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EDITORIAL
Our country is undergoing a major upheaval in all spheres of activi-
ties with focus on a single aim- from being a developing nation to 
being a developed one. A cursory glance at such transformations of 
other developed nations clearly brings out the pivotal role played 
by research and development (R&D) activities in the process.

IIT Bombay needs no introduction; the institute has been at the  
forefront of quality technical education in the country since its 
inception. And, by seamlessly amalgamating research and devel-
opment activities in its teaching, the Institute has emerged at the 
vanguard of the nation’s transformation. 

A number of recent initiatives taken by the Institute enforce this 
aspect. Enthuse and TechConnect have aimed at percolating R&D 
activities of the Institute at the freshman level. The overall numbers 
of research publications and patent applications have grown 
considerably in the past few years. For showcasing these initiatives 
and research and development activities of the Institute, Pulse has 
emerged as an apt platform. 

Driven by the efforts of our Dean (R&D), Associate Dean (R&D) 
and General Secretary Acedemic Affairs (PG), Pulse has now got a 
renewed identity and focus. This year onwards, the magazine will 
be published on a quarterly basis and we shall also be launching 
the ‘Pulse’ website soon. You will be able to find the magazine 
archives and interesting updated information about R&D activities 
in the form of animations and videos on the website. 

In this issue, our focus has been on networks and communication, 
a theme apt with our country’s transformation. We have articles 
covering some exciting developments and breakthroughs made 
in the labs of our institute. Articles on a designer’s thought process 
and work done by the Centre for Distance Engineering Education 
Program (CDEEP) can be found in the perspective section. To 
increase our interaction with you, we have also started a ‘Reader’s 
Corner’ where select articles from readers have been incorporated.

We would like to thank the Dean and Associate Dean R&D for their 
guidance and support and all the Professors and Students who 
have contributed to the magazine and without whom this maga-
zine would have not been possible.

We hope that you enjoy this issue and look forward to receiving your 
suggestions and feedback at pulse.iitb@gmail.com/pulse@iitb.ac.in

-
The Editors
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R&D Notes
In August 2010, our Prime Minister released a report prepared by the Science Advisory Council 
to the P.M. entitled ‘India as a Global leader in Science’ which identifies factors such as cost effec-
tiveness of Indian research, youthfulness of India’s population (median age 25 years) and the 
preference of young students for science at the school level as India’s strengths. We now have to 
enthuse more of our brightest minds to choose a research career in India.

India has several challenging problems: low-cost healthcare, food security, access to affordable 
energy, water and security to name a few. All these challenges offer opportunities for research 
and the development of innovative solutions. We need our young people to believe in the power of 
their ideas – to focus on these challenges – innovate and create intellectual property.

IIT Bombay has emerged as the preferred destination in the country for students both at the 
undergraduate and postgraduate levels. We have one of the highest selectivity in the world: only 
2-3% of the applicants who opt for the Institute actually get selected. We believe the Institute has a 
key role to play in providing innovative solutions to the challenges of the country.

Over the last two decades, IIT Bombay has increased its emphasis on research and development 
activities. Consequently, there has been a steady growth in R&D revenues, publications and 
patents. In 2010, the annual research budget was around 100 crores, about 1000 peer-reviewed 
research articles were published and around 180 students received the Ph.D. degree of the 
Institute. IIT Bombay encourages its students and faculty to innovate and develop new ideas and 
support the protection (patenting) of these ideas. In 2010, the number of invention disclosures 
increased to about 60, as compared to the average numbers of about 20 per year during the last 5 
years. Based on brainstorming with internal stakeholders, viz., faculty, undergraduate and post-
graduate students, and research staff, the Institute has launched several initiatives to see that our 
research continues to make a difference.

IIT Bombay has state-of-the-art research facilities and an enabling environment where research can 
flourish. The challenge is to attract more of our best students to a research career. Towards this goal, 
an initiative called as “Enthuse” was launched last year: as part of this, fresh entrants were exposed 
to research being carried out at the Institute. Groups of faculty members visited student hostels post-
dinner to have informal discussions on the challenges and rewards of research. We have also evolved 
a series of pre-internship learning opportunities and grand challenges for the young students of our 
Institute. Efforts to showcase IITB research at the student technology festival “TechFest” has resulted 
in “Techconnect” and this issue of Pulse being released during Techfest 2011.

At IIT Bombay we have also created an avenue for students to incubate and commercialize their 
ideas through start up companies (facilitated by our technology business incubator- Society for 
Innovation and Entrepreneurship, SINE).

We have seen several student-led initiatives in technology development at the Institute. Examples 
include “Pratham”- the satellite project, “Biosynth”- the setting up of a biodiesel plant, and FSA–
IIT Bombay student racing car design. Many of our students present papers in international confer-
ences, patent their ideas and start up technology-based companies. We welcome students with ideas 
and a passion for research to come to IIT Bombay and work on research that makes a difference.

-
From Dean and Associate Dean R&D
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Presented at the Teachers’ Day function of IIT Bombay on 6th September, 2010. 
About these awards- Each Research Award (Research Paper, Review Paper and Young Investigator) consists of a cash incen-
tive of Rs. 20,000/- and a citation. In addition, the awardee (team) is invited to submit a research proposal up to a maximum 
of Rs. 5 lakhs which is reviewed by IRCC for possible funding.

IIT Bombay Research Paper Award for the Year 2008

Simultaneous saccharification and fermentation of 
starch to lactic acid, Process Biochemistry (1999), R. 
Anuradha, A.K. Suresh and K.V. Venkatesh, Chemical 
Engineering Department.
Metabolic network analysis involves determining the 
limiting step in the metabolism, quantification of feasible 
metabolic space, removal of the limiting step in the network 
and elementary mode analysis which links network struc-
ture to flux balance thereby permitting evaluation of the  
reaction rates. 

Allosteric interactions and bifunctionality make the 
response of glutamine synthetase cascade system 
of escherichia coli robust and ultrasensitive, The 
Journal of Biological Chemistry (2003), Vivek K. Mutalik, 
Parag Shah and K. V. Venkatesh, Chemical Engineering 
Department.
We have shown that the synthesis and activity of Glutathione 
Synthetase in E.coli is independent of all component concen-
trations; also, the coordination of assimilation of nitrogen & 
carbon seems to exhibit robustness.

Insertion of carbon fragments into P(III)-N bonds 
in phosphinoamines and aminobis (phosphines): 
synthesis, reactivity and coordination chemistry of 
resulting phosphine oxide derivatives – Crystal and 
molecular structures of (Ph2P(O)CH2)2NR (R=Me, nPr, 
nBu), Ph2P(O)CH(OH)nPr and cis –[MoO2Cl2{(Ph2P(O)
CH2)2NEt-O,O}], Inorganic Chemistry (2003), Srinivasan 
Priya,  Maravanji S. Balakrishna, Chemistry Department, 
Joel T. Mague, Chemistry Department, Tulane UniVersity, 
New Orleans, Louisiana, and Shaikh M. Mobin, National 
Single-Crystal X-ray Diffraction Facility, IIT Bombay.

An uncertainty principle for real signals in the frac-
tional Fourier transform domain, IEEE Transactions on 
Signal Processing (2003), Sudarshan Shinde and Vikram 
Gadre, Electrical Engineering Department.
In a Chirp signal, The chirp parameter causes a spread in 
the frequency domain, looking at the Short Time Fourier 
transform (STFT) is not very effective in detection. Short 
Time Fractional Fourier Transform (STFRT) can be used to 
eliminate the chirp term.

IIT Bombay Research Paper Award for the Year 2009

Carbohydrate-based switch-on molecular sensor for 
Cu(II) in buffer: Absorption and Fluorescence study of 

IRCC Research Awards

the selective recognition of Cu(II) Ions by Galactosyl 
Derivatives in HEPES Buffer, Organic Letters (2006), 
Nitin Kumar Singhal, Balaji Ramanujam, Chemistry 
Department, Vairamani Mariappanadar, Indian Institute 
of Chemical Technology, Hydrabad, and Chebrolu Pulla 
Rao, Chemistry Department.
We have developed carbohydrate-based chemo-sensors for 
detection of Fe3+ by the naked eye, for Cu2+, for specific and 
non-specific amino acid recognition and, for recognition 
of galactose by jacalin. 

An expedient enantioselective strategy for the oxatet-
racyclic core of platensimycin,  Organic Letters (2007), 
Krishna P. Kaliappan and Velayutham Ravikumar, 
Chemistry Department.
Cues from nature can be harnessed for the development 
of Designer Molecules. Our work is directed towards 
total synthesis of natural products (Cladospolides, 
Angucyclinones), simplification of the target molecules 
(Eleutherobin, Dysidiolide, Thapsigargins) and, design of 
new molecular scaffolds (natural product-like molecules).

Microbially originated wrinkle structures on sandstone 
and their stratigraphic context–Palaeoproterozoic 
Koldaha Shale, central India, Sedimentary Geology 
(2005), S. Banerjee and S. Jeevankumar, Earth Sciences 
Department.
We have discussed about microbial mat originated sedi-
mentary structures in 1.6 Ga-old sandstones (Most previous 
reports of microbial structures are from limestone). We have 
explained the origin of wide range of wrinkle structures 
formed by microbe-sediment interaction and discussed 
variations of the wrinkle structures in vertical sedimentary 
succession in response to sea level fall.

IIT Bombay Review Paper Award for the Year 2008

Controlling the degree of branching in vinyl polym-
erization, J. Progress in Polymer Science, (2000), A. V. 
Ambade and A. Kumar, Chemistry Department.

IIT Bombay Review Paper Award for the Year 2009

Infrared signature studies of aerospace vehicles, 
Progress in Aerospace Sciences, (2007), Shripad. P. 
Mahulikar, Hemant. R. Sonawane and G. Arvind Rao, 
Aerospace Engineering Department.
Studies of IR Signature in Aircraft aim to discriminate 
‘Aircraft IR’ with ‘Background IR’.
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Presented at the Teachers’ Day function of IIT Bombay on 6th September, 2010.
About these awards- The IRCC Industrial Consultancy award consists of a cash incentive of Rs.50,000/- and a citation.
 for possible funding.
IIT Bombay Industrial Impact Award fot the Year 2008

‘I/O circuit application for novel devices’ – consultancy 
work with Infineon Technology, Munich, Germany
Prof. Ramgopal Rao, Mr. Mayank Shrivastava and Prof. 
(Ms.) Maryam Shojaei Baghini, Electrical Engineering 
Department. 
Our work has shown that USTI DeMOS has mixed signal 
performance similar to non-STI DeMOS and hot carrier 
reliability equivalent to STI DeMOS; bipolar triggering 
does not lead to an ESD failure in DeMOS devices; pulse-
to-pulse instability is not a simulation or measurement 
artefact and space charge modulation causes very high 
local electric fields, which eventually leads to current fila-
mentation and failure. 

IRCC Industrial Consultancy Awards

Presented at the Teachers’ Day function of IIT Bombay on 
6th September, 2010.
About the award- Dr. P. K. Patwardhan technology devel-
opment award carries a citation and a cash incentive  
of  Rs. 25,000.

Cryocooler Development
Milind D. Atrey, Mechanical Engineering Department
A cryocooler involves generation of low temperature due to 
compression and expansion of gas; it is a closed cycle cooler 
and consists of compressor, heat exchanger and expander 
and can replace cryogens like liquid nitrogen (77 K), and 
helium (4.2K).  

Dr. P. K. Patwardhan Technology  
Development Award

IIT Bombay Young Investigator Award for the Year 2008

Prof. M. S. Tirumukudulu, Chemical Engineering 
Department
We have shown in our work that capillary pressure is 
responsible for cracking while drying of films; scaling for 
the critical stress for an isolated crack agrees well with 
experiment for stable dispersion; for critical cracking 
thickness, measurements agree with our predictions.

IIT Bombay Young Investigator Award for the Year 2009

Prof. Chetan Singh Solanki, Energy Science and 
Engineering Department
We have successfully formed less than 10 nm Si dots using 
PS and developed alternate 40 layers of a-Si/SiNx in single 
HWCVD. In our device, charge transport increased due 
to light shining and best cell was obtained with 340 mV of 
open circuit voltage. 
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Arup K Chatterjee, M Sharon & Rangan Banerjee

Porous Gas Diffusion Electrodes For Fuel Cell And Related 
Electrochemical Applications
Department of Energy Science & Engineering and 
Department of Chemistry  
Indian patent no. 239103 
The present invention relates to novel carbon coated 
metal dispersions on porous substrates and process 
of their manufacture. This metal dispersion on porous 
substrate providing high surface areas can be widely used 
in heterogeneous catalyst, gas diffusion systems, chro-
matographic applications, fuel cell electrodes etc. This 
patent describes the process for preparation of carbon 
coated metal dispersion of porous supports to obtain fuel 
cell electrode that comprise of selecting porous supports, 
coating them with carbon by 1st stage of CVD to make it 
conducting, depositing metal combinations on porous 
support, coating with carbon in a controlled manner 
by 2nd stage CVD and finally obtaining the product. The 
porous high surface area carbon based electrodes for fuel 

IIT Bombay Patents
cell exhibit high current density >200mA/cm2 and power 
density in the range of 250mA/cm2.

Suparna Mukherji

Biological treatment of aqueous effluents containing Non 
Aqueous Phase Liquid pollutants 
Centre for Environmental Science & Engg.  
Indian patent no. 240970 
The invention relates to a method of biological treat-
ment of aqueous effluents containing non-aqueous phase 
liquid pollutants, the method comprising contacting the 
aqueous effluents with a consortium of oil tolerant algae 
and oil degrading bacteria, the algae being responsible for 
maintaining a near neutral pH, immobilizing the bacteria 
and facilitating the settlement of suspended biomass. The 
invention also relates to a consortium of immobilized 
algae and bacteria for biological treatment of aqueous 
effluents containing non-aqueous phase liquid pollutants, 
the consortium comprising of oil tolerant algae and oil 
degrading bacteria, the algae being responsible for main-
taining a near neutral pH, immobilizing the bacteria and 
facilitating the settlement of suspended biomass.
This abstract is same as per our specification and the  
IPO website.

MilindV.Rane and Akhil Agarwal

Absorption Module 
Department of Mechanical Engineering  
Indian Patent No. 241263
An easy to fabricate adsorption module with reduced 
thermal mass comprising:
1. A containment vessel filled with adsorbent
2. Plurality of passages that are in thermal contact_or 

integrated into the wall f and/or partition of the 
containment vessel so that wallpartition functions 
as a fin.

Rinti Banerjee, Rachana, Jayesh Bellare, Ram Puniyan

An Exogenous Protein-Free Pulmonary Surfactant 
Composition For Adult Respiratory Distress Syndrome 
And A Process For Prepairing The Same 
Department of Biosciences and   Bioengineering 
Indian patent No is 241272
This invention relates to an exogenous protein-free surfac-
tant composition for use in treating adult respiratory 
distress syndrome (ARDS) a process for preparing the 
surfactant composition. The composition contains alteast 
one phospholipid sufactant and a natural oil selected 
from eucalyptus oil and its derivatives. This composition 

Selection of 
Electrode Substrate

Coating with Carbon to make it 
conducting by 1st stage CVD 

Electroplating of 
metal catalysts

followed by reduction

Electroplating of Active 
metal catalysts for 

growing nano carbon

Carbon nano struc-
tures grown by 2nd 

stage CVD

Carbon nano struc-
tures grown by 2nd 

stage CVD

Electroplating of nano 
carbon coated support 
by metals-combination 

(low melting point) 
followed by reduction 

to metals

Porous Gas Diffusion 
Electrode

For low melting point catalyst
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prevents the interaction between surfactants and hemato-
logical agents and will thus be effective in ARDS. It is also 
cost effective and does not have tha side-effects normally 
seen when protein containing surfactants are used.

H Nanavati & Vimal Katiyar

Polylactic acid-clay nanocomposites by lactide polymer-
ization in clays
Department of Chemical Engineering 
679/MUM/2007, April 04, 2007 
Indian Patent No.241277 
The invention relates to process for preparing a polylactic 
acid-clay nanocomposite the process comprising melt 
polymerization of the lactide intercalated in an organi-
cally modified clay in the presence of a catalyst to form 
a prepolymer-clay nanocomposite having reactive end 
groups, the catalyst being in the form of a complex, the 
complex comprising a lactide, a metal-oxo compound 
and a lactic acid oligomer and the clay being present in an 
amount up to approximately 10% by weight, the residual 
lactide after the melt polymerization being removed 
by heating the prepolymer-clay nanocomposite in the 
temperature range of 98°C to a temperature lower than 
melting point of the prepolymer and solid state polym-
erization of the prepolymer-clay nanocomposite. The 
process of the present invention yield polylactic acid-clay 
nanocomposites having a molecular weight from around 
10,000 to 20,000 and crystallinity in the range of 25 to 95%.

Hemant Nanavati & Vimal Katiyar

Method for producing lactic acid polymers of high crystal-
linity and molecular weight  
Department of Chemical Engineering  
Indian Patent No. 242801 
The invention relates to a process for preparing lactic acid 
polymers of highly crystallinity and molecular weight, the 
process comprising melt polumerization of a lactide to 
form prepolymers having active end groups followed by 
solid state polymerization. The polymerization is carried 
out in the presence of a catalyst complex comprising a 
lactide, an organic metal-oxo compound and a lactic acid 
oligomer. The residual lactide after the melt  is removed 
by heating the reaction mixture in the temprature range 
of 98˚C to a temperature less than the melting point of the 
prepolymer. The metal to oligomer ratio in the catalyst 
complex is in the range of 0.1 to 10, preferably in the range 
of 0.5 to 5, more preferably in the range of 0.8 to 1.5.

P P Date & Sharvari G Desai

A System for Forming Sheet Products
Department of Mechanical Engineering  
Indian patent no. 241812
The invention relates to a system and a process of forming 
sheets comprising: a sheet deforming means comprising 
punch, blank holder and die; strain measuring means 
provided on the said sheet deforming means; data acqui-
sition, means provided with Artificial Neural network 
(ANN) capabilities, output device configured with the 
said sheet deforming and strain measuring means; 
wherein in the process of forming, strain data from the 
said strain measuring means is fed into the data acqui-
sition and processing means wherein ANN architecture 
is developed and ANN trained in the said processing 
means to arrive at a the sheet material specification to 
produce sheet product/s of desired shapes/geometries, 
meet user to defined quality parameters, effect of change 
in tool parameters and processing conditions on quality  
of the product. 
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Research is the fuel for advancing knowledge and 
driving nation towards sustainable economic growth. 
To suit the demand of current global trends, IIT Bombay 
has renewed its focus on research as a strategic tool 
towards design of its academic programs for addressing 
real world challenges. For instance, following its incep-
tion on the eve of Golden Jubilee year of the institute, 
the PhD Review Committee has been actively pursuing 
a complete re-look at the approach of research@IITB 
with new and innovative ideas. Looking into the future 
path of progress, it is imperative to inculcate a culture of 
scientific thinking and develop perspective of research 
in the ranks and files of the entire IIT Bombay commu-
nity. Building on the brainchild of the committee and in 
the direction of enhancing Institute research initiatives, 
the Dean R&D and Dean AP, announced and success-
fully conducted an initiative for the incoming freshmen 
at all levels from UG to PG. Christened as 'ENTHUSE', 
the initiative shall be an annual event led by the Dean/
Assoc. Dean R&D with a team of faculty members to 
inculcate the curiosity of research in freshmen from the 
beginning.

Salient features of the ENTHUSE event conducted in 2010 
academic year were:
•	 A short film showcasing the research and devel-

opment activities carried out in the Institute was 
screened at the freshmen orientation program (UG 
and PG). The focus of the film was student-oriented 
research. 

•	 Departmental Orientations were conducted and 
included visits to various research labs.

Enthuse

•	 Hostel Meetings were conducted post-dinner; each 
meeting had a team of four faculties from different 
Depts. who interacted about their research with 
first year UG and PG students and answered their 
queries. The Director of IIT Bombay also visited and 
took part in these sessions and was delighted to see 
the student turnout and response.

•	 Pre-Internship/ Learning Opportunities - It was 
proposed to provide pre-internship opportuni-
ties for interested students in research laborato-
ries/ ongoing projects during the semester where 
students can get an exposure/ flavor of research at 
IIT Bombay. A committee constituted under the lead 
of Prof. Vasi, Department of Electrical Engineering, 
is working towards realizing these objectives. 

Just to say thank you for 
the Enthuse session. It was 
really nice. It’s very rare 
that we get to hear general 
talks like these. And the 
tips and insight given is 
invaluable. Books rarely 
convey the same. Please 
hold more sessions like 
this in the future. It would 
really benefit us.” 



By Manu Tiwari and V. S. K. Murthy Balijepalli
Department of Biosciences and Bioengineering and Department of Electrical Engineering, IIT Bombay respectively

Fig. 1. Glimpses of the event
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Aspergilli are an economically important group 
of filamentous fungi and are endowed with the 
abilities to produce organic acids and bioactive 

compounds and to secrete large quantities of extra-
cellular enzymes. Many of these have become mature 
technologies through industrial fermentations. The 
biochemical mechanisms by which these useful prod-
ucts accumulate have attracted both general and applied 
scientific interest for almost a century. Yet, definitive 
answers have been hard to come by. 

Aspergillus niger, the fungus of our interest, is a major 
citric acid producer; it also secretes other commercially 
important acids and secondary metabolites (Figure 1). 
However, the mechanisms involved in these processes 
remain elusive. An emerging approach to the under-
standing and exploitation of metabolic processes is 
metabolic/ pathway engineering. Biochemical, molecu-
lar and genetic tools are being employed to discern and 
manipulate different aspects of fungal metabolism. Each 
metabolic reaction is catalyzed by a discrete enzyme and 
understanding its functional role is critical. For this- a) 
relevant enzymes of metabolic pathways are studied at 
the molecular level and, b) corresponding gene knock-
out strains are developed and characterized. From this 
perspective, we conducted a detailed molecular and 
kinetic analysis of NADP-glutamate dehydrogenase 
which facilitated the design of an in vivo inhibitor for 
this enzyme. Such inhibitors provide useful insights into 
metabolism and regulation. 

Novel resins for protein purification
Purification of enzymes and proteins is desirable for 
their molecular characterization. In this respect, the 
ability of various enzymes and proteins to discrimi-
nately bind to affinity resins and matrices was used to 

develop a purification kit with a library of ninety six 
dye-ligand affinity resins. These resins were based on 
systematic structural variants of Cibacron Blue 3-GA®- a 
commonly used textile dye. Their excellent discrimi-
natory binding power was demonstrated with seven 
different proteins- four Aspergillus enzymes namely, 
NADP-glutamate dehydrogenase, laccase, glutamine 
synthetase and arginase; bovine pancreatic trypsin and 
the two commercially important proteins- human serum 
albumin and immunoglobulin G (Figure 2). The resin 
library is ready to be used to enrich or purify any protein 
of interest. This technology is available in the form of a 
kit for high throughput screening for protein purification 
applications. 

Tools for genetic engineering in fungi
Genetic engineering to manipulate the enzymes in vivo 
requires methods that introduce foreign DNA into fungal 
genome. Genes for Aspergillus enzymes like arginase, 

Fungal Biotechnology
By Prof. N. S. Punekar and Group,
Molecular Enzymology Laboratory, Department of Biosciences and Bioengineering, IIT Bombay

Fig. 1. A schematic of the metabolic pathways for organic acid 
production in A. niger.

Fig. 2. Discriminatory binding of affinity resins to albumin 
and immunoglobulin G. Intensity of color is proportional to 
the strength of binding.
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NADP-glutamate dehydrogenase and a few others were 
cloned and their function characterized through protein 
engineering in a bacterial host. In order to manipulate 
fungi through recombinant DNA techniques, we have  
indigenously developed and established an efficient 
transformation protocol for A. niger; through this exper-
tise an arginase knockout strain was created. Such genet-
ically modified strains are useful in detailed dissection of 
fungal metabolism as never before. We have also devel-
oped an efficient protein expression system to express 
recombinant proteins in A. niger such as Enhanced 
Green Fluorescent Protein (Figure 3). These very tools of 

genetic manipulation also allow us the ability to exploit 
A. niger – an efficient expression platform in recombi-
nant protein production. 

Heterologous expression of active proteins and purifica-
tion strategies for native and expressed proteins through 
dye-affinity chromatography are two important intel-
lectual property spin-offs from our work. Anticipation is 
that our concerted efforts in fungal biology would lead to 
methods and microbial strains with desirable properties. 
This expertise is expected to provide research leadership 
to Indian industry in the field of fungal biotechnology. 

Fig. 3. Enhanced Green Fluorescent Protein expression in A. niger.

Indigenously developed hemodialysis membranes carry out 
efficient purification of blood helping patients with kidney 
failure. A brief overview of the process and the technology 

Modern lifestyle has ensured new comfort-levels 
for the present generation in virtually all spheres 
of life; however, the increasing incidence of life-

style-related health problems enjoins upon us to recon-
sider our current way-of-life. Nevertheless, fighting these 
health problems is the current focus of the now multi-
billion dollar health industry. One of the major afflictions 
is the end stage renal disease (ESRD) which presents itself 
in cases of kidney failure and as a consequence of diabe-
tes and high blood pressure. Relevant reports show that 
around 1 Lakh new cases of ESRD are reported annually in 
the Indian population[1]. However, due to non-availability 
of indigenous and low-cost technologies, the treatment is 
affordable by only around one-fifth of the suffering popu-
lation and, that too, mainly in urban areas. 

The major treatment modality relies on hemodialy-
sis to compensate for non-performing renal system. 
Hemodialysis utilizes a dialyzer to perform the puri-
fication function of the kidney by removing metabolic 
waste products such as urea, creatinine, uric acid, and 
inorganic phosphate as well as free water from the blood. 
Dialyzers employ synthetic hollow fiber membranes 
to selectively allow toxins from blood via diffusive and 
convective transport while preventing the elimination of 
important blood proteins such as albumin and immuno-
globulin. Diffusive transport is effective for solute molec-
ular weights less than 500 Da like urea and creatinine, 
while convective transport applies for high molecular 
solutes like ß2-microglobulins (11,800 Da). 

The process operates by pumping out blood to the 
dialyzer (hollow fiber cartridge) at approximately 200ml/
min through vascular access from an artery. Once inside 
the dialyzer, it flows through lumen of the hollow fiber 

Saving Lives
By Ganpat J. Dahe and Prof. Jayesh R. Bellare
Department of Chemical Engneering, IIT Bombay
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while a dialysate fluid consisting of an electrolyte solu-
tion is passed counter-currently through the shell side 
at 400ml/min (Figure 1a). Finally, purified blood is 
returned to circulation via a vascular vein. This process 
is life-saving for ESRD patients who undergo hemodialy-
sis at least thrice a week with an average session taking 
place for about 3.5h[2].

The key features of hollow fiber membranes which make 
them extensively used in hemodialyzers include high 
efficiency due to low blood priming volume, larger area 
available for filtration, decreased protein fouling due 
to high shear rate at modest pressure drop and efficient 
mass transfer. The dialyzer modules consist of thousands 
of tiny synthetic hollow fibers bundled together to form a 
filter cartridge (Fig. 1b). 

At the Department of Chemical Engineering, IIT Bombay, 
we have successfully developed an indigenous and low-
cost technology for the continuous pilot-scale production 
of hollow-fiber membranes to be used in hemodialysis (Fig. 

2). These polysulfone-based hollow fibers exhibit improved 
biocompatibility, hydraulic permeability and urea clearance 
than commercial hemodialysis membranes[3]. Additionally, 
being amenable to functionalization, these membranes can 
also be employed for developing targeted therapies, selec-
tive enrichment of cells from a mixed population, bio-arti-
ficial organs and in hollow fiber bioreactors. The technology 
offers a viable and efficient alternative to the currently avail-
able imported and expensive dialyzers. 

References 
[1]. Khanna U. The Economics of Dialysis in India. Indian 
Journal of Nephrology. 2010; 19(1): 1-4.
[2]. Pastan S, Bailey J. Dialysis Therapy. The New England 
journal of medicine. 1998; 338(20):1428-1437.
[3]. Dahe GJ, Teotia RS, Kadam SS, Bellare JR. The biocom-
patibility and separation performance of antioxida-
tive polysulfone/vitamin E TPGS composite hollow fiber 
membranes. Biomaterials. 2010; 32(2):352-365. 

Fig. 1 (a) Schematic of hemodialysis process (Source: http://
www.fmc-ag.com, Fresenius Medical Care) and (b) Schematic 
of hollow-fiber membrane cartridge employed for hemodialysis

Fig. 2. Hollow fiber membranes successfully prepared at the 
Chemical Engineering Department, IIT Bombay (a) Hollow 
fiber bundle (b) SEM micrograph of prepared hollow fiber 

Rinti Banerjee, Rachana, Jayesh Bellare, 
Ram Puniyani

A Nanoparticulate Exogenous Protein-Free Micronutrient 
Added Pulmonary Surfactant Composition For Neonatal 
Respiratory Distress Syndrome And A Process For 
Preparing The Same
Department of Biosciences and  Bioengineering 
Indian patent No is 241271

This invention relates to a nanoparticulate exogenous 
micronutrient added protein-free surface composi-
tion for use in treating Neonatal Respiratory Distress 
Syndrome (NRDS) and a process for preparing the 
same. The composition contains atleast one phospho-
lipid surfactant and a natural oil selected from clove 
or eucalyptus oil and their derivatives, micronutri-
ents selected from ascorbic acid and its derivatives 
and soluble calcium salts. This composition is cost 
effective, does not have the side-effects normally seen 
when animal derived protein containing surfactants 
are used and acts also as a delivery agent for essential 
micronutrients for the premature babies lungs.

IIT Bombay Patent

pulse_1.indd   13 1/7/2011   7:19:59 PM



IITB R&D14 PULSE | Vol. II Issue 2

Modern lifestyle has made humans more 
machine-like, but modern science can also 
make machines more human-like, so that they 

can understand each other. Vision, hearing and touch 
are some of the ways in which humans gather infor-
mation about their surroundings. We, at Digital Audio 
Processing Lab (DAPLAB) in the Dept. of Electrical 
Engineering, work on exploring the sound signal with a 
view to extract information of interest. It helps to under-
stand how humans listen and make sense of sound. We 
need to reverse-engineer human perception and recog-
nition of audio and use it to create a system that can 
match human abilities.

Here we describe/introduce some of the projects which 
we have been working on. 

Music Classification
Inside any music store you will find music categorized 
according to various descriptors (such as genre, artist, 
period, region, instrumentation, and maybe even mood 
or intent). Without these descriptors it will be a horren-
dous task for us to search for what we like. These descrip-
tors are the musical metadata that is typically prepared 
via arduous manual tagging by human expert listeners. 
There are many million titles out there and many more 

are being added every week. We would like to automate 
the task of metadata extraction by audio computing. 
For that, we first need to understand the perceptually 
important characteristics of the audio signal that enable 
humans to classify the music. Clearly, musical attributes 
such as melody, rhythm and timbre play a role in music 
categorization.  An important focus of audio research is 
to relate these musical dimensions to the low-level signal 
properties such as the time-varying spectrum, periodic-
ity and intensity of the sound. Finally, pattern recogni-
tion methods serve as the bridge to link signal features to 
the high-level semantic characteristics. 

Singing Tutor
Can machines be taught the critical appreciation of 
music? An immediate application might be a music tutor 
that delivers critical feedback to a beginner or advanced 
learner on the fine aspects of a performance. Music is 
an art form where even its maestros will differ on some 
things, how can we expect the machines to do the 
job? Currently we are tackling a small part of this hard 
problem. Signal processing algorithms, recently devel-
oped at DAPLAB, evaluate a singer based on similarity 
with a model singer on several musical dimensions. 

Query by Humming 
How often does it happen that you can recall a song but 
don't remember the exact lyrics? Humans most often 
remember a song by its tune. The tune or melody of a song 
is a particular sequence of notes in the song. Notes are told 
apart based on their pitch and duration. The melody recog-
nition task involves listening to the tune of the song and 
recognizing the song. Any ordinary person with an ear for 
music can do that; but it is a challenging problem to write 
an algorithm for that. Over the past few years DAPLAB has 
been been developing a tune recognition system. It is a 
computer program that allows a user to upload a query in 
the form of humming (eg. la laa la). The audio waveform is 
then analysed with signal processing techniques to extract 
the melody. Using pattern matching the extracted melody is 
compared with the melody patterns stored in the database. 

Mining the Meaning 
By Pranav Jawale (with Prof. Preeti Rao),
DAPLAB , Department of Electrical Engineering, IIT Bombay

We need to reverse 
engineer human percep-
tion and cognition of 
audio and use it to create 
a system that can match 
human abilities."



pulse_1.indd   14 1/7/2011   7:19:59 PM



15IITB R&D PULSE | Vol. II Issue 2

The algorithm ignores absolute pitch and tempo of the 
humming and makes its decision based on the relationship 
between successive notes. 

Speech Recognition
How does a child learn its mother-tongue? She uses 
various audio/ visual / haptic cues and gets feedback 
on imitation. In order to make our interaction with 
machines more natural, they need to understand (and 
speak!) our language. This idea has given us many 
problems to solve, such as speech recognition, speaker 
recognition, identifying the intent (or emotion) of the 
speaker, speech synthesis and so on. An application 
includes automatic transcription of speech in the audio/
video files. Let's say you want to look up  the definition 
of 'Nyquist rate' in the CDEEP EE603 video lectures. For 
this, you would first need a speech recognition system to 

transcribe the database. Then the algorithm will intelli-
gently search the transcription, based on the context. 

Currently we are part of an ambitious project that 
attempts to automate agricultural information access 
over wireless channel using speech recognition. 
Taking the research to real-world applications such as 
this involves dealing with variable dialects, accents, 
user quirks and noise, both acoustic and that from 
communication.

Overall, our research is focused on extracting mean-
ingful information from audio signals of any origin and 
developing user friendly technologies. If you are are 
interested in the exciting field of sound processing, just 
knock the door of DAPLAB. 

The Gigabit Networking Laboratory (GNL) was set 
up in June 2006 in the Department of Computer 
Science and Engineering with a mission to conduct 

research in the telecommunication domain especially 
focusing on high-speed networks. The laboratory has 
grown significantly over the past 5 years by showcasing 
sustainable research, product development and intellec-
tual property creation. From the research perspective, the 
laboratory has produced close to 130 publications in top 
tier journals and conferences. In addition, the principle 
investigator has been involved in 20 granted US patents 
with another 20 pending with the USPTO. 

At this time, the laboratory runs 11 externally funded 
projects – exemplifying strong interaction with indus-
try and the government. Projects are broadly classified 
into three domains – metro core, enterprise networking 
and access networks – covering the three major network 
focuses. Metro core research focuses on networks that 
form the crux of service providers, connecting points-
of-presence (POPs) to each other via fiber optic lines. 
These POPs have equipment that caters to multiple 
traffic functions such as transport, switching, routing 

and aggregation. By keeping most of the functionality in 
the lower layers of the 7-layer Internet hierarchy – and in 
particular at the optical and data-link layer, we are able 
to achieve low cost as well as low energy requirements – 
intrinsic to both CAPEX and OPEX reduction. Principle 
work in the area of metro core involves network architec-
ture, equipment architecture, protocol design and rapid 
prototyping. Much of the cellular traffic explosion that 
we see resides in the fiber and is passed to the central 
office from where it is connected to other networks or 
the Internet. The inter-cell-phone tower connectivity is 
through fiber optic links using optical transport equip-
ment that is also designed by the lab. The lab engages 
enterprises, from the connectivity as well as comput-
ing perspective – designing next generation switches 
and routers for very high-speed information transport.  
A critical aspect of end-user research is the work done 
in collaboration with a European vendor on access 
networks. Specific high-speed fiber to the home and curb 
technologies are being investigated under this project. 

Technology and Research
Specific projects include the creation of a new commu-
nication technology paradigm that achieves very 
low-latency data transport across the Internet using a 
fundamental technology paradigm called Omnipresent 
Ethernet (OEthernet). The OEthernet concept transforms 
a conventional network to one that supports the entire 
gamut of communication functions (i.e. transport, aggre-
gation, routing, transmission, flow and error control 
and congestion) to the data-link layer, thus making the 
best use of the fiber and resulting in very low latency 
and low cost. This technology has found application 

Omnipresent Ethernet
By Prof. Ashwin Gumaste
Department of Computer Science Engineering, IIT Bombay

The OEthernet concept 
transforms a conventional 
network to one that 
supports the entire gamut 
of communication  
functions "
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in data-centers – where cost and energy savings are of 
paramount importance. A commercial service provider 
will roll the data-center service in April 2011 using the 
OEthernet technology – perhaps marking the first such 
lab-to-provider deployment. 

Another interesting project is the complete makeover of 
ITU-grid optics – the backbone of Wavelength Division 
Multiplexing (WDM) for over two decades. This project 
proposes a grid-less optical networking system that 
would significantly enhance the capacity of the optical 
fiber without external cost factors. 

The work on light-trails forms yet another important inter-
action with industry and government. Light-trail technol-
ogy was pioneered by the principal investigator and has 
now found itself into telecom networks as well as other 
research domains. A key component of light-trails is being 
used to build a network cloud to facilitate cloud computing 
– the enabler for distributed processing and virtualized IT 
applications. Stochastic analysis of light-trails forms yet 
another important feature of the lab research. 

Technology Transfer
The laboratory has undertaken three major technology 
transfer initiatives: 
1. Developing a data-center technology for the 

Ministry of Communications and Information 
Technology (MCIT) that is now being adopted by a 
service provider.

2. Creating a new architecture for control of mission 
critical systems for the Department of Atomic 
Energy (DAE) 

3. Developing a Multi-Service Transport Platform in a 
unique public-private arrangement with Commtel 
Networks – a Mumbai based private company that 
would sell this technology to its customers in specific 
business verticals. 

Personnel
The laboratory has seven full-time Ph.D. students in addi-
tion to several MTECH and BTECH students as well as 
project staff. The laboratory has expansion plans to include 
more students and project staff in the future – especially 
those who would like to contribute towards real-world 
product development and research. 

Outreach
The IEEE Communication Society – the largest body 
of professional engineers in the world runs a series of 
conferences across the globe. In India, the flagship 
conference from this society is called ANTS or Advanced 
Networks and Telecommunication Systems – that was 
incubated by GNL in 2007. The fourth edition – IEEE 
ANTS 2010 was held on December 16–18 and had over 
300 attendees, mostly from industry. 

For more information visit www.cse.iitb.ac.in/gnl. 

B G Fernandes, Deepak P. Mahajan

Inverted Switched Reluctance Motor as Hub Drive for 
Electric Vehicle 
Department of Electrical Engineering  
Indian Patent No. - 241923

The present invention relates to an inverted switched 
reluctance motor comprising at least three phases. The 
motor (10) comprises stator (12), rotor (11), where rotor 
(11) is received by central bore defined by the stator. The 
rotor circumscribes the stator and comprises plural radi-
ally oriented non skewed poles (14) extending inwardly 
in a predetermined manner. The stator (12) comprises 
plural non skewed poles (13) radially oriented in a 
manner to be located in a desired reluctance position. 
The stator poles comprises phase windings being wound 
around it to generate suitable torque to rotate the rotor. 
The invention also relates to a drive system comprising 
motor (10), converter means (23) and control means (25).

IIT Bombay Patent

Fig.1. OEthernet Device indegineuosly developed at  
IIT Bombay
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Electric power systems can be described as one of 
the most widespread systems reaching out to the 
remotest places of the globe. It goes without saying 

that reliable operation of such a system has to be ensured at 
every time. However, just like any other large system there 
are some instances when the electric power system faces 
wide-spread failures, also called `blackouts'. Blackouts have 
occurred in most power systems once in every few years. 
For example, in India, a major grid collapse occurred in 
northern India on Jan 2, 2001 and another one in western 
region on July 30, 2002. Each incident of a blackout cause 
economic losses to the tune of crores of rupees, and causes 
inconvenience to lots of people. 

To prevent such blackouts we have to first understand 
the characteristics of electric power systems. An electric 
power system consists of generators, transmission and 
distribution networks and the loads. The most prevalent 
technology for power generation is through `alternating 
current (AC) synchronous generators'. To improve the 
reliability of the system and take advantage of economy 
of scale, large generators are interconnected with each 
other by a high-voltage AC transmission system. Electric 
loads like domestic appliances and industrial equipment 
are also ultimately connected to the same network to 
receive the power. For acceptable operation, it is required 
that all such interconnected generators should generate 

the electricity at same frequency in steady state condi-
tions. Such a network is called synchronously connected 
grid. The rated generation frequency in Indian system 
is 50 Hz (cycle/sec). There are two synchronous grids in 
India at present. The larger one of them is called the NEW 
grid as it connects the Northern, Eastern, North-Eastern 
and Western regions of the country. The southern region 
is an independent synchronous grid. The frequency at 
any point in Arunachal Pradesh, Kargil and Kutch will be 
same if the system is operating normally.   

The power system network provides power to loads 
at a specified voltage and frequency. There are some 
instances, usually called as faults or short circuits, in 
which some parts of the power system are not able to 
serve some loads. In such cases it is required to quickly 
isolate the faulty part in order to prevent damage to the 
load as well as the rest of the healthy system. If a fault 
involves a bigger portion of the network or if there is 
some delay in isolating the faulty part then a situation 
may arise in which the complete network shuts down 
and it results in a blackout. Blackouts may also result due 
to poor grid operation. The situations like overloading of 
the power network beyond its power carrying capability 
or natural calamities like cyclones and earth quakes may 
result in blackouts.

There is a system for monitoring and supervising a large 
power system. This is called the Energy Management 
System (EMS) and Supervisory Control and Data 
Acquisition (SCADA) system. The EMS and SCADA 
system are configured at various hierarchical levels 
called load dispatch and control centers. Their main 
purpose is to monitor and control the complete system 
so as to maintain the reliable power system operation. 
One of their important functions is to prevent blackouts. 
Traditionally a SCADA system utilizes remote measure-
ments of power flow over transmission lines which are 
conveyed to a central EMS. Typically, data arrives from 
each location at a rate of once or twice every second and 
does not have accurate time stamps. This effectively 
rules out use of these measurements for control of power 
systems during emergency conditions. The absence of 
fast situation awareness in the control centers forces 
the system operators to operate the network with large 
margin of safety. This leads to under utilization of a very 
expensive system. 

To address these issues of the poor speed and time 
synchronization, a new monitoring system is being 
developed. It is called the Wide Area Monitoring System 
(WAMS). This system handles the issue of accuracy 

Wide Area Measurement Systems
By Prof. A M Kulkarni, Gopal Gajjar and Kunal Salunkhe
Department of Electrical Engineering, IIT Bombay

Fig. 1. Locations of the frequency measurement devices
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through a precise measurements of power system quan-
tities at all points in complete network simultaneously. 
WAMS provide voltage and current measurements 
synchronized to within a microsecond. This has been 
made possible by availability of Global Positioning 
System (GPS) and sampled data processing techniques. 
In addition to voltage and current the WAMS systems 
also measures local frequency and rate of change of 
frequency at every location. The equipment for this 
purpose is called Phasor Measurement Unit (PMU). All 
these measurements are then communicated to the 
control center at rate of about 50 samples per second. An 
interesting consequence of the accurate time-synchro-
nization is the ability to measure the angular difference 
between AC phasors directly. 

With the availability of accurate synchronized data, 
one can develop several applications for prevention of 
blackouts. The system operators can be made aware of 
the network situation quickly and reliably. This leads to 
better utilization of the network capabilities through 
reduction in unnecessary safety margins.

The power systems group at IIT Bombay is actively 
involved in research in this area. Our involvement spans 
the complete spectrum from development of a prototype 
PMU, development of synchronized measurement and 
data retrieval systems and developing the protection 
and control applications around the WAMS systems for 
blackout prevention.

Development of a wide area synchronized frequency 
measurement system using Network Time Protocol (NTP) 
is one such research project. The system measures the 

network frequency at several points, time stamp them 
using NTP and communicate the measurement through 
Internet to a central server located at IIT Bombay. The 
accuracy of synchronous measurement is typically 1 to 
15 msec. The measurements are communicated at rate of 
one sample every 20 ms. to a central server. The frequency 
measurement is done at a low voltage common power plug 
outlet. The system is based on Linux and tool called Real 
Time Application Interface (RTAI), both are open source 
software. Fig. 1 shows the locations of the frequency 
measurement devices. At present the measurements 
are available from few locations like Ahmadabad, Pune, 
Sangli, Surat, Mumbai, Kharagpur and Indore.

Fig. 2 shows one of the fault events that were detected by 
the frequency measurement system. On October 8, 2009, 
two major generating stations of about 1800 MW capac-
ity tripped in northern region. The time resolution of the 
SCADA data available is insufficient to see the sequence 
of events and a detailed view of the frequency transients. 
However, the frequency plots obtained by the wide area 
synchronized frequency measurement system at Mumbai, 
Sangli and Surat captured the nuances of the transients.  

WAMS are at present in their initial stage of deployment 
in power systems network, but with continued research 
and development it can be said that this technology is 
bound to revolutionize the protection and monitoring 
of power systems. A real-life system with PMUs and GPS 
synchronization is being deployed by the Power Grid 
Corporation of India in the Indian power network. The 
system when deployed will help in improving the reli-
ability of bulk power systems and usher in a new age of 
system operations. 

Fig. 2. Fault events that were detected by the frequency measurement system
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Over the past decade India has proven the presence as a 
fast and strong emerging economy in the global scenario. 
In the Eve of the new decade to achieve and sustain a 9% 
National economic growth rate targeted by the 12th Five 
year plan, a corresponding growth in the energy sector is 
also imperative.  Rigorous planning is done for the addi-
tion of new power generation plants and the expansion of 
existing power transmission networks.

In contrast, power distribution systems have grown in 
an unplanned manner resulting in high technical and 
commercial losses in addition to ending up delivering poor 
quality of power. Efficient operation and maintenance of 
distribution systems is also hampered by non-availability 
of system topological information, historical data and real-
time health information of distribution system components 
such as transformers and feeders. Additionally, the lack 

of efficient tools for operational planning, and advanced 
methodologies for quick fault detection, isolation, and 
service restoration, etc. also contribute to technical and 
commercial losses. All across the world, Distribution 
Automation (DA) has been acknowledged as being indis-
pensable in overcoming the consequences arising out of 
these shortfalls. DA is a key component in the visionary 
concept of Smart Power Grid.

Some major milestones of the Indian Power Scenario
When economic reforms were initiated in 1991, the 
Government of India also embarked on reforms in the 
power sector; one of its outcomes was the accelerated power 
development and reforms programme (APDRP). Projects 
funded under this scheme aimed at improving financial 
viability of state utilities, reducing T&D losses, improving 
reliability and bringing about transparency. The recourse 
to these aims centered on automating the power distribu-
tion systems, and subsequently, the Government of India 
heavily funded various state DISCOMS. 

With the introduction of Electricity Act 2003, the APDRP 
was transformed to restructured APDRP (R-APDRP), 
paving way for the espousal of advanced automation 
functions. Improving the operation and control, and 
attempting at a seamless integration of generation 
(including distributed energy resources), transmission 
and distribution systems through the usage of interven-
ing information technology (IT), and employing open 
standards with vendor-neutrality is deemed a corner-
stone for embracing the up-and-coming conceptualiza-
tion of  “Smart Grid” for the Indian scenario.

Towards Smart Power Grids
By V. S. K. Murthy Balijepalli and Yemula Pradeep (with Prof. S. A. Khaparde)
Department of Electrical Engineering, IIT Bombay

Fig. 1. Projected peak demand and installed capacity at 8% 
GDP growth of India

Fig. 2. Structure of existing power grids

Smart Grid 
empowers the 
end consumers 
to participate 
actively in the 
existing grid 
operations"
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Concept of Smart Power Grid
“Smart Grid” concept transforms the nation’s electric 
power grid by using advanced communications, analyt-
ics, automated controls and other forms of information 
technology. Smart Grid integrates energy infrastructure, 
processes, devices, information and markets into a coor-
dinated and collaborative process that allows energy to be 
generated, distributed and consumed more effectively and 
efficiently. Though the deployment strategy for intelligent 
Smart Grid encapsulates all stages of the electric power life 
cycle (generation, transmission, distribution, metering, 
customer), it should initially focus on sustainable options 
for customers at the distribution, meter and customer 
phases. Hence, a “Smart Grid” enables devices at all levels 
within the grid (from utility to customer) to independently 
sense, anticipate and respond to real-time conditions by 
accessing, sharing and acting on real-time information. 
Simply stated, Smart Grid is the convergence of informa-
tion and operational technology applied to the electric grid, 
allowing sustainable options to customers and improved 
security, reliability and efficiency to utilities.
 
Indian Power Sector Background
In India, the non-technical losses (power theft) contribute 
a considerable amount to the total power losses. Demand 
side management is the major issue, where demand is in 
excess of the available generation, inevitably leading to 
load curtailment. The identified way to fully overcome this 
problem is by reducing demand through electricity grid 
intelligence. Key technical benefits of Smart Grids to the 
India scenario can be increased efficiency of system oper-
ation, optimized utilization of both generation and grid 
primary assets and, technical interoperability to integrate 
applications at local power grids to the national grid.

Approaches to Realize Smart Power Grids
Smart policies: By leveraging international Smart Grid 
frameworks, legislation and standards and optimizing 
them in Indian context. This includes common ground 
rules for the interoperability of technologies and business 
practices, balanced cost recovery mechanisms for utilities, 
mechanisms to support effective demand-side manage-
ment and policies to support the integration of distributed 
generation. All such policies need to be supported by well 
defined performance goals and transparent metrics to 
ensure the effective monitoring of the expected benefits.

Smart planning: Adjusting the grid to the local circum-
stances and developing design principles which ensure 
an effective interoperability of existing and new grids, 
allowing for an enhancement to even smarter networks 
over their life time. It requires a balanced approach 
between regional grid integration, national grid 
enhancements and decentralised mini-grids. While 
smart mini-grids may be deployed as short-term solution 
to rural electrification needs, their future integration 
into national grids needs to be an integral consideration 
of power system planning.

Smart Systems and Operations: Guaranteeing the secu-
rity and quality of supply through smart automation and 
control arrangements, building on load management 
and integration of distributed energy sources, both for 
mini-grids and for national and regional grids. Country 
and locally appropriate supply quality standards will 
need to be derived. These might be initially less stringent 
that current practices in developed countries. 

Smart Technologies: Deploying proven smart technolo-
gies, optimising their interoperability with upcoming 
technologies and developing future solutions to best 
address electrification needs. The technology deploy-
ment path will vary widely on a regional and country 
level due to diverse needs and goals of the different soci-
eties and markets. Smaller pilot projects and clear tech-
nology transfer routes will likely be first steps. Creating 
appropriate markets for technological dissemination will 
also be essential.

Smart People: Building the capacities among stakehold-
ers to facilitate the transition to and operation of Smart 
Grids and to attract and actively engage the private 
sector and consumers in order to allow all stakeholder 
groups to profit from this transition. It will be especially 
important for India to educate its consumers on efficient 
electricity use when moving towards Smart Grids – espe-
cially those that had previously not had access. Training 
tools and materials in state-of-the-art power systems will 
also need to be widely disseminated.  

The control of the grid is planned to be done at four levels 
of hierarchy namely (1) National Load despatch Center 
(NLDC), (2) Regional Load Despatch Center (RLDC), (3) 

Fig. 3. Operational hirerchy of Indian power grid
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State Load Despatch Center (SLDC), and (4) Area Load 
Despatch Center (ALDC). In all, there are 5 regional 
grids, 31 state grids and 100 plus area-wise grids in India. 
Again, internal to area grids, local distribution area grids 
are also available. Each grid has its own dispatch centers 
and follows the hierarchy as shown in Fig.3

The vision is to make these power grids ‘smart’. Fig. 3 
shows the envisioned Smart Grid architecture for Indian 
power systems.

A three layered Foundation Block as enclosed in the 
dotted box in Fig. 4 when realized with sufficient granu-
larity would be the reservoir of syntactic information, 
from which the various entries of the Utilization Block 
(solid box in Fig.4) would extract out the relevant infor-
mation through coordination made possible with perti-
nent open standards. In effect, this would render effec-
tual operational decisions. Lowest in the hierarchy of the 
Foundation Block is Controls and Sensors which collates 

the requisite data from the power system primary equip-
ment concerning all the substations. This is then trans-
ferred through a gateway of Communication infrastruc-
ture comprising public/private networks, optical fibres, 
satellite communication and other means under the 
guidance of relevant standards for Data and Application 
Integration (DAI). The data in DAI layer is segregated 
into real-time, historical and forecast classifiers, which 
are continuously updated and on which the applications 
such as EMS, SCADA, and CIS etc. will be developed. A 
specific approach for successful implementation of the 
proposed architecture of Fig. 6 depicts a paradigm shift 
from today’s technology-based standards to perfor-
mance-based standards. 

A future smart power distribution grid at consumer end 
is shown in Fig. 5

Finally, Smart Power Grids were introduced to make the 
grid operation smarter and intelligent. Smart Power Grid 

Fig. 4. Envisioned Smart Grid archi-
tecture for Indian power Systems

Fig. 5. Future smart power distribu-
tion grid

Smart Power 
Grid operations, 
upon appropri-
ate deployment 
can open up 
new avenues 
and opportuni-
ties with signifi-
cant financial 
implications."
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operations, upon appropriate deployment can open up 
new avenues and opportunities with significant financial 
implications.

Field Computations Lab
The laboratory at IIT Bombay is actively participating in 
research on smart grids, electromagnetic and coupled field 
systems. The laboratory has high performance computing 
facilities and state-of-the-art software including PSS/E, 
Mi-Power, GAMS, EA, ANSYS, FEMLAB, DIgSILENT and 
in-house developed software. Research involves Power 
System Analysis in the fields of smart grids, restructured 
power systems, distributed generation, intelligent utility 
networks, design of architectures for modern SCADA/EMS 
systems and transmission systems planning. More specifi-
cally the research in smart grids involve Demand Response, 
Common Information Models for standardization, Power 

system architectures, forecasting studies (Power demand, 
and Electricity market prices), power tracing, distrib-
uted generation and renewable. The faculty and research 
students are also involved in various consultancy projects 
funded by government and private organizations. Over the 
year the lab has generated more than 150 publications in 
reputed journals and conferences. 
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As a part of a major initiative taken by Department 
of Telecom, Ministry of Communications and 
Information Technology, Telecom Centers of 

Excellence have been set up in IIT Bombay, Delhi, 
Kanpur, Kharagpur, Madras IISc Bangalore and IIM 
Ahmedabad in a public-private partnership mode.  

As part of this initiative, Tata Teleservices has spon-
sored TTSL-IIT Bombay Center for Excellence in Telecom 
(TICET) as a major R&D initiative in IIT Bombay in next 
generation wireless telecom technologies. The center 
focuses on state of the art research in telecom relevant to 
Indian service providers in general and TTSL in particu-
lar with special emphasis on rural wireless applications 
and connectivity. 

The center is being coordinated by Prof Abhay Karandikar 
of IIT Bombay and Mr. Sushil Prakash of TTSL and assisted 
by a team of IIT Bombay faculty members, researchers, 
students and TTSL managers and engineers.

4G Standardization
As part of an initiative to influence International stan-
dards to align with Indian requirements, researchers 
from IIT Bombay have been participating in 4G stan-
dardization efforts and have made 13 contributions 
to the international standard (IEEE 802.16m and IEEE 
802.1). A list of full contributions can be seen athttp://
ticet.iitb.ac.in/ticet/publications/publications.htm. The 
center has filed 2 key patents in the area of Quality of 
Service and coexistence of 4G standards with other wire-
less networks. The center is also a part of ITU’s  registered 
evaluators of 4G (IMT-A) standard. 

India is one of the largest telecom markets in the world 
today, yet most of the technologies deployed in India  are 
imported and India’s contributions to next generation 
wireless technology standards is marginal. Participation 
in international standards will  play an important role in 
catalyzing telecom manufacturing in India. 

Apart from contributing to international standards, we 
have also identified some of the challenges to bridge the 

TICET
By Prof. Abhay Karandikar,
Department of Electrical Engineering, IIT Bombay

TTSL-IIT Bombay Center for Excellence in Telecom (TICET)

Fig. 6. Field Computation Lab
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digital divide in India and come up with technological 
solutions that can potentially revolutionize broadband 
penetration. TICET recognizes that the next wave of 
mobile revolution will come not only from 3G/4G deploy-
ments but also an all inclusive growth in rural telecom 
deployment which is a big but largely untapped market. It 
has been well known that one of the major hurdles towards 
progress of network is non availability of indigenous cost 
effective backhaul. We are focusing on developing an 
innovative solution for cellular backhaul based on a modi-
fied optimized version of long distance WiFi technology.  

In India the biggest challenge for providing broadband 
services is the lack of Broadband Internet infrastruc-
ture. It is expected that Broadband Wireless (BWA) 
Technologies will enable the deployment of such infra-
structure. However, for a cost-effective deployment 
with options of easy manageability, configurability and 
simplicity in operations, like in wired internet, it is desir-
able to tightly integrate wireless access infrastructure 
with IP (Internet Protocol). It is therefore necessary to 
investigate new paradigms in network architectures that 
would enable these features.

Present generation broadband wireless systems are hier-
archical – wireless access networks in the form of base 
stations connect to the Internet through 'packet core 
networks' (for example Evolved Packet Core in 3GPP). 
Since the Internet is only at the 'core', management of the 
access links is done by the radio resource management 
features. Thus, functions like radio handovers and QoS 
are managed on the access link layer; network discovery 
and topology are managed by protocols running between 
the access and core; and others  like attachment to the IP 
network are managed at the core. This leads to a heavy 
link layer and complex interworking between the access 
and core. This is much unlike the present generation wired 
networks, where the network intelligence is in IP layer 
protocols – for example, Dynamic Host Configuration 
Protocol (DHCP) for network attachment, Mobile IP for 
mobility, and IntServ/DiffServ for QoS. The performance of 
these functions in the network layer leads to a lightweight 

link layer protocol, and leads to easy interoperability 
between different network domains and technologies.

An easily configurable and manageable architecture like 
the existing Ethernet technology, coupled with seamless 
integration with the Internet cloud will enable low cost 
next generation wireless access in countries like India. 

On the RF / physical layer front, TICET has made signifi-
cant contributions in the area of enabling coexistence of 
BWA technologies with other wireless technologies (such 
as WiFi) which operate in neighbouring frequency bands 
and hence have the potential to degrade performance 
of BWA systems. This is important for India since opera-
tors typically design their network with low link budget 
margins to cope with the large number of users, hence 
making link quality more susceptible to such interfer-
ence. Moving forward as popularity of technologies like 
WiFi grows, such coexistence mechanisms will play a 
critical role in ensuring quality of service to end users. 
Some of the foreseeable scenarios where such coexis-
tence will be essential are captured in figure 2.

Exploiting Social Clusters in SMS Apps
A mobile social network formed by tapping interac-
tions between mobile subscribers can tell us a lot about 
individual user attributes. The intelligence in such a 
network can be used by applications to deliver the right 
information to the right user, while making optimal use 

This is the first time that 
Indian IPRs and require-
ments are being presented 
in International fora.  So 
far, Indian presence in stan-
dards was negligible and 
with TICET’s efforts, this 
has become possible now. 



Fig. 1. Self configuring distributed 
architecture
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of available resources and enhancing user experience. 
Though this social network exists today, very few appli-
cations are able to exploit it due to lack of an underlying 
platform that provides the network intelligence and algo-
rithms that exploit this intelligence.

We have designed a platform that will use user informa-
tion available with service providers to form social clusters 
of users with similar likes and dislikes. We have designed 
special algorithms that run on these social clusters to give 
personalized advertisements and reviews. Thus, the right 
advertisement will be given to the right person at the right 
time and place. Fun applications motivate users to add 
friends into their social network, which in turn forms new 
social clusters thereby triggering a positive chain reaction. 
All communications are based on SMS – by far the most 
popular means available to one and all. 

Why our Platform? 
Technology and novelty: 
•	 Formation of social clusters, sifting through large 

volumes of subscriber interactions and their profiles, 
mapping event recommendations through the use of 
social clusters is a significant research achievement 
by TICET, IIT Bombay. These algorithms are the core 
engines running this platform. 

•	 This technology is patented. We have been granted 
a provisional patent in India, and applied for an 
International Patent under the title ‘Method for 
facilitating and analyzing social interactions and 
context for targeted recommendations in a telecom 
service provider’s network’. 

Motivation for the service provider 
•	 Personalized recommendations send more useful 

sms to the discerning user. 
•	 Social applications involve user’s friends which lead 

to viral communications using just mobile phones, 
resulting in increased sms volume. 

•	 Advertisers can use feedback from the users. Thus, 

conversion rate of ads improve, resulting in more 
advertisers joining up to use the platform.

Advantages of the Platform
•	 Sending and receiving SMS doesn’t require much of 

technical knowhow The Social network is not only 
built by users adding friends but also based on  users 
SMS interactions.

•	 Get advertisements that are best suited for users.
•	 User’s current location is availableHence it can be 

used in many location based applications such as 
“Find Friends”, “Where am I”, “Find Garage” etc.
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Fig. 3. Architecture for SMS based Social Network

Fig. 2. Situations showing where BWA 
and other wireless technologies will co-exist

As popularity 
of technologies 
like WiFi grows, 
such coexistence 
mechanisms will 
play a critical 
role in ensuring 
quality of 
service to end 
users. "
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A look into Centre for Distant Engineering Education 
Program(CDEEP)

Being a leading academic and technological insti-
tution in India, IIT Bombay has many activities 
contributing to Science and Technology devel-

opment. The one activity on campus which uses some 
of these developments for spreading quality educa-
tion of IIT Bombay to those interested in receiving it, is 
the distance education offered through its Centre for 
Distance Engineering Education Programme (CDEEP).

As such, the Distance Education activity started at IIT 
Bombay in early 2000 through funding from one of our 
Distinguished Alumni, Shri Nandan Nilekani. Out of 
the many Information and Communication Technology 
(ICT) options available, the one selected at that point 
of time was satellite transmission. The activity started 
with two courses of IIT Bombay being received at three 
centers. Distance education based learning was develop-
ing all over the world around that time and most of the 
activity was internet-based. In India, the spread of inter-
net was at a slow pace and also was not affordable cost-
wise to many. 

The major mode of transmission of educational informa-
tion by CDEEP has been satellite transmission. Besides, 
we have also successfully offered IIT Bombay courses 
through Video Conferencing using internet. The model 
has been scaled up and it is now possible receive IIT 
Bombay courses through Video Conferencing from 
anywhere in the country and the world.

Although both the above technology options offer LIVE 
interactivity, yet the reach of education is still limited. 
A more affordable option is to offer courses through 
Webcasting. As of now, internet bandwidth is available at 
a reasonable cost and we have tested the transmission of 
courses through web at 100 kbps. A model has also been 
developed by CDEEP to offer courses offline at a reason-
able fee allowing access to any lecture of an IIT Bombay 
course at any time with the ability to be able to post ques-
tions through the ‘moodle’ page of the course for offline 
interactivity. This facility is available to IIT Bombay 
students for every course taught through CDEEP.

For the satellite-mode transmission, lectures delivered 
at IIT Bombay are video-recorded by CDEEP team. One 
such recording setup is in the Kanwal Rekhi building 
Seminar Hall; the lectures held in it are recorded through 
different views and angles. Out of these views, suitable 
shots, according to the requirement of the moment, are 
selected through a video mixer by the technical team 
carrying out the recording and sent to the video server.

The transmission is done through the EDUSAT satellite 
and the frequency range provided to CDEEP falls in the 
extended C-band frequency range (5.850-6.725 GHz). 1 
Mbps bandwidth is being provided by the ISRO to CDEEP 
for transmission. The signal originates from Kanwal 
Rekhi building Seminar Hall and is transmitted to the 
AMRUTA hub situated in Coimbatore in unicast mode 
(in unicast mode, transmission is done from one point to 
another point, basically a single point to point transmis-
sion). From there, it is transmitted to 70 different Remote 
Centers (RCs) situated all over in India through EDUSAT, 
again in unicast mode. In this way, students all over India 
are able to get access to good quality IITB lectures. 

This activity, however, is not just listening of the lectures 
delivered at some remote centre; it is, in fact, much more 
interactive. Students sitting at those RCs can actually 
interact with the faculty delivering the lecture just like 

Academic Outreach
By Arvind S. Patil, Technical Officer, Prof. B. L. Tembe, Head, CDEEP with inputs from CDEEP Team

It is not just listening of 
the lectures delivered 
at some remote centre, 
students sitting at those 
RCs can actually interact 
with the faculty delivering 
the lecture just like a real 
classroom."



Fig. 1. A CDEEP lecture in progress
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a real classroom. An interface is provided between the 
transmitting classroom and the receiving remote centers 
by means of which students at these centers can interact 
with the faculty to clarify their doubts, if any. A request is 
send from a RC to the classroom during the doubt session, 
which, if entertained, connects the student having doubt 
directly to the faculty delivering the lecture at IITB. Thus, it 
is more or less like a virtual classroom with several remote 
students getting access to quality education without 
having to make any significant increase in the infrastruc-
ture required. Through satellite transmission, we have had 
participation ranging from 78 to 660 participants with 5 to 
13 courses offered from up to 9 Departments/ Centers of 
IIT Bombay during a semester.

CDEEP has been conducting courses through video 
conferencing (VC) for the last six semesters. The estab-
lishment of National Knowledge Network (NKN) 
amongst the 15 IITs and National Informatics Centre 
(NIC) Delhi has enabled IP-based video conferencing. 
The NKN network grid provides 1 Gbps of bandwidth 
and robust connectivity. CDEEP has thus come up with a 
technique of using this NKN grid for video conferencing 
of the courses offered by IIT Bombay.

IP-based video conferencing works on a LAN or the 
Internet. A typical VC unit consists of Video input/output 
and Audio input/output. The Audio Video (AV) data is 

compressed and decompressed using a codec at both the 
transmitter and receiver end, respectively; currently, the 
equipments being used at CDEEP are TANDBERG 6000 
MXP and POLYCOM HDX 8000. To facilitate 3 or more 
calls simultaneously, a Multipoint Control Unit (MCU) 
is used; MCU is a device commonly used to bridge video 
conferencing connections. The MCU is an end-point on 
the LAN that provides capability for 3 or more terminals 
and gateways to participate in a multi-point conference. 
Remote centers having a VC unit can participate and 
view the lectures by connecting NKN grid through an 
MCU (placed at NIC, Delhi). Once connected to the MCU, 
they may switch to any channel on the entire network 
and thus view any lecture they wish to. It requires regis-
tration of their VC unit’s public static IP at the MCU. 
CDEEP is looking to automate the registration procedure 
in future and has already been successful in establish-
ing a connection to the NKN network using a static IP. 
The NKN network aims to connect 1500 institutions in 
future. Thus, CDEEP will then be able to reach out to an 
even larger audience.

At present, we have 4 studio classrooms with seating capac-
ities of 45, 100, 120 and 150; each room is well equipped with 
state-of-the-art AV capturing and recording facilities. A 
snap shot of each of these is shown in the images.

CDEEP has supported several projects including those 
from MHRD and others; the projects have also contrib-
uted to CDEEP facilities. In the last year, the NKN has 
given bandwidth to facilitate VC with other institu-
tions. Using this bandwidth, we are able to transmit IIT 
Bombay courses with the infrastructure support from 
NIC. We also have adequate facilities to webcast our 
courses whenever there is adequate demand. It is possi-
ble to receive PG Diploma of IIT Bombay through CDEEP. 
At present PGDs in IT, Microelectronics and VLSI are 
approved to be offered through CDEEP. 

We have had participation 
ranging from 78 to 660 
participants with 5 to 13 
courses offered from up to 
9 Departments of IIT Bom-
bay during a semester."



Subhasis Chaudhuri, Hitesh Shah

Device and Method for advertising through video display 
system  
Department of Electrical Engineering  
Indian patent no. 241268

A device and method for advertising through video 
display system. An image analyzer  extracts character-
istic feature(s) from the frames of the video sequence 
of a recorded scene for creation of a projective 3D 
reconstruction of the scene, locates planar regions 
in the projective 3D reconstruction of the scene, 
identifies areas in the planar regions in which the 

representations of the advertisement can be inserted 
and determines the largest planar region from the  
identified planar regions for the insertion of the 
representation of the advertisements. A parameter  
evaluator  locates the largest planar regions in each 
frame of the video sequence for insertion of the repre-
sentations of the advertisement and identifies the start 
and end times of the largest planar regions in each 
frame with metadata. An image synthesizer augments 
the identified largest planar region in each frame of 
the video sequence with the representations of the 
advertisement from a database and calculates the 
virtual space occupied by the representations in the 
video sequence and determines the duration of the 
representations in the video sequence for billing. 

IIT Bombay Patent
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“…fine, you are a designer, but what really do you design?” 

This question shoots up every time I mention 
‘designer’. It generally happens whenever some-
body becomes interested about my professional 

identity.   However, most of the times it has been rather 
difficult for me to satisfactorily answer it and I have been 
pondering over the question—how do I explain to people 
what kind of designer am I? 

To start with—when I think about the word ‘design’, I 
realize that this term is bound to be ambiguous. This is 
because the term has many different implications. For 
example, ‘designing’ something can mean a simple affair 
like going about creating beautiful patterns of rangoli. 
On the other hand, you could also say that you are going 
to design a bridge, which of course, is a complex activity, 
made up of various sub-tasks and requiring coordination 
amongst a variety of ‘designers’. 

From another viewpoint, a design activity can also be 
categorized according to the determinacy of the solution. 
By determinacy I mean how surely can one say how the 
solution would look like finally? Or, is there a straight-
forward sequence of steps to reach the solution? Or, is 
the path from the problem to the solution is loaded with 
ambiguities? How much would the end designs differ if 
designed by two different persons?

Let us take two extremes. In case of determinate solu-
tions, consider design of a reinforced cement concrete 
(RCC) column for a residential building. The method 
for designing this artifact is reasonably algorithmic in 
nature. The final result will be specified in terms of the 
dimensions of the column and the type and spacing of 
the embedded steel bars. The design itself will depend 
on a few parameters such as the loads and, may be, the 
shape of the column. 

For the other extreme, let us consider a problem of a little 
different type. Suppose, a lady decides to knit a sweater for 
her close male relative. Let us see how the design process 
differs in the two cases. Firstly, the requirement specifi-
cations would be judged rather than explicitly sought for. 
The judgments could happen because of a finer level of 
understanding or empathy that the designer would have of 
the user. On one level, the designer would know about the 
user’s functional needs vis-à-vis the artifact. For example, 
whether the user needs a half sleeve or a full sweater 
would depend on a variety of factors like the occasions on 
which he might need the sweater and the level of cold in 
his city. She would also know about the user’s likes and 
dislikes. That would translate into color, pattern and style 
that would be in tune with his personal preferences.

Looking at the example, it might look like I am compar-
ing oranges with apples, but that exactly is the point. 
.The reason for using the sweater example is to set up the 
tone for discussing the complexity of both the problem 
and solution spaces when the central element of a design 
activity is a human being. 

The act of design would encompass any activity that 
requires a desire and the means to bring into reality 
physical (or virtual) artifacts that can be used by people. 
However, the way the activity called ‘design’ is practiced 
by the ‘design community’ has specific connotations. To 
distinguish from the generic understanding of design 
let us write this particular understanding of the term in 
italics as design.

What distinguishes design is that it deals with prob-
lems that are directly related with people. For designers 
the focus is on the human.  Here, I would like to bring in 
our great uncle Maslow, who in the 1940s showed that 
a person does not desires just the fulfillment of physi-
cal needs, but has emotional and spiritual needs too. So, 

What do you Design?
By Devanuj, 
Industrial Design Center, IIT Bombay

Fig. 1. Arrangement of 
chairs representing ease in 
communication
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‘people-centeredness’ makes the design problem-space 
complex and highly indeterminate. Dealing with such a 
space can never be formulaic. It needs a different approach 
known as reflective-practice. Not going into elaboration, 
let me explain, as an example, how architects use sketch-
ing as a simulation and thinking tool. Actually, unless 
he sketches something, he would not be able to think. 
For example, three chairs are to be arranged. Only when 
I represent design possibilities in terms of sketches (or 
models), I come to realize that some arrangements would 
be more conducive to human communication than the 
others. Thus, only through act of making something I can 
know what other problems (in this case, human commu-
nication) might be lurking behind.

Given, these two factors—human centrality and reflec-
tive-practice—the question arises, what is ‘design 
community’? Is there an agenda to hijack design, which 
after all is a basic human activity? Is ‘reflective-practice’ 
really an exceptional approach? 

Before I answer these questions let me re-frame the ques-
tion posed at the start of this article a little differently, by 
replacing design(er) with other professions:
“Well you are a manager? But what do you manage?”

These questions are, my guess is, less frequently encoun-
tered though managing is also a generic activity. One can 
manage pretty much anything from a group of kindergar-
ten children to a crore rupee enterprise. Still, when it comes 
to calling someone a manager a specific profile comes to 
mind. This is due to the fact that the set of activities implied 
by the term ‘management’ are central to the manage-
rial profile. The way the image of a manager is conjured 
up by the mind does not occur in case of a designer. This 
is because the fact that ‘people-centeredness’ and ‘reflec-
tive-practice’ can be a central activity to a profession is not 
appreciated. The lack of recognition of design profession 
might also be due to the fact that design as a contemporary 
profession is quite new and hence the concept of design 
has not entered into public discourse in India. However, it 
is also worth noting that management as a profession in its 
modern sense came about around 1950s. 

Actually, as being suggested by other researchers as well, 
design demands treatment as an independent stream of 
knowledge. In that case, the class would include all the 
professions that have human-centered reflective-practice 
as their focus. Typical examples would be architecture, 
product design and human computer interaction design.

All these professions may focus on different levels in the 
hierarchy of human needs. For example, fashion design-
ers mostly tend to work on the emotional/aesthetic level 
while human computer interaction designers do so on 
the cognitive-ergonomic levels. Nevertheless, any aspect 
of human needs can never be isolated from the other 
needs. For example, a fashion designer at Lacoste would 
need to know the anthropometric issues related with its 

client population and a human computer interaction 
designer at Apple tries to make the interaction with a 
machine emotionally satisfying.

In case, it was felt that design can do without technology 
(a potter's wheel is as valid example of technology as a 
CNC machine), let it be made clear that design can never 
happen without its technological context. As design is 
geared towards usability, mere conceptualizations do 
not work—they are bound to be realized. That is why the 
construction or manufacturing aspects of the artifact are 
also well integrated in the design process.

In the end, the whole debate is about design of something 
that can be made, which in turn is easy to use. However, 
though designing manufacturable and usable artifacts 
is rather an easy task. Designing something that fulfills 
ones emotional needs and addresses the cultural context 
becomes the real task.

And that is ‘all’ what I do. 

Indian Rupee Gets a New Identity!
 

The Indian Government invited designs 
of symbols for the Indian currency (the 
Indian Rupee) through an open compe-
tition in 2009. The design finally selected 
and now accepted as the official Indian 

Rupee symbol was designed by D Udaya Kumar, 
a PhD student at the Industrial Design Center, IIT 
Bombay. In the process of selection, five symbols were 
short-listed but, finally, it was Udaya’s design which 
prevailed. The symbol is derived from the Devanagari 
script with an additional horizontal line. These paral-
lel lines at the top (with white space between them) 
make an allusion to the tricolor and also depict an 
equality sign which symbolizes the nation's desire to 
reduce economic disparity; the symbol truly reflects 
and captures Indian ethos and culture.

`

Fig. 2. Maslow's Hierarchy of Needs 

breathing, food, water, sex, sleep,  
homeostasis, excretion

security of: body, employment, 
morality, family, health, property

friendship, family, sexual 
intimacy

morality, 
creativity, 

spontaneity, 
problem solving, 
lack of predice,  

acceptance of fact

self-esteem, confidence, 
achievement, respect of 
others, respect by others

Self-Actualization

Esteem

Love/belonging

Safety

physi-
ological

pulse_1.indd   28 1/7/2011   7:20:11 PM



29Reader's Corner PULSE | Vol. II Issue 2

Presently, most of our household/industrial refrig-
eration & air-conditioning needs are fulfilled by 
Vapor Compression Systems (VCS). These VCS use 

CFCs/HFCs as the working medium. The toxic nature 
and high ozone depletion potential of these chemicals 
have provoked us to look into safer and eco-friendly 
refrigeration technologies.

One such alternative is Thermoacoustics – the science 
that explains the inter-conversion of heat and sound 
energy. The cooling device is called a Thermoacoustic 
Refrigerator (TAR). Like any other refrigerator the func-
tion is the same, to lift heat from a ‘source’ at temperature 
‘Tc’ and to reject this heat into the ‘sink’ at temperature 
‘Th’, where Th>Tc. As heat cannot flow naturally from low 
to high temperature, energy input is necessary. In TARs 
this input requirement is met by sound. 

So how does this actually work? Sound is nothing but trav-
elling compressions and rarefactions in a medium, say air. 
A parcel of gas heats up on compression and cools down 
on rarefaction. Thus, temperature oscillations are inher-
ently present in a sound wave along with pressure oscil-
lations. In medium like air at STP and pressure ampli-
tude of ordinary conversation (~ 60 dB), the magnitude of 
temperature oscillations is about 10-4 oC – too small! To 
use temperature variations in sound, two things are to 
be done. First, the magnitude of temperature oscillations 
is to be increased. Second, the compressed (heated) and 
rarefied (cooled) parcels of gas should be made to interact 
with a solid medium. This facilitates the exchange of heat 
between the hot/cold gas and the solid.

The source of acoustic energy is called ‘acoustic driver’ 
which can be a loudspeaker. The acoustic driver emits 

sound waves in a long hollow tube filled with gas at high 
pressure. This long hollow tube is called ‘resonance tube’ 
or simply ‘resonator’. A solid porous material like a stack 
of solid plates is kept in the path of sound waves in the 
resonator. Two heat exchangers sandwich the stack. Due 
to complex interaction of high intensity sound with the 
porous solid (stack), heat starts to flow from right end of 
the stack to the left (refer to the figure). As a result, left 
end starts to heat up while the right starts to cool down. 
By maintaining left end at room temperature (removing 
heat by means of a heat exchanger), the right end of stack 
can be made to cool down below room temperature.

The working medium of TAR is an inert gas like helium 
and hence, there is no need of CFCs. TAR has minimal 
moving parts and no valves to regulate fluid flow. Once 
designed efficiently, they require very less maintenance. 
The pressure difference between which a TAR operates 
is very small because of the use of acoustic power. This 
means that TAR can find immense application where 
noise or vibration can’t be tolerated. 

The prototype developed at Cryogenics Lab cooled 
18oC below ambient temperature. It was driven by a 
loudspeaker and used Helium gas at 10 bar pressure as 
working medium. 

Further reading and educational animations:
1. www.lanl.gov/thermoacoustics
2. http://oscar.iitb.ac.in/availableProposalsAction.do?t

ype=av&id=408&language=english(downloadable)
3. ‘Investigations on a Thermoacoustic Refrigerators’, 

Ram C. Dhuley, Dual Degree Dissertation submitted 
to IIT Bombay in July-2010.

Sounds Cool!
By Ram C. Dhuley,
Department of Mechanical Engineering, IIT Bombay

Fig. 1. Schematic of 
a Thermoacoustic 
Refrigerator
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The worldwide Aluminium industry produces 
nearly five million tonnes of furnace waste each 
year, known as dross. Traditionally, dross is 

disposed off in landfills, costing the industry an esti-
mated $85 million, but tighter environmental regula-
tions and spiraling costs are forcing the industry to 
consider alternatives. One major upcoming area of 
research is combining this chemical form of aluminum 
with concrete. 

Concrete is used more than any other man-made mate-
rial in the world and is approximately a $35 billion indus-
try. Dross forms a lightweight, porous substance that 
can be used for making blocks, flow able fill, and backfill 
for mines. Dross is less expensive to move from place to 
place because of its light weight.

The foam-like substance has many advantages over conven-
tional materials with the major advantage of producing 
more volume with less mass.  Dross is less expensive to 
move from place to place because it is light weight. Increase 

production because the labor used to transport it and set it 
is much less than that of heavier materials.

Dross Concrete 
Blocks can be made out of pure dross & water and these 
have different strengths when subjected to different 
curing. Testing of dross & water blocks subjected to differ-
ent types of curing concludes that autoclave samples of 
dross and water have a decent strength.  Also normal 
curing for longer time yields higher strength. Pure dross 
concrete if checked for consistency and durability can be 
used for landscape and building furniture applications.

A cylindrical chair made of fourteen days normal cured 
pure dross concrete of dimensions 

30mm x 30mm can withstand weight more than 700Kg.
Concrete is very versatile and has a vast range of appli-
cations. Due to its properties low strength dross concrete 
can be used in many areas like landscape designing, 
furniture, foot path benches for parks. 

Waste to Concrete
By  Jatin Solanki,
Department of Civil Engineering, IIT Bombay
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