the welcome address.

Faculty members, employees and students of the Institute participated in large numbers. Winner of 
these competitions were honoured by the Chief Guest and the Director. As a mark of appreciation and 
encouragement the Institute awarded Rs 2000 Cash Prize to the children of the faculty and staff mem-
bers who have scored 80% or high marks in Hindi Language in the 10th Std & 12 Std (SSLC, ICSE and 
CBSE) and 2nd PUC during the academic year 2018-2019. 

TOLIC Competitions: Many participants from different Central Government Offices participated in ‘ORAL 
QUIZ” on 21.10.2019 and “VIVIDHA” on 24.10.2019 which were organised at Choksi Hall, IISc, Banga-
lore. Prizes were distributed to the winners on the Joint Hindi Day celebration held on18.12.2019.

Darshini Magazine: Hindi quarterly magazine “Darshini” is regularly published. For the current year  
Oct-Dec 2018 and January-March 2019 editions were published.

Translation: 
• Translation of the Annual Report of the Institute in Hindi
• Translation of Annual Accounts in Hindi
• Hindi translation of other administrative manuals, forms and routine correspondence
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8.3 SC/ST Cell
LIAISON OFFICER IN CHARGE:  K PANNER SELVAM / V NAGARAJA 
The Governing Council of the Institute follows Government of India directives/orders regarding reserva-
tions, concessions, relaxation, etc., in favour of Scheduled Castes and Scheduled Tribes.

The SC/ST Cell monitors “Registers of Roster” pertaining to direct recruitments and promotions main-
tained for both teaching and non-teaching staff. The Cell strictly ensures that the Institute adheres to to 
Government of India directives/orders regarding reservations, concessions, relaxation etc., for Sched-
uled Castes and Scheduled Tribes.
The Cell furnishes statistical information regarding the representation of SCs & STs in the service of the 
Institute to the Ministry of Human Resource Development, the University Grants Commission and the 
National Commission for Scheduled Castes and Scheduled Tribes as and when called for.

The Cell also looks after the implementation of welfare measures such as the reimbursement of tuition 
and other fees, etc. for SC/ST staff wards.

8.4 PUBLIC INFORMATION OFFICE
Right to Information Act, 2005: The Institute adopted the Right to Information Act, 2005 in the year 
2006. The Institute disseminates information through its website, which is accessible to the public. Dur-
ing the year, the public has made around 229 requests seeking information and prompt action has been 
taken and the applicants have been informed accordingly.
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9.1 HEALTH CENTRE  
• A fully equipped Clinical Laboratory, Digital X-ray, Ultrasonography, ECG, and fully equipped   
 Physiotherapy Unit services are available.

• Specialist consultants in General Medicine, Gynecology, ENT, Ophthalmology, Dermatology,   
 Dentistry and Psychiatry are available on appointment basis.

• The Health Centre has a Pharmacy, which stores and distributes most of the required medicines.

• The Health Centre also has an Operation Theater where minor surgical procedures can be carried  
 out efficiently.

• For cases requiring hospitalization for major illness, patients are referred to external hospitals  
 for admission and treatment. All the permanent employees and their family members, retired  
 employees and their spouses, and family pensioners are covered by Group Mediclaim Insurance  
 Policy under the Contributory Health Service Scheme (CHSS). 
 
• The Health Centre provides OPD consultation for Institute employees and students.

• The Health Centre has experienced doctors residing in the campus and Area Medical Officers  
 cater to the institute population residing outside the campus in the city.

• The Health Centre also provides Ayurvedic Health Care by  recognized Ayurvedic Practitioners  
 based on referrals.

• Emergency care is given round the clock at the Health Centre.

• The Health Centre has a fully equipped Ambulance to transfer critically ill patients round the clock.

• The Health Centre provides counseling by professionals in the first floor of Faculty Club.

• Covid-19 response:  The IISc Health Centre is providing support to its existing members, both  
 serving and retired employees and their family members, during the pandemic. 

• Timing of Health Centre 
(i) 9 am to 2 pm (4 Doctors)
(ii) 2 pm to 7 pm (1 Doctor)
(iii) 8 pm to 8 am (1 Doctor) 

• Ambulance No.  2293-2390 (Nursing 24/7)/2227 (Reception) 

9.2 RECREATIONAL FACILITIES

9.2.1 GYMKHANA
The spacious and well-designed Gymkhana is the nodal centre for sports and cultural activities Facilities
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of the students and employees. It offers facilities for many outdoor and indoor games and has a 
well-equipped gymnasium and a swimming pool. In addition, the Gymkhana houses the Nature club, 
Dance club, Dramatic club, Literary, Fine Arts and Photographic club and a well-equipped modern 
music room. The Ranade Library in Gymkhana offers light reading material in English and in many 
Indian languages. Other features include periodic coaching classes in games and athletics such 
as Basketball, Tennis, Swimming, Kung Fu, Archery, Athletics, Aerobics and Dance. The Football/
Hockey and Tennis grounds are fitted with floodlights. The Raja Ramanna Student’s Activity Centre 
(SAC) is open for cultural activities.

The Gymkhana conducted a number of sports and games competitions during the year in 
connection with Founder’s Day, Independence Day, Republic Day and Gandhi Jayanthi. The indoor 
and outdoor game clubs held annual tournaments throughout the year. The Institute’s Cricket team, 
Football team, Hockey team, Billiards team, Lawn Tennis team and Volleyball team participated in 
Club Tournaments, League matches and Inter-Collegiate Tournaments. The Gymkhana has also 
conducted Inter Departmental / Open matches for the students, faculty, staff, spouses and their 
children.

9.2.2 FACULTY CLUB
The Faculty Club is a place for recreational, social and cultural activities.
Some of the salient activities of the club are: Indoor Games (Billiards/Snooker, Carrom, Table Tennis 
and Chess); Outdoor Games (Tennis); Fine Arts; Library & Reading Room (subscribes to dailies, 
weeklies and popular magazines); T V Lounge; Ladies Section; Snack Parlour and Pastry Shop and a 
Mini Gym. Classical music concerts are organised regularly on the campus. 

During the year dining and gym facilities were improved. Science learning activity for school kids is 
arranged through science club.

9.2.3 TATA MEMORIAL CLUB
This Club provides the space and facilities for various games and cultural activities for the 
supporting staff of the Institute. 

In addition to organizing outdoor and indoor games, its activities cover swimming coaching, 
computer training, Abacus class, creative camps, dance training, musical instrument training, Yoga/
Meditation classes, and Sloka classes for members, students & their dependents. Tuition classes 
are conducted with the support of student volunteers for needy dependents and children. The club 
also provides Engineering and Medicine text books for needy children of the Institute community. 
The mini-multi gym facility is open to the Institute community. The club also maintains a Library. 
A Regular Blood Donation camp is organised on day after Independence and Republic day in co-
ordination with the Students Council/Lions club. 

The Tata Memorial science quiz was organised on National Science Day. The club organised 
Badminton / Carrom / Table Tennis tournaments for students, faculty and staff. The club also 
organised the Karnataka Rajayotsava in co-ordination with the Kannada Sangha.
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9.3 AUDITORIA

9.3.1 NATIONAL SCIENCE SEMINAR COMPLEX
The magnificent National Science Seminar Complex, situated in the IISc Campus, is the first of its 
kind in India. The complex is open for seminars, symposia and conferences organised by recognised 
scientific societies, educational institutions and professional bodies. The total built up area measures 
around 5750 sq. metres.

This fully air conditioned complex houses the JN Tata Auditorium with a seating capacity of 750 and 3 
mini auditoria to seat 120, 90 and 60 participants, respectively. Interactive concourses at the basement 
and ground level with excellent light and sound facilities are part of the seminar complex. The business 
centre at the complex has facilities for photo copying, FAX, STD/ISD phone booths and secretarial 
assistance.

9.3.2 Prof SATISH DHAWAN AUDITORIUM
Located on the first floor of the Centre for Scientific and Industrial Consultancy, this medium sized 
auditorium has a seating capacity of 265. It has fixed seats and a dais suitable for conferences and 
chamber music. It is fully air-conditioned and is adequately equipped with sound, lighting and projection 
equipment. 

9.3.3 RUSTUM CHOKSI HALL
Located close to the entrance of the Institute, with a seating capacity of 120, the interior of the hall and 
its surroundings provide the right environment for intellectual inquiry and cultural activities.

9.3.4. FACULTY AND RECEPTION HALL
The Faculty Hall with a seating capacity of 275 is located in the east wing, on the first floor of the tower 
building. The Reception Hall is in the west wing. These are used for formal events.

9.4 AMENITIES                                                                                                                          
The following amenities located in different parts of the campus make day-to-day life smoother and 
more comfortable.  In fact, these facilities have made IISc a totally self contained campus.

• Travel Agencies (Domestic & International Travel) (2)
• Beauty Parlours (2)
• Gents Hair Stylists (2)
• Dairy outlet
• Bakeries (2)
• Laundry and Dry Cleaners (3)
• Tailoring Shops (2)
• Food Courts (3)
• Fruit Stall & Juice Centre
• Courier & Mobile Services
• Photo-copying and DTP Centres (2)
• General Stores (2)
• Student council store
• Nilgiris Outlet



• Mens Tailor (2)
• STD and Courier Booth
• Campus Book Store
• Photo Studio
• Cable Network Providers (2)
• Restaurants (3)
• Play School 
• Super Market
• Cycle repair shops (2)
• Medical Shop
• Creche (3)

Communications: Post Office (Science Institute, Bangalore – 560 012), Telecom Centre and STD 
booths. The Institute is connected by the Centrex Exchange from BSNL with 1200 extensions.  In 
addition, there are nearly 250 direct lines to different department and centers.

Centralised electronic franking takes care of outward postage. The CMC section maintains a fleet of 
service vehicles through approved travel agencies.

Bank: Canara Bank and State Bank of India have fully computerised branches with many facilities 
including foreign exchange transactions and ATM machines.
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11.1 Endowed Chairs for Faculty

A number of Endowed Chairs have been instituted in recent years to recognise the outstanding 
contribution of Institute faculty members.
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Chairs

YEAR NAME DEPARTMENT

ABB CHAIR   
2012-15 P S Sastry EE
2015-18 K Gopakumar ESE
2018-21 L Umanand ESE

AMRUT MODY CHAIR   
2015-18 Binny J Cherayil IPC
2018-21 Aninda J Bhattacharyya SSCU

ASTRA CHAIR   
2012-15 Sandhya S Visweswariah MRDG
2015-18 C Jayabaskaran BC
2018-21 Dipshikha Chakravortty MCB

HAL CHAIR
2017-18 K P J Reddy AE
2018-21 Debasish Ghose AE

J N TATA CHAIR
2017-20 D D Sarma SSCU

JRD TATA CHAIR
2017-20 V Kumaran Ch. Eng.

HOMI BHABHA CHAIR
2017-20 Sriram Ramaswamy PHY

KSIIDC CHAIR
2012-15 P P Mujundar Civil
2015-18 T G Sitharam Civil
2018-21 S Gopalakrishnan A.E.

MSIL CHAIR  
2012–15 Chanda J Jog PHY
2015-18 B Ananthanarayan CHEP
2015-18 Vasant Natarajan PHY
2018-21 S Asokan IAP



SATISH DHAWAN CHAIR  
2012-15   KPJ Reddy AE
2015-18   Ranjan Ganguli AE
2018-21   D Nagesh Kumar CEaS/CiE

TATACHEM CHAIR   
2012-15   P Vijay Kumar ECE
2015-18   N Surya Prakash NMRC
2018-21   Vinod Sharma ECE

RAMAKRISHNA RAO CHAIR  
2014-17   Srinivasan Raghavan CeNSE
2017-20   Ambarish Ghosh CeNSE

PRATT & WHITNEY CHAIR  
2016-18   Gopalan Jagadeesh AE
2018-21   R V Ravikrishna M.E.

REVATI & SATYANADHAM 
ATLURI CHAIR

 

 2018-21   Rishikesh Narayanan MBU

MINDTREE CHAIR
2018-21   Vijay Natarajan CSA

DRDO CHAIR
2018-21   D Roy Mahapatra AE
2018-21   Saptarshi Basu ME

11.2 Endowed Visiting Chairs
   
A number of Endowed Visiting Chairs have been instituted to facilitate the visits of celebrated 
researchers from all over the world.

YEAR NAME DEPARTMENT

BRAHM PRAKASH CHAIR
2015 Tamas Ungar Eotvos University, Budapest, Hungary
2015-16 Kannan M Krishnan University of Washington, Seattle, USA
2016 Jiang-Zhong Jiang Zhejiang University, Hangzhou, PR China,
2016 Tamas Ungar Eotyos University, Budapest, Hungary
2016 David P Field Washington State University, Pullman, USA
2016-17
2017-18

Surya R Kalidindi George W Woodruff School of Mechanical 
Engineering, Atlanta, USA

2017 Jerzy Antoni Szpunar Univ of Saskatchewan, Saskatoon, Canada
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2017 David P Field Washington State Univ, Pullman, USA
2017-18  Sridhar Seetharaman Colorado School of Mines Golden, USA
2018  Hamish L Fraser Dept. of Materials Science & Engg, The Ohio 

State University, Columbus
2018  Manoj Gupta National University of Singapore
2019  Sergii Divinskyi University of Munster, Germany
2019  Werner Skrotzki Dresden University of Technology, Germany
2019 Shervanthi Homer- 

Vanniasinkam
University College London, UK

SATISH DHAWAN CHAIR
2015   Tribrikram Kundu University of Arizona, Tucson, AZ
2016   P Guruswamy Ames Research Center, California, USA
2016-17   D S Naidu  University of Minnesota, USA
2017   Garry L Brown Princeton University, Princeton, NJ
2017   Rama K Yedavalli The Ohio State University, Columbus, USA

SATISH DHAWAN (IoE) CHAIR
2019 Siva Athreya Indian Statistical Institute, Bangalore
2019 Arun Shukla Univ of Rhode Island, USA
2019 Murugesu Sivapalan Univ of Illinois at Urbana-Champaign, USA
2019 Prasad Tetali Georgia Institute of Technology, USA
2019 Rajesh P N Rao Univ of Washington, USA
2019 Rao R Tummala Georgia Institute of Technology, USA
2019 Sajal K Das Missouri Univ of Science and Technology
2019 Ramachandra Guha Historian and Sociologist 
2020 Sargur N Srihari University of Buffalo, USA
2020 Daniel Wyler University of Zurich, Switzerland
2020 Giancarlo D’Ambrosio INFN Sezione di Napoli

SUNDARARAJAN CHAIR
2015 Uma Das Gupta Kolkata
2019
2020

Chintan Vaishnav MIT Sloan School of Management, 
Cambridge

PRATT & WHITNEY CHAIR
2015-16   Ravi N Banavar IIT Bombay
2018-19   A M Rajendran University of Mississippi, USA

DST-IISC CENTENARY CHAIR
2015  Ramesh Narayan Harvard University, USA
2015  Jainendra K Jain Pennsylvania State University, USA
2015  William A Goddard Caltech, California, USA
2017  Allan Peter Young Univ of California, USA
2017  Richard N Zare Stanford University, Stanford, CA



BHARAT ELECTRONICS CHAIR 
2016 Goutam Chattopadhyay Jet Propulsion Lab, USA

SMT.  RUKMINI – SHRI GOPALAKRISHNACHAR DISTINGUISHED CHAIR 
2015  Michael L Norman University of California, San Diego, USA
2016  Rakesh Agrawal Microsoft Research, Redmond, USA
2018  Sargur M Srihari State University of New York, Buffalo, NY, 

USA

K VAIDYANATHAN DISTINGUISHED VISITING CHAIR
2015-2020  Shihab Shamma University of Maryland, USA

SMT SUDHA MURTHY DISTINGUISHED VISITING CHAIR
2016-2019  Vasant Honavar Pennsylvania State University, USA

PRATIKSHA TRUST DISTINGUISHED VISITING CHAIR
2018 Christos H Papadimitriou Columbia University, New York, NY, USA

INFOSYS VISITING CHAIR
2016-2020  Jainendra K Jain Pennsylvania State University, USA
  Susanne C Brenner Louisiana State University, USA
  Aneesh V Manohar University of California, USA
2018  Xerxes Tata Dept of Physics & Astronomy, Univ of Hawaii 

at Manoa, USA
2018 Harald Upmeier Dept of Mathematics and Computer Science, 

Philipps-Universitat Marburg, Germany
2019 Harald Upmeier Dept of Mathematics and Computer Science, 

Philipps-Universitat Marburg, Germany
2019 David Logan Physical and Theoretical Chemistry 

Laboratory, Univ of Oxford, UK
2019 Guy Theraulaz Centre de Recherches sur la Cognition 

Animale, Universite Paul Sabatier, France
2019 Vyjayanthi Chari University of California, USA
2019 Girish S Agarwal Texas A&M University, USA
2020 Ueli Grossniklaus University of Zurich
2020 Ashoke Sen Harish-Chandra Research Institute, Allahabad
2020 Ramanujan Hegde MRC Laboratory of Molecular Biology, 

Cambridge, UK
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