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Genesis of the Scheme 

 
Public-Private-Partnership (PPP) for human resource capacity building for industrial R&D 
was recognized as one of the main deliverables by a Sub-/ƻƳƳƛǘǘŜŜ ƻŦ tǊƛƳŜ aƛƴƛǎǘŜǊΩǎ 
Council on Trade & Industry, in 2012. One of the recommendations that emerged from 
the Private Sector was to design, develop and implement a Doctoral Research Scheme 
under PPP for enhancing trust level in academia, research outfits and industry. 
 
The then Prime Minister, in his speech as General President of the Indian Science 
Congress Association, announced a special scheme for 100 Doctoral Research 
Fellowships every year during the Inception Ceremony in June, 2012 in Kolkata. Vide 
tǊƛƳŜ aƛƴƛǎǘŜǊΩǎ hŦŦƛŎŜ L5 bƻς3646245/2012-ES-II dated 2nd November 2012; the Prime 
aƛƴƛǎǘŜǊΩǎ hŦŦƛŎŜ ŀǇǇǊƻǾŜŘ ǘƘŜ ǇǊƻǇƻǎŀƭ ƻŦ ƴŀƳƛƴƎ ǘƘŜ {9w.-CII Doctoral Fellowship 
{ŎƘŜƳŜ ŀǎ άtǊƛƳŜ aƛƴƛǎǘŜǊΩǎ CŜƭƭƻǿǎƘƛǇ {ŎƘŜƳŜ ŦƻǊ 5ƻŎtoral ResearchέΦ 
 
On 8th November 2012, the άtǊƛƳŜ aƛƴƛǎǘŜǊΩǎ CŜƭƭƻǿǎƘƛp Scheme for Doctoral 
wŜǎŜŀǊŎƘέ, was formally launched. The scheme was launched under PPP mode, at 
AICTE-CII University-Industry Congress & 4th Global Higher Education Summit held at 
Hotel Lalit in New Delhi. The scheme is implemented jointly by Science & Engineering 
Research Board (SERB) and Confederation of Indian Industry (CII). 
 
PM Fellows receive a maximum fellowship amount of up to Rs 8.7 lakh per annum per 
candidate. Fifty per cent of this amount comes from SERB [being equivalent to the 
prevailing Government norms for JRF/ SRF (inclusive of HRA)] and is revised as per the 
JRF/ SRF norms from time to time. Rest 50 per cent comes from a donor/ partner 
company, on behalf of CII.  
 

Contact Information 

Web Portal: www.primeministerfellowshipscheme.in 

Contact Persons: 

1. Shalini S Sharma (Head-Higher Education, CII): shalini.sharma@cii.in 

2. Neha Gupta (Executive Officer, Higher Education, CII): neha.gupta@cii.in 

 

 

http://www.primeministerfellowshipscheme.in/
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Executive Summary 
 

S.No. 
Name of the PM 

Fellow 
Partner Company Institute Research Topic 

BATCH 2013 

1.  Andugulpati Sai 
Balaji 

Strand Life 
Sciences, 
Bangalore 

Manipal College of 
Pharmaceutical 
Sciences, Manipal 
University 

To Study the Role of ABCC 
Family of Drug 
Transporters in Breast 
Cancer Chemoresistance 

2.  Aparna Banerjee Enovex Corp, 
Canada 

IISER, Pune Use of Hydrophobic MOFs 
in Hydrocarbon Separation 

3.  Boyapati 
Subrahmanyam 

Intel Corporation, 
USA 

IIT, Bombay Low-Noise Nano Scale 
Signal Conditioning 
Integrated Circuits for 
Portable Electro-Medical 
and Electro-Sensor 
Applications 

4.  Darshak Bhatt Intel Corporation, 
USA 

IIT, Bombay Study and Design of 
Integrated Mixer and Local 
Oscillator Topologies for 
WiFi and WiMAX Systems 

5.  Deepika Pandey Tata Chemicals 
Ltd., Mumbai 

Manipal University Study on Production of 
Gamma-Polyglutamic Acid 
by Bacillus Sp. 

6.  Govardhan Rao 
Talluri 
 

Maxim 
Integrated,  
California 

IIT, Bombay High Speed I/Os for Chip to 
Chip Interconnects 

7.  Hiren Kumar 
Mansukhbhai 

Solar Agrotech 
Pvt. Ltd, Gujarat 

Saurashtra 
University 

Isolation and Evaluation of 
Anti-Pathogenic Bacteria 
from Cotton Rhizosphere 

8.  Jailakshmi 
Menon 

Autosys 
Engineering (P) 
Ltd., Chennai 

Anna University Development of Control 
Algorithm for Canal 
Automation 
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9.  Jaydeep Bipin 
Deshpande 

NanoXpert 
Technologies, 
Mumbai 

National Chemical 
Laboratory, Pune 

Process Design for the 
synthesis of Nanomaterials 
and Scale-up 

10.  Madhava 
Krishna C 

Morphing 
Machines Pvt. 
Ltd., Bangalore 

IISc, Bangalore Architecture and Compiler 
Support for Concurrent 
Program Execution on 
Application Specific 
Massively Parallel 
Processors 

11.  Monika Gupta Infosys Ltd., 
Bangalore 

IIIT, Delhi Mining Peer Code Review 
Process 

12.  Monika Rani Petrotech Society, 
New Delhi 

IIT, Delhi Organic Solar Cells 

13.  Narendra Akiti PnG , Beijing IIT, Bombay Granule Breakage in a 
Controlled Shear Field - 
Modelling and Experiments 

14.  Neha Bhardwaj Petrotech Society, 
New Delhi 

IIIT, Delhi Oil-slick Control and 
Development of an 
Intelligent Oil-recovery 
System 

15.  Nidhina M 
Bhaskaran 

Jai Bharath Gum 
& Chemical Ltd., 
Haryana 

CSIR-CFTRI, Mysore Biotechnological 
Approaches for Value 
Addition of Industrial Guar 
Meal 

16.  Poonam Mishra Tata Chemicals 
Ltd. 

Manipal University Isolation, Purification, 
characterization and 
optimization of 
fermentation conditions of 
-ɹPolyglutamic acid 

producing Microbes 

17.  Sankaran K Trichy Distilleries 
& Chemicals Ltd., 
Tamil Nadu 

NIT, Trichy Microalgae Treatment of 
Distillery Wastewater 

18.  Shamayeeta Rey Piramal 
Healthcare Ltd., 
Mumbai 

IIT, Bombay Structural Characterization 
of Regulatory Proteins 
Useful in Developing 
Biosensors for Water 
Purification System 
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19.  Shyamapada 
Nandi 

Enovex Corp, 
Canada 

IISER, Pune Adsorptive Air Separation 
by Using Porous Metal 
Organic Frameworks 

20.  Soujit Sengupta Thermax Ltd., 
Pune 

IIT, Bombay Graphene-Based 
Composite for Capacitive 
Deionization and Water 
Purification 

21.  Subhadeep Das Piramal 
Enterprises Ltd. 

IIT, Bombay Engineering Amyloids for 
Nanotechnology and 
Neuronal Cell 
Regeneration 

22.  Sushrut Sandeep 
Bhanushali 

Thermax Ltd. 

 

IIT, Bombay Investigation of Thermo-
Physical Properties of 
Nanofluids 

BATCH 2014 

23. 1
7 

 

 

Ajay Krishnan Godrej & Boyce 
Mfg Co Ltd 

IIT, Bombay Influence of Temper 
Conditions on the 
Environmentally Assisted 
Cracking of AA 7085 Alloy 

24. 1
8 
Akula Durga 
Vara Prasad 

Tata Steel Limited IIT, Bombay Microstructural 
Engineering in Wire Rod: 
Possibilities? 

25. 1
9 
Ankit Kumar 
Agarwal 

Sahajanand 
Medical 
Technologies Pvt. 
Ltd. 

ICT, Mumbai Development of Smart 
Drug Eluting Stents 

26. 2
0 
Anup Kundu Forbes Marshall 

Pvt Ltd 
IIT, Bombay Numerical and 

Experimental Investigation 
of Heat Transfer 
Enhancement in Heat 
Exchanger 

27. 2
1 
Avick Sinha GE India 

Technology 
Center Pvt. Ltd. 

IIT, Bombay Numerical and 
Experimental Study of 
Superheated Liquid Jet 
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28. 2
2 
Babita Mukhija Sampurn Agri 

Ventures Pvt Ltd 
Punjab Agricultural 
University 

Characterization of native 
Bacillus thuringiensis 
isolates against Mylabris 
pustulata Thunberg in 
Pigeonpea and 
optimization of Bioprocess 
parameters 

29. 2
3 
Chandresh 
Kumar Maurya 

Robert Bosch 
Engineering and 
Business Solutions 
Limited 

IIT, Roorkee Anomaly Detection in Big 
Data 

30. 2
4 
Chiranjeevi 
Yarra 

Xerox India 
Limited 

IISc, Bangalore Analysis of Temporal 
Contours of Spoken 
Language Learning 

31. 2
5 
Dinesh Bapurao 
Balgude 

Nova-Surface 
Care Centre Pvt. 
Ltd. 

ICT, Mumbai Modification of Renewable 
Resources for Coating 
Applications 

32. 2
6 
Geethika Motika Baker IDI Heart 

and Diabetes 
Institute Holdings 
Ltd 

IISc, Bangalore Endothelial Nitric Oxide 
Synthase in Vascular 
Disease: Development of 
Enzyme Modulators for the 
Improvement of 
Endothelial Dysfunction 
and Diabetes-associated 
Atherosclerosis 

33. 2
7 
Gunjankumar 
Jagdishbhai 
Mehta 

Skymax Research 
& Regulations, 
Ahmedabad 

Saurashtra 
University 

Isolation, Identification and 
Evaluation of Quorum 
Sensing Inhibitors (QSIs) 
From Medicinal 
Phytoextracts 

34. 2
8 
Karthikeyan 
Palaniswamy 

Joegeetha Plastic 
Pipes 

School of Post 
Graduate Studies, 
Tamil Nadu 
Agricultural 
University 

Techno - Economic 
Prospects and 
Environmental Perspective 
of Recycling Agricultural 
Plastic Waste towards 
Sustainable Productivity 

35. 2
9 
Kavitha 
Manoharan 

Sree Akzya Dyeing Alagappa 
University 

Nanoparticles Based 
Biodegradation & Power 
Generation by Waste 
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Water Bacteria 

36. 3
0 
Manoj Kumar 
Puniya 

Prathista 
Industries Limited 

Indian Agricultural 
Research Institute 

Anthocyanins as 
ingredients for food 
industry: Strategy for 
extraction, functional 
characterization and 
enhanced stability 

37. 3
1 
Mohammed 
Samdani Shaik 

ONGC IIT, Madras Making Small-Scale Solar 
Thermal Power Generation 
a Reality in India - A 
Systems and Practical 
Approach 

38. 3
2 
Mukesh Sharma Sun Pharma 

Advanced 
Research Co. Ltd. 

Shah-Schulman 
Center for Surface 
Science and 
Nanotechnology, 
Dharmsinh Desai 
University 

Liposomes for the Topical 
Delivery of Methotrexate 
in Treatment of Psoriasis 

39. 3
3 
Murugan 
Ezhumalai 

Arche Biologics PSG College of Arts 
& Science 

Designing and Prototyping 
of Computer Interfaced 
Embedded Design for 
Psychological Patients & 
Future Warrior Hand Wear 
System 

40. 3
4 
Naveen Kaushik Applied Materials, 

Inc. 
IIT, Bombay Germanium as Channel 

Material for Future CMOS 
Applications 

41. 3
5 
Padma Ishwarya 
Shankaran 

General Mills 
India Pvt. Ltd. 

CFTRI, Mysore A combined computational 
modeling and 
experimental approach to 
investigate the influence of 
non-wheat particulate 
ingredients on volume and 
structure development in 
baked food systems 

42. 3
6 
Porselvam 
Subramanian 

Envian Engineers 
Pvt Limited 

CSIR-Central 
Leather Research 
Institute, Chennai 

Study on Influence of Pre-
Treatment and Co-
Digestion on Biogas 
Production from Slaughter 
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House Solid Waste With 
Other Organic Waste 

43. 3
7 
Pratichi Singh IBIDEN Co. Ltd. Banaras Hindu 

University 
Quaternary Catalyst for 
Control of Diesel Engine 
Exhausts Emissions 

44.  Rahul Dubey Robert Bosch 
Engineering and 
Business Solutions 
Ltd 

IIT, Delhi Adaptive and Intelligent 
Protection Scheme for 
Transmission Network 
Including Facts and Off-
Shore Wind-Farms 

45. 3
8 
Rahul Jain Intel Technology 

India Pvt. Ltd 
IIT, Delhi Runtime System 

Adaptation for Optimal 
Energy-Performance 
Trade-off 

46.  Rohit Kumar Petrotech Society IIT, Delhi Catalytic Tri-reforming of 
Methane for Syn-gas 
Generation over Multi-
functional Catalysts 

47. 3
9 
Sajal Saha Tata Steel Limited Bidhan Chandra 

Krishi 
Viswavidyalaya 

From Wastes to Assets - 
Use of Iron Slime in 
Agriculture 

48. 4
0 
Sameer Kumar 
Sarma Pachalla 

Preca Solutions 
India Pvt Ltd 

IIT, Hyderabad Effect of Openings in 
Prestressed Precast Hollow 
Core Slabs 

49. 4
1 
Sammit Ekanath 
Karekar 

Suyog Nirmiti ICT, Mumbai Development of 
Nanocontainers for 
Performance Applications 

50. 4
2 
Sankepally 
Samara Shekar 
Reddy 

Varsha Bioscience 
and Technology, 
Hyderabad 

Amity University, 
Jaipur 

Abiotic stress tolerance in 
Oryza sativa.L (paddy) 
mainly drought and salinity 
tolerance using genetic 
transformation techniques 

51. 4
3 
Shibin Krishnan 
TC 

Simco Global 
Technology & 
Systems Ltd. 

National Physical 
Laboratory (CSIR-
NPL) 

Growth of InxGa(Al)1-xN 
Based Heterostructures 
and Characterization for 
High-Efficiency Nitride 
Solar Cell 
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52. 4
4 
Sivaganesh 
Selvaraj 

Pennar 
Engineered 
Building Systems 
Pvt. Ltd. (PEBS 
Pennar) 

IIT, Hyderabad Sustainable Eco-Friendly 
Housing Technology 

53. 4
5 
Subhrakanti 
Nanda 

G.E. Motors Pvt. 
Ltd. 

Bengal Engineering 
and Science 
University, Shibpur 

Investigations on 
Permanent Magnet 
Synchronous Generator 
(PMSG) for Different 
Renewable Energy Sources 

54. 4
6 
Swapna Saha 
(Roy) 

Photonix Solar 
Pvt. Ltd. 

Jadavpur 
University 

Study on the Externalities 
of Grid Integrated 
Photovoltaic Power 
Systems 

55. 4
7 
Veera Asha 
Kumari Aketi 

R&D, National 
Mineral 
Development 
Corporation 
(NMDC) Limited 

IIT, Hyderabad Improving the Efficiency of 
Dense Medium Cyclone 
Treating High NGM Coal 
Using CFD and PEPT 
Methods 

56. 4
8 
Venkatesh 
Vinayakarao 

Microsoft 
Research, India 

IIIT, Delhi Semantic Analysis & 
Synthesis of Source Code 

BATCH 2015 

57. 1

7 

 

 

Abhijnan  
Chakraborty 

Google India Pvt 
Ltd. 

IIT, Kharagpur Designing Information 
Retrieval Systems 
Optimized tƻ ¦ǎŜǊǎΩ 
Sampling Strategies 

58. 1

8 

Adinarayana  
Ganjigunta 

Nuziveedu Seeds 
Ltd. 

Acharya Nagarjuna 
University 

Improvement of Tropical 
Maize By Introgression 
Superior Alleles       
Responsible For Increase 
Of Lysine, Tryptophan ϧ ɰ - 
Carotene 

59. 1

9 

Darsheen 
Jitendrabhai 
Kotak 

Zim Laboratories 
ltd. 

ICT, Mumbai Design and Development 
of Non-Invasive Drug 
Delivery Systems For Large 
Molecules 
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60. 2

0 

Dhivyaraja  
Kumaran 

Corporate 
Research & 
Technology, Eaton 
Corporation 

IIT, Madras Advanced Micro Spray 
Cooling Technologies For 
High Power Density 
Hydraulics 

61. 2

1 

Indu Elizabeth EON Electric Ltd Academy of 
Scientific and 
Innovative 
Research (AcSIR) 

Novel Electrode Materials 
For Lithium Ion Batteries 

62. 2

2 

Jagreeti Gupta Beauscape Farms Punjab Agricultural 
University 

Morphological And 
Physiological Parameters 
of Subtropical Ornamental 
Trees Under Salt Stress 

63. 2

3 

Piyali Dhar Thermax India 
Limited 

IIT, Madras Pre-Treatment of Lignin By 
Non-Conventional 
Methods and Catalytic 
Conversion to Useful 
Compounds 

64. 2

4 

Pradeep Kankeri R & M 
International Pvt 
Ltd 

IIT, Hyderabad Evaluation of 
Strengthening 
Technologies For 
Prestressed Precast Hollow 
Core Slabs 

65. 2

5 

Sameena Naaz 
Malik 

Ozone Research 
and Application 
India Pvt Ltd 

IIT, Bombay Development, 
Optimization, Modelling 
and Scale-Up of a High 
Performance Pre-
Treatment System For 
Complex Industrial 
Wastewaters For 
Biodegradability 
Enhancement, Colour and 
Toxicity Reduction Along 
With Concomitant Biofuel 
Production 

66. 2

6 

Sengottaian R  
Thangamani S 

Joegeetha Plastic 
Pipes 

Tamil Nadu 
Agricultural 
University 

Development of Improved 
Low Cost Green House 
Irrigation System 
Embedded With Polymer 
Technology 
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67. 2

7 

Srinivasa 
Sudharsan 
Govindan 

Vaata Infra 
Limited 

Thiagarajar College 
of Engineering 

Advanced Controllers For 
Optimizing Wind Energy 
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Geographical Spread of Institutes 
 

 

The 67 candidates receiving the Prime Ministerõs Fellowship are spread over 33 institutes 

across ten states. Maximum number of institutes with PM Fellows are in Tamil Nadu. 

 

Geographical Spread of Industry Partners 
 

 

A total of 55 companies spread all across the world are partners in the Prime Ministerõs 

Fellowship Scheme. These include 49 Indian companies and 6 international companies. 

Andhra 
Pradesh, 2, 6% 

Delhi, 4, 12% 
Gujarat, 2, 6% 

Telangana, 1, 3% 

Uttarakhan
d, 1, 3% 

Punjab, 1, 3% 

Rajasthan, 1, 3% 

Uttar Pradesh, 1, 
3% 

Karnataka , 4, 12% 

Tamil Nadu, 8, 25% 

Maharashtra, 4, 
12% 

West Bengal, 4, 
12% 

Delhi, 2, 3% 
Gujarat, 4, 7% 

Jharkhand, 1, 2% 

Karnataka, 11, 
20% 

Maharashtra, 14, 
25% 

Overseas, 6, 11% 
Punjab, 2, 4% 

Tamil Nadu, 7, 
13% 

Telangana, 5, 9% 

West Bengal, 1, 
2% 

Haryana, 1, 2% Uttar Pradesh, 1, 
2% 
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Stream-wise Spread of Research Subjects 

 

 

 

Maximum candidates are working on research projects which are in Engineering domain 

 

 

Gender Ratio of Research Candidates 

 
While there are 21 females candidates, there are 46 male candidates 

Chemistry, 7, 
10% 

Physics, 1, 2% 

Life Sciences, 
17, 25% 

Engineering, 42, 
63% 

Female, 21, 31% 

Male, 46, 69% 
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ANDUGULPATI SAI BALAJI 

 
Manipal College of Pharmaceutical Sciences 
Manipal University, Karnataka ς 576104 
saibalaji@mrdg.iisc.ernet.in 
 
 

 
 

 
Research Area 
 

To Study the Role of ABCC Family of Drug Transporters in Breast Cancer Chemoresistance 
 
Cancer tissue is composed of heterogeneous population of cells containing both drug-sensitive 
and drug-resistant cells. Recent studies have revealed that while conventional chemotherapy 
can abolish drug-sensitive cells, it is ineffective against the small population of stem like cells 
(termed as cancer stem cells or CSCs) that are inherently drug-resistant cells. These CSCs are left 
behind unscathed, thus leading to cancer relapse, and further to multi-drug resistance and 
tumor aggressiveness.  
 
Doxorubicin is an anticancer agent that has been widely used in breast cancer chemotherapy. It 
is known to show 35-50% therapeutic response in patients who have not previously received 
anticancer drugs. However, in parallel with its anticancer activity, doxorubicin also shows acute 
and chronic toxicity due to its relatively low therapeutic index. Further, drug resistance, an 
important property of cancer stem-like cells, is a major limitation that hinders the effectiveness 
of doxorubicin against this subpopulation. Therefore, we hypothesize that a combinatorial 
treatment using doxorubicin with another test compound which can inhibit the breast cancer 
stem-like population from the bulk of the tumor simultaneously could decrease the dose of 
doxorubicin that would be desirable.  
 
Our preliminary results indicate that our test compound reduces the CD44+ 24- CSC sub-
population in breast cancer cell lines. Further, on using doxorubicin along with the test 
compound, we observed increased cell death compared to doxorubicin alone. Moreover, 
expression of genes regulating drug-resistance also decreases on treatment with test compound 
in in-vitro studies.  
 
 

Institute Research Supervisors: Dr N Udupa and Dr Malikarjuna Rao 
Partner Company: Strand Life Sciences 
Industry Mentor: Dr Vaijayanti Gupta; Director 
 

 

http://www.manipal.edu/
mailto:saibalaji@mrdg.iisc.ernet.in
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APARNA BANERJEE 
 
Indian Institute of Science Education and Research 
Dr Homi Bhabha Road, Pashan,Pune ς 411008 
aparna.banerjee1988@gmail.com 
 

 
 
 
 

 
Research Area 
 

Use of Hydrophobic MOFs in Hydrocarbon Separation 

 
Recovery of gasoline vapour from automotive vehicles during diurnal changes is currently done 
using canister of activated carbon. The activated carbon adsorbs the fuel vapour, which is 
produced due to ambient heating and ensures that no hydrocarbon is released to the 
atmosphere. These hydrocarbons can then be recovered by purging the activated carbon with 
ambient air. This reversible hydrocarbon adsorption is the key to a smooth adsorption- 
desorption cycle and a long working life. However, activated carbon poses a problem since it has 
a distribution of pore sizes both micropores and mesopores. Mesopores are ideal for reversible 
adsorption of hydrocarbons but the hydrocarbons adsorbed in micropores cannot be desorbed 
under ambient temperatures. This reduces their performance. 
 
Crystalline materials having uniform pores could facilitate smooth adsorption-desorption cycle 
with enhanced work life. Metal Organic Frameworks (MOFs) are solids formed by linking metal 
or metal clusters with organic ligands, thus generating uni-sized nano channels. Though MOFs 
are generally microporous (5-20Å), there have been reports of highly crystalline mesoporous 
MOFs (20-100Å). Considering the hydrophobic nature of the adsorbing gas, it is obvious that the 
adsorbent material needs to contain pores of molecular dimensions with suitable hydrophobic 
lining. Many MOFs employed for gas adsorption applications require vigorous activation 
procedures to remove the adsorbed and compositional water. This is because they are generally 
made up of pores lined by highly hydrophilic oxygen rich ligands. Recently, hydrophobic MOFs 
have been made using different approaches. Our focus would be to develop hydrophobic MOFs 
by replacing the acid-type linkages present in many MOFs with more hydrophobic amide type 
linkages and also by using ligands carrying long hydrocarbon backbones. 
 

Institute Research Supervisor: Dr Ramanathan Vaidyanathan 
Partner Company: Enovex Corp, Canada 
Industry Mentor: Mr Scott Walton; CEO

mailto:aparna.banerjee1988@gmail.com
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BOYAPATI SUBRAHMANYAM  
 

Indian Institute of Technology Bombay  
Powai, Mumbai ς 400076 
boyapatisubrahmanyam@gmail.com  
 

 
 
 
 

Research Area 
 
Low-Noise Nano Scale Signal Conditioning Integrated Circuits for Portable Electro-Medical and 
Electro-Sensor Applications 

 
The aim of this project is to design, optimize, fabricate and test low-noise EMI-immune 
integrated signal conditioning module for versatile medical and sensor applications. We aim at 
generic solutions to cover wide range of applications like ambient and environmental sensors, 
and human body sensors. Moreover, availability of mobile platforms has provided an 
opportunity for deployment. Such diverse applications necessitate very low power dissipation. 
However, in general, noise and accuracy performance merits trade off with power dissipation.  
 
!ǎ ŀ ǊŜǎǳƭǘΣ ƛǘΩǎ ŀ ŎƘŀƭƭŜƴƎŜ ǘƻ ǊŜŘǳŎŜ ƛƴǘŜǊŦŜǊŜƴŎŜ ŜŦŦŜŎǘǎ ŀƴŘ ƛƴǘŜǊƴŀƭ noise, while limiting the 
ǇƻǿŜǊ ǘƻ ƳƛŎǊƻ ǿŀǘǘǎ ǊŀƴƎŜΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ƭƻƴƎ ǘŜǊƳ ǎǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ ˃² όƳƛŎǊƻ ǿŀǘǘǎύ 
dissipation to signal conditioning moduleτfor example for biometric monitoring applicationsτ
is desired.  
 
Signal conditioning and conversion of a sensed quantityτwhich are mainly analog in natureτto 
ŀƴƻǘƘŜǊ ƳŜŀǎǳǊŜ Ǉƭŀȅ ŀ Ǿƛǘŀƭ ǊƻƭŜ ŦƻǊ ŜƳŜǊƎƛƴƎ άǎŜƴǎƻǊ ŀǊƻǳƴŘ ǇǊƻŎŜǎǎƻǊέ ǎŎŜƴŀǊƛƻǎΦ aƻǊŜƻǾŜǊΣ 
while designing conversion techniques and the signal conditioning module, the effect of 
additional sources of noise such as coupled internal switching noise due to digital modules and 
choppers will be studied and evaluated in this project. Indeed, while a specific circuit technique 
helps to reduce effect of one kind of internal noise (say a low-frequency noise), another noise 
type is increased drastically (say a high-frequency noise with its harmonics). Therefore, the 
scope of this project is focused on solving such trade-offs using circuit techniques, integrate the 
designed circuits on a test IC in CMOS process and apply the acquired circuit knowledge to 
practical application circuits for bio-medical/ bio-sensor and electro sensor applications. In 
general, target signal conditioning module should be low-power, low-noise, highly-precise and 
take advantage of techniques and technologies for reducing source/ effect of different kinds of 
internal noise, and error sources as well as immunity from external noise sources. 

 

Institute Research Supervisors: Prof Maryam Shojaei Baghini and Dr Jean-Michel 
Redoute  
Partner Company: Intel Corporation 
Industry Mentor: Mr VK Shankar; Director, Platform Solutions, Intel 
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Research Area 
 

Study and Design of Integrated Mixer and Local Oscillator Topologies for WiFi and WiMAX 
Systems  
 

The specific aim of this project is to design and develop Voltage Controlled Oscillators ό±/hΩǎύ 
and mixer combinations for WiFi/ WiMAX systems, which present an inherent high degree of 
immunity against LO (Local Oscillator) and RF (Radio Frequency) feedthrough.  
 

The WiMAX standard requires limited PSD (Power Spectral Density) with -40uW power 
transmission. To receive extremely low signal level, the front-end receiver requires very low 
noise figure (NF), high linearity defined as third order intermodulation product (IIP3), better 
isolation and low power. The mixer is basic building block of front-end receiver. It will convert RF 
signal to BB signal by providing internal multiplication. It is basically a three-port device called 
input RF, input LO and output IF (Intermediate Frequency). The Active balanced mixer 
topologies cancel either LO or RF feedthrough, depending on how LO and RF signals are 
connected to the circuit. Double balanced mixers, also called Gilbert mixers, theoretically cancel 
LO and RF feedthrough.  
 

The phase noise of oscillator disturbed the incoming signal constellation and orthogonality of 
OFDM signal. Therefore, VCO will be designed with lower phase noise. To reduce cross 
modulation, LO feedthrough of any kind is highly undesirable, and should therefore be 
minimized at all costs. The RF-MIMO (Multiple Inputs and Multiple Outputs) will be helpful in 
improving link budget of the network. For this, techniques like removing DC-offset, I/Q balance, 
and lower phase noise have been adopted in the design.  
 

As stated, higher sensitivity ensures lower packet error rate in receiver. A set of general 
mathematical properties and design guidelines provide for achieving low power, less area, lower 
packet error rate, higher SNR, immunity to fading and higher linearity. These design guidelines 
will prove to be very valuable in simplifying the receiver design. The final outcome of this project 
ensures simplicity and cost effectiveness in RF front-end receiver design.  
 

Institute Research Supervisors: Prof Jayanta Mukherjee and Prof Jean-Michel Redouté  
Partner Company: Intel Corporation 
Industry Mentor: Mr VK Shankar; Director, Platform Solutions, Intel   
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Research Area 
 
Study on Production of Gamma-Polyglutamic Acid by Bacillus Sp. 

 
Poly- -ɹƎƭǳǘŀƳƛŎ ŀŎƛŘ όʴ -PGA) meets the demands of the times with respect to the new 
biomaterial industry that came up from well-being issues for a healthy life. Naturally occurring 
polymers have attracted considerable interest from polymer scientists in recent years. This 
interest arose as a result of an increased awareness of the environment and a desire to produce 
environmentally safe materials. Not only do these polymers come from natural sources but they  
are also biodegradable. 
 
Also, the information will let other researchers to know the way forward. There are still some 
questions related to PGA biosynthesis which need to be answered. Our objective would be to 
understand the genes involved in PGA biosynthesis. Since microbial production of PGA is not 
commercially viable yet, a better understanding of PGA biosynthesis and its regulation arising 
out of this proposed study will enable us to carry out strain improvement by targeting the right 
gene and provide optimal conditions for higher production of PGA. The key objectives of this 
research will be: 
 

1) To determine the molecular characterization of genes involved in PGA synthesis. 
2) To study the regulation PGA biosynthesis. 
3) To ŜǎǘŀōƭƛǎƘ ŀ ƭŀō ǎŎŀƭŜ ʴ-PGA production process with standard culture.  

 
!ƭǘƘƻǳƎƘ ʴ-PGA possesses vast potential as a new macromolecular material, several problems 
remain to be solved before it can be practically used. There are certain components in PGA 
synthetase complex for which function is not clear yet (like pgsC and pgsA genes). There is very 
little information available on the promoter of pgs operon. The most important step is to 
ŎƻƴǎǘǊǳŎǘ ŀ Ƴŀǎǎ ǇǊƻŘǳŎǘƛƻƴ ǎȅǎǘŜƳ ŦƻǊ ʴ-PGA by applying molecular biology techniques, and 
hence an extensive knowledge of PGA biosynthesis and roles of PGA synthetase complex is 
crucial for increasing the production level. 
 

Institute Research Supervisor: Dr Ritu Raval 
Partner Company: Tata Chemicals Ltd 
Industry Mentor: Dr Ashok Kumar Dubey; Senior Scientist, Tata Chemicals Innovation 
Centre 
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Research Area 
 

High Speed I/Os for Chip to Chip Interconnects 

The aim of this project is to explore and develop on-chip equalizersτif required along with 
crosstalk cancellation techniquesτfor multi-lane serial I/Os used for interfacing to high-speed 
DACs (Digital to Analog Converters).  We plan to implement and test four pairs of interconnects 
with receiver for de-serialization. Target data rates are 6.25Gbps or 12.5Gbps per lane.  
 
As data transmission rate and number of lanes on multi-lane parallel serial I/Os crosses 5Gbps 
non-ideal effects such as cross talk and skin effects are no longer negligible. For example, this is 
valid about copper traces on FR4 boards with 20cm length or more. These effects lead to ISI 
(Inter Symbol Interference) and hence, recently, multi-lane serial link receivers with analog or 
digital equalizer and cross talk cancellers are reported.  
 
Serialization of the parallel data at the FPGA (or Tx) side or mismatch between traces leads to 
skew between lanes and hence necessitates skew alignment techniques.  
 
The aim of this project is to design, fabricate and test the interface modules for 12.5GHz SerDes 
receivers.  
 

Institute Research Supervisor: Prof Maryam Shojaei Baghini  
Partner Company: Maxim Integrated 
Industry Mentor: Mr Miaochen Wu; Manager, IC Design 
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Research Area 
 
Isolation and Evaluation of Anti-Pathogenic Bacteria from Cotton Rhizosphere 

 
CƻǘǘƻƴΣ ǘƘŜ ΨǿƘƛǘŜ ƎƻƭŘΩΣ ŜƴƧƻȅǎ ŀ ǇǊŜŘƻƳƛƴŀƴǘ Ǉƻǎƛǘƛƻƴ ŀƳƻƴƎǎǘ ŀƭƭ ŎŀǎƘ ŎǊƻǇǎ ƛƴ LƴŘƛŀΦ /ƻǘǘƻƴ 
(Gossypiumhirsutum L.) cultivation in India covers an area of approximately 9.4 million ha 
representing about one quarter of the global area of 33 million ha under cotton (FAO 2007).  
Cotton is an important raw material for the Indian textile industry, constituting about 65% of its 
ǊŜǉǳƛǊŜƳŜƴǘǎΦ ¢ƘŜ LƴŘƛŀƴ ǘŜȄǘƛƭŜ ƛƴŘǳǎǘǊȅ ƻŎŎǳǇƛŜǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǇƭŀŎŜ ƛƴ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŜŎƻƴƻƳȅ 
with over 1500 mills, 4 million handlooms, 1.7 million power looms and thousands of garment, 
hosiery and processing units, providing employment directly or indirectly to around 35 million 
people. 
 
Main losses in cotton production are due to its susceptibility to insect pests and diseases caused 
by fungi. Among the disease caused by fungi, Rhizoctinasaloniand Fusariumoxysporum are the 
main causative agent for the cotton. There is no commercially viable way to eradicate this 
disease from the soil. For this reason, many chemically synthetic fungicides are used, which are 
harmful to the other normal microbial flora of soil. However, a high price is paid from an 
economic, health and ecological standpoints.  
 
While on the other hand the beneficial effects of rhizospheric bacteria include direct plant 
growth promotion, biological control and inducing systemic resistance (ISR) in host plants. 
Specific rhizospheric bacterial strains bring about ISR against multiple pathogens attacking the 
same crop.  Rhizospheric bacterial strains can provide an effective, economical and practical way 
of plant protection. 
 
Furthermore, certain rhizospheric bacterial strain mixtures have showed synergistic action in 
plant protection and growth promotion, indicating different mechanisms are involved in disease 
control. So, the aim of this research is to select such combinations of strains existing naturally 
within cotton rhizosphere, which can provide an effective, economical and practical way of plant 
protection and would be beneficial in crop protection. 

 
Institute Research Supervisors: Dr Vasant J Jadiya and Dr B.A Golakiya 
Partner Company: Solar Agrotech Pvt. Ltd.  
Industry Mentor: Dr T L Dholaria; Managing Director 
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Research Area 
 

Development of Control Algorithm for Canal Automation 
 
Distribution of large volumes of water within irrigation projects involves network of canals. With 
increasing demand for food and competing use of water in various other sectors, the pressure is 
on irrigation professionals to manage water more efficiently since they are the major users of 
water.  
 
Automating a canal system is implementing, a control system that includes automatic 
monitoring or the control equipment that upgrades the conventional method of canal 
operation. The need for canal automation can be summarized as follows: 

 To  increase the efficiency  of the irrigation systems 

 To improve the flexibility of irrigation systems 

 To optimize the water supply in order to match the expected demands at the offtake 
level 

 To improve water management at the operational and field channel level  
Few pilot projects introduced in India: 

 The pilot project of dynamic regulation on Majalgaon irrigation project 

 The Sardar Sarovar project in Gujarat 

 The Tungabhadra project in Karnataka 

 PAP project in Tamil Nadu 
 
The results of the above case studies point out the fact that all the modern techniques, 
computerized automation , adopted by some of the developed countries or recommended by 
the external consultants cannot be put to use directly by the developing countries as the 
geographical, climatic and local social conditions may completely differ. 
 
Appropriateness of technology plays a vital role in the ultimate success of any scheme. In this 
study it is proposed to develop a general control algorithm using modified downstream control 
method prevailing to Indian conditions.  
 

Institute Research Supervisor: Dr BV Mudgal 
Partner Company: Autosys Engineering (P) Ltd. 
Industry Mentor: Mr Anup Raj Gauni; Head, Customer Support 
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Research Area 
 
Process Design for the synthesis of Nanomaterials and Scale-up 

 
The properties of nanomaterials have demonstrated their merit in a vast spectrum of potential 

applications viz. catalysis, electronics, drug delivery, various biological and medical applications. 

Nanomaterials show great promise for use in future. While the synthesis methods are known 

and studied for over last two decadesτfor example, Pyrolysis, solvothermal reactions and 

attritionτnot much attention has been paid towards their synthesis as a process that can be 

further taken for large scale production of nanomaterials. While synthesis is close to chemical 

reactions, obtaining specific shape and size distribution will not allow the usual process 

development approach to be extended for the synthesis of nanomaterials at large scale. Though 

some attempts in this area have been made, a host of expensive nanoparticlesτfor example, 

silver, iron and goldτare still synthesized using techniques which are untailored and have no 

good estimate of mass balances and reaction kinetics. It is hard for chemists to fulfill the rising 

demands of these useful materials. 

 

The proposed study aims at understanding and developing novel ways of addressing these 

reactions on a large scale. Starting from rigorous experimentation on the lab scale and 

developing suitable modeling approach that uses the reaction engineering framework, 

population balance models, nucleation and growth kinetics, reaction kinetics, we aim to 

understand how the governing process parameters viz. kinetics, hydrodynamics, heat 

management, etc. affect these reactions. A suitable system will be selected and the process 

economics will be worked out to support the observations related to scale-up. In a broader 

view, we aim to develop a guideline for designing reactors for shape and size selective 

production from sensitive reactions. 

 

Institute Research Supervisor: Dr Amol Kulkarni 
Partner Company: NanoXpert Technologies 
Industry Mentor: Dr Aditya Pattani; Partner, NanoXpert Technologies 

mailto:jaydeep.desh21@gmail.com


 .. 

. .. 27 

MADHAVA KRISHNA C 
 

Indian Institute of Science, Bangalore 
Karnataka - 560012 
madhav@cadl.iisc.ernet.in 
 

 
 
 
 

 

Research Area 
 

Architecture and Compiler Support for Concurrent Program Execution on Application Specific 
Massively Parallel Processors 

 

Programming of massively parallel processors with correctness guarantees as well as high 
performance presents a variety of difficult theoretical and engineering challenges.  Conventional 
approaches in architecture researchτthat target the least common denominator in languages 
and software research driven by the availability of commodity hardwareτare inadequate in 
addressing these challenges.  Making parallel programming substantially easier requires bringing 
together models and techniques in programming languages, compilers, runtime systems and 
architectures. 

 
This research addresses the problem of extending a massively parallel architecture to support 
high level languages for parallel programming.  Our approach leverages the compiler and 
exploits the principles of high level abstraction in programming languages through the use of 
Instruction Set Extensions and other new constructs within the semantics of existing high level 
languages. 

 
The targeted base architecture is the ΨREDEFINEΩ reconfigurable SoC platform, which serves as 
the framework for generating massively parallel architectures for domain specific application 
accelerators. 
 

Institute Research Supervisor: Prof Soumitra Kumar Nandy 
Partner Company: Morphing Machines Pvt. Ltd. 
Industry Mentor: Dr Chandan Haldar; Managing Director 
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Research Area 
 

Mining Peer Code Review Process  
 

A key technique investigated through this research in context of Software Engineering will be 
Mining Software Repositories (MSR) in intersection with Business Process Intelligence (BPI). 
Software Repositories such as Peer Code Review System, Issue Tracking System, Source-code 
Repository, Version Control Systems and Developer Mailing Lists are diverse IT systems with 
historical data stored in them. MSR refers to a set of tools and techniques for analyzing the rich 
data in software repositories to detect interesting facts and provide actionable information 
about software processes and systems. BPI merges the two technologies: Process Mining and 
Business Intelligence. It combines the high performance of Process Mining with the analytic 
capability of Business Intelligence technologies and therefore offers advantages for clear 
process optimizations. Process owner describes the process to be used and provides guidelines, 
expectations and access to improve the methodology on an ongoing basis. The historical data in 
the form of audit trail or workflow stored in diverse IT systems can be analyzed for continuous 
process improvement. 
 
This research aims to develop a metrics for Measuring Process Performance, Inefficiencies, 
Imperfections and Compliance for Peer Code Review Process and represent it using intuitive 
visualizations and process models to help Project Manager in making informed business 
decisions. Peer code review is a very important and effective way for early detection of defects 
in a software before it is injected into the software code, which, in turn, reduces the 
maintenance cost. This research will be on real data from open-source and commercial projects 
large projects like Google Chromium, Android, Mozilla etc. The research work will be driven by 
inputs and validation from developers and end-users. We plan to perform empirical data 
analysis to investigate problems and issues encountered by stake holders and provide solutions 
resulting in improvement. We propose to apply tools and techniques from machine learning, 
information retrieval and data analytics to mine software repositories and extract useful insights 
and patterns to identify weaknesses and hence suggest the best solution. This research will be 
useful in development of tools/ framework and algorithms designed on the basis of data 
analysis, which can improve the efficiency and productivity of an organization. 
 

Institute Research Supervisor: Dr Ashish Sureka 
Partner Company: Infosys Ltd. 
Industry Mentor: Dr Srinivas Padmana Bhuni; Associate Vice-President, Infosys Lab 
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Research Area 
 

Organic Solar Cells 
 

Harvesting energy directly from the sunlight using photovoltaic (PV) technology is one of the 
Ƴƻǎǘ ǇǊƻƳƛǎƛƴƎ ǿŀȅǎ ƻŦ ǘŀŎƪƭƛƴƎ ǘƻŘŀȅΩǎ ŜƴŜǊƎȅ ǇǊƻōƭŜƳǎΦ !ƭǘƘƻǳƎƘ ǘƘŜ ǇǊŜǎŜƴǘ ŘƻƳƛƴŀƴǘ 
photovoltaic (PV) technology is based on inorganic materials, high material and manufacturing 
cost limits its wide acceptance. A lot of research is now focusing on low-cost PV technologies, of 
which organic photovoltaic devices offer convincing solution. Among organic solar cells, polymer 
solar cells are promising alternatives for conventional energy sources due to their lower cost of 
manufacturing, easy processing and flexibility. Polymer solar cells based on a combination of 
donor and acceptor materials with interpenetrating bulk hetero-junctions have shown 
consistent increase in their efficiency. In a polymer solar cell organic light absorbing 
semiconductor polymer is sandwiched between two electrodes having different work functions. 
Generally, the PV can be categorized to have spanned three generations. The first two are 
inorganic-based, usually constructed by either a single P-N junction or multiple P-N junctions 
based on silicon material. Organic solar cells (OSCs) are considered to replace the current 
silicon-based solar cells due to their unique properties such as easy flexibility and scalability. In 
recent decades, huge amount of work has been done in this field and there are high chances of 
its commercialization. 
 

OSCs stand for third generation photovoltaic cells. There are some crucial issues which hinder 
their future progress, such as insufficient solar light absorption and the undesirable interface 
between anode (or cathode) buffer layer and the organic active layer. The present work is aimed 
at addressing three main issues. First, surface plasmonic resonance (SPR) has been proposed as 
a method to enhance solar light absorption in OSCs. In this work we will explore the mechanisms 
by metallic nanoparticles in both layers simultaneously. The degree of contribution of SPR 
effects to the device performance will be analyzed. Second, interface between buffer layer and 
organic active layer should be carefully engineered so that the generated holes and electrons 
are extracted efficiently rather than blocked. Third, ITO (Indium tin oxide) the commonly used 
transparent conductor represents major impediment to lowering material and processing cost 
of OSC. As such, finding a replacement for ITO is crucial if OSC is to foray into a large market. In 
this study, we will demonstrate a highly conductive semi-transparent silver electrode which is 
easily solution processed as a replacement of ITO. 
 

Institute Research Supervisor: Dr Ashok N Bhaskarwar 
Partner Company: Petrotech Society 
Industry Mentor: Dr Anand Kumar 
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Research Area 
 

Granule Breakage in a Controlled Shear Field - Modelling and Experiments 
 
Granulation is an important size enlargement process used to produce structured powdered 
products in the minerals, pharmaceutical, and specialty chemicals industries. In wet granulation, 
a liquid is sprayed onto an agitated powder bed to agglomerate the particles, which are 
subsequently dried. There are three main mechanisms in wet granulation ς wetting and 
nucleation, consolidation and growth, and breakage and attrition. The last mechanism breakage 
is the least well understood, although breakage is known to be important in controlling the 
maximum granule size and in redistributing the liquid throughout the powder bed via process 
known as destructive nucleation.  
 
Previous studies look at the overall average breakage of many granules of different sizes and 
structures in the granulator, or the breakage of a controlled pellet or tracer. However, the flow 
field that is experienced by the granules in these studies is uncontrolled and also poorly 
understood. There are a few papers where the flow field has been controlled by using 
specialized geometry and/ or powdersτa fluidised couette viscometer where the granule 
deformation and breakage has been measured and modelled. More recently, a breakage-only 
granulator filled with an oil and sand mixture has been used to study breakage of single granules 
and pellets. However, these experimental studies are on a limited number of powders and have 
never been directly compared. In addition, the modeling work focused on granule deformation, 
rather than breakage, and has only been performed on a single case in the couette device.  
 
The outcome of this project would be a comprehensive experimental and modeling 
investigation of breakage of real granules under controlled shear conditions. The results are 
expected to be used to provide guidance on how to either minimize or maximize breakage in 
industrial wet granulation process in order to achieve more consistent and reliable granule 
properties and product performance. Such an outcome would be widely applicable to a broad 
range of industries which produce granular materials. 
 

Institute Research Supervisor: Prof Devang Khakhar and Dr Karen Hapgood 
Partner Company: Procter and Gamble Home Products Ltd. 
Industry Mentor: Dr Bhavani Kasibhatla; International Manager, Procter and Gamble 
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Research Area 
 
Oil-slick Control and Development of an Intelligent Oil-recovery System 

 
Main objective of this work will be development of a super-absorbent and responsive intelligent 
system with an added attribute of sensitivity to geomagnetic field. 
 
Most desired properties in any absorbent material are high oil-sorption capacity, good oil 
adhesion and retention, low water- sorption capacity, improved buoyancy characteristics, and 
reusability. Many sorbent materials like polymer foams and other polymeric hydrocarbon based 
materials are known to possess these characteristics. Effort will be made to review the existing 
literature and to improve upon critical properties through innovative chemistry, mechanics, and 
ŜƴƎƛƴŜŜǊƛƴƎ ƻŦ ƳŀǘŜǊƛŀƭǎΩ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ƛƴǘŜǊŦŀŎŜǎΦ 
The present situation can be taken up to the next level mainly in terms of absorbency, 
reusability, and ease of extracting the absorbed oil by designing an intelligent integrated 
sorption system.  
 
Three key features of this system will be a superabsorbent smart polymer system which will 
respond to gentle environmental changes, exhibiting superabsorbent characteristics at one 
condition and with a slight change in a key parameter (like temperature, pH, exposure to light, 
electric charge, or magnetic field) becoming collapsible at the latter 
environmental  condition.  The second key feature will be regarding its geometry and stability. 
As the system comes in contact with the oil, entrapment will cause continual volumetric changes 
inside the system which could be employed to generate a force that, after sufficient contact 
time, will trigger changes in position.  In this way, the entire surface of the system will gradually 
keep coming in contact with the oil until all of the oil is eventually picked up. The third main 
feature will be a built-in sensitivity to geomagnetic field such that, after entrapping the oil 
ƛƴǎƛŘŜΣ ǘƘŜǎŜ ƻōƧŜŎǘǎ ǿƛƭƭ ŀƭƛƎƴ ǘƘŜƳǎŜƭǾŜǎ ŀƭƻƴƎ ŜŀǊǘƘΩǎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ŀƴŘ ǎŜƭŦ-assemble in a 
ŦƻǊƳŀǘƛƻƴ ǊŜǎŜƳōƭƛƴƎ ŀ Ǝƛŀƴǘ ƳŀƎƴŜǘƛŎ ŎƻƳǇŀǎǎΩ ƴŜŜŘƭŜΦ ¢Ƙƛǎ ǿƻǳƭŘ ŦŀŎƛƭƛǘŀǘŜ Ŝŀǎȅ ŎƻƭƭŜŎǘƛƻƴ ƻŦ 
the large number of individual system elements, after oil removal, using a single retrieval sweep 
by the recovery ship.  
 

Institute Research Supervisor: Dr Ashok N Bhaskarwar 
Partner Company: Petrotech Society 
Industry Mentor: Dr Anand Kumar 
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Research Area 
 

Biotechnological Approaches for Value Addition of Industrial Guar Meal 
 
Legume is an important class of plants which are rich in protein and soya bean is a well-studied 
protein source. Still, there are a lot of other protein sources, which are under utilised as a 
protein source. Guar (Cyamopsis tetragonoloba) is one of them having high protein content, 
which is comparable with soya bean. It is an industrially important legume, as guar gum, which 
has a good market worldwide, is extracted from it. India is the largest producer of guar bean, 
and hence the largest exporter of guar gum. The left over after the gum extraction is guar meal, 
which is a rich source of protein with a protein content of 52%. Due to the presence of anti-
nutritional factors like trypsin ƛƴƘƛōƛǘƻǊΣ ʲ-mannan and saponins, it is not used for human and 
poultry consumption. Trypsin inhibitor cause increased pancreatic secretion and decreased 
ǇǊƻǘŜŀǎŜ ŀŎǘƛǾƛǘȅΦ ʲ-mannan, the gum residue, is a galactomannan polysaccharide, which 
increases intestinal viscosity and thereby decreases nutrient absorption. Some saponin extracts 
are found to be toxic for gastro intestinal tract, and the oral administration of the same causes 
adverse effects. So, the current proposal aims to screen and remove the anti-nutritional factor 
present in the guar meal or the protein isolate prepared from it so as to make this underutilized 
protein source as a high protein feed ingredient. 
 

Institute Research Supervisor: Dr S P Muthukumar 
Partner Company: Jai Bharath Gum & Chemical Ltd. 
Industry Mentor: Mr Rajesh Kedia; Director 
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Research Area 
 

Isolation, Purification, characterization and optimizaǘƛƻƴ ƻŦ ŦŜǊƳŜƴǘŀǘƛƻƴ ŎƻƴŘƛǘƛƻƴǎ ƻŦ ʴ-
Polyglutamic acid producing Microbes 
 

ʴ -Polyglutamic acid is an unusual anionic naturally occurring polyamide which is made up of D 
and L glutamic acid units connected by amide linkages between alpha and gamma carboxylic 
groups. 
 
It is non-toxic to humans, environment friendly, biodegradable and edible. It, thus, possesses 
enormous potential as a new macromolecular material.  
 
Cross-linked PGA exhibits an extremely high degree of water absorbency possibly making it a 
good substitute for non-degradable hydrogels. In cosmetics, PGA finds its use in providing the 
nourishing moisturizing factor (NMF) to the skin, high water absorbing property of PGA would 
be of an enormous potential in agriculture where it could be used in the form of hydrogels. 
Application of PGA in water reservoirs (as bioflocculant), biodegradable diapers (high water 
absorbency) and slow release systems for drug and fertilizers makes it a potential candidate for 
study. 
 
!ƭǘƘƻǳƎƘ ʴ -PGA possesses vast potential as a new macromolecular material, several problems 
remain to be solved before it can be practically used. The major problem is higher production 
cost of PGA making it a commercially unfavorable entity compared to the existing ingredients. 
Also the yield is quite low. 
 
At present, the most important step is to develop a cost economical mass-production system for 
g- PGA and subsequent modification for specific applications.  
 
We hereby propose to isolate good PGA producing microorganisms followed by optimization of 
PGA production process. 
 

Institute Research Supervisor: Dr Ritu Raval 
Partner Company: Tata Chemicals Ltd. 
Industry Mentor: Dr Ashok Kumar Dubey; Senior Scientist 
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Research Area 
 

Microalgae Treatment of Distillery Wastewater 
 

Molasses, a by-product of sugar extraction process, is most common raw material used in 
distilleries for bioethanol production.  After alcohol distillation, a large volume of highly colored 
spent wash is generated which has high organic load (COD, 80,000ς100,000 mg/l and BOD 
40,000ς50,000 mg/l), dark brown in color, low pH and high temperature. The high chemical 
oxygen demand (COD) and biochemical oxygen demand (BOD) of the distillery spent wash are 
due to the presence of a number of organic compounds, such as polysaccharides, reduced 
sugars, lignin, proteins, melanoidin, waxes, etc. It contains dark brown recalcitrant pigment 
called melanoidin which is formed in Maillard reactions between amino acids and 
carbohydrates. This colored component leads to a reduction in dissolved oxygen concentrations 
causing serious harm to aquatic biota. Therefore, the decolorization of distillery wastewater is of 
primary importance as it is considered as one of the criteria of safe disposal.  
 
Microalgae treatment is suggested since the process is energy efficient and also microalgae have 
the ability to take up its nutrient requirement from spent wash/ biomethanated spentwash and 
energy requirement from sun.  Additionally, it has the mechanism of taking carbon dioxide and 
converting them into oxygen as electron donor thereby reduce energy needs for aerobic 
treatment.  Scenedesmus species which is known for Carbon dioxide sequestration will be 
tested here for its ability to degrade and decolourize distillery wastewater thereby reducing its 
characteristics such as COD, BOD and reduction in the concentration of Melanoidin 
(recalcitrant).  Isolation and testing studies will be carried out to characterize microalgae 
(Preparation of consortia if necessary) available in the spent wash site and compare the result 
with result obtained for Scenesdesmus species.  Optimization work is planned to optimize 
nutrients, pH and temperature necessary for optimum growth of microalgae thereby obtaining 
maximum degradation and decolourization.  Entrapment technique of immobilization is 
suggested for microalgae treatment from literature survey since it possesses various 
advantages. Comparison will be made to check the degradation and decolourization results by 
free and immobilized microalgal treatments.   
 

Institute Research Supervisor: Dr M Premlatha, Associate Professor 
Partner Company: Trichy Distilleries & Chemicals Ltd. 
Industry Mentor: Mr M Vijaysekaran; General Manager 
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Research Area 
 

Structural Characterization of Regulatory Proteins Useful in Developing Biosensors for Water 
Purification System 

 
One of the most abundant environmental pollutants in recent times are natural and man-made 
aromatic compounds discharged through industrial and urban activities and geochemical cycles 
(Shingler 2003). They pose to be environmental threat because of their high toxicity and 
ǇŜǊǎƛǎǘŜƴŎȅ ŀǎ Ƴŀƴȅ ƻŦ ǘƘŜǎŜ ŎƻƳǇƻǳƴŘǎ ŎŀƴΩǘ ōŜ ŘŜƎǊŀŘŜŘ ƻǊ ǳǘƛƭƛȊŜŘ ōȅ Ƴƻǎǘ ƻǊƎŀƴƛǎƳǎΦ  
 
A large number of bacteria acquire catabolic ability to biodegrade a variety of aromatic 
pollutants and use them as their sole carbon and energy source by employing different 
strategies (Diaz et. al. 2000). The first step towards biodegradation involve detecting the 
presence of the pollutants and their types at the contaminated places which is performed by 
regulatory proteins like XylR (Xylene Catabolism Regulatory Protein) and DmpR (3,4- 
Dimethylphenol Regulatory Protein) . Both DmpR, XylR activate operons encoding genes 
required for catabolic biodegradation of aromatic alcohols.  These proteins belong to NtrC 
family of enhancer-binding proteins ( EBP) and are a class of transcriptional regulators that act 
on prokaryotic promoters from a distance (Mi Na Kim et. al., 2004). These NtrC family of 
regulators are composed of three major domains ς the alcohol binding, N-terminal signal 
reception domain or the A-domain, the central ATPase activity harboring transcriptional 
activation domain or the C-domain and the C-terminal DNA binding domain or the D-domain 
(reviewed by North et.al. 1993).  
 
In this project, we would mainly focus on these transcriptional activator proteins, and aim to 
determine the X-ray crystallographic structure of each sub-domain and in consort so as to 
understand the structural basis of specificity of interaction between them and their chemical 
effectors. Proper knowledge at the molecular level of this enzyme system can aid designing of 
an ideal biosensor system by engineering and manipulating these regulators, so as to detect the 
presence of the aromatic pollutants in the aquatic environment.   
 

Institute Research Supervisor: Dr Ruchi Anand and Prof Matthew Wilce 
Partner Company: Piramal Enterprises Ltd. 
Industry Mentor: Dr Arun BalaKrishnan; Head of Operations (Natural Product and 
External Liaison), Piramal Healthcare Ltd. 
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Research Area 
 

Adsorptive Air Separation by Using Porous Metal Organic Frameworks 

 
The present industrial method involves the selective adsorption of Oxygen or Nitrogen from air 
using zeolites. Their separation is enhanced by the insertion of Li into the zeolites, owing to the 
high polarising nature of the Li cations. Recent advances in air separation research include the 
development of lithium doped carbon replica of zeolites. Metal organic frameworks (MOFs) are 
class of porous solids formed by the linking of metals or metal clusters using organic ligands to 
generate frameworks with nanoporous cages or channels. MOFs have been used for a variety of 
gas storage, gas separation and other applications. 
 
The aim of our project with Enovex would be to dope lithium inside pre-synthesized metal 
organic frameworks or incorporation of lithium into the metal organic frameworks by in-situ 
methods. Such Lithiated MOFs would be investigated for their N2 adsorption capacity. Challenge 
would be to enhance the total storage capacity without compromising on the selectivity. 
Presence of quadrupolar forces on the Li would facilitate their interaction with the N2 gas which 
is also quadrupolar active. This would be a key feature for selectivity enhancement.  
Owing to the possibility of developing MOFs as single crystals or crystalline powders, it would 
provide us with an additional advantage of understanding the lithium defined adsorption sites 
using single crystal and powder X-ray diffraction techniques. This would be critical for the future 
design and tuning of the MOFs for enhanced gas uptakes. 
 
 

Institute Research Supervisor: Dr Ramanathan Vaidhyanathan  
Partner Company: Enovex Corp, Canada 
Industry Mentor: Mr Scott Walton; CEO 
 
 

mailto:shyama90chem@gmail.com


 .. 

. .. 37 

SOUJIT SENGUPTA 
 

Indian Institute of Technology Madras 
Chennai, Tamil Nadu - 600036  
soujit.sengupta@gmail.com  
 

 
 
 
 

 
Research Area 
 

Graphene-Based Composite for Capacitive Deionization and Water Purification 

 
Capacitive deionization (CDI) is an emerging desalination technology. In CDI, ions are adsorbed 
onto the surface of porous electrodes by applying a low voltage electric field, producing 
deionized water. Liquid flows between the high surface electrode pairs having a potential 
difference of 1.0-1.6 V DC. The negative electrodes attract positively charged ions such as 
calcium, magnesium, and sodium, and the positive electrodes attract negatively charged 
ions such as chloride, nitrate, and sulphate. The major mechanisms related to the removal of 
charged constituents during water treatment are physisorption, chemisorption, 
electrodeposition, and/ or electrophoresis. Unlike ion exchange, no additional chemicals 
are required for regeneration of the electrosorbent in this process. Adsorbed ions are 
desorbed from the surface of the electrodes by eliminating the electric field, resulting in 
the regeneration of the electrodes. The efficiency of CDI strongly depends on the surface 
property of electrodes such as their surface area and adsorption properties. 
 
There are a variety of electrode materials and configurations to enhance the CDI 
performance. Development of ideal electrode material depends on: 
 

1. High electrical conductivity, 

2. High specific surface area 

3. Controllable pore size distribution 
 
The development of novel electrode material having the above characteristics with 
improved high rate of electro-adsorption capacity is important for capacitive deionization. 
The objective of the research is to carbon aerogel/ xerogel types of material which can 
give above required propertied for development of most cost-effective CDI system. 
 

Institute Research Supervisor: Prof T Pradeep 
Partner Company: Thermax Ltd. 
Industry Mentor: Mr Kiran Deshpande; General Manager 
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Research Area 
 

Engineering Amyloids for Nanotechnology and Neuronal Cell Regeneration 

 
Neurodegenerative diseases are characterized by degeneration of certain types of neurons. 
Given the limited regenerative capacity of the brain, current therapy is limited to rehabilitative 
measures. This limited capacity is due to loss of the neural ECM to promote cell division and 
remodelling of the tissue. Thus to address the problem to repair brain damage necessitates 
neuron transplantation from exogenous source. Stem cell transplantation is a part of this cell 
replacement therapy. These implanted stem cells must be given suitable biochemical and 
contact mediated cues so that they develop suitably to restore functional tissue. These functions 
of providing development specific cues are provided by the scaffold in which the stem cells are 
seeded.  
 
Here, we propose to develop novel amyloid based biocompatible scaffolds which will have the 
desired morphology and surface chemistry to permit cell adhesion and differentiation. 
 
Although amyloids are associated with a wide range of pathological diseases, and the use of 
amyloid inspired material may seem counterintuitive in this context, but the presence of 
evolutionary conserved and functional amyloids have demonstrated that these materials are not 
inherently cytotoxic. Moreover, the robustness of amyloidgenic material is an added advantage.  
 
Several biophysical studies including CD and FTIR would be done to characterize the peptides 
conformational state; SEM and AFM for morphological characterization. Cell-based assay would 
be done to assess the toxicity of the biomaterial. The non-toxic peptide based hydrogels would 
be then suitably modified adding specific neurotropic factors so that stem cells seeded inside it 
differentiate into neurons. Detailed rheological study would be done to fabricate the scaffold 
such that it is in compliance with natural brain tissue.  
 
Finally, these hydrogels would be tested in vivo on mouse models to check host immune 
reaction against them and how effectively they can regress neurodegenerative diseases. 

 
Institute Research Supervisor: Dr Samir Maji and Dr John Forsythe  
Partner Company: Piramal Enterprises Ltd. 
Industry Mentor: Dr Arun BalaKrishnan; Head of Operations (Natural Product and 
External Liaison), Piramal Healthcare Ltd. 
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Research Area 
 

Investigation of Thermo-Physical Properties of Nanofluids  

  
With the progress of modern technology, energy consumption has increased manifold and 
hence the challenge of heat transfer and cooling. Despite considerable previous efforts, major 
improvements in cooling capabilities have been restricted, as the traditionally used fluids in 
thermal management systems like water, glycols, paraffin oils inherently have very poor thermal 
conductivity, at least two orders of magnitude lower than solids. Metals as solids have orders of 
magnitude higher thermal conductivities as compared to liquids. Thermal conductivity of liquids 
with suspended solids could be expected to be significantly higher than of the base fluid alone.  
 
Nanotechnology does not only miniaturise the dimensions of the material, but also gives an 
entire different set of properties which could be explored and exploited. Nanofluids are a new 
class of emerging engineering materials, consisting of nanometer sized particles dispersed in 
base fluids, which exhibit an enhancement in thermo-physical properties. Nanofluids have an 
unprecedented combination of the characteristic features desired in energy systems (fluid and 
thermal systems) such as increased thermal conductivity at low nanoparticle concentrations, 
strong temperature-dependent thermal conductivity and non-linear increase in thermal 
conductivity with nanoparticle concentration.  
 
The research would involve synthesis and long term stabilization of nanofluids, mostly by wet 
chemical methods and investigating their thermal and rheological properties such as thermal 
conductivity, specific heat capacity, dynamic viscosity and density by varying the nanomaterial 
parameters such as particle size, particle shape/ morphology, surface charge and interfacial 
chemistry, chemical environment like the pH and base fluids. Further, optimization of the heat 
transfer co-efficient and figure of merit under various conditions would be carried out using the 
experimental data.  
 

Institute Research Supervisor: Prof Ganesh 
Partner Company: Thermax Ltd. 
Industry Mentor: Mr Kiran Deshpande; General Manager  
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Research Area 
 

Influence of Temper Conditions on the Environmentally Assisted Cracking of AA 7085 Alloy  
 

High strength Aluminum alloys are extensively used for strategic applications because of their 
high specific strength with weight-effective performance and damage tolerance. As they rely on 
the precipitates for strengthening, they form local galvanic cells leading to localized corrosion 
such as pitting and exfoliation. Pits/exfoliation acts as initiation sites (also known as precursor 
events) for environmentally assisted cracking (EAC).  Understanding these precursor events that 
initiate EAC and also the factors that govern the EAC growth are of great interest. 
 

This project will investigate: 
a) The effect of precursor events on AA 7085, a newly developed low quench sensitive alloy, 

using micro-electrochemical techniques that would reveal the correlation between alloy 
chemistry, microstructure and heat treatment.  

b) EAC growth behaviour 
c) Modify the precipitate state (size, shape, number density) through an appropriate heat 

treatment to enhance the mechanical properties (yield strength and tensile strength) of high 
strength aluminium alloys without sacrificing the toughness and EAC resistance. This will be 
done through non-conventional heat treatment.  

d) Role of fabrication:  The influence of machining, surface protection techniques on SCC will 
be examined to arrive at robust components. The study will indicate special precautions, if 
any, to be implemented during above processing to ensure no detrimental effects are 
introduced due to consumable, cutting & forming tools. 

Actual EAC experimentation involves conducting slow strain rate and fracture mechanics tests 
for better understanding of the EAC initiation and growth. 
 

Project outcomes  
1. Better understanding on the EAC behavior of a new developed alloy in addition to 

development of a non-conventional heat treatment.  
2. Non-conventional heat treatment will receive better attention from Industries who are 

interested in creating new profiles for the existing precipitation hardenable aluminum alloys 
 

Institute Research Supervisor: Prof V S Raja 
Partner Company: Godrej & Boyce Mfg Co Ltd 
Industry Mentor: Mr S M Vaidya; Executive Vice President & Business Head, Godrej 
Precision Systems 
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Research Area 
 

Microstructural Engineering in Wire Rod: Possibilities 
 

With increase in demand for producing lighter weight components and structures, there is a 
strong need to produce steels with superior strength and ductility. High carbon steel wires with 
superior strength and ductility are one of such materials that are used in tire cord, tire beads, 
conveyors, hoses and bridge cables. The strength is a strong function of steel composition, 
quality, microstructure and the wire drawing process. Pearlite is an important constituent of 
these wires, which imparts great strength and toughness after drawing operation.  
 
A wire has a typical composition of carbon varying within 0.65-1.3%, manganese between 0.2-
0.8% and other elements in traces. The prime objective of drawing is to increase the strength of 
the wire without much drop in ductility and fatigue resistance. Adequate ductility ensures 
proper distribution of stresses during processing of wires as well as during service. Hence, it 
becomes important for any wire manufacturer to understand the processes that determine the 
wire ductility under different loading conditions. Ductility of a wire is generally measured in 
terms of tensile elongation, resistant to torsion loading and bend-value.  Each of these values 
depends fully or partially on parameters like final wire microstructure, residual stresses, aging 
and surface quality. Torsional ductility is the key parameter, which decides the performance of 
cables which are used in suspension bridges.   
 
However the exact microstructural or mechanical parameters that determine the torsional 
ductility of steel wire are still somewhat unknown. Although published literature indicates that 
inter-lamellar spacing of pearlite, its morphology and residual stress after drawing play a 
significant role in determining the torsional ductility, but most of these works fail to establish a 
model that quantitatively determines the torsional ductility. 
 

Institute Research Supervisor: Prof Indradev Samajdar 
Partner Company: Tata Steel Ltd 
Industry Mentor: Dr Saurabh Kundu; Head Product Research Group, Tata Steel - R&D 
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Research Area 
 

Development of Smart Drug Eluting Stents 

  
The drug eluting stents are mainstay of the cardiovascular therapeutic strategy. The major 
drawback of the existing drug eluting stents includes exposed drug coat surface. This uncoated 
drug in the direct contact with the arterial wall sometimes results in localized drug toxicity 
arising due to overdose and also increases the propensity of degradation of sensitive drug 
molecules like Sirolimus and Everolimus. 
 
The prime focus of the proposed project is to develop cost effective stents with innovative 
nanotechnology. By coating stents with drug eluting biodegradable polymeric nanoparticles, the 
combined potential of nanotechnology and localized drug delivery devices will be harnessed. It 
will, in turn, pave new and therapeutically effective frontiers for developing indigenous stents at 
an affordable cost, improving the treatment options for the patients at large without 
compromising the overall therapeutic benefits. It may also prove useful to achieve unmet needs 
in this segment. 
 

Institute Research Supervisor: Prof Vandana B Patravale 
Partner Company: Sahajanand Medical Technologies Pvt Ltd 
Industry Mentor: Mr Ankur J Raval; Assistant General Manager, Research and 
Development 
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Research Area 
 

Numerical and Experimental Investigation of Heat Transfer Enhancement in Heat Exchanger 
  

Heat exchanger has many potential applications such as in process industries like breweries, 
paper, chemicals, food and beverage, textiles, automobile industries, power systems etc. in a 
wide variety of fluids and temperature parameters. A high performance of heat exchanger 
means high thermal efficiency, low cost, small in size, and light weight. Heat transfer 
enhancement of heat exchanger depends on fluid flow and heat transfer between fluid and 
channel surface. Efficiency of heat exchanger can be achieved by changing flow characteristics 
and also increasing surface area. Large surface area in heat exchanger improves heat transfer 
since the heat transfer occurs on the surface. Mini/micro-channels are the suitable option to 
improve heat transfer efficiency in heat exchanger due to high surface to volume ratio.  
 
In this project, heat transfer enhancement in heat exchanger using mini/micro-channel and 
textured surface of the channel will be investigated by experimentally and numerically for single 
phase and two phase flows.  
 

The specific objectives of the proposed project are: 
 

(a) To investigate hydrodynamic and thermal characteristics of mini/micro-channel in 
heat exchanger for single phase and two phase flow system. 

(b) To investigate the effect of texture surface of mini /micro channel on heat transfer 
enhancement in heat exchanger. 

(c) To develop a computational fluid dynamics (CFD) model to predict hydrodynamic 
and thermal behaviour of mini/ micro-channel in heat exchanger. 

(d)  To numerically simulate predicted results will be validated with experimentally 
measured data. 

Deliverables of this research project: 
1) An experimental investigation of micro-channel design for boiler and novel type of heat 
exchanger. 
2) Theoretical and Computational validation of the proposed micro/textured channels. 
 
This could result in a novel boiler convective heat exchanger and/or compact heat exchanger. 
 

Institute Research Supervisor: Dr Rajneesh Bhardwaj 
Partner Company: Forbes Marshall Pvt Ltd 
Industry Mentor: Mr D K Kuvalekar; Head, Central Research and Development 
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Research Area 
 

Numerical and Experimental Study of Superheated Liquid Jet 

  
The flashing phenomenon occurs when both aerodynamic fragmentation and violent boiling 
control the flow dynamics of two phase liquid jet. The thermodynamic characteristic of the 
liquid jet in a combustion chamber plays a significant role in combustion efficiency and emission 
control. Understanding the physics and mechanisms of superheated jets is still a fairly open 
problem and little work has been done in this area. The computational and experimental 
characterization of flashing jets and sprays would aid in providing the correct inputs to 
downstream combustion modelling for automotive and aero combustor applications. Detailed 
spray diagnostics in terms of droplet size distributions, spread angle, penetration lengths will be 
obtained in this study. The results would be beneficial in the design of the next generation fuel-
efficient and emission compliant automotive engines and aero combustors. To improve the heat 
load requirement of aero engines, the enthalpy of the inlet fuel need to be elevated to higher 
temperature. The mass flow rate may drastically get reduced due to the phase change process 
and the time scale over which it occurs is comparable to the time required for the liquid to flow 
through the nozzle. This will dramatically affect the flow rate. Both experimental and numerical 
studies will be carried out to study the droplet characteristics and velocity profiles of flashing 
jet. Numerical simulation of a homogenous superheated flow will be carried out and validated 
using experimental measurements. Further investigation of realistic fuel properties, including 
the effect of transport properties will be done. Numerical simulation of a superheated fluid into 
a different density medium may be carried out in the future. Effect of various inlet parameters 
will also be studied to give a better understanding of the primary atomization and secondary 
breakup of the jets that determines the nature of such complex flow. 
 

Institute Research Supervisor: Prof Shivasubramanian Gopalakrishnan 
Partner Company: GE India Technology Center Pvt Ltd 
Industry Mentor: Mr Subhrajit Dey; Manager, Turbomachinery Aerodynamics & 
Program Manager, Linear Compressor   
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Research Area 
 

Characterization of native Bacillus thuringiensis isolates against Mylabris pustulata Thunberg 
in Pigeonpea and optimization of Bioprocess parameters 

  
Pigeonpea (Cajanus cajan) is an important Pulse crop, however its cultivation is affected by 
many pests, Mylabris pustulata Thunberg (Coleoptera: Meloidae) being the most devastating. In 
order to manage the insect, the use of B. thuringiensis (Bt) product is gaining importance as an 
alternative to chemical pesticides, as these are known to cause ecological and biological health 
hazards (Kandibane et al 2010). But at indigenous level particularly in this pest, it is imperative 
to evaluate diverse genetic stocks of Bacillus thuringiensis and to elucidate the cry gene 
composition of these strains. The project is designed to study the microbial diversity in terms of 
cry genes in the natural habitat (soil) of Punjab. Different samples of bacteria will be collected 
from different zones of Punjab state in addition to inhouse collections already made. The 
collected samples would be subjected to isolation of B. thuringiensis strains following 
conventional techniques. Upon isolation, the strains will further be subjected to molecular 
conformation with regard to their diversity. After differentiating, the isolates the potential of 
each isolate would be tested on target insect under lab conditions. The isolates which show 
promising toxic effects would be tested under field conditions by collaborating partner 
(Industrial partner) in different parts of Punjab. The bioprocess parameters of the most potent 
and stable isolate would be standardized under lab conditions. In future, the potent strains 
could also be shared with different labs and tested in agricultural zones all over the country for 
commercialization of the product to generate the revenue for the farmers by enhancing the 
yield of the crop. The potential isolate can be subjected to patent rights and commercialization 
by the collaborating entrepreneur (Industrial partner).  
 
 

Institute Research Supervisor: Prof Veena Khanna 
Partner Company: Sampurn Agri Ventures Pvt Ltd 
Industry Mentor: Mr Sanjeev Nagpal; Director 
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Research Area 
 

Anomaly Detection in Big Data 

  
Anomaly detection has drawn a slew of attention in recent years, although term has been 
known as outlier detection in statistics several decades ago. Everyday large volume of data is 
being generated and dumped into data centers. For example, flight navigation data, health care 
monitoring data, social media data, video surveillance data etc. This has coined the term Big 
data in data mining folklore. Big data contains rare events or anomalous points that need to be 
found out ςfor example, less than 2% of all visitors who visits Amazon website make a purchase. 
Similarly, given EEG data, how can we efficiently and timely find points or subsequences that are 
indicative of abnormal condition of the patient? Given satellite imaginary, how can we 
accurately identify the deposition of water on remote planet? How can we develop devices 
capable of raising alarm that can detect fault in the plant operation?  
Thus, anomaly detection problem can be interesting due to business perspective, security, 
maintenance etc. The problem becomes challenging because of noise, heterogeneity, high 
dimensionality of the Big data and failure of the current tools and techniques to handle the Big 
data efficiently. The task of anomaly detection is to find unusual pattern in the data that do not 
conform to the normal behavior. The key objective of the research is to study traditional as well 
as modern approaches taken, techniques employed to solve aforementioned problem.  
 

Institute Research Supervisor: Dr Durga Toshniwal 
Partner Company: Robert Bosch Engineering and Business Solutions Ltd 
Industry Mentor: Mr Gopalan Vijendran Venkoparao 
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Research Area 
 

Analysis of Temporal Contours of Spoken Language Learning 

  
Spoken language learning (SPL) involves developing complex skills such as spoken 
communication, often influenced by several factors including learner's age, native language and 
ŜƴǾƛǊƻƴƳŜƴǘǎΦ !ƴŀƭȅȊƛƴƎ ŀƴŘ ǘǊŀŎƪƛƴƎ ŀ ƭŀƴƎǳŀƎŜ ƭŜŀǊƴŜǊΩǎ ǘŜƳǇƻǊŀƭ ǇŜǊŦƻǊƳŀƴŎŜ ŎƻƴǘƻǳǊ ŀƴŘ 
developing a personalized recommendation system for improving the learning skill would be 
potentially helpful for the learner. SPL, especially spoken English language training (ELT), is a 
growing market in India -- a study, carried out by the iValue Consulting Private Limited, reported 
the expected ELT market growth to be USD 4.67B in 2015. 
 
The temporal dynamics of a learner's performance can be tracked by analyzing several SPL 
assessment measures including fluency and pronunciation. Estimating SPL measures reliably 
from a spoken utterance still remains a challenge particularly in real-life scenarios. Based on the 
analysis of performance dynamics, thŜ ǇŜǊǎƻƴŀƭƛȊŜŘ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴ ǎȅǎǘŜƳ ǿƻǳƭŘ άǇǊŜŘƛŎǘέ 
the learner's future performance with respect to the gold-standard measures available from a 
ǇǊƻŦŜǎǎƛƻƴŀƭ ǎǇŜŀƪŜǊΦ 5ŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƭŜŀǊƴŜǊΩǎ ǇǊƻƎǊŜǎǎ ǘƘŜ ǎȅǎǘŜƳ ǿƻǳƭŘ άǇǊŜǎŎǊƛōŜέ 
appropriate interactive lesson materials to help the learner improve his/her performance 
toward the gold-standard one. The challenge lies in designing a statistical prediction model 
which can incorporate different demographic and SPL assessment metrics in predicting learner's 
future performance. Similarly, the challenge in designing a statistical prescription model lies in 
generating an interactive dialog script which would help a learner practice required spoken units 
to boost his/her performance. 
 
/ƻƳǇǳǘƛƴƎ ŀ ƭŜŀǊƴŜǊΩǎ {t[ ǇŜǊŦormance requires a quantitative comparison between the 
ŘȅƴŀƳƛŎǎ ƻŦ ǘƘŜ ƭŜŀǊƴŜǊΩǎ ŀƴŘ ǘƘŜ ƎƻƭŘ-standard utterances. Dynamic models of an utterance 
can be learnt using hidden Markov model. Kalman filter could be used to predict learner's future 
performance based on the available assessment measures. For prescribing the learning 
materials, a generative personalized dialog model could be used with emphasis on words or 
phrases that would improve learner's overall SPL performance.  
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Modification of Renewable Resources for Coating Applications 

  
The proposed research work is divided into two parts including functionalization of renewable 
resources (Cashew Nut Shell Liquid-CNSL and/or its derivatives) for water based coating 
applications and for the replacement of conventional toxic monomers generally used in 
polymer/coating industry followed by hybridisation of the same via sol-gel technology to 
formulate coatings for industrial applications.  
 
The first part of research methodology involves chemical modifications of CNSL & their 
derivatives via addition or condensation reaction mechanism to yield functional CNSL. The 
functional CNSL will then be utilized to develop water-based binders such as polyesters and 
polyurethane. The water dispersibility can be achieved by further modification of functional 
CNSL with various water dispersing agents. The synthesized products will be evaluated for their 
general coating properties against their petroleum-based counterparts. These binders can 
further be explored in paint formulations for various industrial applications such as industrial, 
original equipment manufacturer (OEM) and coil coatings.     
 
The second part of the research work involves hybridisation of the binders developed in the first 
stage by inorganic nano-materials via sol-gel technology. The combination of organic & inorganic 
moieties in the developed polymer is expected to improve the overall coating properties. The 
effect of inorganic nano materials on performance properties of the coatings including 
mechanical, chemical, electrochemical, thermal, colour, degree of hydrophobicity and anti-
corrosive properties will be studied.  
 
Also, one of the functional CNSL can be explored in unsaturated polyester resin (UPR) as eco-
friendly substitute for toxic monomer like styrene. The synthesized styrene free UPR can further 
be formulated to develop bio-composites with enhanced performance properties.  
 
 

Institute Research Supervisor: Dr Anagha S Sabnis 
Partner Company: Nova Surface-Care Centre Pvt Ltd  
Industry Mentor: Dr Swapan Kumar Ghosh; Director 



 .. 

. .. 50 

GEETHIKA MOTIKA 
 

Indian Institute of Science, Bangalore 
Karnataka - 560012 
mg.ichem21@gmail.com 
 
 

 
 
 

 

Research Area 
 

Endothelial Nitric Oxide Synthase in Vascular Disease: Development of Enzyme Modulators for 
the Improvement of Endothelial Dysfunction and Diabetes-associated Atherosclerosis 

  
Diabetes is associated with chronic hyperglycemia and development of several micro vascular 
and cardiovascular complications. Endothelial dysfunction contributes to cardiovascular 
complications in diabetic patients and they are at increased risk of atherosclerosis. The 
mechanisms involved in diabetes induced endothelial dysfunction include hyperglycemia-
induced overproduction of superoxide by the mitochondrial electron transport chain and 
oxidative degradation of nitric oxide (NO) in the vascular wall. Hyperglycemia induced 
overproduction of superoxide increases oxidative stress and directly reduces endothelial nitric 
oxide synthase activity (eNOS) there by reducing nitric oxide synthesis. 
 

Endothelial nitric oxide synthase - a calcium - calmodulin - dependent enzyme expressed in 
vascular endothelium is a very important anti-atherogenic enzyme with great relevance to 
diabetic microvascular disease. It is the main source of nitric oxide in the vascular wall and key 
regulator of vascular health. Endothelium - derived nitric oxide is a key signaling molecule and 
serves as endogenous vasodilator and critical regulator of cardiovascular homeostasis. 
Vasorelaxation is elicited by nitric oxide from endothelial cells in response to agonist-mediated 
activation of eNOS. In addition, nitric oxide has multiple anti-atherogenic roles, including anti-
inflammatory, anti-thrombotic, anti-proliferative and antioxidant effects. A defect in production 
or activity of nitric oxide has been proposed as a major mechanism of endothelial dysfunction 
and a contributor of atherosclerosis. 
 

Hypercholesterolemia-induced vascular disease is also characterized by a decrease in the 
bioavailability of endothelium derived nitric oxide. Increase in the nitric oxide production by 
endothelial nitric oxide synthase has been shown to improve vascular contractility and 
endothelial dysfunction in diabetic milieu. These improvements are expected to reduce the 
extent of atherosclerosis, plaque rupture, heart attacks and stroke in diabetic patients. The main 
objective of this project is to improve the nitric oxide bioavailability by endothelial nitric oxide 
synthase (under oxidative stress conditions) by designing enhancers or modulators for the 
enzyme. 
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Isolation, Identification and Evaluation of Quorum Sensing Inhibitors (QSIs) From Medicinal 
Phytoextracts 

  
Quorum Sensing (QS) refers to the density dependent ability of bacteria to control gene 
expression through communication pathway mediated by stimulatory concentration of certain 
chemicals known as auto-inducer(s). Such molecules are secreted by self and/or other bacteria. 
QS is ubiquitous in all Gram +ve and Gram ςve pathogens where it facilitates many vital 
processes such as expression of virulence factors, toxins, harmful enzymes, biofilm formation, 
antimicrobial resistance and mating.  
 
In the face of the increasing level of antibiotic resistance in pathogenic bacteria, we are in strong 
need to identify the drug targets that are important for the ability of bacteria to cause disease, 
but are not essential for bacterial proliferation or survival. Therefore, our technological 
innovation is focused on disrupting the QS mediated expression of virulence and pathogenesis 
which assures the potential answer to the increasing antibiotic resistance problem. 
 
The project is functionally innovative as the regulation of virulence via QS confers a strategic 
advantage. The use of quorum sensing inhibitors (QSIs) is therefore highly promising, 
particularly against the multi-antibiotic resistant bacteria. There are number of ways to inhibit 
QS which includes competitive inhibition, signal binding, degradation of the signalling molecule, 
and inhibition of upstream precursors or genetic regulation systems.  
 
Many eukaryotic organisms such as plants and algae are able to produce and secrete 
compounds that inhibit the QS signals of bacteria. Therefore, our essence of research revolves 
around identification and characterization of potential QSIs from medicinal plants and algae 
found in India. The model organisms for the present study will be Pseudomonas aeruginosa 
ATCC PA01 and Erwinia caratovora MTCC 1428. 
Expected outcomes by the end date will be:  

1. Identification and molecular characterization of QSIs followed by toxicity studies. 

2. Development of resistance free & broad spectrum antibacterial formulation 

3. Development of New Chemical Entities(NCE) and QSI analogues. 
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Techno - Economic Prospects and Environmental Perspective of Recycling Agricultural Plastic 
Waste towards Sustainable Productivity 

  
The application of plastics in agriculture is gaining importance as it is available in a wide range of 
variety at a reasonable cost and has useful properties such as high strength to weight ratio, 
flexibility to moulding to any shape and size with varying strength, colour and transparency, 
corrosion resistance, and the relatively less polluting plastics industries. The scope of adoption 
of plastics in agriculture is very wide in agricultural system including conserving the natural 
resources, enhancement of production, productivity and quality of produce. In the developed 
countries, plastics have become an inevitable part of agricultural production to utilization 
system. For years, the growing use of plastics in agriculture has helped farmers increase crop 
production irrespective of the growing season, improve food quality over the crops in open field 
and reduce the ecological footprint of their activity.  
 
While the usage of Plastics in Agriculture is increasing over the period, more than half the 
plastics are disposed by burning on-farm, with most of the remainder buried or dumped on-
farm. Due to inefficiencies of open combustion, emissions from open burning are much greater 
per mass of material burned than emissions from controlled incineration (e.g., 20 times as much 
dioxin, 40 times as much particulate matter). These emissions pose risks to human health. Based 
on the current disposal practices used for agricultural plastics, and the potential pollution and 
resource conservation impacts associated with improper disposal practices such as burning, 
there is a strong national need to develop a comprehensive stewardship program for waste 
agricultural plastics to address the lack of adequate management systems for these waste 
products, and the potential environmental impacts associated with improper disposal. The key 
objective of the research program was to identify best practice for the cost effective collection 
and recovery of Agricultural Waste Plastics.  
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Nanoparticles Based Biodegradation & Power Generation by Waste Water Bacteria 

  
Textile industry effluents contain high concentration of organic and inorganic chemicals, high 
amounts of surfactants, dissolved solids, fluctuating temperature and pH, possibly heavy metals 
(e.g. Cu, Cr, Ni, Pb) and strong colour due to dyes. Colour is removed to make water suitable for 
general and industrial applications. Wastewaters may require colour removal before discharge 
into watercourses. From these reasons, colour content should be determined carefully. These 
dyes require treatment to prevent ground water contamination in the ecosystem especially in 
rivers, ponds and agricultural lands. This treatment has been achieved by many biotechnological 
and microbiological techniques. In this particular technical procedure, the work starts with 
collection of wastewater samples from the textile dye industry. All samples are transported to 
the laboratory condition and screened to obtain the dye decolourizing organism. Different 
analytical methods like COD, BOD, TSS, TDS and decolourization assay are the important 
measurements to be characterized simultaneously. Similarly physiochemical parameters like pH, 
temperature, incubation time, colour, odour, media composition, nitrogen sources, and carbon 
sources are also to be monitored. After certain analytical studies, the bacterial isolates are 
purified and they are examined through biochemical assay and stored in refrigeration for further 
studies. Because of some bacteria feed off pollutants, it also raises the possibility that bacteria 
could be used to convert industrial waste, sewage and uranium waste into electricity. Thus 
obtained bacteria are technically treated with nanoparticle association for the process of power 
generation by reduction and oxidation process that occurs in bacteria. For this process an 
electrical chamber with salt solution that involves the approach in electron transfer which relays 
electrons between the bacterial bio catalytic systems associated with nanoparticle. 
Nanotechnology is fast gaining importance in wastewater treatment. The use of nanoparticles in 
Reactive Remediation Technology is of great interest to wastewater treatment. This present 
study aims to isolate and optimize the bacterial strains obtained from textile wastewater 
effluent having the ability to degrade the dyes and generation of electrical power associated  
with nanoparticle. 
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