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FOREWORD
Space Applications Centre is one of the major Centre of Indian Space Research
Organisation. ‘Sponsored Research’ Programme started by ISRO in 1970s has come a long
way as one of the flagship programme of ISRO with the primary objective of encouraging
academia to participate and contribute in various space science and technology related
research activities supporting the Indian Space Programme. ‘Sponsored Research’ program
has also successfully established strong links with academic institutions to carry out quality
R&D projects of relevance and derive useful deliverables to support ISRO’s various ongoing
and future missions. The larger umbrella of this ambitious association with Academia across
the country has also facilitated enhancing the academic base, nurturing the young
researchers and developing various state-of-the art laboratory infrastructure to support
R&D to meet the goals and objectives of ISRO.
“Research Areas of SAC- A compendium of Topics for Sponsored Research” provide insights
to the rich research diversity at the center being pursued through intellect and experience
of Scientists and Engineers at SAC. Indeed, it’s a brilliant attempt for soliciting research
proposals from academia across the country to contribute towards the various exciting
facets of Space Technology Applications, Payloads systems, ground segment technology
developments with absolute quality to meet the applications for national development and
societal benefits. This eighth in the series of SAC document also encompasses recent and
new research activities related to Space exploration through Space science and ISRO’s
ambitious Human in Space mission.
I am sure this beautiful bouquet of ‘Research areas of SAC’ would encourage academia
towards taking up challenging research problems through various available mechanisms of
ISRO Sponsored Research viz. RESPOND, STC, RESPOND Basket, S-TIC, RAC-S with
successful implementation and usage in SAC R&D and operational activities and also
encouraging young researchers towards innovative solutions and nurturing start-ups. The
scope of R&D is not limited by the pages of this document and the Academia is encouraged
to propose research in related areas to strengthen Indian Space Programme. I warmly invite
bright minds across the academic institutions of the country to come forward and
enthusiastically participate in SAC’s motto of Harnessing Space Technology for
‘Atmanirbhar Bharat’.

(दीपक कुमाि दास / Dipak Kumar Das)
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INTRODUCTION
Space Applications Centre (SAC), is a major research and development centre of the Indian Space
Research Organisation (ISRO). The genesis of the centre dates back to 1966, with establishment of the
Experimental Satellite Communication Earth Station (ESCES) in Ahmedabad, by late Dr. Vikram
Sarabhai, the Father of Indian Space Programme. It was an experimental Earth Station and training centre
where scientists and engineers of India and other developing countries could receive training and firsthand experience in the design, development and operations of an earth station for communications and
broadcasting. Later in 1972, the different units of ISRO in Ahmedabad pursuing research in applications
of space technology were merged to form SAC. Over the period of illustrious 48 years, SAC has evolved
its core competence in the development of space borne and air borne instruments/payloads and their
applications for national development and societal benefits. These applications are in diverse areas and
primarily meet the communication, navigation and remote sensing needs of the country. Besides, SAC
has also significantly contributed to ISRO’s Space Science and Planetary missions like India’s first
dedicated astronomy mission ‘AstroSat’, first lunar probe ‘Chandrayan-1’, first interplanetary Mars
Orbiter Mission ‘Mangalyaan’, ‘Chandrayaan -2’ etc. Recently, SAC is also making pioneer efforts and
significantly contributing to India’s ambitious first solar mission ‘Aditya-L1’, third lunar exploration
mission ‘Chandrayaan-3’ and first Human Spaceflight Programme ‘Gaganyaan’.

Overview of SAC Activities
Currently, SAC is spread across three beautiful, green eco-friendly campuses having multi-disciplinary
activities. The lush green main campus spread over 83 acres has rich biodiversity and marked with
legendary Ahmedabad Earth Station. SAC also operates and maintain Delhi Earth Station at Delhi. SAC
focuses on the design of Space-borne instruments for ISRO missions and development and
operationalisation of applications of space technology for societal and national development. The
communication transponders developed at this centre for Indian National Satellite (INSAT) and Geo
Synchronous Satellite (GSAT) series of satellites are used by government and private sector for VSAT,
DTH, internet, broadcasting, telephony etc. These satellites are instrumental in establishing
communications in remote parts of the country as well. The payloads for major navigation systems of the
country - Indian Regional Navigation Satellite System (IRNSS) and GPS Aided Geo Augmented
Navigation (GAGAN) are being developed at SAC. This centre designs and develops the optical and
microware sensors for the satellites, signal and image processing software, GIS software and many
applications for Earth Observation (EO) programme of ISRO. These applications are in diverse areas of
Geosciences, Agriculture, Environment and Climate Change, Physical Oceanography, Biological
Oceanography, Atmosphere, Cryosphere, Hydrosphere etc. Visualization of Earth observation Data and
Archival System (VEDAS) is a web platform developed for archival and dissemination of thematic data
and data products generated by SAC or in collaboration with other participating agencies. The derived
information is used to develop custom crafted geo-spatial applications which can feed into or support the
decision making system. Meteorological & Oceanographic Satellite Data Archival Centre (MOSDAC) is a
data portal of SAC and has facility for satellite data reception, processing, analysis and dissemination.
MOSDAC is operationally supplying earth observation data from Indian meteorological and
oceanography satellites, to cater to national research requirements.
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SAC also has state-of-the art laboratory facilities including highly sophisticated payload integration
laboratories, electronic and mechanical fabrication facilities, environmental test facilities, GIS and image
processing and analysis facilities. Systems Reliability Area provides formulation of quality systems,
procedures and guidelines, ensuring their compliance for the realization of highly reliable systems used
in satellite payloads for communication, optical & microwave remote sensing, planetary missions, as well
as ground based systems. The technical areas are supported by a well-structured project management
group and a well-stocked library with vast collection of knowledge resources and innovative information
services. The centre also has state-of-art in-house Vikram Sarabhai Space Exhibition and mobile
exhibition to propagate space technology and applications amongst students and public and outreach to
rural and remote areas of the country. The Centre also conducts nine-month post graduate diploma
courses for students from the Asia Pacific region under the aegis of the Centre for Space Science and
Technology Education (CSSTEAP) in Satellite meteorology, Satellite communication and Global
Navigation Satellite Systems. Specialised training programmes like SMART (Satellite Meteorology and
OceAnography Research and Training) and TREES (Training and Research in Earth Eco-System) are also
conducted to promote and encourage graduate and post graduate students, professionals from academia
and researchers across the country to pursue research in the field of satellite meteorology & oceanography
and Earth ecosystems, respectively. SAC has active collaborations with industry, academia, national and
international institutes and space agencies for research and development. The industry portal provide
opportunities for technology transfer/consultancy between SAC and private/public/MSME sector
industries with the objective of faster industrial growth.

SAC main campus with legendry Ahmedabad Earth Station
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SAC Bopal Campus, Ahmedabad

SAC New Technical Campus at Bopal, Ahmedabad

Delhi Earth Station, Delhi
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SPONSORED RESEARCH PROGRAMME
Cutting-edge research and innovation are core ingredients for national development with science and
technology. The world is witnessing an exponential growth of technology in every domain of life.
Research and Development (R&D) activities form the engine for futuristic technical advancement. Indian
Space Research Organisation (ISRO) started the Sponsored Research (RESPOND) programme in the
1970s, with the primary objective of encouraging academia to participate and contribute in various space
related research activities. This is one of the flagship programme of ISRO with an aim to establish strong
links with academic institutions to carry out quality R&D projects of relevance and derive useful
deliverables to support ISRO’s ongoing and future missions. It also facilitate enhancing academic base and
capacity building through human resources and laboratory infrastructure at the academic institutions
across the country to support the goals and objectives of Indian Space Programme.
Over the years, Sponsored Research Programme has evolved into a broad umbrella comprising of
RESPOND projects with universities and colleges and establishing ISRO’s Space Technology Cells (STCs)
at premier Indian Institute of Technology (IITs), Indian Institute of Science (IISc) Bengaluru, Joint
Research Programme with Savitribai Phule Pune University (SPPU). In addition, recognising the need for
a broader academic interface with institutions across the country, a series of capacity building initiatives
have also been taken up to further strengthen the involvement of academia for ISRO programmes. These
include new Regional Academic Centres for Space (RAC-S), Space Technology Incubation Centres (STICs), ISRO Chairs and Space National Academic Partner (S-NAP).

SPONSORED RESEARCH AT SAC
SAC is in forefront of ISRO’s Sponsored Research programme. A large number of research projects are
being carried out with academia under RESPOND and STC, and newly established S-TIC and RAC-S.
SAC research projects under RESPOND and STC are reviewed annually at SAC.

2.1. RESPOND
At SAC, a large number of academic institutes and universities have been participating through RESPOND
research projects. SAC has a proactive approach for research solicitation from academia. So far, twenty
Interest Exploration Meetings (IEMs) have been organised across the various geographic regions of the
country to encourage and promote academia towards space research activities. The IEMs were held at
Ahmedabad (2005), Shillong/Patna (2006), Allahabad (2008), Dehradun (2009), Srinagar (2009), Jodhpur
(2011), Bhopal (March 2012), Aizawl-Mizoram (July 2012), BISAC, Gandhinagar (January 2014), GTU,
Ahmedabad (November 2014), Tamil Nadu (September 2016), Jharkhand (March 2017), Odisha (March
2017), Pune (2019), Nashik (2019), Amravati (2019), Ahmedabad University (2019) and Lucknow (2019).
These IEMs resulted in a well-distributed geographical spread of the ongoing RESPOND projects in East,
North-East, North, North-West, West and Central regions of the country.
The procedure for submission of research proposals under RESPOND is provided in the Annexure-I.
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2.2. Space Technology Cells (STC)
ISRO has set up Space Technology Cells (STCs) at premier institutes of the country to carry out thematic
research activities in the areas of space science, space technology and applications in support of Indian
Space programme. Currently, Space Technology Cells are established at IIT Bombay, IIT Kanpur, IIT
Kharagpur, IIT Madras, IIT Roorkee, IIT Guwahati, IIT Delhi, IISc Bangalore and Joint Research
Programme with Savitribai Phule Pune University of Pune, Pune.

2.3. RESPOND Basket
ISRO is embarking upon many new areas of Science and Technology by taking up challenging
technological assignments incessantly. In this significant task of National Importance, ISRO is looking for
wider participation and contributions from academia in a focused manner for timely accomplishment of
its goals. Capacity Building Programme Office (CBPO) of ISRO HQ has brought out a “RESPOND
BASKET” comprising of around 150 urgent and most important research areas with a brief write up about
the topic, for the participants to select and prepare detailed proposals on a priority basis.

2.4. Regional Academic Centres for Space (RAC-S)
Regional Academic Centres for Space (RAC-S) is a regional level new initiative to pursue advanced
research in the areas of relevance to the future technological and programmatic needs of the Indian Space
Programme and act as a facilitator for the promotion of Space Technology activities in the region.
Currently, four RAC-S have been established by ISRO at NIT Kurekshetra, MNIT Jaipur, Guwahati
University and NIT-Surathkal for Northern, Western, North-east and Southern regions of the country,
respectively.

2.5. Space Technology Incubation Centres (S-TICs)
Space Technology Incubation Centres (S-TIC) have been set up by ISRO to attract and nurture the
students at graduation level with innovative ideas / research aptitude for carrying out research and
developing the Academia-Industry ecosystem for space technology. ISRO is in the process of setting-up
one Space Technology Incubation Centre across six regions of the country viz. Central, East, North,
North-East, South and West. The outcome of the research from these S-TICs will be transferred to the
group of Indian industries within that region, capable of productionising them and utilising them into
several spin-off products thereby identifying new business/job opportunities as ‘start-ups’ on Space
technologies and related systems.
In addition, SAC is also actively participating in R&D projects under national missions like IMPRINT
(IMPacting Research INnovation and Technology) and UAY (Uutachar Avishakar Yojna) Programmes of
MHRD and partially funded by ISRO.
The geographic distribution of sponsored research projects at SAC (as on 31 March, 2020) in shown in the
following figure.
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The geographic distribution of sponsored research projects at SAC (as on 31 March, 2020)

A brief outline and possible set of topics for various research themes solicited from Academia
under Sponsored Research is given in subsequent chapters. Research Areas of SAC is also available
at www.sac.gov.in/respond/ .The website is updated regularly.
Annexure : Kindly refer to Annexures of the document for guidelines and formats for new research
proposal submission, terms and conditions of ISRO research grants, general rules for fellowships, etc.
under various schemes of ISRO’s Sponsored Research.
For further details, please visit website: https://www.isro.gov.in/research-and-academiainterface/research-activities
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SATCOM & NAVIGATION PAYLOAD
One of ISRO’s major tasks is to provide space-based assets, applications and services related to
telecommunication, broadcasting and navigation. SATCOM & Navigation Payload Area (SNPA) is
responsible for the designing and development of the satellite payload.
SNPA deals with satellite communication and navigation system engineering, designing, fabrication and
payload assembly and integration of the payload. Also, SNPA designs and develops various payload filters
and amplifiers. There area of activity also includes optical and digital signal designing and processing.

Research Areas in the field of SATCOM and Navigation Payloads
3.1. Digital Systems in Advance Satellite Technology Research
Introduction: - The current success of satellites is primarily in the fixed satellite services, broadcast satellite
services and broadband/internet-related satellite services. In the satellite communication business, the
trend for ever-increasing capacity, flexibility and availability of service, as well as increasingly more
affordable, more compact, lighter, and even more stylish and ergonomic ground and personal terminals,
has become need of the present. It is also believed that satellites in future still play a key role in providing
mobile services despite the setbacks that came with early market failures. Onboard digital signal
processing has potential for offering innovative satellite services. Availability of space-qualified highcapacity high-speed FPGAs, availability of high-speed ADCs / DACs and development of specializedfunction ASICs have made advanced services a reality. Managing mass, power, complexity, functionality
and reliability for such payload is of paramount importance for offering services at acceptable cost. The
emphasis worldwide is on:
 Increasing the performance (i.e. service availability)


Quality of experience (i.e. less delay)



Reducing cost/bit of information



Efficient use of spectrum



Network integration with terrestrial system



Flexibility (i.e. reconfigurable payloads)



Integration with navigation and observational satellite systems



Security of communication



Resistance to interference and jamming

The accomplishment of above tasks would require developing techniques for:


Innovative and efficient spectrum processing and sensing algorithms



Innovative techniques, protocols and architecture



Innovative business models

The satellite technology is divided in to two major category
1.1)

Communication satellite related technology

1.2)

Navigation satellite related technology.
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3.2. Communication Satellite Related Technology
3.2.1. Advanced Coding and Modulation for Satellite Communication
R

Recently the terrestrial communication system of fiber optical cables has grown tremendously. In order
to develop a harmonious infrastructure with terrestrial communications systems, the speed of satellite
communications must be increased to meet the speed of terrestrial communications system. It is useful to
consider a so-called Internet satellite and its development. Then, the communication satellite R&D for
the next 30 years has been proposed as shown in the Table (ll The generation change of a unit for ten
years, as shown in Table seems to be too long in the recent times called "Dog year".
One generation of 10 years may be long, but it must be reasonable because it may be about a generation
of infra structure. An Internet satellite is meant one that provides fixed, broadcast and mobile satellite
communications

Table Communication Satellite throughput predication

a.

Current Situation and challenges

Most of the communication satellite in ISRO like INSAT and GSAT class of series satellites used mostly
QPSK and BPSK modulation system. The reason of using these modulation systems, because of their
simplicity and better performance compare to other modulation systems in satellite communication
scenario. They are still the popular choice, even in worldwide satellite communication scenario. There
are two major approaches for modulator design heterodyne and homodyne. Heterodyne approach
basically involves two level of up conversion i.e. the first modulation at IF label and then up conversion
to desire RF frequency. In homodyne approach involves direct conversion from zero IF to desired RF
frequency. Till now mostly all major modulator design is based upon heterodyne based approach. But
now current state of art design is based upon homodyne approach. Following figures shows direct S and
Ka band modulator design for Gaganyaan project. The challenges are left in these modulation are to handle
high data rate, where the hardware or component used earlier design will not be useful. The other
challenges are reduction of size and power consumption of such system. So, high data rate system using
our current modulation scheme with reduces size and power is the current challenges.

9
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Block Diagram and DVM model of S Band Modulator

Block Diagram and DVM model of Ka Band Modulator

3.2.2. Channel coding for satellite communication
The large distance between the transmitting spacecraft and the receiving earth station and the limited
transmitting power result in a very poor signal- to-noise ratio at the receiver side. The consequence is a
large amount of transmission errors. At the same time, the data bits are highly compressed before
transmission to allow as large as possible a number of images to be transmitted in the limited data rate.
But especially compressed data bits are very sensitive to transmission errors. Therefore, channel coding
method is also one of the most important technologies.
Current Situation and challenges
Currently most of the satellite made by ISRO used convolutional code with different code rate 1/2, 3/4,
7/8 in concatenation with RS code in some of the satellite. This type of channel codec works well since
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last 20 years in satellite communication world. However due to increasing in demand of quality of service
and several upcoming deep space explorations, it is now essential that change channel codec for future
mission. The Consultative Committee for Space Data Systems has suggested few of the channel code for
future satellites and deep space explorations. The current state of the art channel codec is
 Turbo convolutional codes(TCC)
 Turbo product code(TPC)
 Low density Parity check code(LDPC)
New channel coding Scheme
For our satellites and deep space mission Turbo convolutional code and LDPC code are the two main area
of thrust for future mission.
 Turbo Convolution Code
Parallel-Concatenated Convolutional Codes (PCCC), known as turbo codes, allows structure through
concatenation and randomness through interleaving. The CCSDS Telemetry Channel Coding
Recommendation establishes a common framework and provides a standardized basis for the coding
schemes used by CCSDS Agencies for space telemetry data communications. This standard traditionally
provides the benchmark for new and emerging coding technologies Turbo codes have an astonishing
performance of bit error rate (BER) at relatively low Eb/No. Turbo codes were chosen as a new option for
this standard in 1999, only 6 years since their official presentation to the international community: this
was the first international standard including turbo codes. The reason was the significant improvement
in terms of power efficiency assured by turbo codes over the old codes of the standard. In Chandrayan-1
mission of ISRO, we have used Turbo convolutional code as per CCSDS standard 131.0-B-1 for low data
rate telemetry application. We have also planning to use this turbo code for human space program.
 Low density parity checks code (LDPC)
The another important error correcting code, whose performance close to Shannon limit know as low
density parity check code. The LDPC code is also a close contender of turbo code. LDPC codes have a
remarkable performance with iterative decoding that is very close to the Shannon limit. When compared
to the decoding algorithm of convolution code, LDPC decoding algorithm has more parallelization, low
implementation complexity, low decoding latency, as well as no error-floors at high SNR as turbo code.
The next generation satellite communication systems e.g. digital video broadcast satellite/terrestrial
(DVB-S2/T2) have readily adopted LDPC code for FEC, mostly due to its near Shannon performance at
very low signal to noise ratio. However, the channel code performance also depends upon the modulation
scheme, figures shows the performance of LDPC codec and convolutional code with respect to BPSK and
16 QAM modulations.
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BER comparison under BPSK modulation

BER comparison under 16 QAM modulation

The use of advanced channel coding techniques (e.g. TC and LDPC codes) is the state-of-the-art
technology used in current satellite systems to provide broadcasting services to fixed terminals in the
Ku/Ka frequency bands into two-ways (i.e. DVB-S2 in the forward link and DVB-RCS in the return link,
respectively), in which the AWGN channel is usually assumed. In particular, DVB-S2 considers irregular
LDPC codes of either 16200 or 64800 bit code words and 11 coding rates (i.e. ranging from 1/4 to 9/10).
With respect to DVB-RCS, double-binary turbo codes are assumed with 12 frame sizes (i.e. ranging from
48 to 752 bit couples) and 7 coding rates (i.e. ranging from 1/3 to 6/7).

3.3. Navigation Satellite Related Technology
3.3.1. Modulators for Navigation Satellites
This Satellite Navigation has revolutionized the navigation world, opening new opportunities in an
increasing number of sectors that require high precision. ISRO has taken up the project for the
implementation of an independent regional navigation system currently known as NavIC. The project
Indian Regional Navigation Satellite System (IRNSS) envisages establishment of regional navigation
system using a combination of GEO and GSO spacecraft’s. NavIC is already providing two types of services
restricted and unrestricted services or public domain services in L5 and S Band. Binary offset carrier (BOC)
and Binary phase shift keying (BPSK) is use for these services. In NavIC, we are using different method
for combining these two modulation scheme in order to get constant modulation envelope i.e., the total
transmitted power does not vary over time. So that the transmitted information is not contained in the
signal amplitude and the transmitted signal amplitude becomes less critical. However, in future NavIC
satellite we are going to transmit L1 band signal also for better interoperability and compatibility. In L1
band, we need comply the power spectral density of MBOC modulation. There are other navigation
players, who are transmitting their own custom modulation scheme in L1 band. These are mention below.
 CBOC: The Composite BOC is the solution adopted by Galileo for the Open Service in
E1/L1.


TMBOC: The Time-Multiplexed BOC is the solution adopted by GPS for L1C.

 Quadrature Multiplexed BOC: Adopted by compass.
A suitable modulation scheme, which comply MBOC power spectral density may design
and develop to complete the future requirement.
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3.3.2. Coding Scheme
Like other wireless communication signals, navigation signals are subject to noise, multipath and
shadowing effects which may induce errors in the received data. Modern navigation signals employ some
techniques to detect and correct these errors.
Galileo, modernized GPS as well as space-based augmentation systems (SBAS) (e.g. WAAS, EGNOS)
messages make use of FEC. In the following the various error protection techniques used by these systems
are described and some details are given for the encoding and decoding processes. The fundamental
principle of channel coding is to add redundancy to the navigation message, which is used by a receiver
to detect or correct possible errors in the received symbols. The redundant bits added by the encoder are
a function of the original information. The original bits may or may not be directly visible in the encoded
message. In the first case the encoding is called systematic while in the second case it is called nonsystematic.
Channel coding techniques can be further divided into block codes and convolutional codes. Block codes
operate on fixed sized blocks of data, each of which are encoded separately, while convolution codes
operate on a continuous stream of input data. Both kinds of codes are employed in GNSS, a few of which
are detailed in following Table.

Table

Recently china (Compass) is also transmitting signal in L1 band having own custom BCH and LDPC codes.
In NavIC signal, we are also planning to transmit L1 band signal for better interoperability and
compatibility. So there will be a need to develop custom channel coding of navigation signals.
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3.3.3. Optical Interconnects for High Speed Signal and LO distribution
There is a need for High bandwidth (BW) serial data transmissions. Optical Interconnects are required to
minimize power consumption, mass and volume. They are practically lossless propagation in an optical
fiber within a Digital sub-systems module. The other significant advantages are Immunity to
Electromagnetic Interference (EMI) and Electro Magnetic Compatibility(EMC), are mechanically flexible
and galvanic ally isolated and provides low phase noise degradation.

3.3.4. High-Performance DSP for Software Defined Payloads
To meet the requirement of high speed and reconfigure software defined payloads, a high performance
DSP processor which can meet space electronics quality guidelines are required. Their performance
should be benchmarked for following applications
1. DVB-S2 modem: 2 Gb/s transmit, 1 Gb/s receive
2. FFT (complex 16 bit fixed-point): 150 GOPS (Giga Operations per Second)

3.3.5. Digital Cancellation Scheme for High-Order Passive Intermodulation Interference
Passive intermodulation (PIM) is a phenomenon that additional signals at new frequencies (not only the
harmonic frequencies) are generated when signals containing two or more different frequencies are
processed at the passive devices, such as duplexes, cable connectors, waveguides and antennas. PIM would
worsen the antenna gain-to-noise-temperature (G/ T) value, thereby further disrupting the whole system.
A full-digital PIM canceling adaptive scheme can be explored based on LMS algorithm.

3.3.6. Onboard Clock Ensemble for clock anomaly handling
To improve the clock accuracy in future navigation payloads it is required to generate the output
frequency signal based on an ensemble of input clocks with optimized performance and improved
robustness by clock anomalies handling. Following three algorithms can be developed: Measurement
Filtering (MF), based on a cascade of low-pass recursive filters with exponential window functions. Clock
Fault Detection and Correction (CFDC), with associated logic based on MF outputs, onboard Clock
Ensemble (ONCLE), based on weighted averaging according to filtered frequency information covering
clock anomaly handling

3.3.7. FPGA/ASIC Design Methodology
Following areas for research in FPGA/ASIC Design for onboard signal processing:


65 nm, 28 nm FD SOI to be evaluate for low power ASIC development for future high speed
Digital Subsystems



Formal Verification to Verify SEU Mitigation Techniques for increasing design reliability



High Level Design Methodology for faster design rollout
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3.4. Photonic Communication Technologies
3.4.1. Implementation of advanced quantum key distribution (QKD) protocols
Quantum key distribution is an emerging technique in the field of quantum communication, which
guarantees sharing of an unconditionally secured key between two parties by exploiting fundamental nocloning principle of quantum mechanics. QKD will be highly required in the field of banking, defence
and other key strategic area of any country for a secure communication in coming future due to the
advancement of computing power.
For sharing the key, various steps such as qubit exchange, public discussion, key distillation processes etc.
are required to be followed as per the underlying QKD protocol. For some of the well-known protocols
such as BB84, B92, decoy state etc are already being in test bed / demonstration stage for implementation.
It is required to explore more advanced QKD protocols with salient features such as higher efficiency,
robust against eavesdropping attack, highly secure along with higher secure key distribution rates for
advanced implementation.

3.4.2. Development of Single photon sources
One of the critical components of quantum communication systems is the single-photon source. Other
than the popular weak-coherent pulse lasers and entangled photon sources, some other current
technologies that need to be developed to generate single photon-like emissions are.

3.4.3. Heralded Photon Source
An input pump photon gets down converted to two photons via spontaneous parametric down-conversion
(SPDC), within a non-linear medium under appropriate phase-matching conditions. One of the photon
of the pairs is detected to determine the emission of the other with a high probability, this is called
heralding. For temporal filtering of the SPDC events, the pump laser is pulsed with very narrow pulse
width. With proper research in improving the count rate with a high heralding efficiency, it can be used
as a pseudo-on demand single-photon source.

3.4.4. Semi-conductor based single-photon source
Exciting an electron in a quantum confined semiconductor from valence to conduction band, the excited
state is called an exciton. Spontaneous decay of this exciton emits single-photon. This is basic principle of
quantum dot (QD) single photon sources. This decay of exciton can also be stimulated with an external
pump. Current state of the art QD-single photon sources use III-V semiconductors (InAs, GaAs, etc.), with
various types of photonic structures. The state-of-the-art research is also pushing towards QD based
heralded sources.

3.4.5. Single photon detectors (SPD)
Single-photon detectors typically work by sensing an electrical signal that results from the absorption of
a photon. Single photon detectors or single photon counting modules with high detection efficiency and
low noise are desirable for visible (~800nm) and IR region (~1550nm).
In single photon avalanche diodes (SPAD) based SPDs, the initial photon absorption creates an electronhole pair and the charge multiplication is continuous, with a voltage applied across a semiconductor lattice.
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SPADs are typically run in what is referred to as “Geiger-mode,” where a bias voltage greater than the
diode’s breakdown voltage is applied.
Thus when a charge is generated by an incoming photon, the charge multiplication (or avalanche)
proceeds until it saturates at a current typically limited by an external circuit, and that current is selfsustaining. The developed SPD or single photon-counting module should have features like high detection
efficiency, high-count rate, low dead time, very low dark counts/dark noise with operation over visible
and/or IR wavelength range.

3.4.6. Simulation CODE for satellite based QKD architecture
A suitable CODE is needed which can help to design and accurately model the experimentation of the
existing QKD protocols and deliver the required analysis. Besides a system-engineering toolkit for
modelling, simulation, analysis and operation of satellite based QKD architecture, the simulation
code/toolkit should be well structured to enable detailed modelling architecture for the analysis of a full
system (including link budget analysis, QBER, secure key rate etc) for different QKD protocols.

Inputs
•
•
•
•
•
•
•

Orbit of the satellite
Distance of transmission
Optics details
Choice of the protocol
Type of quantum source
Environmental conditions
Security parameter

Outputs

Simulation Toolkit

•
•
•
•

Link budget analysis
Sifted key rate
Final Key rate
QBER

Typical system specification of the simulation toolkit

3.4.7. Microwave photonic True-Time Delay Beam forming
Photonics allows the implementation of TTD beam forming networks with advantages e.g. lightweight,
small size, wideband operation, flexibility, remote capability, and immunity to EMI without problems
associated with microwave implementations.
In many applications, fast beam steering is required to track Earth stations from Low Earth Orbit (LEO)
satellites. MEO and GEO applications will also be benefited from fast steering.
Two popular architectures are: 1) Optical beam former based on a fast tuneable laser and 2) Optical beam
former based on a fast switch and dispersive fibre. At present OBFN with photonic integrated chip (PIC)
is also realized which promising approach for practical PS implementation based on microwave photonics,
due to increased stability, drastically minimized size and weight, and possibility of low operating power.
The scope of the work shall include theoretical background, design and development of OBFN with
possible measurements in Ka/W/V bands.
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3.4.8. Microwave photonic Phase Shifter
Microwave photonics (MWP) holds great promise for many applications including radio frequency (RF)
phase shifters and filters. MWP benefits from established photonic phase manipulation techniques and
has the inherent advantage of broad bandwidths and immunity to RF interference.
There have been many approaches of utilizing an optical phase shift to achieve an RF phase shifter in
MWP systems. More recently, other than the fibre, integrated microwave photonics phase shifting
schemes have been reported.
Hence, it is desirable to have an MWP phase shifter that can induce a continuously tunable 360° phase
shift over a broad bandwidth with minimal insertion loss, small amplitude fluctuations and is preferably
integrated on a chip with a small footprint and overall low power consumption.

Working of a broadband microwave phase shifter

3.4.9. Microwave photonic wide band tuneable filters
Very wide continuous tuning range together with very high-resolution, has been a difficult challenge to
achieve using traditional electronic filters as they are usually fixed, both in central frequency and
bandwidth. This sometimes limit the flexibility of the overall SatCom system. Microwave photonic signal
processing offers the means to mitigate this problem. Efforts are needed to conceptualize and design for
wide tuning range as well as the high Q with photonics technologies. The re-configurability of microwave
photonic filters is attractive because of its potential to enable more dynamic microwave photonic systems.
Hence, it is desirable to have:
a). Single passband and multi-pass band filters of both band pass and band notch type having features like:
ultra-wideband continuous tunability (Ku/KaW/V), low loss, capable of RF gain, high resolution, large
stopband rejection, low noise figure and reconfigurability of 3-dB bandwidth.
b). Single/Multi-passband filter that is feature rich as described above but is also switchable between a
bandpass filter and a stopband notch filter using simple and rapid control.
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3.4.10. Microwave photonic Analog-to-digital conversion
Although there is a significant progress in analog-to-digital conversion, the sampling speed of the stateof-the-art electronics is still the bottleneck. This is where the use of optical /photonics technologies to
achieve analog-to-digital conversion is of great interest due to the technological breakthrough in pulsed
laser sources, which can produce ultra-narrow and high rate optical sampling pulses with a timing jitter
significantly below that of its electronic counterpart.
The flexibility required for future telecom payloads will require aggregate data throughputs will have to
be handled onboard, creating the need for effective, ADC/DSP high speed links. Hence it is desirable
to have a Photonically-assisted ADCs (PADC) that can offer significant advantages in terms of high
speed sampling, high bandwidth, high SNR and SFDR range, ultra-low jitter, immunity to EMI/EMC etc.
for superior performance in SatCom microwave bands.

3.4.11. Microwave photonic generation of arbitrary microwave waveforms
Generation of specialized waveforms has several applications such as communication (multiple access,
high speed, multipath propagation, channel measurement), high resolution imaging (biology, medical
tomography and spectroscopy) etc. Electronic arbitrary waveform generation (AWG) is widely used and
based on high speed and high-resolution Digital to Analog Converter (DAC) which is limited by the speed
of DAC, has high timing jitter, limited Time Bandwidth Product (TBWP) and is susceptible to
Electromagnetic Interference (EMI).
To circumvent these issues, photonic techniques for arbitrary waveform generation can be leveraged due
to the its inherent advantages associated with photonic technologies such as broad bandwidth, compatible
with fibre signal distribution, reconfigurability, tunability, immunity to EMI and small size and light
weight. Thus, it is desirable to have arbitrary waveform generator developed using MWP techniques that
would significantly improve their key features like timing jitter, Time Bandwidth Product (TBWP),
enables scalability and long-term stability.

3.4.12. Optical frequency comb
Optical frequency comb (OFC) is a laser source whose spectrum consists of a series of discrete, equally
spaced frequency lines where stability of the line spacing is controlled by a radio frequency or microwave
source. OFCs are now central to a new generation of optical clocks that are 100 times more accurate than
today’s best time-keeping systems.
Applications: A frequency comb allows a direct link from radio frequency standards to optical frequencies.
Current frequency standards such as atomic clocks operate in the microwave region of the spectrum, and
the frequency comb brings the accuracy of such clocks into the optical part of the electromagnetic
spectrum with more precise GPS technology and high-precision spectroscopy.

3.4.13. Ultra low noise optical amplifiers
Optical amplifiers using erbium doped fibres areused to enhance optical power either at transmitting end
or to boost the power at the receiving end. The photonic devices used for detection have sensitivity of
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typically -24dBm. In this case a very low noise amplifier are needed which can detect the feeble signal
and increase the sensitivity of system to a level of -60/65 dBm or less.

3.4.14. Forward Error Control (FEC) Schemes for high data rate optical communications
To enhance the performance optical communication system Forward Error Correction (FEC) schemes like
Low Density Parity Check (LDPC) codes, Reed-Solomon (RS) codes, Turbo codes, convolutional codes,
trellis-coded modulation (TCM) etc. are important.
The net coding gain offered by these schemes could be in the range of 3 to 6 dB with hard decision
decoding of the component codes for an output bit-error rate (BER) of 10-9 for the data rates of up to 1
Gbps or more. Further improvement in coding gain can be achieved by soft decision decoding. The area
of research includes simulation of these FEC schemes to provide sufficient coding gain and to validate the
outcomes by implementation on hardware for the data rates of upto few Gbps and the BER of ~ 10-9.

3.4.15. Photonic integrated circuits
Photonic integrated circuits are chip-scale, low-power, and light weight in developments. Current trends
in spacecraft engineering are towards miniaturization of payload sub-systems and microwave photonic
components (e.g. oscillators, filters, mixers, beam formers) can be attractive only if they are manufactured
by integrated micro photonic technologies.
Different processing technologies are used for variety of optical components. Like, Silicon on Insulator
(SOI), SiO2/SiN, InP, GaAs and LiNbO3 are the major technologies used for Optical components. This
vision is for the development of an integrated optical chip consisting of upto major six significant
components such as laser source, waveguides, optical modulator, CMOS intelligence, photo-detector and
passive assembly etc. This is envisage to have continuous increase in On-Chip densities resulting high
data rates.

3.5. ATOMIC CLOCK-Navigation Related Technology
Atomic frequency standards are the back-bone of the satellite navigation technology. SAC is pursuing the
R&D of indigenous atomic clocks for India’s navigation programme – IRNSS (NavIC). The key concepts
of atomic clocks involve atomic spectroscopy; RF & microwave electronics; microwave cavities; optics;
low noise detection schemes and digital electronics. In view of supporting the in-house R&D activities,
further detailed theoretical modelling can aid our practical work. Herewith, the following proposed
research on theoretical and experimental studies can enhance our activities towards the realization of
atomic clocks.

3.5.1. Rubidium atomic clock modelling and theoretical studies on fundamental limitations in
detection schemes and stabilities of atomic frequency standards
A detailed analytical modelling of rubidium atomic clock is to be performed. This should include the
modelling of atomic signal and its features and the locking of crystal oscillator using the atomic signal.
The signal-to-noise ratio in an atomic clock depends on the detection noise present in the system. Low
noise detectors and low noise electronics have to be employed in order to reach better clock stabilities.
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Thorough studies on the best possible detection schemes is needed to employ the efficient methodology
in compact space clocks.

3.5.2. Coherent Population Trapping based schemes for atomic clocks
In the Coherent Population Trapping scheme, the use of microwave cavities can be avoided to build
atomic clocks. This can, in principle, bring down the size to a considerable extent. The recent advances
in chip-scale atomic clocks has been possible due to CPT methods. Initial theoretical and experimental
studies on this can be helpful for us to take it forward towards the space based atomic clocks.

3.5.3. Studies on light-shift effects in atomic clocks and analyses of onboard clock jumps.
Rubidium atomic clocks are the widely used clocks in GNSS for space based navigation. These Rb clocks
are prone to onboard frequency jumps, which results in the error on the navigation signals. It is of utmost
importance to understand the source of the jumps in the Rb clocks. The primafacie understanding has
brought to notice that light-shift effect is the main cause of these jumps. However, a detailed study is
needed to quantitatively understand the physics behind these jumps. Moreover, in this study the other
potential parameters such as the radiation effect, magnetic effects etc need to be addressed which may
result in giving rise to clock frequency jumps.

3.6. Development of Ferrite Material for Space Use
Microwave circulators and isolators are used in communication payloads to improve impedance matching
and to avoid multiple reflections. Ferrite material is used in the waveguide junctions because of its nonreciprocal properties, resulting in circulation when magnetized.
Understanding the structure of the ferrite material requires knowledge of chemistry, theory of magnetism
in ferrites, the non-reciprocal characteristic of ferrite junction at microwave frequencies due to
gyromagnetic effect, which involves physics and advanced mathematics.
The important properties of a ferrite are:
Saturation Magnetization, Ms: This property is related to the spontaneous alignment of electron spins
parallel to the applied magnetic field.
Gyromagnetic Line width, ΔH: It is a measure of ferrite magnetic losses in the vicinity of ferromagnetic
resonance.
Effective line width, ΔHeff: It is a measure of ferrite magnetic losses for off-resonance operating points
(below and above resonance).
Spin wave line width, ΔHk: It is a measure of attenuation factor of spin waves excited above a power level.
Magnetization temperature coefficient, α: It is a measure of relative change in magnetization with respect
to temperature.
Curie Temperature, Tc: Temperature above which ferrite material has no magnetic properties.
The table below shows the ferrite material properties sought for to be used in circulators for space use:
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Application
Low Power Circulator/Switch

Requirement
Low Insertion loss,
Bandwidth, Compact

Material Property
Wide Minimum ΔHeff, α
Maximum ε
Ms as per the frequency
Low Insertion Loss, High Minimum ΔHeff, ΔHk, α
average and peak power Ms as per the frequency
handling
High Tc

High Power Circulator/Switch

a) Ku Band Stripline Isolator

b) Ku Band HP WG Circulator
c) S Band HP WG Circulator
Developed Isolator/Circulators at SAC

Research undertaken/to be taken up in Ferrite Devices at SAC
1. Low power and High power Wideband Coaxial circulator
2. High power waveguide circulator at Q-V band and millimeter wave
3. Ferrite Phase shifter
4. High power and low power Ferrite switches

3.7. Amplifier Technology
The next generation satellite communication systems requires high output power, small size, low weight,
high efficiency and high reliability amplifiers. The amplifiers utilized in various communication &
navigational payloads includes low, medium & high power amplifiers over the different frequencies
ranging from UHF to Q/V-bands. GaAs and GaN based Monolithic Microwave Integrated Circuits
(MMICs) technologies and discrete devices are being utilized for the design & realization of amplifier
circuits. In addition to amplifiers, few MMIC based circuits like digital attenuators, phase shifters, voltage
variable attenuators, switches etc. are also designed, realized and successfully used in various payloads in
the development of channel amplifiers and Solid State Power Amplifiers (SSPA). At the lower end of
frequency spectrum, at UHF to C-band, availability of GaN technology is offering newer breakthrough in
realizing the power amplifiers which may even be replacing TWTA in future satellites. The Indian
Regional Navigational Satellite System (IRNSS) provides regional navigation satellite system using a
combination of GEO and GSO spacecraft over the Indian region. GaN based SSPA are emerging as a viable
alternative to TWT amplifiers especially at L and S-band used in these navigation satellites.
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150 Watt L5-band GaN Power Amplifier

250 Watt S-band GaN Power Amplifier

Scope of the work exists in the area of simulation and design of compact SSPA within the similar size as
TWTA. ISRO had already designed, developed and successfully demonstrated communication at Q/Vband in one of its mission. High throughput satellite are being proposed at Q/V-bands in future, requiring
further technology development utilizing state-of-the-art techniques in the development of miniaturized
driver amplifiers and high power SSPAs. There is a requirement of wideband, high power MMIC power
amplifier designs upto V-band. To achieve higher power, low loss combining techniques and development
of planar compact dividers and combiners are required at these frequencies. ISRO had also designed &
developed a switch matrix at Ka-band utilizing high isolation SPDT switch MMICs. There is also research
scope in development of thermal modelling and thermal management techniques for high power
amplifier MMIC.

Q-band SSPA

Ka-band Switch Matrix (stacked)

Areas of research are:
 Wideband, high power SSPA and channel amplifiers in L, S, C, Ku, Ka & Q-bands.
 GaN based high power compact SSPAs at L & S-Band.
 High power amplifier MMIC designs.
 State-of-the-art technology for design & development of compact SSPA at Q/V-band with
waveguide RF interfaces.
 Spatial power combining techniques at millimetre wave frequencies
 High efficiency CW SSPAs with associated thermal & power management
 Thermal modelling & thermal simulations of MMIC power amplifiers
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 Modelling & simulation of entire amplifier module consisting of MMICs for the effects of bondwires, package cavity etc. on RF performance at Ku-band & beyond.
 Design & development of ASIC for the tele-command interface control circuit for channel
amplifier & SSPAs.
 Design & development of high isolation switches and voltage variable attenuators at Ku & Kaband.

3.8. Reconfigurable Filters for Satellite Communication
Introduction:
The use of reconfigurable payloads in satellite provides significant advantage over current state-of-art
satellite configurations. Re-configurability of payload allows for multimode and multifunctional
operation. Agility opens the way for reconfigurable payloads that can be tuned during mission time while
in orbit. The ability to reconfigure the operating frequency band offers key advantage to adapt longlifetime satellites to rapidly evolving user requirements.

Flexible Payload Configuration
A switchable filter bank can act as alternative solution to a tunable filter where discrete flexibility is
required. One such approach, used in the past, employs multiple IMUX and OMUX units, addressing
different frequency plans, with extra RF switching functionality to change between them. This solution,
however, is costly both in terms of added component costs and the increased mass and volume of the
satellite.
Reconfigurable Filters:
Microwave Filters used in the communication payload have very stringent in-band and out-of-band
requirements. If Tunable/Reconfigurable filters are used to replace these filters in payloads, they must
meet these stringent requirements. In particular, they must have High Q, maintain required bandwidth,
must have reasonable return loss and should provide required rejections at specified frequency points.
These filters should also be able to meet average and peak high power requirements. High Q filters
presently used in the satellites are primarily made from 3-Dimenssional Waveguide Cavity Resonators,
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Dielectric Resonators or Coaxial Resonators. Filters made from these resonators meet all the stringent
requirements of the payload including high power handling. Depending upon the application, frequency
of operation and power handling requirement, one of the above resonator technology is chosen for
realizing payload filters. Tunable/Reconfigurable filters required for the satellites will also be required to
be realized using these 3D resonator technologies to meet payload requirements. Most of the present day
research has been focused on micostrip based tunable filters or SIW based tunable filters. The important
constraints related to High power, High Q applications makes these reconfigurable technologies
unsuitable for payload applications.

Recently, some progress has also been made in the tunable 3D high Q filters using mechanical motors,
piezoelectric actuators and micromechanical switches for aching desired tenability. Some of the major
challenges involved in the development of such 3D high Q tunable filters are:
a) Maintaining required bandwidth and reasonable Return Loss over wide tuning range. Nonuniform variation in resonant frequency of various resonators of the filter and variation in
coupling values (External & Internal) of the filter with frequency could lead to degradation in
Return loss of the tunable filter.
b) Maintaining High Q over wide tuning range. Tuning of resonator over wide tuning range could
lead to significant reduction in its Q-factor.
c) Ensuring High average power handling capability and required Multipaction margin of 6dB.
Implementation of tuning mechanism should not lead to degradation in power handling capability
of the filter.
d) Qualification of Tunable filter for Space Application. Tunable Filter along with its tuning
mechanism, should endure QM level environmental tests.
e) Ensuring required Reliability of the tunable filter and its tuning mechanism over its operating life.
Reliability of the tunable filter could be impacted due to wear and tear of moving parts or due to
increase in the number of parts.
f) Minimizing the power consumption and complexity for the tunable filter.
Recent Advances in Reconfigurable Filters:
Though, the optimal design of Tunable/Reconfigurable microwave filter suitable for payload application
is yet to be developed, many researchers around the world are at work with this goal in mind. To obtain
a tunable cavity filter and thus a tunable mux, the resonant frequencies of the resonators that comprise
the filters must be reconfigured. Depending on the resonant mode and its electromagnetic field
distribution used in the cavities, this can be achieved by different approaches. These approaches have led
to various results in terms of achievable unloaded Q factor, spurious-free tuning range, or mechanical
simplicity. Tuning can be performed using mechanical, magnetic, or electrical commands. Some of the
recent advances in the field of 3D tunable filter are given below:
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3.8.1. Mechanically Tunable waveguide cavity filters:
a)

Bellow-Mounted Tunable Filters:

Waveguide cavity filters have been widely used in satellites, due to the high-Q and high-power handling
capability. In addition, cross-coupled circular-waveguide dual-mode filters, typically operating in TE113
mode, offer mass and size reduction and excellent RF performance. Mechanically tunable waveguide
cavity filter maintains both High-Q and high-power-handling capabilities. A mechanically tunable
waveguide filter can be implemented using bellows. The bellows is a flexible electroformed copper
structure which acts as a tuning element. It is a thin-walled (nominally 0.002-in thick) metallic closedend piston with a designed profile and specific number of convolutions. The bellows-mounted tunable
filter offers a very low loss performance over a wide tuning range. A very stable transmission response
over a very wide tuning range is also a distinctive feature of this technique. However, there is a tradeoff
between RF and mechanical performance when designing a bellows profile. Mechanical operating
characteristics are maximized by increasing the number and amplitude of convolutions, whereas RF
performance relies on bellows with fewer convolutions.

Bellow mounted tunable cavity filter
b)

Fully Tunable TE011 Cavity Filters

A fully tunable filter for a completely flexible transponder requires tunability of both the bandwidth and
center frequency of the filter. RF performance of the filter should be maintained over wide tuning range.
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In cylindrical cavity filter operating in TE011 mode, electric field strength and current distribution
approach zero at the edge of the cavity end walls making it possible to use tuning discs without Q
degradation, which in turn leads to the potential for incorporating small and low power consumption
motors due to the contactless tuning feature. A movable plunger with diameter smaller than or equal to
that of the cavity is used for filter tuning. The A contactless plunger is used to provide a reactive shortcircuit condition at the back of the metal disc ensuring good electrical contact, creating a near shortcircuit
condition. This type of plungers consists of quarter-wavelength transformers. The three-section plunger
incorporates two low-impedance sections and one high-impedance section. Providing an RF enclosure to
the resonator prevents unwanted modes from interfering and degrading the operating TE011 mode. The
achieved Q of approximately 10,000 for a Ku band filter is reported in the literature. This design, however,
has narrow spurious free window due to presence of low-Q TM111 mode.

Fully tunable TE011 cavity Filter
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3.8.2. Coaxial Tunable Filters
Coaxial resonators offer moderate-Q and have been implemented for satellite channel-filtering
applications. Coaxial technology is suitable for tunable filter applications because of the ease of tuning,
which is a well-known characteristic of coaxial resonators. A design of a manually tunable coaxial filter
is shown in following figure. In this design, Tuning is achieved by rotating a shaped cam above the
resonator post which in turn changes the capacitive loading of the resonator. Variation in capacitive
loading required for tuning resonant frequency of coaxial resonator can also be achieved by varying the
height of tuning disk used at the top of the resonator.
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Tunable Coaxial Filter

3.9. Synthesis and Analysis of Microwave Filters Based on Available Computational
Methods
To design a microwave filter, synthesis of electrical circuit is required. Synthesis generates complex
polynomial for filter transfer function. Coupling matrix synthesis is a popular approach for extraction of
the electrical parameters from the complex polynomials. The extracted parameters of coupling matrix are
the circuit building blocks for a required filter response realization.
The coupling matrix can be configured/modified for any desired topology of the filter and its
corresponding (transmission/Reflection) response. Methods for direct optimization of the coupling matrix
for desired transmission/reflection response are also available in literature. Prospective and retrospective
use of the coupling matrix for any desired RF response for adaptive resonator topology can be very helpful
for time efficient and better electrical performance designs.
Software development for numerical electromagnetic analysis and optimization of standard geometries
like rectangular, circular, coaxial resonator based microwave filters with GUI will initiate efforts towards
indigenization of EM solvers. The scope of software development can be further expanded to more
complex geometries. Numerical electromagnetic techniques like Mode matching, FEM, FDTD can be used
depending the nature of geometry. The existing Commercial EM tools are highly expensive and hence
good amount of foreign exchange can be saved after successful completion of this activity.
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3.10. Channelized Power Output Configuration Design and Analysis of EPC for
Synthesizers
The next generation of digital subsystems require very high current channelized power, high reliability
protection mechanisms, stringent load regulation, fast dynamic response over wide range of load
variations, good power efficiency and compact size. This requires an optimized power converter design
along with a suitable channelization network.
Power converter design has challenges of handling very high output currents with help of synchronous
rectifiers, high bandwidth closed loop response with type-2 compensation network, tight regulations over
line-load-temperature variations, Minimal PARD and high efficiency. Whereas, Channelization network
has challenges of handling high power switch operations and designing sophisticated protection
mechanisms.
Scope of research proposal
These advanced requirements certainly require dedicated research and analysis on following areas:
o

End-to-end simulation of power converter with detailed close loop stability analysis.

o

Power loss optimization techniques for high current outputs.

o

Isolated feedback network design with minimal stability implications.

o

Low noise cascaded filter designs for attenuation of switching ripples.

o

Reverse voltage protected high power switch design, with load current sense and fold back

o

protection circuits.
ASIC/HMC based solutions for single high power output DC-DC converter.

3.11. Theoretical Analysis & Realization of Singular Electronic Power Conditioner
(EPC) Approach for Integrated Payloads in Communication Satellites
With the advent of advanced high-throughput communication satellites, miniaturized integrated
payloads have now become a current trend in order to save conspicuous mechanical budget while meeting
their respective functional requirements.
Where, earlier a transponder would have its separate electrical power supply in the form of an EPC, the
upcoming mission profiles require a single EPC to cater to the power supply requirements of an entire
regenerative transponder. This chain would comprise of Low Noise Amplifier, Filters, Digital Processor
and Transmitter.
An integrated EPC has to be miniaturized and, at the same time, should feature high efficiency,
compliance to each subsystem’s electrical specifications. It should also maintain galvanic isolation and apt
signal and power integrity to prevent exchange of noise among different output lines, for example
between high voltage (+50V) based SSPA line and low voltage (+1.2V) FPGA line.

Scope of research proposal
o

Complete theoretical analysis of EPC including modelling and simulation with suitable topology
selected
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o

Incorporation of advanced techniques to miniaturize the size and increase the efficiency of the
EPC like soft switching etc.

o

Designing of efficient PCB layout maintaining signal integrity and minimum noise in sensitive
low voltage high current lines like those of an FPGA

o

Design and implementation of turn-on and turn-off delay circuits between various output voltage
lines which are within a subsystem like FPGA and between two or more subsystems

o

Design and implementation of separate telecommand circuit to enable switching of transmission
supply of EPC on-board

o

Realization and delivery of EPC with compliance of electrical specifications of all of the
subsystems

30W EPC for Integrated Payload

3.12. Integrated EPC for Multiple Subsystem Stacks: Individual Control of
Commanding, Over Current Protection and Other Protection Mechanisms for
EPC and Intended Subsystems
Single EPC that can cater requirements of multiple subsystems of payload with individual On/Off control
and individual protection mechanisms for each subsystem has high potential for new generation High
Throughput Satellites by saving sufficient mass and foot print.
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Scope of research proposal
Theoretical study and analysis of advanced EPCs, which can supply power to multiple subsystem stacks,
which involve several challenges viz.
o

Electrical circuit modelling and simulation of circuit.

o

Supplying power to multiple subsystems and meeting output voltage sequencing requirement of
each individual.

o

Dynamic switching load with fast transient response and converter stability.

o

Selectable RF load at spacecraft through Telecommand.

o

Protection of EPC in case of single/ multiple subsystem failures such that there is no impact on
remaining subsystems if one or multiple subsystems fail to which EPC is supplying power.

o

Thermal effects of subsystem failures on EPC.

3.13. Switching GaN based EPC for High Power SSPA
Recent advancement in radiation hardened Switching GaN devices paved the way for highly efficient and
miniaturized converter realization. High Figure Of Merit of GaN switching devices in contrast Si
switching devices help in achieving high switching frequencies without much trade off in the efficiency.
This device technology significantly improves size and mass of the next generation high power converter
and helps in high density payloads realization for SSPA.
Scope of research proposal
o

Study of Gate drive circuit of GaN HEMT devices

o

Spice based modeling and simulation of GaN HEMT driver circuit.

o

Power circuit topology for efficient use of GaN HEMT devices.

o

High output power EPC of 300-500W working at high Switching frequency.

o

Use of Hybrid planer magnetics for miniaturization.

o

Thick film hybrid HMC for realization of control circuit for further miniaturization of package.

3.14. TWTA-Research Area
Travelling Wave Tube Amplifier is one of the critical technology element used for efficient high power
amplification in space borne payloads. Amongst all microwave amplifiers, TWTA offers unique
combination of power, gain, efficiency and bandwidth. Research opportunity in the field of TWTA is
primarily oriented around development of large signal simulation tools, study & development of special
UHV grade materials & special coating techniques on UHV material suitable for high temperature brazing,
characterization of Secondary Electron Emission & work function of various metallic & non-metallic
surfaces & methods for improving SEE characteristics, high temperature stress & strain measurement
techniques in complex shapes, design & development of long life high reliable space cathode.
Future roadmap is directed towards very high peak power Pulse TWTAs for radar applications, Q/V band
CW TWTAs, folded waveguide TWTA and Coupled cavity TWTAs for higher frequency band power
amplification. Research is also needed for brazed Helix technology useful for higher CW power.
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Schematic of a generic folded-waveguide traveling-wave tube

Schematic of a generic Couple Cavity traveling-wave tube
Apart from conventional Helical slow wave structure based TWTA, thrust is required to explore new
technology domain in this area which includes cold cathode TWTA for better thermal management,
Flexible TWTAs for dynamic allocation of frequency, BW & power, Filtered Helix TWTA to have clean
harmonic performance, Seredyne TWTA with inbuilt frequency conversion & Mini/compact TWTA for
better real estate management.

Embodiment of Cold Cathode Array

Cold Cathode TWT
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3.15. Receiver & Frequency Sources Technologies
Compact, low power consumption and small volume are the system requirements of all times. In this
direction a major emphasis and thrust has been provided over the years for development of miniature
LNAs, Receivers and Frequency converters over frequencies ranging from UHF to Q/V band. MMIC
technologies combined with advance packaging techniques are being utilized for various communication
and navigation payloads. Higher operating bandwidths and gain requirements combined with stringent
spurious performance poses a challenge for development of compact systems as stringent filters are also
to be incorporated.
Areas of Research are:
1) Beam Forming Receiver
2) Receiver Design for Doppler Shift
3) Flexible Receivers in terms of frequency and bandwidth
4) Design and development of RF switches, VVA and VGA upto Q/V band
5) Fully integrated Receiver (RF, LO & DC/DC in single package)
6) Medium Power Beacon Sources
7) Design of Synthesizer ICs

3.16. System Engineering
3.16.1. System Studies on Free space optical communication
As the demand for High Throughput and higher data rates is ever increasing, Free space optical
communications gives a promising solution. Present satellite communication systems are based on
Microwave frequencies which are limited in bandwidth and suffers from higher energy losses due to wave
propagation characteristics. Since lasers can be focused to beams with a low divergence, they can transfer
signalling power to the receiver with less energy loss than microwaves can. Therefore, optical free-space
communication systems can work with less power consumption than microwave based systems, while
offering higher data rates at the same time.
The research areas in this field include


Development of Antenna Tracking and Pointing (ATP) module along with ATP algorithm, to
maintain narrower beam-width line of sight between transmitter and receiver stations irrespective of
disturbances created due to satellite platform and atmosphere.



As the atmosphere greatly affects the optical link, studies on cloud free field of view to supplement
cloud free line of sight (CFLOS) Cover for Free-space optical link over Indian region is required.



System studies related to different Modulation Schemes like PPM, PSK, etc. for efficient transmission
and development of optical modulators with these modulation schemes



Development of High Power Laser transmitter to support interplanetary links.



Design of miniaturized optics and optoelectronics for compact optical terminals.
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3.16.2. Software Defined radio based Satellite architectures for Future Satcom systems
In present scenario, low cost small satellites (Micro or Nano Satellites) are being launched or planned for
launch on LEO orbit to provide communication services over the Globe. Small satellites provide an
efficient and cost effective solution to different communication services as compared to bigger satellite
platforms targeted for GEO orbit. Due to their low mass, power and volume envelope, the payload also
has to be designed considering these constraints. Software defined radio (SDR) based payload architectures
can provide solution for compact/miniaturized design which requires low mass, low DC power
consumption & less volume. Present SDR systems can receive/transmit signals directly at RF level up to
C-band. This will eliminate the requirements of the complex frontend hardware which in turn provides
savings in mass, volume and DC power consumption. SDR based communication payload architecture is
well suitable for Indian Nano Satellite Bus (INS) and Indian Micro Satellite Bus (IMS). SDRs will also be
useful for future communication payloads for GEO/LEO satellite.


Common RF transceiver (single chip/module) having RF front end and Digital subsystems (direct
sampling based ADC and DAC modules) to operate from UHF to Ku band frequencies.



Studies and implementation of different signal processing algorithms for regenerative processing and
flexibility in terms of channelization and bandwidth.



Development of integrated wideband RF front end with LNA, Bandpass Filters & PLL on RF
Transceiver module



Development of Direct Sampling based ADC and DAC modules which can be integrated with wide
band RF front end.

3.16.3. Hybrid Satellite/Terrestrial networks and their compatibility with 5G cellular system
As the spectrum resources are becoming limited and trend is towards delivering high speed data rates in
both satellite and terrestrial mobile communication. Hybrid network of terrestrial and satellite systems
complementing each other shall be developed for ubiquitous coverage, seamless connectivity and high
data rates.
Research areas in this direction are:
 Studies on Satellite – Terrestrial system architecture compatible with 5G Networks
 Channel modelling considering both land-mobile and earth-to-space channels
 Investigation of MIMO, precoding and other signal processing techniques for enhancing capacity of
mobile satellite systems and ensuring coexistence of terrestrial and satellite systems.
 Protocol level integration of satellite and terrestrial system and development of satellite-5G testbed.
 Investigations on satellite platforms and terminal architectures complementing terrestrial 5G
networks.

3.16.4. Development of signal processing and resource allocation algorithms for multi gigahertz
on-board processors
With the advancement in signal processing capabilities, the trend is towards channelization and
processing of wideband signals covering gigahertz bandwidth. Similarly, the necessity to dynamically and
efficiently allocate a communication payload’s on-board resources such as power and bandwidth over the
desired coverage requires the development of algorithms for beamforming-precoding, beam-hopping etc.
Research areas in this direction are:


Development of signal analysis algorithms for wideband signals (multi-gigahertz bandwidth). Sparse
signal analysis/compressed sensing based algorithms can be targeted.
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Development of translucent processing algorithms which bridge transparent and regenerative
payloads through partially decoding packets on satellite.



Development of algorithms for beam-hopping, digital beamforming, and precoding for efficient
spatial allocation of on-board resources.



Satellite system design and architecture for multi-gigahertz signal processing payload.

3.16.5. Studies on Advanced Navigation systems
Satellite navigation has become a key infrastructure element worldwide, enabling numerous applications
along with great economic activity. These systems have been conceived as cornerstone of the national
security and playing that role effectively. The significance of these systems is evident from the fact that
currently there are six global navigation satellite systems (GNSS) which are either operational, under
deployment or modernization. The system capability is evolving in both civil and defence domains. Indian
Regional Navigation Satellite System(IRNSS) is now a full-fledged operational system which is providing
navigation services over Indian region. The evolving user requirements and global scenario will certainly
require continuous research and development to acquire and utilize newer technology in this field. Few
such potential areas are enlisted below:


Use of IRNSS signals for navigation with “signals of opportunity” of terrestrial networks.



Systems studies for autonomous satellite navigation.



Development of simulation tools for situation awareness for navigation end users supporting their
mission planning. Such tools will consider the complete navigation systems and provide the
information about the system accuracy, availability, integrity and reliability for any operational
situation.



End-to-end performance analysis of IRNSS signals in LMS channels using software/hardware



simulation platform.
Research on security features of navigation signals such as anti-spoof and message authentication.



Studies on navigation signal generation and multiplexing using multicarrier constant envelope
modulation schemes.



Research in utilizing space service volume capability of GNSS signals.



Clock ensemble algorithm development for improvement of on-board timing system performance.

3.16.6. Microwave Photonics
Future high throughput satellites will have hundreds of beams with on-board processing. Due to mass and
volume constraints of the satellite bus, this will require dense placement of miniaturized subsystems. By
converting RF signals to optical right after the LNA and carrying out all processing such as routing and
channelization in the optical domain, significant miniaturization can be achieved. As an added advantage,
optical systems eliminate EMI/EMC issues which arise from dense integration of subsystems. Since this is
an upcoming area, there are several challenges, such as the development subsystems for:


RF-Photonics Conversion



Photonics RF Filtering



Wavelength Division Multiplexing/de-multiplexing



Optical non-blocking Switch network to cater multi-beam switching.



Optical Beamforming Network

35

Research Areas of SAC

3.17. Digital Technology
Digital Processors for High Throughput Satellites.
Conventional high throughput satellites employ limited, RF based processing due to unavailability of
wideband signal processing hardware. For future high throughput satellites, it will be necessary to employ
processing techniques to distribute the on-board resources in an optimal fashion and extract the maximum
possible throughput. The relevant research areas would be:
1. Development of integrated wideband, direct sampling data converters and RF transceivers.
2. Development of on-board partially or fully reconfigurable, failure tolerant, ultra-scale FPGA
based signal processing system
Development of multi-channel wideband signal processing system for digital beamforming and
channelization in broadband multibeam communication payloads.
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SATCOM AND SATNAV APPLICATIONS & ASSOCIATED
TECHNOLOGIES
Satcom and Navigation Applications Area (SNAA) of SAC mainly focuses on satellite Navigation as well
as communication related applications as well as enabling technologies.
The Navigation research group within SNAA is responsible for developing various critical technologies
related to ISRO’s satellite navigation programme in general and Navigation with Indian Constellation
(NavIC), in particular. Various types of receivers viz. IRNSS Payload-Test receiver, IRNSS SPS-User
receiver, IRNSS RS-User receiver, GNSS Receiver, SBAS Receiver, Messaging Receiver and IRNSS
Simulator have been successfully developed. Also, Reference receiver, Software-based receiver and ASIC
Chipset based solutions for NavIC are currently being developed.
The navigation group has provided IRNSS encryption scheme and its implementation in payload besides
PRN codes and its analysis for IRNSS programme. Data analysis of Ka-band propagation experiment and
GAGAN-TEC network as well as IRNSS SIS performance analysis is carried out. Other activities include
development of applications related to IRNSS/GNSS/Augmentation systems and simulation studies related
to digital signal processing for base-band applications relevant for ground based applications systems.
DCTG is shouldering major responsibilities to conduct CSSTEAP’s 9 months course on GNSS. Following
are a list a major areas of research in Navigation where the Indian Academic Institutions can contribute
through RESPOND Programs.

SPS (IRNSS + GPS + GAGAN) Receiver

In House IRNSS Simulator
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The Satellite Communication & Technology Group at SNAA is focused towards development of various
state of the art baseband technologies, establishment of ground segments and applications development
towards the effective utilization of space based resources. The group has its primary focus towards building
the ground infrastructure (Technology Development, Terminal & Hub Station etc.) to support different
Mobile Satellite Service (MSS) Applications, Broadband Communication using up-coming High
Throughput Satellite (FSS), Synergic Application using Satellite Communication & Navigation for Special
user group.
Of late the group has successfully developed and demonstrated four types of MSS services namely
Reporting Service for One-way small message & position reporting, Low bit-rate two-way voice
communication service (Satellite Phone), Two-way multimedia communication viz. video conferencing
and Broadcast Service using personalized gadgets. The group is also into establishing the four Ka-band
interconnected gateways to support broadband VSAT applications using country’s first high throughput
satellite. The group also supports the communication network for national disaster management and
different sub-system development to enable different propagation studies experiment for higher
frequency bands like Ka, Q and V-band.
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4.1. SATCOM Applications and Technology Development
Space Applications Centre, ISRO, Ahmedabad is responsible for SATCOM Applications and Technology
development for eventual use of Societal and Strategic users of the country. Besides meeting the
application needs, the Centre continues to work on development of state of the art technologies for
SATCOM with an intent to indigenise the technology and product development. The centre focuses on
development of indigenous technologies and capacity building to support all types of SATCOM services
within country.
In the last two years, the centre has been into establishment of more than 25 SATCOM Gateway stations
in Ku/Ka band to meet national enterprise VSAT communication demand using upcoming HTS class of
satellite. In the Mobile Satellite Service domain, the Centre has developed applications like Real-time
Train-tracking Information System (RTIS), MSS Network for Tracking of Sub-20m boats, Real-Time
Aircraft Tracking System etc. to meet the custom requirements of user ministries. Besides these efforts,
the centre also focuses on development of technologies like SATCOM baseband ASIC development,
MMIC development for RF Sub-systems, Signal Processing algorithms for SATCOM baseband
technologies to enable communication on the move (COTM) for Airline, Maritime and Land Applications.
The Centre specializes on baseband technology development pertaining to FSS and MSS. The Centre is
working on development of advance technologies for miniaturization (Satcom Baseband ASIC), cost and
power efficient battery operated MSS terminal development to support voice communication, IoT and
M2M communication using MSS satellites. The centre is also exploring the opportunity to promote
development of RF and baseband sub-system technologies indigenously by collaborative efforts.
While efforts are ongoing to achieve self-reliance, there are many new technologies still that needs to
development in the domain of Satellite Communication Ground Systems like more powerful
processors/ASICs, new source/channel encoding-decoding capabilities, user terminal miniaturization and
baseband algorithms that can enhance user mobility, versatility, performance in a cost effective manner.
This document incorporates research areas relevant to the satellite communications ground segment and
application development to meet the near future requirements.

4.1.1. Baseband Technology Development
Design, Simulation and Development of Ground Receiver with improved probability of
ship detection for space )Satellite (based AIS )Automatic Identification System (network
ISRO is coming up with its own first satellite to support Space Based AIS (S-AIS) detection, which is likely
to be extended to a constellation for Maritime Domain users. Globally S-AIS system provides probabilistic
guarantee for signal detection within space based AIS network as it suffers from inherent problem of
message collision.
Researchers of this domain are encouraged to submit their proposal for


System design and Performance Analysis with advanced S-AIS payload configuration )other than
store and forward payload implemented by ISRO .(The proposal should include end-to-end system
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design, advance payload configuration, expected performance and performance comparison with
respect to store and forward payload backed by suitable mathematical analysis and simulation.


Advanced AIS receiver design to improve probability of ship detection .The proposal should clearly
bring out the targeted specifications, design methodology and novelty to make it more effective .A
performance comparison with known systems will add value to the proposal .Researchers are
encouraged to include techniques like waveform cancellations and demodulation techniques under
low SNR conditions in their proposal .Architecture for its real-time implementation will add value to
the proposal.

Non Orthogonal Multiple Access )NOMA (based Multi-beam High Throughput Satellite
/Ultra High Throughput Satellite System
Recent research contributions have shown the way to use NOMA in SATCOM systems. Researchers are
encouraged to submit their proposal for NOMA-based multi-beam satellite systems including
mathematical analysis and the applicability of integrating NOMA to satellite systems from a system-level
point of view. The researchers are requested to provide general approaches for cooperating NOMA with
pre-coding techniques and their implementation plan. NOMA technique is also claimed to work under
low C/I conditions in multi-beam HTS networks. Researchers are encouraged to submit their NOMA
based receiver algorithm design, simulation, performance analysis and implementation plan for multibeam SATCOM ground network.
Additionally, NOMA breaks the orthogonality in conventional orthogonal multiple access (OMA) such
that multiple terminals can access the same time-frequency resource simultaneously, which improves the
efficiency of spectrum utilization. The resulted co-channel interference can be alleviated by performing
multi-user detection and successive interference cancellation (SIC) at the receiver side. Researchers are
encouraged to submit their research proposals on how to improve spectral utilization in SATCOM
networks using NOMA technologies for different application scenarios.

Algorithm and Implementation of real-time Wideband Spectrum Sensing )WSS (and
Automatic Modulation Recognition )AMR (system for Blind Signal Detection
Blind Signal Detection needs highly efficient algorithms for wideband spectrum sensing and automatic
modulation recognition system to facilitate its real-time implementation. These systems are also enabled
to do identification of communication streams and their demodulations that uses advance technologies
like carrier-in-carrier (CIC) or PCMA. Researchers are encouraged to submit their proposal for efficient
spectrum sensing coupled with automatic modulation recognition system. The proposal should or may
also include interference monitoring system, signal demodulation plan together with its implementation.
Another problem of interest includes blind scrambler identification and channel coding technique
identification.

Advance Baseband Technologies for Mobile Satellite Service
GEO-Mobile Radio Interface, better known as GMR, is an ETSI standard for satellite phones. GMR
standard derived from the 3GPP-family terrestrial digital cellular standards and supports access to
GSM/UMTS core networks. ACeS, ICO, Inmarsat, SkyTerra, TerreStar and Thuraya for high-speed
internet as well as audio and video services use it.
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ISRO is coming up with its next generation of MSS satellite with 6/9/12m antenna in space, Researchers
are encouraged to look at the protocol stack development opportunity (GMR like) for seamless voice
communication between terrestrial (LTE/4G) and ISRO's MSS networks. It is expected from researchers
to analyse the different channel models and “propose, develop & implement” efficient protocol stack for
voice communication between terrestrial and MSS network. Researchers may look at opportunity to
propose technologies to use upcoming 5G technologies and ISRO MSS network for IoT and M2M
communication applications.

Baseband Technology for Search And Rescue (SAR) systems of ISRO
ISRO operates INSAT satellite(s) equipped with a 402 MHz Search and Rescue payload as well as 406 MHz
Data Relay Transponders that are being used for SAR operations using different types of distress beacons
of maritime, aviation and land users.


Researchers are encouraged to submit their proposal for development of MEO-SAR emergency
locator transmitters with their LUT processing algorithm.



Data Relay Transponders are usually of 200 to 350 KHz bandwidth and being non-regulated band
suffer from interference from users .The nature of interference being non-time dependent and
sweeping nature causes the communication loss .Researchers are encouraged to submit

development proposal in interference resistant waveform for sensor data reporting in burst mode
of transmission that can offer better quality of service.


Proposal on development of Mixed signal ASICs for SAR user terminals are encouraged.

MSS/DRT Network for data collection from Oceanic Platform
ISRO has already established a network with multiple GSAT satellites carrying MSS transponders &
INSAT satellites carrying DRT transponders. Also more next generation satellites with advanced
MSS/DRT transponders & larger antenna will be coming up in future. This network can be potentially
utilized for data collection & relaying applications from oceanic platforms. This network can facilitate the
data collected by different oceanic sensors deployed at different locations to be communicated to control
centre in near real time. The network can have hybrid reconfigurable terminals which can communicate
in both MSS & DRT bands & provide unified interface with sensors.
Researchers are encouraged to innovate and propose design of ASICs, Low profile planer antenna system
with beam-forming capability and suitable waveform for robust communication and leading to low power
miniaturized system realization. A very low bit rate (25-300 bps), fast acquisition, spectrally efficient
spread spectrum burst demodulator design will add value to the proposal.

Baseband Sub-systems of Ground Network with multi-homing capabilities for Gaganyaan
ISRO has been working on Gaganyaan Project, which will also include development of Audio/video
processing system for ground segment. All the ground stations are connected to Master Control Centre
(MCC) through multiple ground links to achieve better transmission reliability and service quality. For
real-time multiplexed streams, comprising audio, video and data, the reliability requirement is different
for each type of data stream. So there is a need of an efficient transmission technique for such multiplexed
streams with different reliability parameter settings for each stream over a multi-homed networking
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environment. It is also required to have a suitable handoff mechanism in case of link failover with
minimum handoff latency.
Researchers are encouraged to proposal a custom protocol stack for seamless multimedia communication
over multi-homing network.

Design and Simulation of digital beam-forming /electronic beam steering-techniques for
high frequency COTM/SOTM )Communication on the Move / Satcom on the Move (
applications .
ISRO has been allocated S-band for Mobile Satellite Service and Ku/Ka band is being used to offer aeromobile broadband services. In order to make the terminal efficient and support COTM/SOTM, electron
beam steering technology is used.
Research proposals are invited on design and development of efficient electronic beam steering system
with interference protection features for S/Ku/Ka band of operations. Researchers are also encouraged to
submit their proposal for mechanically steerable antenna system of small size as well as hybrid system for
aero-mobile applications.

Design and Development of Header Compression and QoS Mechanism for IP data
communication services over satellite network.
Header compression is a mechanism that compresses the IP header in a packet before the packet is
transmitted. Header compression reduces network overhead and speeds up the transmission of either
Real-Time Transport Protocol (RTP) or Transmission Control Protocol (TCP) packets.
The RTP Header Compression over Satellite Links feature allows to use RTP header compression over an
asymmetric link (such as a satellite link), where the uplink and downlink connections are on separate
interfaces. This feature provides improved system performance by reducing network overhead and
speeding up transmission of RTP packets.
Quality of Service (QoS) is the collective effect of service performance, which impacts the degree of
satisfaction of a user of the service. QoS is to the ability of a network element (e.g. an application, host or
router) to have some level of assurance that its traffic and service requirements can be satisfied. To enable
QoS requires the co-operation of all protocol layers from top-to-bottom, as well as every network element
from end-to-end.

Development of indigenous baseband technology (MF-TDMA with DVB-S2x tech)
VSAT networks baseband technology dependency is posing security concern to many strategic users.
There is urgent need of developing indigenous baseband technology with state of the art DVB-S2X
waveform in forward link & efficient RCS2 based MF-TDMA access scheme in return link.
This subsystem will include design of advance FEC schemes (LDPC+BCH, TPC, PCCC Turbo Codes etc.)
& advance modems, which can support higher order modulations & can operate under very low SNR
scenario. Another challenging task is to develop time & frequency synchronization sub-systems for
reliable & efficient MF-TDMA communication. Other development element includes design of burst
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demodulators with dynamic reconfiguration, wide range of MODCOD’s & very low preamble & guard
times.
Other subsystems include Header compression & TCP/HTTP acceleration, Encapsulation/De-capsulation
subsystems.
Researchers are encouraged to offer innovative solution in form of algorithm, hardware implementation
or system level design as part of their proposal and be the co-pilot in indigenous development efforts being
put up by ISRO.

Development of baseband signal processing elements for aero-mobile terminals
Broadband connectivity at 35,000 feet is growing in several dimensions. More aircraft are installing onboard broadband systems, more data is being consumed while in-flight, and the expectation for service
network performance is increasing.
The service is offered using high-throughput Ka-band satellites and ISRO’s common ground equipment
comprised of multiple satellite gateways and user terminals. The network is a multi-beam network and
offering efficient broadband services with high throughput using low cost terminal is a challenge.
Researchers are encouraged to offer their innovative design of UHTS class of Modem Technology (wide
and faster acquisition with capability to support large drifts) supporting state of the art access schemes,
Mobility management techniques for aero-mobile broadband and other signal processing techniques for
low cost terminal realization.

Enhanced Spread Spectrum Aloha Technology Development
Enhanced Spread Spectrum Aloha (E-SSA) is an asynchronous access protocol especially conceived to
provide messaging services over the satellite return link. Protocol is slightly modified version of the robust
3GPP W-CDMA random access waveform (asynchronous burst transmission).
The absence of synchronization mechanisms simplifies deployment and activation of the terminals. A
wide range of applications based on burst transmissions not significantly capacity-demanding have been
envisaged, such as telemetry, environment and traffic monitoring, emergency alerts, fleet management,
highway tolling, forecast predictions.
Researchers are encouraged to submit their proposal for ESSA system simulation and Receiver design and
implementation plan.
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Development of low bit rate DSSS /CDMA burst and continuous mode communication
modem
The spread spectrum technology is one of the promising candidate for many SATCOM networks as it
offers many advantages of anti-jamming, PSD reduction & secure communication etc. Low bit rate (50bps
to 16kbps) Direct Sequence Spread Spectrum modem can be directly utilized in low aperture Ku/Ka-Band
terminals in VSAT networks & Voice/Data communication for IDRSS Network. Burst DSSS modem has
challenging design in terms of optimized preamble & acquisition time for low bit rate operations. Another
enhanced version may incorporate interference cancellation feature for improving efficiency in ALOHA
mode of operation. Burst Modems can be used in different applications utilizing burst mode
communications such as messaging/asset tracking etc. Whereas continuous DSSS modems have additional
design challenge of acquisition in presence of data modulation, highly agile loops for handling extremely
low SNR & higher signal dynamics (Doppler rate/jerk etc.). These modems provide reliable & continuous
connectivity for voice/data communication applications.

IoT enabled terminal development
Implementation of IoT/M2M via satellite deals with mainly two issues: First, the physical layer level:
terminal related constraints (limited in power, energy, and antenna size), channel (potentially with
masking and multipath) and the space segment to ensure proper link budget allowing the communication.
On the other hand, the need to provide access to the resource to a large number of terminals. The access
layer should also be able to interface with larger networks architectures.
There are two possible ways of realizing IoT/M2M via satellite. The first scenario involves the use of a
satellite relay terminal that interfaces with terrestrial access technology sensors (backhaul communication
link). The second scenario is based on direct communication with sensors / objects via satellite
constellation.
Research proposals are invited for implementation of low power, low cost terminals, waveforms and other
sub-system technology to support IoT over Satellite & Terrestrial networks.

4.1.2. Ground Segment Network and Hardware Technology Development
Indigenous VSAT sub-systems technology development
In current scenario, there is another requirement of indigenisation of various baseband subsystems of
VSAT terminals. VSAT remote terminals have stringent power/size & operational requirements which
results in miniaturization of RF & baseband subsystems.
Researchers are encouraged to innovate and submit proposal for indigenous design and development of
following sub-system of VSAT technology:
 Mass manufactural efficient low cost design solutions of RF Sub-systems )BDC, BUC, SSPA etc(.


Rapid Deployable VSATs :Rapidly deployable VSAT terminals is another important technology
for quick emergency disaster communication .These design of such terminals involves advanced
antenna & RF technology including supported by state of the art baseband technology for quick
antenna pointing & establishing reliable communication link from a mobile platform having
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limited power/space availability .These terminals should also extend interface to terrestrial
devices for providing backhaul connectivity through satellite.

Development of Low Profile Ku/Ka band terminal for Mobile Satellite Service
ISRO is aiming at realizing the mobile satellite service in Ka-band .Researchers are encouraged to submit
their proposal for Ka-band Mobile Satellite Service system solutions with their feasibility and
recommendations; Proposals for terminal design, Proposal for protocol stack development for seamless
overlay with existing MSS services, in case needed .Innovative ideas are encouraged from researchers
towards providing reliable MSS services in Ka-band along with sub-system design proposals .

Portable HUB baseband system development )ESIM(
Earth stations in motion (ESIM) address a complex challenge – how to provide reliable and highbandwidth Internet services to what are – literally – moving targets. They provide broadband
communications, including Internet connectivity, on platforms in motion. There are currently three types
of ESIM: ESIM on aircraft (aeronautical ESIM), ESIM on ships (maritime ESIM) and ESIM on land vehicles
(land ESIM).

Earth Stations in Motion (ESIMs) are the result of the most modern satellite technological developments
and are designed to be used on aircraft, ships and land vehicles. They are small size terminals, with highprecision tracking capabilities, associated with state-of-the-art Ka-band satellites providing high-power
multiple spot beam coverage, allowing transmission rates in the order of 10-50 Mbits/s.
Recognising that there is a need for global broadband mobile-satellite communications and that part of
this need could be met by allowing ESIMs to communicate with fixed-satellite services (FSS). The advances
in satellite and earth station technology make ESIMs the best solution for users on the move and bring
the benefits of high performance FSS networks to communities that have yet to benefit from true
broadband offerings.
Researchers are encouraged to submit their proposal for design, development and implementation of
different ESIMs.

Internet Protocol for Satellite Network
In recent years, many routing algorithms have been proposed for LEO satellite networks. Routing Internet
traffic over satellites can be addressed using two alternative approaches. We can simply consider each
satellite as a node in the Internet and use a traditional protocol stack. However due to the long round trip
time (RTT) delay between the satellites and the terrestrial infrastructure, problems such as routing
instability and slow convergence will be even worse than only using the terrestrial Internet. On the other
hand, we can consider the satellite network a separate autonomous system (AS), with its own protocols.
In this case, an IP packet will be encapsulated in a suitable way when entering the constellation, and
rebuilt when inserted back in the terrestrial network at destination. The routing problem is divided into
two sub problems: Up-and-Downlink (UDL) routing and Inter satellite link (ISL) routing.
Again, to ensure quality of services, research in this field is growing and there are various open issues and
research areas in the field of Satellite Networks like –
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Reducing the routing overhead of a dynamic QoS routing in a different traffic is a challenge
GEO satellites have advantage of technological maturity and good coverage but due to high delay
and attenuation limits, transmitting real time information becomes a problem .A single layer
LEO satellite network has bad performance on transmitting long distance .How to combine



advantage of both the satellite to improve network performance
Multicasting datagram in the satellite networks to achieve larger coverage area on the terrestrial
infrastructure

Adaptive protocol
To cope with the highly dynamic behaviour associated with the wireless environment and mobility, it is
widely recognized that protocols should be able to adapt to a wide variety of situations. While protocols
in the wired network also adapt to different conditions in a very limited way, usually at connection-setup
time. Once a connection in a wired network is established, the underlying conditions will remain
relatively stable, other than occasional congestion. This is often not so in wireless mobile networks. The
wireless link experiences a range of conditions e.g., fading, transient service outage, high error rates, burst
error patterns, and highly unpredictable traffic on shared links. Furthermore, mobility exacerbates the
situation by introducing handovers, motion-induced effects, rerouting actions, and limited battery life.
Adaptive protocols provide productive ground for advanced protocol research. As nearly all protocol
research has been done on relatively static protocol architectures, there is much to learn about how to
select a different protocol on the fly when the original one no longer provides the required level of service.
Protocol adaptation may be realized in several ways. Active networking, in which packets may contain
executable instructions (in addition to headers and data), provides one approach to implementation. The
efficient implementation of adaptive protocols in both hardware and software present interesting research
problems. Some of the challenges are listed below:


End-to-end protocol design that dynamically switches from one interface to the other,
transparently to the application and its user



Protocol stack development to support adaptiveness



Development of principles to allow on-the-fly protocol selection in wireless mobile networks .
Identify techniques for deciding when to select a new protocol, for switching protocols, and for
efficiently implementing this feature in software and hardware .

SATCOM in Non-Terrestrial Network )NTN (of 5G
With the advent of 5G terrestrial network, Satellites are being proposed as an integral NTN component.
ISRO is keen on extending its reach to be a part of next generation 5G communication.
Researchers are encouraged to submit their research proposal for system and sub-system design for
facilitating NTN component in 5G using SATCOM.

Q/V Band Propagation Study
Presently Alphasat is the only satellite operating in Q/V band for European region is available for such
studies. Recently with GSAT-29 ISRO had established a limited capacity communication system for
experimental purpose between Ahmedabad & Delhi. Due to congestion in higher band and bandwidth
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availability & demand, a very strong push for Q/V band is expected in future. Very High Impairments, No
models available for Indian Region, will serve as vital input for future satellite designs and deciding QOS
and availability figures. Modelling and Associated Mathematical studies, Development or Realization of
RF Subsystems, Beacon from satellite, Pan India study; Academia & Foreign Collaboration may be
explored.

4.1.3. ASIC Technology Development
Design and Development of miniaturized, multiband S, L, UHF band / (S-band Low Power
Wideband Transceiver Mixed Signal ASIC for SATCOM terminal


The mixed signal ASIC will comprise of comprise of front-end LNA, filter, transceiver with builtin LO for full duplex operations, gain& filter blocks, ADC-DAC etc. The selected architecture should
have all imbalance measurement and compensation techniques built into it. The device calibration



feature will be an added advantage.
The research proposal should address the development of low power, low cost custom RF wideband
transceiver ASIC in S/L/UHF-band to support communication using miniaturized handheld and
battery operated SATCOM terminals. The proposal should include all specifications of each subblock, the reconfiguration parameters etc.

Design and Development of RF-ASIC to support implementation of low-power, costeffective electronic beam steering capabilities for aero- mobile communication in Ka/Ku
band.
Aero-Mobile terminal in Ku-Band/Ka-Band with beam steering capability could be miniaturized using
RF-ASIC .
Researchers of this domain are encouraged to submit their proposal for design and implementation of
RFIC for miniaturized, power and cost efficient terminal implementation.

Development of low cost terminal with COTS ASICs for RF front-end (MMIC and LTCC
based RF Frontend for miniaturization)
The important aspect of any terminal is it being hand held and light weight this trend we have observed
in terrestrial mobile phones as day by day they are becoming light and small. If we consider the Satcom
terminals, the miniaturization is current necessity of the situation as to be better usable and appealing for
the consumers. The miniaturization is happening on the baseband front by the development of
Application Specific IC’s and single board setup where whole baseband is being included. Hence, the
miniaturization on the RF part needs to be done in order to decrease the weight and the size so that the
whole terminal can be small and light.
There are few techniques to make the RF section small and light. One of the most utilized technique is
MMIC design in place of discrete Microwave circuits where discrete active and passive components are
integrated using either transmission lines on different substrates chosen according to frequencies.
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Monolithic Microwave Integrated Circuits (MMICs) contain active, passive, and interconnect
components all on single wafer and can operate at frequencies from hundreds of MHz to hundreds of
GHz. The size advantage obtained is very drastic as MMIC are of size of um to mm whereas the MIC
circuits are in range of cm. Most of today’s MMICs are fabricated on III-V compound substrates such as
GaAs, InP, and GaN. This new technique enables us to make the circuits like LNA, Mixer, Power
amplifier etc on a single Silicon doped chip, which are instead made using discrete components.
Another miniaturizing technique lies in a type of packaging technology named Low Temperate Co-fired
Ceramics (LTCC) where the technology is used for robust assembly and packaging of electronic
components
It also offers may features like embedded components like capacitors resistors and inductors, as the passive
components are available they can be utilized to make filters. The technology also allows us to make
Substrate Integrated Waveguide filters. Further as the MMICs are bare dies, they need packaging, and
interconnection LTCC proves to be the best option, which results in an integrated on a single RF module,
which is very space efficient, and light weight. Furthermore, Antennas can also be made in order to make
a more integrated space efficient and lightweight RF module which contains everything from Antenna to
the IF signal.
The utilization of all these techniques can yields us miniaturized RF frontend, which can be of similar
size of that of a compact baseband card thereby yielding us a small, and light weight hand-held terminal,
which can be comparable to modern day mobile phones.

 Modem ASIC development for Ultra High Data Rate System (100 Mbps -2 Gbps)
 Mixed Signal ASIC development with built-in low cost SATCOM transceiver for various low
power IoT applications.
Power Saving technique )Backend ASIC design( of ultra-low power SDM ASIC
Satcom baseband modem ASIC is being developed for various Satcom ground applications.

Typical

application of Modem ASIC, which are battery, operated & demands low power consumption. The
Modem ASIC supports multiple mod-code & wide range of data rate. Based on application ASIC is
configured by SPI/UART interface. Currently even a simple configuration is running, power of entire
core is ON & clock is active.
Idea is to implement various power saving technique in frontend/backend ASIC design to suspend
functionality of partial design or full design based on applications. Following power, saving modes can
be thought of considering nature of applications:
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a. Fully sleep mode :This mode is very useful in case of burst transmission & reception .Device will
consume minimal power when not active .In this case, only configuration core is always active .
Modem core is enabled whenever required & kept shut for rest of the time.
Typical applications :Reporting Terminal,
b. Partial sleep mode: This will be useful in almost all applications .This mode will disable the non-

functional block for a particular configuration .In only Viterbi is used is active then other decoder
should be shutdown .Entire receiver chain can be turn off in case of transmit only terminal &
vice-versa .

Typical applications :Two way MSS Vessel tracking terminal
Sleep mode can be implemented using following methods
i.Clock gating
ii.Power gating
iii.Multi-Voltage level

4.1.4. Applications and Tools Development
Development of Hybrid Network for Real-time Person or Asset Tracking using Machine
to Machine Communication Technology and Indian Navigation System.
Currently ISRO has developed satellite-based solution for tracking of personnel and assets like vehicles
and fishing boats. Although this solution is extremely useful in remote locations where terrestrial,
network coverage is sparse or not existing at all, there is similar need for such solutions in areas, which
are widely covered by terrestrial networks. A hybrid solution is proposed which can enable
communication of mobile terminals using both SATCOM and terrestrial networks. This will greatly save
the satellite resources and enable us to serve more number of users.
The network will consist of terminals having the ability to communicate their location and other
significant information with the hub via satellite and terrestrial networks. The terminal will be equipped
with NavIC receiver to detect its location. It should have the intelligence to detect the availability each
of this network and switch between them as and when required.
As an extension of this functionality, the terminal should be intelligent enough to detect the presence of
similar neighbours (terminals) around it. This may be achieved via point-to-point communication using
Bluetooth/wi-fi. The Hub can also assist in finding neighbours. The terminal can find its neighbours and
can directly contact them in emergency. A smartphone may interface with the terminal for visual
representation of location and other information. Mobility management and interface for interaction
between terminals also needs to be developed.

 Development of Spectrum and Waveform Analysis tool using low cost SDR platforms.
 Hub NMS, NCP and Web-based tools for effective Decision Support System
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 Propagation studies, Advance FMT development and inclusion for improved QoS
 SATCOM System definition, Unified protocol stack and Test Bed development of 5G with NTN
element
 NTN standardization efforts and Capacity Development Activities
 Development of Mobility management algorithm and Hub Network Management System for
different application

4.1.5. New Frontiers in SATCOM
Development of Proto-type for Quantum Key Distribution System
In the past decade, the breakthroughs/developments in the domain of quantum technology opened up
many new areas of research and development needed for realizing Quantum Enabled Systems to gain
performance advantage over classical systems.
Looking at the potential of this futuristic & disruptive technology, SAC/ISRO has initiated activities to
develop the quantum technologies for Communication and Sensing applications, which are its core areas.
The advances in the development of quantum technology will enable SAC to augment the classical
systems to gain performance advantage.
The development of system-level technologies for Quantum Communication and Quantum sensing
(Radar/Imaging) applications demands for research & development to realize following core technologies.

Research Arears for developing Core Technology elements:
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(x)
(xi)

Bright Single Photon Source
Bright Entangled Photon Source
Single Photon Detectors with high efficiency and low dark counts
Polarization Compensation
Quantum Homodyne Detection
Quantum Interferometers
Study and development of efficient QKD protocols for Satellite to Ground quantum link
Feasibility study and development of efficient protocols for Satellite based quantum imaging
Feasibility study and development of efficient protocols for Satellite based quantum radars
Quantum range and angle sensing technique
Stealth target design

(xii)

Quantum technologies at microwave frequency etc .

Apart from above core areas, following are some associated area of research:
(i)

Quantum-resistant encryption algorithms

(ii)

Quantum Image Processing (QIP)
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Development of HDR/UHDR modems for Home broadband service
SATCOM based Home broadband service is one of the emerging field .Ultra High Data Rate Modems will
be essential component of this technology .These modems should be capable of supporting upto 1Gbps
receptions capability for offering broadband services equivalent to terrestrial broadband, to remote users .
The major design challenges for such UHDR modems include reconfigurable hardware platform & highspeed data processing subsystems including demodulation loops, high throughput advanced FEC
Encoder/Decoders & multi-core baseband data processing engines.

Indigenization of Future HTS Gateways
ISRO is inclined towards providing Direct to Home Broadway connectivity using HTS Satellites. This will
require Gateways & antenna system in large quantities. Aim is to bring down the overall cost with
indigenization efforts. Today, across the globe three major market players are operating and have
maximum market share. The trend is to implement gateways in frequency band of Ka or higher band.
Researchers and Industry partners are encouraged to innovate and propose efficient design of 9/11m
antenna system, RF-sub-systems, NavIC based TFGU, Hub Monitoring and Control System, Antenna
Tracking System etc. which can reduce design and production lead time, be cost effective and mass
producible design.

4.2. SATNAV Applications and Technology Development
India has developed its own navigation system NavIC (Navigation with Indian Constellation). The NavIC
constellation is a combination of GEO and GSO satellites which are presently transmitting L5 (1176.45
MHz) and S (2492.028 MHz) band signals that are received by the users equipped with NavIC receivers.
In receiver segment, various types of receivers such as User Receiver, Reference receiver, Timing Receiver
and messaging receivers are being developed by SAC and private companies. These receivers are capable
of providing pseudo-range (Code phase) and carrier phase measurements which can be processed to
provide meter to cm level position accuracy. Real Time Kinematic (RTK) solutions based on differential
positioning concept and Precise Point Positioning (PPP) are techniques used to provide very high
accuracy positioning upto cm level accuracy. Receivers equipped with these capabilities are usually dual
frequency receivers and use very precise carrier phase measurements. These receivers have very wide
applications in the field of survey & land records, geodesy, 5G, testing driver less cars and precision
agriculture. Also, NavIC chips as well as NavIC-in-mobile platforms are coming up and may be used for
ubiquitous location-based services etc.
Furthermore, there are various scientific and technical applications which can be addressed by using
NavIC and other GNSS receivers, Inertial Navigation System (INS), ground-based navigation system such
as Pseudolite system developed at SAC etc. Different algorithms are required to process these multiconstellation receivers equipped with INS and other navigation aids. Therefore, new algorithms, software
and solutions are required to be developed. This document highlights various research areas in Satellite
Navigation to cater applications in various fields. Use of GNSS measurements has also been very promising
in meteorological applications such as estimation of Integrated Water Vapour (IWV) which is ingested in
Numerical Weather Prediction (NWP) models etc. Space weather is also one of the very important aspect
which is being addressed using GNSS signals.
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This section is broadly divided into two major segments of Technology development and GNSS
applications which largely include scientific applications also.

4.2.1. Technology Development
NavIC signals in general may be prone to interference with other GNSS satellite signals such as GPS,
Galileo and Beidou and NavIC S-band signal in particular may experience interference from commercially
used S band spectrum by Wi-Fi and WiMax services. Therefore, interference/jamming detection and
mitigation algorithms and techniques need to be developed.

Interference/Jamming Detection & Mitigation
1.
2.
3.
4.
5.
6.
7.

Pulse Blanking
Adaptive Notch Filtering
Control Radiation Pattern Antenna (CRPA)
Spectral filtering using FFT/IFFT
Short time Fourier Transform
Wavelet Transform
Robust Statics

Spoofing Detection/Mitigation
Spoofing of GNSS signals has drawn a lot of attention due to increased risk among GNSS users especially
by defense and strategic users. Spoofing is the intentional transmission of fake GNSS signals to divert users
from their true position. This may fool a receiver to output wrong position. This may be fatal in a strategic
scenario. Following are the activities which may be taken up for development:
1)

AGC gain monitoring

2)

Spoofing Detection using RAIM with/without INS Coupling

3)

Angle of Arrival Discrimination

4)

Signal Spatial Correlation

5)

Correlation of Propagation-Dependent observable

6)

Polarization Discrimination or Dual Polarization Antenna (DPA)

7)

Sum of Squares (SOS) Detector

8)

Cross-checks between code & carrier-phase measurements from different frequency bands

Configurable GNSS Universal Correlator Architecture ASIC
New GNSS Baseband ASICs process maximum civilian GNSS signals due to multiple advantages such as
increased PVT accuracy, availability etc. A universal configurable correlator architecture comprising of
acquisition and tracking channels is therefore required to process civilian GNSS signals which have:
1)
2)

Various modulations (BPSK, MBOC, TMBOC, QMBOC, AltBOC)
PRN code length,

3)

Chip rate

GNSS-INS Integration
GNSS signals are highly vulnerable to jamming but provide very accurate position. However, INS cannot
be jammed but position accuracy degrades after some time. Therefore, GNSS-INS integration is one of the
most robust solutions to be offered to navigation users. Such kind of receivers are very useful where GNSS
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signals are obstructed such as inside long tunnels, indoors, etc. Following are the techniques which can
be addressed:
1)

Loosely-coupled GNSS and INS integration

2)

Tightly-coupled GNSS and INS integration.

3)

Deep Coupled integration

GNSS weak signal Acquisition & Tracking
[A] High Sensitivity Receiver
The sensitivity of a baseband signal processing (acquisition & tracking), is critical for a GNSS receiver to
function in weak signal environments. Typical Line of Sight (LOS) GNSS signals power is around -130
dBm. Attenuation due to foliage, tall buildings results in signal power level upto -160 dBm or lower. Very
efficient FPGA hardware implementation is required.
High Sensitivity Navigation Receiver for Commercial Applications
GNSS Receiver Algorithms for Space Service volume/Lunar mission type applications
[B] Open Loop Navigation Signal Processing

Development of CMOS /BiCMOS RFIC
SAC is involved for design and development of NavIC based receiver for broad range of applications, like
Civil, Military and Space applications. It is required to develop CMOS/BiCMOS RFIC to have multi-chip
module solution along-with indigenous baseband ASIC and to have miniaturized NavIC Rx. for various
applications.
Commercial and space grade RFIC is required with the following blocks:
1) Tri band integer PLL/ Fractional PLL.
2)

Triband / wideband LNA

3)

Image reject Mixer Narrow band and wideband

4)

Variable gain amplifier

5)

Low drop out regulator

6)

Complex filter for IF range

7)

SPI interface to control the overall receiver block

8)

Multibit ADC: Multibit low power ADC is required to meet high Anti-jamming capability.
ADC specifications:
a. Bit resolution: 16 bit
b.

SFDR: 86dB

c.

Sampling clock: 50MHz

d.

ENOB: >14 bits

9) MEMs based TCXO:
Satellite application of space grade Navic receiver required high acceleration sensitive TCXO. MEMs based
TCXO can meet the 0.5 ppb/g acceleration sensitivity. MEMs based capacitive resonator is suitable choice
for space application and piezo resistive resonator can meet ground application.
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Construction and selection of balanced and near balanced Pseudorandom Sequences with
lower correlation values and large linear complexity
To utilize the PRN sequences in the field of satellite navigation, it is desirable the sequences have low
values of out of phase ODD -auto correlation and ODD cross correlation as well. Sequence with longer
length or time period greater than few milliseconds are often partially cross correlated in a navigation
receiver. To establish a method for selection and to search a set of candidate codes for the upcoming
navigation satellites: Considering future navigation signals there is an increasing demand of spreading
codes families of various Length, family size, and correlation properties. Following are the codes which
may be studied and new codes with optimum properties may be developed:
1)

Concatenations and Truncations of Gold codes,

2)

Weil codes with padding insertion and cyclic truncation

3)

Z4 family codes

4)

Random Codes

5)

Kasami Sequence

6)

BCH codes

7)

LDPC Codes

This work involves selection criteria determination and to compare the performance of a set of codes
against the performance parameter matrix to find optimum codes. Performance parameters for code
selection include auto- and cross-correlation histograms at various Doppler offsets, excess line weight
and values for the low delay auto-correlation functions.

Multi constellation and multi frequency GNSS positioning algorithms
Satellite Selection, triple Frequency for Ambiguity resolution, Inter system/signal/frequency bias
estimation

GNSS Security, Vulnerability, Encryption, Authentication
1) Key exchange Algorithms: IRNSS RS service involves encryption and to improve security, encryption
keys are changed regularly to avoid brute force attack and cryptanalysis from unauthorized users.
IRNSS RS receivers deployed in field will have to be communicated with changed keys.
2) Key Distribution/Key management for GNSS Strategic applications
3) RAIM, Advanced RAIM and TRAIM Algorithms
4) Spreading Code Encryption for very long code using stream/block ciphers
5) Block-chain technology for authentication/security of GNSS services
6) Geo-encryption

7) Message Authentication Techniques for NavIC
Navigation Simulators
The design and development cycle of GNSS Receivers is highly dependent on the signals provided by
GNSS Simulators right from conceptualization to product development cycle. Following are important
research area in Navigation Signal Simulation:
1)

Low cost NavIC Simulator

2)

Handheld GNSS Simulator

3)

Interference Simulator for GNSS bands
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4)

Low cost Navigation Educational Kit

5)

Seamless indoor/outdoor navigation with NavIC and other Signals of Opportunity/Technologies

Software Defined Radio (SDR) based NavIC system Development
1)

NavIC-GNSS receiver

2)

NavIC-GNSS simulator

3)

SDR for RTK and PPP

4)

SDR for Pseudolite-based navigation System.

Pseudolite-NavIC-GNSS receiver algorithm Development
Pseudolite System is ground based navigation system which may provide very accurate position within a
localized area. These are low-cost systems and can be easily integrated with other GNSS systems.
Following topics may be taken for development of new algorithms:
1)

Successive Interference Cancellation to mitigate near-far problem in Pseudolite

2)
3)

Pseudolite-NavIC-GNSS hybrid user position algorithm/EKF/UKF based algorithms
Time Synchronization algorithms

4)

Signal acquisition & tracking in Pulse-CDMA mode

5)

Pseudolite Indoor positioning algorithms

6)

Multipath mitigation algorithm

7)

Algorithms for bi-directional Pseudolite based system for Mars, Moon etc.

Differential Positioning & RTK Receiver Algorithm Development for NavIC
Differential positioning is a technique which provide cm-level accurate position and transmits corrections
from a base or reference receiver at accurately known location to a rover receiver through UHF/VHF link.
This technique assumes that both base and rover receivers are observing common set of satellites.
Differential positioning is done using both pseudo-range and carrier-range measurements. Following
algorithms may be developed:
1)

Integer Ambiguity (AI) resolution in carrier-phase measurements

2)

Carrier Phase Based Positioning

3)

Low-cost single frequency RTK receiver algorithms

4)

RTK correction generation & dissemination module in RTCM format

5)

GNSS Corrections: RTK, RTK-PPP, PPP

6)

Network RTK for India

7)

NTRIP based interface for NavIC

8)

High accuracy Post-processed RTK positioning algorithms

Precise Point Positioning (PPP) Receiver Algorithms
Precise point positioning (PPP) is a technique using Global Navigation Satellite System (GNSS) satellites
to achieve decimetre level or better position accuracy using a single receiver. This technique relies on the
availability of precise ephemeris and clock products from a network of reference receivers without using
a base station. PPP also requires a dual frequency receiver with precise carrier range measurements.
However, now a day’s single frequency PPP is also being attempted by the researchers. Precision usually
in this case means a horizontal position accuracy of 10 cm or better.
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1)

Precise ephemeris & clock product generation & dissemination

2)
3)

EKF-based PPP algorithms
Low-cost single-frequency PPP algorithms

4)

Multi-constellation PPP

5)

PPP-AR (Ambiguity Resolution) algorithms

6)

High accuracy Post-processed PPP algorithms

7)

PPP-INS positioning algorithms

8)

PPP-RTK positioning algorithms

Atmospheric Studies
NavIC L5 and S Band signals along with other GNSS signals can be used to estimation of better ionospheric
TEC and model development. These signals are useful for ionospheric scintillation studies and also for
tropospheric model development.

Ionospheric Studies Over the Indian Region
a. Real-time ionospheric TEC & scintillation map generation
b. Ionospheric Tomography model development


Tropospheric Studies
a. Tropospheric model development for Indian region
b. Tropospheric mapping function development

Other Topics
1)

Short delay Multipath Mitigation Techniques in GNSS Receivers

2)

S band interference in Satcom and Satnav applications

3)
4)

Spoofing Detection: Using Multiple antennas, Signal time of arrival
NavIC data processing in RTKLIB

5)

Robust positioning with Civilian GNSS signals.

6)

Ground Testing of Rubidium Atomic Clocks.

7)

Navigation Solution with Multi-Constellation.

8)

Ground Characterization of On-board Atomic Clock performance.

9)

Effect of Wi-Fi, 3G/4G/5G on NavIC/GNSS Signals.

10)

Design of Global Indian Navigation constellation.

11)

Cooperative & peer to peer positioning

12)

Positioning for Autonomous systems (robot, drones, marine vehicles)

13)

Time to First Fix (TTFF) reduction in GNSS receivers

14)
15)

Assisted NavIC
Design and development of NavIC Data Post-processing Tools (GAMIT, Berneze, RTKLIB like
s/w)

16)

Design of NavIC Advisory generation and dissemination (like GPS’s NanU)

4.2.2. GNSS Applications
recision Agriculture:
India is an agricultural country. Produce of agricultural products can be optimized using GNSS techniques
such as RTK and PPP. Following algorithms/solutions may be developed:
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1)

RTK based precision agriculture solutions

2)

PPP based precision agriculture solutions

Mobile Application Development


The availability of NavIC enabled mobile phones will provide improved accuracy and availability as
these mobile phones use all-in view (multi-constellation) based processing. Besides GNSS, other
sensors in the mobile phones can aid in improving accuracy as well as availability of position solution
in the places with weak or blocked GNSS signals. Mobile applications can be developed for fusion of
GNSS and sensor data for location based services.



NavIC-GNSS mobile App for location based services using GIS map



Mobile-based train tracking App for Railways



NavIC/GNSS based Navigation App for blind/physically impaired person



Android Studio based positioning using raw NavIC/GNSS observables



NavIC/GNSS Anomaly reporting

Scientific Applications
The following research activities may be suggested for scientific applications of GNSS. One may extend
this work in future for finding the cloud dynamics and even for hydrology. This, however, is possible
when the measured data is highly dense in nature. With more precision in measured data, it may also be
utilized for finding the cyclonic condition and movements. Especially, NavIC S-band signals may be very
useful for weather studies. Also, networked GNSS data may be utilized for earthquake research and hazard
mitigation. Data from available network over India, may be collated, in one hand to find the crustal
movements, while the post-earthquake signatures on ionosphere may be studied, on the other hand, to
identify and index the strength of the earthquake and its extent.
1)

Modelling Equatorial TEC perturbation

2)

Forecasting of ionospheric Scintillation

3)
4)

Integrated Water Vapour (IWV) estimation using GNSS
Cyclone tracking & Precipitation prediction

5)

Seismic studies using TEC

Other Applications
1)

Marine Applications

2)

Disaster Management using GNSS & GAGAN

3)

NavIC/GNSS based navigation for UAV

4)

GIS application involving NavIC/GAGAN and Bhuwan

5)

GNSS based spacecraft attitude determination

6)

Application/software for vehicle parking system

7)

NavIC based biometric bracelet

8)

Low Cost Surveying and Land Record Mapping using NavIC & GAGAN Receivers

9)

GNSS for Smart City

10)

IRNSS Messaging based Applications

11)

Timing Applications of NavIC
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ANTENNA SYSTEMS
Antenna Systems Group (ASG) is involved in the design and development of antenna systems for satellite
(communication, navigations and remote sensing) and ground applications.
Antenna for microwave sensor includes the development of unfurlable cassegrain optics based multi beam
reflector antenna and its feed assembly for RISAT-2B, development of active phased array antenna for
RISAT-1A and RISAT-2A, microstrip array feed antenna dual frequency sweep SAR for NISAR,
Sequentially rotated PIFA antenna at VHF for AIS payload, development of 2.5 m shaped cassegrain dual
reflector antenna for QV band ground station. Apart from these project requirements, new assymetric
waveguide slotted array antenna for RLV mission and multibeam antenna Multi Feed per Beam Antenna
(MFBA) topology is also designed and delivered. ASG is also involved with the design and development
of miniaturized active and passive antenna systems for NaVIC system and its associated front end
assembly. In satellite communication payload development, Ku-band shaped gregorian reflector antenna
for GSAT-31/30, tri-band helix array antenna for IRNSS, multiple beam antennas for GSAT-20, steerable
antennas for GSAT-7A , Q/V band antennas have been developed successfully.
As part of technological development program, ASG is developing flat panel metasurface antenna utilizing
TFT array technology for ka band high throughput satellite terminal, 0.7m dual reflector antenna for
SOTM, broadband TE21 based dual polarized conjugate matched feed for compensating the cross
polarization, design and simulation of dual band beam waveguide antenna for proposed ground telescope
at THz band, wideband Vivaldi antenna for calibrating SAR sensor, GNSS reflectometry antenna for
Antarctica expedition, single element antenna at P band for Airborne SAR and design of rectenna for
SBSP for converting RF power into DC. ASG is also involved with the design and developement of dual
band stacked patch antenna for MOM-II and GPR antenna for Venus mission as part of interplanetary
mission. Some of the development of SAC are showcased below. There are few technologies in which
SAC is interested to invite research proposals from Indian academia.

Metasurface Holographic Antenna for beam scanning using TFT array and Liquid crystal material
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Ka-band Communication cum Tracking Feed for Ka-band hub
stations

Q/V band Antenna

Ka-band Feed Cluster with profiled horns generating multiple beams , GSAT-20

Communication cum Tracking Feed for GISAT Ground Reception Antenna
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VHF band Moopole antenna for AIS payload

NavIC Antennas for L1/L5 bands

Triband L1/L5 and S-band Array
antenna for IRNSS payload

Wideband Antenna for ELINT application

Research Areas in the field of Antenna
5.1. Multi-feed per beam (MFB) Feed Cluster Design for Multiple Beam Antennas
Multiple beam antennas are the current trend in HTS satellites from GEO orbits. Currently the satellites
are configured with multi aperture (3 to 4 reflectors) single feed per beam (SFB) reflector antennas.
Reduction in number of reflectors can be achieved with multi feed per beam reflector antennas (One for
Tx, One for Rx). These MFB multiple beam antennas can achieve similar performance compared to multi
aperture SFB’s with additional complexity in feed sharing and associated feed component chain. The feed
chain consists of directional couplers, hybrids, phase shifters, polarizers. SAC is interested in developing
various types of coupling mechanisms of orthogonal dominant mode couplers in feed cluster
configurations, while orthogonality between different feed clusters are maintained. The interested bands
are Ka, Ku, C-bands of satellite communication.

5.2. Partially Reflecting Surface (PRS) focal plane feed array for multiple beam
antennas
Multiple beam antennas are the current trend in HTS satellites from GEO orbits. Currently the satellites
are configured with multi aperture (3 to 4 reflectors) single feed per beam (SFB) reflector antennas.
Reduction in number of reflectors can be achieved with PRS feed array reflector antennas (One for Tx,
One for Rx). The PRS to be designed to have a higher edge taper, stable phase centre over the band &
good return loss performance. The PRS focal plane feed array for transmit band should also handle high
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power in terms of power handling and multipaction in vacuum environment. SAC is interested in
developing various types of PRS surfaces for illumination of reflector antennas at S, Ka, Ku, C bands. Use
of metasurface may also be explored in enhancing the bandwidth of antenna

5.3. Wide angle Scanning with Low scan loss Rotating Reflector antenna systems
Beam scanning is required for data relay satellite systems to communicate with ground and other satellite
systems. The scan angle is of the order of ± 14 ° with a typical antenna beam width of 0.3 °. Conventionally
this requirement is met by a two axis gimbaled antenna system with rotary joints. Aim is to develop a
reflector only rotation antenna system having the properties of low scan loss and wide angle scanning.
Literature study indicates bifocal and multifocal single or dual reflector antenna systems can be potential
candidates. Preferred antenna band is Ka-band.

5.4. Contoured Beam Microstrip Reflectarray Antennas at Ku and Ka-bands.
Microstrip reflectarray antennas have the advantages of reflector antennas and microstrip antennas. The
bandwidth limitations of microstrip reflecarray can be handled with elements having reflection phase in
multiples of 360 degrees. The requirement is to develop a contoured beam phase synthesis technique for
reflectarray antenna. SAC is interested in RF design & development of a Ku-Tx-Rx band Contoured beam
reflectarray antenna system.

5.5. Membrane based planar array antenna for onboard applications
There are requirements for development of material to build membrane based planar array antenna to
cater in C-band and S-band applications for interplanetary missions. The research proposals are sought on
the development of such membrane antennas which can address high efficiency, bandwidth, power
handling capabilities and stowing and deployment features.

5.6. Gap Waveguide based Feeding Network
The interest is in development of high efficiency planar array antenna systems at higher frequencies viz.
Ka, Q/V band and mm wave frequencies with advanced technologies like GAP waveguide array antennas.
Gap waveguide antenna systems has the advantage of easy fabrication with conventional techniques and
comparable loss with its waveguide counter parts.

5.7. Design and Development of antenna systems based on Graphene technology
Reconfigurability in antenna systems near terahertz frequencies can be achieved through graphene
technology by changing the surface conductivity, resistivity and surface impedance properties. The
interest is in developing antenna systems at THz frequencies using graphene material. The interested areas
are beam scanning and frequency agility. Moreover, research proposals are also invited for usage of
graphene technology for enhancing the antenna performance at Ka-band applications.
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5.8. Antenna Measurement using Time Domain Method to Mitigate Multipath
Reflections
The research problem involves the use of Antenna Time-Domain Measurement Technique employing for
radiation pattern measurements and applying suitable algorithms to mitigate multipath reflections.
Simulation modelling is required to be developed to compute the reflected wave from nearby scatterers
and then minimize these with proper selection of pulse width, duration, rise time etc. The proposal shall
include the development of software gating algorithm as well as its implementation for the development
of hardware gating controller to mitigate the limitation in dynamic range. This technique is essentially
required to carry out measurements at low frequencies viz. UHF so that it can avoid the need of large size
absorbers at such low frequencies.

5.9. Machine Learning in Antenna design
Machine learning can provide accelerated antenna design process while maintaining high accuracy levels,
with a minimization of error and time saving, along with a possible prediction of the antenna behavior, a
better computational efficiency and reduced number of necessary simulations. In smart antenna arrays,
the objective of the graceful degradation of the beamforming and beam steering performance, can be
achieved by reconfiguring the array when an element is found to be defective. This reconfiguration can
be obtained by optimization using Machine learning and Support Vector Machines (SVM). SVMs are a
good candidate for the solution of antenna array processing problems such as beamforming and the angle
of arrival estimation, because these algorithms provide superior performance in generalization ability and
computational complexity.

5.10. Far field Mathematical Absorber Reflection Suppression (F-MARS) for
Antenna Test Ranges
The development of MARS algorithm for suppressing the effect of reflections in antenna test environment
mainly due to absorber layout and the change in incidence angle. Algorithm need to be developed
considering the Far-field antenna test facility, its positioners and other control instruments. These ranges
are to be modeled and ripples in the measured Radiation pattern (Both amplitude and Phase) are to be
minimized. Modelling of chamber absorber layout and the mechanical Pedestals being used for Antenna
Mounting are to be modeled and computation of regular/irregular sampled data followed by suitable
equivalent multipath level (EMPL) technique to obtain data in regular grid with upper bound uncertainty
level. Reflections in antenna test ranges can often be the largest source of measurement error within the
error budget of a given facility.
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ELECTRO-OPTICAL SENSOR TECHNOLOGY
Electro-optical (EO) imaging systems for Earth and planetary observations have significantly evolved in
the recent years. More than fifty state-of-the art EO sensors have been designed and developed by Sensors
Development Area (SEDA) at Space Applications Centre (SAC), Ahmedabad for various high resolution,
multispectral, and hyperspectral imaging missions. SEDA is engaged in EO sensor system design and
engineering, design and development of focal plane detection system, electronics systems, assembly,
integration, testing (AIT) and performance characterization of integrated imaging systems.
The system design and engineering discipline focuses on system configuration studies, EO sensor
modelling and simulation studies, proto type development, spectral and radiometric characterization of
subsystems and integrated imaging system, design and development of precision calibration sources
encompassing visible to IR spectrum, in-orbit performance assessment, design and development of optical
communication systems, data analysis and trouble-shooting during the development phase.
SEDA is actively engaged in design and development of exotic focal plane detection systems for various
ISRO mission comprising of long array CCD detectors, area array detectors, multi-array Time Delay and
Integration detectors, APS CMOS detectors, low noise scientific detectors, etc. In addition, many IR
detection focal planes (IDDCA) have also been designed and developed for various ISRO missions. The
research in this field involves studying device physics, designing various pixel architectures leading to
custom design of detectors, electronics circuit designs to meet operational requirements of detectors,
design and development of detector test benches, performing extensive EO characterization of detectors,
design and development of flight model focal plane systems and testing, etc. There is major thrust on
indigenous design and development of detectors for upcoming ISRO missions with involvement of
academia, national and global foundries.
The EO sensor image quality is primarily determined by the performance of optical system. The optical
system of EO payloads have significantly evolved in recent years. SEDA has designed and developed high
performance optical systems with primary apertures as high as 1.2 meters. SEDA is also engaged in
indigenous design and development of metal mirrors, convex gratings, filters, opto-mechanical structures,
etc. Tremendous research opportunities exist in the field of design and development of optical systems for
spaceborne that include sparse aperture systems, high performance imaging interferometers, thin film
development, volume holographic grating, aspheric and freeform optics, computer generated holograms,
liquid mirrors, etc.
Electronics systems play a pivotal role in any spaceborne optical imaging chain. They cater to the
requirements of detector drive, video processing, data handling, image compression, on-board control and
bus management, active thermal management, power conditioning, interfacing with spacecraft
mainframe elements etc. Robust design, miniaturization, usage of state-of-the components,
programmability, on-board intelligence are some of the approaches adapted in the realization of sensor
electronics systems. This field offers tremendous research opportunities in terms of design and
development of generic electronics systems, system on chip based on-board computers, embedded
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processors, soft IP cores, standardized interfaces and Logic, memory, high speed data handling systems,
on-board compression, soft IP core development, FPGA, ASICs, hybrid components, low noise, high
efficiency power systems etc.
Assembly, integration and testing (AIT) of EO sensor is a very complex and involved process. AIT ensures
a zero-defect imaging system hardware with high image quality performance. AIT calls for development
of various systems and methods for performance estimation, optimization, characterization, in-orbit
performance assessment, analysis of huge amount of data generated during various test phases, fault
detection and prediction, test setups, interface characterization etc.
AIT requires sophisticated test setups for simulation of spacecraft mainframe elements, high speed data
acquisition and analysis, support variety of interfaces such as CAN bus, Camera link etc. , SEDA is engaged
in design and development of precision ground checkout instrumentation for payload testing. Various
research opportunities in this field to design and develop high end data acquisition systems, command
and control systems, test protocols, generic setups, data analytics tools, etc.
SEDA looks forward to a very fruitful association with academia to work on many potential research and
development opportunities in the field of EO sensor design, focal plane detection systems, optical systems,
electronics, AIT and ground checkout instrumentation. Some of the research opportunities are discussed
below:

6.1. EO Sensor System Design, Simulation and Characterization
6.1.1. Development of physics-based models for simulation of Electro-Optical Sensors
Design and development of EO sensors is a very complex process and requires a thorough understanding
of the system behaviour and assessment of its possible outcomes before one embarks on the development
of physical system. A physics-based model of EO sensors can significantly help in understanding and
visualizing performance aspects and also extensive trade-off studies. The model shall capture the
functional/behavioural characteristics of various subsystems such as optics, detectors, electronics and also
shall account for various instrument effects arising due to their complex interplay at highest abstraction
level. The model shall help in simulating final data/images for a proposed EO sensor configuration to
enable visualization and quantitative assessment of instrument sensitivity to the design
parameters/system, environment/on-board processing/viewing geometry, etc. Based on the model a
software tool needs to be developed that should interface with COTS design software systems in
Optical/Mechanical/Electrical domain and available RT models for atmospheric effect simulations. In
other words, an end-to-end model shall be developed starting from simulation of ground targets,
illumination conditions, observation geometry, intervening medium/atmosphere, at-sensor radiance,
sensor characteristics, boundary conditions (under which the sensor is performing) leading to digital
counts. The input scene to the sensor model can be typical laboratory targets, actual ground 3D targets or
images acquired from the other sensors. This is an exciting research field and will help in the development
of a comprehensive model and simulation tool for upcoming ISRO missions.
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6.1.2. Design and development of on-board calibration system for absolute calibration of EO
sensors
Extensive pre-flight absolute calibration of EO sensors are carried out in laboratory for establishing the
transfer function of the EO sensors. However, due to launch loads, in-orbit operating environment, and
natural aging process of its components, the sensor characteristics tend to change. This has significant
impact on accuracy of Digital Number (DN) to radiance conversion process, which in turn affects the
remote sensing parameter retrieval accuracies. Hence, it is important to design and develop appropriate
on-board calibration system(s) for periodic calibration and updation of the sensor response function to
ensure desired accuracy in DN to radiance conversion. The calibration system should ensure both
radiometric and spectral calibration from visible to IR spectral region. These sources can be passive or
active. Research is invited in the areas of design and development of on-board calibration sources e.g.
Blackbody for IR calibration (high emissive nano-particle coating), diffuser plate for VIS/NIR calibration,
doped diffusers or active sources for spectral calibration. These systems are required to be compact and
stable over long period of time. This can significantly help in improving the accuracy of payload data.

6.1.3. Design and development of a proto-type LIDAR system
Light Detection and ranging (LIDAR) measures distance or characteristics of the target by illuminating
that target with a laser light. A narrow laser-beam can map physical features with very high resolutions.
Typically, light is reflected via backscattering. LIDAR can be used for ranging, surface profiling and
atmospheric studies (clouds, aerosol and wind). Suitable combinations of wavelengths can allow for
remote mapping of atmospheric contents by identifying wavelength dependent changes in the intensity
of the returned signal.

A LIDAR typically comprises of a transmitter chain, receiver chain and associated electronics. Critical
components of LIDAR system are high power laser system (100mJ or more with pulse duration of ~10ns),
large aperture collecting optics (>1m aperture size), detection system (time gated photon counting,
interferometry, etc.). Research opportunity exists in design and development of high power continuous
and pulsed lasers, large optical apertures, focal plane based on time gated detectors and interferometry
systems leading to proto-type development of LIDAR system.
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6.1.4. Image Simulators and Algorithms for Characterization of Imaging Sensors
EO sensors undergo extensive pre-flight testing and performance characterization to ascertain sensor
behaviour and demonstrate performance compliance against specifications. Currently, static targets such
as bar targets, slits, and flat field targets are used as input scenes for the EO sensor testing and
characterization. However, this limits test capability in terms of temporal, spatial, and spectral variations
in the scenes that an EO sensor sees in the actual remote sensing scenes. Research opportunity exists for
design and development of synthetic scene simulators to generate dynamic scenes for EO sensor testing
and characterization. Digital Mirror Device and Digital Light Processing can be potentially used for
generating Multi-spectral and Hyper spectral scenes. The research in this field involves design and
development of hardware and software system for generating suitable synthetic scenes having required
dynamic variations, development of methods/algorithms for EO sensor performance estimation using the
sensor output and evaluation in terms of image quality metrics, etc.

6.1.5. System configuration and simulation studies for Sparse Aperture telescope
The angular resolution of a traditional telescope is diffraction-limited and is given by 1.22λ/D, where λ is
the wavelength and D is the size of the optical system aperture. However, the optical system aperture is
limited by the current glass-making technology and the cost involved. In order to overcome this limit,
the technique of optical synthetic aperture have been reported in the literature. The optical synthetic
aperture consists of several telescopes (as shown in figure below) with smaller apertures, phased in a
manner to generate an equivalent large aperture.

Common Secondary Mirror

Multi Telescopes

This emerging field offers significant research opportunities in terms of studying feasible system
configuration, perform extensive simulation studies, develop advanced processing techniques for
generating improved resolution imagery from the acquired data, etc. The research will lead to
development of a small-scale prototype for demonstration and validation of design and processing
techniques.

6.1.6. System design, simulation studies and control system development for Segmented mirrors
based EO sensor
A segmented mirror is an array of smaller mirrors designed to act as segments of a single large curved
mirror. The segments can be either spherical or asymmetric. They are used as objectives for large
reflecting telescopes. To function, all the mirror segments have to be polished to a precise shape and
actively aligned by an active optics system using actuators built into the mirror support cell. In this
research field opportunity exist to study feasible system configuration, develop simulation model, design
66

Sponsored Research

and develop metering, actuation and control systems to maintain the segments in required shape and
orientation to get the desired performance. This research aims to develop a small-scale prototype for
demonstration and validation of the involved technology elements, and processing techniques.

6.1.7. Extending Super Resolution concept to Spectral Domain
Extraction of finer spectral resolution information from Hyper-spectral Imagery, given a large number of
relatively coarser resolution images with overlapping spectrums. Similar to super-resolution imagery, if
data is collected with a given spectral bandwidth, but with finer spectral sampling compared to the
bandwidth, then it should be possible to generate images having narrower spectral bandwidth. The scope
of the work includes development of models and simulation studies to demonstrate the concept and also
develop a proto-type system to study hardware implementation aspects.

6.1.8. Design and development of Active cavity radiometers
Active cavity radiometers (ACRs) is one type of pyrheliometer used for measurement of direct beam solar
irradiance. It is an electrically self-calibrating, cavity pyrheliometer used to measure total and spectral
solar irradiance. They can be suitably tuned for measuring radiation from UV to IR spectral region. These
radiometers remain stable over long duration and thus can be used as a calibration standard for relative
calibration of uniform illumination sources or spectro-radiometers. Various research opportunities in the
field includes studying active cavity radiometers, define feasible system configuration, perform extensive
simulation studies and develop a proto-type model for demonstration.

6.1.9. Long range 3D imaging using flash LIDARs
3D Flash LIDARs have emerged as a potential imaging sensors for real time terrain mapping, 3-D
measurements, guidance and navigation to support in rendezvous and soft landing missions, etc. A 3D
flash LIDAR provides depth information of objects in the scene in addition to their 2D spatial distribution.
The technological elements in 3D flash LIDARs involve Laser head, receiver optics, focal plane unit and
electronics system with embedded image processing techniques for 3D measurements etc. This research
envisages design and development of a proto-type 3D flash LIDAR imaging systems that involves system
configuration studies, simulation studies, realization of small scale proto-type with COTS components,
development of electronics system with embedded processing capabilities, performance characterization
and field studies.

6.1.10. Design and development of high-resolution imaging system with active optics correction
elements
High resolution imaging system generally employ large aperture optical systems and are generally affected
by launch loads and orbital environmental conditions, which induces large amount of aberrations effects
leading to loss of MTF in the acquired images. Active optics correction systems enable corrections of these
deformations using an actively controlled optical surface in the telescope chain. The proposed study aims
to design and develop an active optics correction based EO sensors for future missions.
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6.2. Focal Plane Detection Systems
6.2.1. CCD and CMOS sensor fabrication process modelling and simulation studies
CCD and CMOS image sensors are mainstay sensor technology employed in spaceborne imaging systems.
State-of-the-art imaging systems require custom development of these sensors. Sensor fabrication process
and device modelling and simulation studies are very important milestone in the development of these
sensors. SEDA has developed a dedicated modelling and simulation lab for design of these sensors as it
allows more leverage to meet custom requirements. The lab is equipped with various simulation tool kits
such as Technology Computer-Aided Design (TCAD) and MATLAB etc. The research opportunities
include modelling of CMOS and CCD based optical image sensor fabrication process to estimate key
performance parameters such as quantum efficiency, cross talk, sensitivity, dynamic range, charge
handling capacity, etc.

6.2.2. Modelling and simulation studies on Superlattice structure-based SWIR and MWIR sensors
Infrared imaging detectors are increasingly being used in the focal plane of spaceborne imaging systems
as it offers unique opportunities for variety of remote sensing applications. SEDA has taken up modelling
and simulation activities for design of exotic sensors operating in SWIR, MWIR and LWIR spectral range.
Research opportunities in this field includes TCAD and MATLAB modelling of Type-II superlattice
structure for sensitivity in IR ranges, development of methodologies for higher temperature operation by
suitably modifying stack to reduce dark current and development of techniques for enhancement of
Quantum efficiency beyond 50%.

6.2.3. Design and development of high power NIR and SWIR LASER modules
Spaceborne LIDAR systems are gaining attention of the remote sensing community as it offers variety of
applications in surveying, geodesy, geomatics, geomorphology, seismology, forestry, atmospheric physics,
laser guidance, and laser altimetry etc. One of the important elements in the LIDAR system is high power
LASER system. Currently SEDA is exploring design and development of the of high-power NIR & SWIR
laser modules. The research opportunities include design and development of laser head, amplifier
circuits, pump sources, drivers, diffractive optical elements, cooling system etc for long distance 3D
measurement and flash LIDAR applications.

6.2.4. Thermal Background modelling for integrated IR detector cooler assembly (IDDCA)
Thermal background is one of the major sources of noise and offset in the IR detector system. Hence, it is
important to estimate thermal background flux in the IDDCA to implement effective thermal control
system. The research opportunities include development of physics-based model for estimation of thermal
background in a given IDDCA configuration using various software tools such ray-tracing tool, thermal
analysis tool, result visualization and quantitative estimation in Labview/Matlab etc. These modelling
efforts will help in understanding the source of thermal background and enable improved design of
IDDCA and the imaging system.
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6.2.5. Design and development of drive circuits for CCD sensors
The research opportunity exists in design and development of CCD based image sensor drive circuitry for
minimization of noise floor and clock induced charges. The design shall adopt different circuit design
techniques for shaping CCD clocks (-10V to +15V, drive capacitance: 500pF, frequency: 10MHz) for
maximization of stable video and reference sampling zones.

6.2.6. Design and development of Photonics Integrated circuits (PIC) based system on chip
System-on-chip significantly helps in integrating various image sensor circuit function in a very small
footprint, thereby saving resources on payload/spacecraft. The research focuses on design and
development of integrated circuits for clock and data multiplexing / demultiplexing, modulation/
demodulation, laser driver, laser and photodetector, packaging of imaging detector with PIC based chipset
to miniaturize focal plane detector proximity electronics.

6.2.7. Design and development of High speed Event detector
The research focuses on design and development of CMOS image sensor pixels for automatic thresholding,
target detection and tracking applications. Fast occurring events could be observed by identifying them
within the pixel at analog level by using programmable thresholding circuitry. The pixel level circuitry
initiates readout by raising appropriate flag. Such flags help row – column circuitry to readout events of
interest at high frame rate, up to 50kHz. Once of the possible application could be automatic detection
and radiometry of lighting events.

6.2.8. Development of process flow for CMOS chip debug
The research opportunities exist in the de-processing, micro-surgery, hot electron imaging active microprobing, and IR microscopy, etc for debugging of CMOS chips. After we fabricate any chip, it is quite
challenging to debug possible problems areas (design, fabrication, assembly, integration, packaging and
testing) if it does not meet the desired performance. We have to develop some of the chip debug tools to
be able to debug complex chips. These sort of tools and technologies would also help to identify possible
reasons for yield reduction.

6.2.9. CMOS pixel process development at 180nm
The research opportunities exist in Pinned photodiode-based pixel (7 to 50micron pitch) development to
meet charge handling requirement from 30ke to 3Me. This research will lead to development of pixel
process for TDI CMOS focal plane arrays.

6.2.10. Packaging of Infrared detector arrays for multispectral application
This research focuses on development of techniques using industry for butting of smaller arrays to form
large arrays, integration of filter / cold shield / lens, assembly of detector onto cold table mounted with
flexible thermal link for cooling down to 50K and minimization of thermal load by utilizing new
interconnect materials.

6.2.11. Design and development of Ultraviolet detectors based on wideband gap semiconductors
Photon detectors based on wide band gap semiconductors have recently garnered considerable attention
due to its suitability in development of highly sensitive ultraviolet detectors. The scope of research
includes comprehensive review of literature in the field, understand the mechanism of these sensors,
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inherent advantages and disadvantages of those detectors, explore suitable materials for producing these
detectors, etc.

6.2.12. Development of curved sensors
Curved image sensors have emerged as novel technology that can decouple the traditional constraints
between field-of-view (FOV), resolution and image quality. Usage of curved sensors relaxes the stringent
imaging performance requirements on the optical systems at extreme fields. Many research groups are
working on the device fabrication technologies. The scope of the research in this field is to explore various
fabrication process technologies, carry out design and simulation studies for pixel architecture for curved
sensors, address issues/challenges in the field and attempt to develop proto-type curved sensor for
characterization studies. This research will lead to adaption of such curved sensors in the future
spaceborne missions.

6.2.13. Metamaterial based absorber surfaces for image sensors applications
Metamaterial structures have attracted substantial attention due to their ability to obtain desired effective
permittivity and permeability by carefully designing its structure. It has resulted in the discovery of exotic
phenomena such as negative refraction, cloaking, perfect absorption etc., which are not possible with
ordinary materials. Broadband metamaterial absorber shows a promising prospect in applications such as
controlled reflectors, solar cell, infrared detection. Junyu Li, Haoran Zhou et al have developed deep
subwavelength plasmonic metamaterial absorbers for infrared detection (CLEO 2019 © OSA 2019). In
this study, a metal-insulator-metal based infrared plasmonic metamaterial absorber consisting of deep
subwavelength meander line nano-antennas(MLAs) based array was fabricated and experimentally
demonstrated the absorption from 11 μm to 14 μm with a pixel pitch of 1.47 μm. Plasmonic metamaterial
absorbers (PMAs) are arrays of subwavelength-spaced metallic nano-objects (also termed as optical
antennas) whose primary function is to concentrate the propagating light into regions much smaller than
the wavelength and efficiently dissipate the optical energy into heat via localized surface plasmon
resonances (LSPRs). The proposed research aims to explore CMOS compatible metamaterial absorber
structure, simulation of absorption characteristics of these materials, explore fabrication feasibility, etc.

6.3. Design and Development of Optical Systems
6.3.1. Optical systems using freeform surfaces
Freeform optics offers more degrees of freedom to optical design that can benefit from a compact package
size and a large field of view for imaging systems. The introduction of freefrom optical surfaces in a space
instrument offers the possibility to improve its performance, its volume and weight or a combination of
both. Motivated by the advances in modern optical fabrication and metrology, freeform optics has found
place in many applications. The freeform mirrors are manufactured by diamond turning based on a
feedback modification strategy.
Freeform optics involve optical designs with at least one freeform surface which, according to the ISO
standard 17450-1:2011, has no translational or rotational symmetry about axes normal to the mean plane.
Integration of freeform optics and surfaces into imaging systems remains a major challenge. However, the
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new degrees of freedom introduced by freeform optics designs are the driver to overcoming these
challenges. These additional degrees of freedom enable many potential advantages, including system
miniaturization, reduced component count and even entirely new optical functionality that will have a
profound effect on the optics industry.

Example of optical system using freeform
optics

Research activity that can be taken up is to utilize freeform surfaces to design future telescopes with wide
field of view. One particular study can be carried out to show how the freeform optics can be used to
miniaturize/improve the performance of an optical system. Another interesting research activity is the
fabrication and testing of free form surfaces ( IR/ Visible range). One such example of miniaturization
using freeform optics (XY polynomial) is shown in the following figure.
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6.3.2. Chalcogenide optics in dual-band IR Applications
The development of dual-band IR sensors that image both MWIR and LWIR on the same image plane
challenges the optical designer to create refractive lens systems with one aperture. In the past, classic
materials such as Ge and ZnSe have been combined with more exotic materials such as barium fluoride
(BaF2) and gallium arsenide (GaAs) to focus light across a wide range of IR wavelengths. Material
limitations create unique challenges for wideband chromatic correction. Existing and new formulations
of chalcogenide glasses provide additional indices of refraction and dispersion characteristics for
chromatic correction as well as thermo-optic properties for athermalization. Chalcogenide glass is an
increasingly important tool for the optical designer, providing a versatile material for many applications—
from thermal imaging to hyperspectral imaging. The properties of these amorphous glasses are useful over
a broad spectral range, from the near-infrared (NIR) at 700 nm well into the LWIR spectrum.
Chalcogenide glasses consist of mixtures of the Group 16 elements selenium (Se), sulphur (S), and
tellurium (Te), and various Group 14 and 15 elements such as arsenic (As), germanium (Ge), tin (Sn), and
others. These glasses are well suited for imaging in the IR regime because of their high transmission, low
dispersion, and low refractive-index change with temperature. By changing concentration ratios, glass
properties can be tailored for index of refraction, dispersion, glass transition temperature, and other
properties. This gives the optical designer or the lens manufacturer more freedom than traditional IR
materials. As traditional IR materials such as Ge and zinc selenide (ZnSe) rise in cost, the use of
chalcogenide glasses is becoming more widespread. Chalcogenide materials offer substantial savings today
in both the raw material cost and in fabrication methods such as molding technology. They also provide
numerous benefits to systems with stringent specifications. There are many sources for chalcogenide
glasses, including Vitron GmbH (Jena, Germany), SCHOTT North America (Duryea, PA), and IRradiance
Glass (Orlando, FL), which produces a number of glass types along with custom melts.
Rochester Precision Optics developed moulded micro- and nanostructures in chalcogenide glasses. The
optical properties of chalcogenide optics can be altered by nanoscale surface textures. Antireflective
structures that reduce reflectance significantly reduce glare and improve transmission.
Unlike a thin-film coating that creates interference effects, nanostructures are not bandwidth-limited.
Hybrid structures have demonstrated performance over dual-band regions (3–12 μm), showing promise
for future applications such as high damage threshold for lasers, super hydrophobicity, and antifogging.
While these functionalities have been shown on the development scale, there are still great challenges in
developing industrial fabrication methods that can reduce the cost of such nanostructured materials.
This rapidly evolving world of high-volume, low-cost IR optics, along with the expansion of extremely
demanding dual-band IR applications, has created a requisite for use of chalcogenide glasses. Chalcogenide
materials have the ability to be altered and provide optical and systems designers many more options than
historic IR material offerings without compromise.
The scope of the proposal is as follows:


Study of feasibility for use of chalcogenide glasses for spaceborne remote sensing application.
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Design of dual band IR common optics using chalcogenide glasses that will image both MWIR
and LWIR on the same or different imaging sensors.



Collaboration with indigenous industry and universities for realization of Chalcogenide optics via.
Fabrication, assembly and testing for achieving the desired performance goals.

6.3.3. Adaptive test techniques for Aspherics and Freeform surfaces
During the manufacturing of optics, the in-process (i.e., not-yet-completed) optical surface must be
accurately measured to correctly guide the iterative fabrication process. The customized null element
makes the process time taking and costly.
Also, for interferometric surface form measurement of final freeform surfaces the measurement is limited
by the Nyquist criteria, which is often encountered due to large slope of freeform surfaces.
To overcome this, one of the current techniques is Adaptive interferometric null testing method
The adaptable null component may be a Spatial Light Modulator or Deformable Mirror.
1) Test set-up using deformable mirror

When an unknown test optic is first inserted into the metrology system, non-ideal (e.g., partial)
interference fringes could be observed.
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Next, the DM is driven based on the results from the algorithm recovering near-null interference fringes.
This creates an online null condition for the freeform surface. The interferometer measurements, along
with the results from the Deflectometry System are combined to produce the final surface shape data.
The algorithm, that is used for fringe restoration will be heavily influenced by the merit function which
is provided as the required target. A smart choice of this merit function will result in a quicker and more
efficient convergence (to the ideal or threshold value).
Limitation of the method: DM has limited range of stroke of actuators and can only compensate mild free
form departures.
The DM will be developed and characterised by industry/academia, which can further be integrated in to
the test set up at SAC. The other important part of the test set up i.e. Deflectometry system used to monitor
the DM surface can be developed jointly by SAC & academia.

6.3.4. Test set up using Spatial Light Modulator
The DM-based null test is adaptive and economical compared to CGH; however, DM has limited range of
stroke of actuators and can only compensate mild free form departures.
A high-definition (i.e., >1080 pixels, <5 μm pitch) spatial light modulator (SLM) circumvents the
limitation of the DM.
The phase conjugation algorithm is additionally utilized for turning resolvable fringes into null ones.
Finally, local severe surface figure error is extracted from the SLM phase and the null test result by reverse
optimization based on ray trace model.

TDP is already going on. Collaboration may be sought on development of algorithm. The commonly used
algorithms for such applications are widely used in Machine Learning applications. Some of the algorithms
are

74

Sponsored Research

 Stochastic Parallel Gradient Descent
 Simplex Optimization
 Genetic Algorithm
 Simulated Annealing
Simulation can be carried on supplied data and later verified experimentally at SAC.

6.3.5. Tilted Wave Interferometer
The use of aspheric and freeform surfaces becomes more and more important in the design of modern
optical systems. These surfaces offer additional degrees of freedom to the optical design, allowing to
improve the optical imaging as well as to reduce the number of surfaces needed for an optical design.
However, testing of such surfaces is still a difficult task. This issue can be addressed using the technique
of Tilted Wave interferometer. TWI is non-null, full-field interferometric measuring technique for
aspheric and free-form surfaces with a new degree of flexibility. The interferometer uses a set of tilted
wave fronts to locally compensate the deviation of the surface under test from its spherical form. Also
since its non-null technique, hence the costly optics is not required for testing. The main difference of
this approach to the scanning type interferometers is that the acquisition of the data is highly parallelized,
since all test wavefronts are applied to the surface in only four steps. Further, the surface under test (SUT)
does not have to be moved during the measurement process. Both these advantages lead to a very short
measurement time of far under a minute.

Schematic setup of the interferometer. L: Laser source; BS1, BS2: Beam splitter; C1, C2, C3, Lens; PSA:
Point source array; AA: Aperture array; M: Mirror; O: Objective; SUT: Surfaces under test; A: Aperture;
IO: Imaging optics; C: Camera.
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Tilted Wave Interferometry

Aspheric surface with clear aperture of 40mm and 800µm / 5° deviation of the best fit sphere.
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Measurement of aspheric surface by TWI (left) and comparison measurement by CMM (right)
The surface has a strong astigmatic shape of about 1mm deviation from the spherical form. The marks
from the diamond-turning tool are clearly visible in the measurement.

6.3.6. Optical Design of telescope for space observatory for study of Exoplanets
Planets that orbit around other stars are known as Exoplanets. Exoplanets are very hard to see directly
with telescopes. They are hidden by the bright glare of the stars they orbit. Therefore, indirect methods
such as radial velocity, transit photometry/spectroscopy and timing variation methods are used to detect
exoplanets. In some cases, direct imaging method is also used to find exoplanets.
The telescope to study exoplanets can consist of a single instrument (eg. CHEOPS of ESA) or a cluster of
instuments (eg. HabEx of NASA). The design options include Ritchey-Chritien (RC) or a three mirror
anastigmat (TMA) design followed by science instruments. The spectral range of these telescopes
generally include ultraviolet (UV), visible and near-infrared (near-IR), shortwave infrared (SWIR) and
sometimes midwave infrared (MWIR) regions. The telescopes include both imaging and spectroscopic
capabilities. Stray light suppression using effective baffling is very important as the faint light from
exoplanets should not be suppressed by any other light coming from earth or stars. Research in this field
is invited for the development of optical systems for upcoming exoplanet missions.

Comprehensive
baffling system to
suppress straylight
(CHEOPS)
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Optical schematic of telescope assembly with instruments (proposed in HabEx)

6.3.7. Design and development of Volume Holographic Grating (VHG)
VHGs are widely used in ground based astronomical spectrometers with moderate to large diameter
telescopes ranging anywhere between 8 meters to 10 meters. These have also been extensively used in gas
sensors where spectral peaks with very narrow bandwidths are required to match with gas absorption
spectra. They are suitable for both ground and spaceborne applications. Considering the major advantage
of higher number of grooves/mm and consequently finer spectral bandwidth of few picometer, the VHG
have been used in multiple global space missions like Sentinel 3A and Rosetta etc. This research proposes
design, fabrication and characterization of a plane/curved VHG for spaceborne imaging spectrometers for
astronomical observations and environmental monitoring.
The fabrication of VHG basically involves writing of a typical pattern by optical interference between
two coherent laser beams (reference and object beams) superposing in a photosensitive material making
fringes in the material by means of a periodical variation of the refractive index (i.e. a sinusoidal profile)
throughout the volume of the photosensitive material. The technique enables writing 600 to 6000
grooves/mm on a substrate diameter upto 850 mm.
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Scope of the research
a. Modelling of the grating with peak efficiency at required wavelength mainly catering to VNIR and
SWIR, fabrication and characterization.
b. Indigenous/ in-house development of the holographic exposure system to record fringe pattern of
desired frequency and orientation using photo-polymer coated plane/curved glass substrate.
c. Indigenous / in-house development of photo-polymer or gelatin like films.
d. Development of a suitable processing technique so that modulation pattern is accurately reproduced
after a wet-dry processing cycle.
e. Exploring feasibility for space usage and carrying out related testing.

The interferometric techniques, c) recording material
6.3.8. Computer Generated Holograms (CGH)
Aspheric and freeform optical surfaces are frequently used in spaceborne/airborne sensing instruments as
they help in reducing the number of optical components in the system, thereby reducing the size and
weight of the sensing instruments. Aspheric surfaces are usually tested using null interferometric testing
methods: either refractive (null lens) or diffractive (Computer generated Holograms). A Computer
Generated Hologram (CGH) is produced via computer synthesis, where the object does not exist
physically but it is expressed in mathematical terms. CGH’s can generate any shape of wavefront including
freeform. Two types of CGH’s are used: Amplitude CGH (chrome pattern on glass) and Phase CGH
(Pattern etched on glass). High precision and high resolution CGH’s can be fabricated using
microlithography technologies like electron beam lithography and laser beam lithography. These
microlithographic techniques are common in semiconductor industry for integrated circuits (IC)
fabrication.
Scope of the Research:
a. Resist (e-beam or photo resist) coating,
b. Electron beam / Direct Write Laser (DWL) Lithography for resist patterning,
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c. Resist development, Metallization (E-Beam evaporation),
d. Lift-off or Wet Chemical Etching for Amplitude CGH and Glass dry etching for Phase CGH.

6.3.9. Design and development of Strip Filters in VNIR spectral range.
Strip filters are interference filters. The strip filter assembly can be developed using butcher block
technique. In this the filter strips catering to different spectral bands are glued together to form an array.
Using the coating facility (SYRUSpro1110) at thin film lab SEDA, the required band pass filter (B1-B4)
coatings will be developed. These filters are then diced into strips of required widths using the dicing
facility in the lab. Four filter strips belonging to different bands (B1-B4) will then be glued together to
form the filter arrays. These activities can be carried out at SAC.
In order to use it on board, one needs to block the stray radiations at the junction of the strips, for which
masking coating needs to be applied, which also defines precisely the clear aperture of each filter strip.
For this purpose, we need to use lithography followed by masking coating deposition followed by dry
etching. At present these facilities are not available in the lab, hence the facilities available at other
institutions can be utilized for this purpose.

6.3.10. Development of band pass filters with controlled thickness variation across the filter length.
The interference band pass filters are sensitive to angle of incidence. Not only the central wavelength
shifts due to angle but also the shape and transmission changes at higher incidence angles. This becomes
more significant in case of narrow band pass filters. In optical payloads with large field of view, it becomes
almost mandatory to design the tele centric optics in order to minimize this effect. This in turn makes the
design very complicated and may require aspheric components, which are difficult to fabricate. In order
to reduce spectral shifts due to large angles, a band pass filter can be design to compensate for this shift
by introducing controlled variability in the filter thickness. The variability can be introduced by designing
the appropriate masks, which will be filter specific. By replacing conventional filters by these variable
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filters, the optical design can be made very simple. The design of these filters will be done in house.
Development of the controlled thickness variation of the coating across the filter will be taken up in
collaboration with Academic institutions.

6.3.11. Development of IR filters
For payloads, involving IR imaging we need filters catering to the spectral range from 3 – 15 microns.
The proposal is to design the filters in house and get it coated with the help of institutions within India.
At present, the thin film lab does not have the facilities to develop the coatings in the IR spectral range.
These activities can be taken up with the help of other institutions within India.

6.3.12. Development of Rugate Notch Filters
Notch filters are optical filters that selectively rejects a portion of the spectrum, while transmitting all the
other wavelengths. Notch filters based on the principle of optical interference can be fabricated using
Rugate dielectric stack, which provides high reflection in a narrow wavelength region and high
transmission outside.
These filters act as mirrors for a narrow band of wavelengths. In the free space optical communication as
well as in space based detect ability and identification of submersibles. In this high energy, LASER pulse
is transmitted from ground based station towards a space based mirror that scans over a specific oceanic
area looking for returns from underwater objects. These filters can replace the reflectors. This will reduce
the background noise, as they will only reflect the narrow band of wavelengths around the LASER
wavelength. They are also useful in the RAMAN spectroscopy and fluorescence based imaging.

6.4. Electronics System Design and Development
6.4.1. Development of Integrated Circuits for Harsh Environment Operation
Harsh Environments are defined as environments, which are characterized by high/low temperatures,
extreme vibration loads, harsh chemical environment, high radiation etc. The electronics or systems
required to operate under such harsh/extreme conditions have application such as in aircraft engines,
automotive, oil-well drilling and space exploration like near to Sun and planets like Venus where the
surface temperature is appx. >400C. Hence there is a requirement of development of electronics and subsystems (both commercial and space) which can operate under extreme environments.
Present technology used in development of integrated circuits are mostly Silicon which is suitable for
reliable operation when the temperature is <150C. The other technology Silicon-On-Insulator (SOI) can
operate upto temperatures <300C. Hence, these ICs are susceptible to damage in high temperature and
radiation environment and hence require additional distancing and shielding, thereby putting restrictions
to where these circuits can be placed.
Recent developments have shown use of wide bandgap (WBG) semi-conductors like Silicon Carbide (SiC),
Gallium Nitride (GaN), diamond etc. These materials have shown tremendous resistance to harsh
temperature and radiation. Development of an integrated (like SiC-CMOS) circuit technology enables
development of integrated circuits which are stable in harsh environments.
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The benefits are improved reliability, reduction in size / weight and power for cooling systems (which are
typically required when conventional electronics (Si or SOI) is used) and possibility of direct sensing and
control systems in harsh environment.

6.4.2. System Modelling and Controller Development for IR Payloads
Various control systems are used in IR payload for controlling the temperature of various Optomechanical elements. IR detector requires temperature control of IDDCA cold tip, detector window,
Blackbody and other elements within few mK accuracy and stability.
There is a need to develop an executable model of the system including the plant using first principle
methods or other methods (using experimental data). MATLAB or other modelling tools can be used for
developing the executable model.
Methodology:
1. In first principle method, equations governing the working principle of the plant are developed.
Consideration to material properties and interfaces are given to develop accurate relationships
between controlling variable and controlled variable.
If information related to operation of some blocks are not available, field data (experimental data)
can be used to model these blocks.
2. Above models are simulated and Controller is tuned and optimized for best performance in terms
of overshoot, rise time, settling error and stability.
3. Additional logic e.g. safety logic can be included for protection against over current / voltage.
4. Controller architecture algorithm should be selectable / programmable.
5. This PID controller is to be implemented in Micro-controller/FPGA. To achieve this translation
from the system level model to HDL or C language is required. This can be achieved using C Code
or HDL coder toolboxes or similar tools/ methods.
6. Generated HDL/C Code are simulated and compared against the results from system level model.
7. Final validation is done by doing Hardware in loop tests with the actual FPGA/Micro-controller.

6.4.3. ASIC: Design, Simulation, Fabrication and Modelling
The scope the activity covers Analog, Digital and Mixed signal ASIC design, simulation, verification,
layout, tape-out and fabrication. The main motivation is miniaturization and indigenization of electronics
in the form of low power ASICs and ROICs with objective of integrating multiple functionality in a single
device. The ultimate goal is to integrate individual blocks to realize “System on Chip (SOC)”. Some of the
ASICs, but not limited to, are multi-channel Analog Front end device for detector signal processing, High
data rate Serializer-deserializer, High precision low noise multi-output voltage reference, programmable
bias generator and regulators (negative and positive), Bipolar high speed high capacitive CCD clock drivers,
IR detector ROICs, multi-channel temperature controller, switches etc. Design and development of
radiation hardened library covering standard cells and devices is also covered under the scope. ASIC
modelling either software or based on implementation in FPGA/microcontroller of various ASICs to be
part of various system level simulations and optimizations is also envisaged.
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6.4.4. Modelling of Special Components, Interfaces, Hardware
Modelling of various state of the art mixed signal devices, detectors, interfaces etc is envisaged. Font-End
design (detector proximity electronics) of an electro-optical payload faces lot of constraints w.r.t system
requirements, detector used, real estate availability, harness routing, mechanical design, optical ray
diagram, thermal requirements, grounding scheme, hardware in the vicinity etc. Also almost all electrooptical payloads are unique for each mission w.r.t above constraints and it becomes impractical and nonoptimal to use a common standardized design for front end electronics. Hence development of various
models of components, detectors, interfaces taking into account mechanical constraints, layout, routing,
signal integrity, thermal issues, pcb size, circuit topology, grounding scheme, hardware in the vicinity etc
needs to be developed. The development of this kind of integrated model will help in better understanding
of the system performance at early stage and faster realization of the hardware.

6.4.5. Generic Multi-Channel Front-End and Digital PID Controller with actuator interface ASIC
for Temperature Control
Electro-optical payload cameras have many elements like detector, calibration source, optical elements
etc. which need stabilized temperature for proper functioning. Range of temperature depends on system
engineering, physics involved in device working and overall mission performance specification. Passive
cooling is popular and simpler method for temperature control. Cooled object (achieved through deep
space radiative coupling) is heated using close loop system to maintain defined temperature. In this
scheme, Thermistor or Platinum Resistance Thermometer (PRT) are used as temperature sensor. Foil
heater of required capacity are used as actuator. Control is either based on On/Off method or PID method.
Other type of temperature control uses active cooling where very low temperature (<200K, cryotemperature) is to be achieved. This approach uses transistor Vbe to sense cryo-temperature. Linear or
BLDC motor is used to achieve cooling. Actuator drive signal is 50Hz AC sine wave or Two/Three phase
pulses.
In general, any digital domain based temperature controller has (a) Temperature Sensor (b) Signal
conditioner (c) Digitizer (d) PID or On/Off control logic (e) Interface control signals for actuator driver
(f) Driver for actuator excitation. ASIC proposed for blocks (b), (c), (d) and (e) is multi-channel (typically
eight) independent temperature signal conditioning channel ASIC, with versatile and generic design,
planned to support multiple application of temperature control. Offset and gain control in signal
conditioner blocks is required to allow temperature control using PRT and Thermistors. 3 PRT, 3
Thermistor and 2 Transistor based channels are planned. Digital interface (LVCMOS/LVDS) is planned
for actuator driver control. 2 On/Off actuators control, 4 PID actuator control and 2 motor actuator
control are planned. Digital PID controller should be programmable using CAN or any other interface
for adaptability to multiple applications.
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Proposed for ASIC Development
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6.4.6. ASIC development of Generic N-channel MOSFET drivers and PWM generator with
integrated Current and Hall Effect sensing mechanism and sigma delta ADC
The main objective of development of this ASIC is complete indigenization of space grade motor drive
electronics. Generic design of MOSFET driver is aimed for half bridge control. The ASIC envisaged also
has integrated current sense amplifier, hall effect sensing, PWM generator and ADC. N-channel MOSFET
drivers are mainly used in NMOS based drive circuits of stepper motors, BLDC motors, Cryo-coolers etc.
A MOSFET driver is a type of power amplifier that accepts PWM signals and produces a high current
(>1A) / high voltage (>10V) drive input for the gate of a high-power transistor (such as power MOSFET)
with fast switching frequencies (>100KHz) and dead time (~500ns).
Current sensor amplifies a small differential input voltage developed by the current flowing in a sense
resistor at the load side. The processing circuit processes the electrical signal generated by Hall Effect
sensor or resolver output. Modern Sigma-delta converters offer high resolution, high integration, low
power consumption, and low cost, making them a good ADC choice. Multi-channel delta sigma ADC is
required for processing control parameters e.g. Load current, voltage etc. The Independent PWM
Generator (switching frequency > 100KHz) block is required to generate pulses for carrier-based pulse
width modulation converters. The block can be used to fire the MOSFETs of single-phase, two-phase,
three-phase bridges. PWM resolution of >10 bit is preferred. PWM generator shall provide internal or
external reference input for modulation and shall have a bypass option for providing input from external
FPGA/uC. An uncommitted (low bandwidth, precision) op-amp is required, so they can be tuned based
on the application. The gain resistor of op-amps should be external to allow the buffer and filtering of
required signals. Typical specifications and block diagram of the ASIC is as below.
Typical Specifications:



4 High and 4 Low side outputs
>1A drive per output



High side voltage/bootstrap voltage > 50V



Programmable dead time up-to 500ns



3 Current sensors



4/8 channel sigma delta ADC, >12 bits, >100ksps



6 bi-level inputs for Hall sensors



Resolver interface (optional)



Optional Buffered PWM inputs (3.3V or 5V)



In-built PWM Generator with bypass option



PWM resolution: better than 10 bits




PWM frequency > 100KHz
Duty cycle range: 5% to 95%



Un-committed Op-amp (BW- 1MHz, typical)



Serial programming
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Block Diagram:

6.4.7. Reconfigurable System-On-Chip based solution for satellite on-board computing
High speed computing has always played an important role in on-board data processing and control. Onboard computing has been represented mainly by the on-board computer (OBC), which is the kernel of
the On-Board Data Handling (OBDH) system that is central to the overall satellite design and its
operations. The OBDH system is an integral part of the satellite platform and in many missions extends
to comprise various elements of payload electronics. In future missions, there is need for advance
technologies that can be achieved via miniaturized multi- System-on-Chip (SoC) processor designs.
Now a day, the increasing requirements of on-board reconfiguration and on the fly programming
capability, system-on-a-programmable-chip (SoPC) designs has emerged as a major enabling technology.
It is envisaged that the application of the SoPC concept to on-board computing will result in radical
improvements and unleash new capabilities. In addition to the benefits of SoC design, such as reduction
of size, complexity and cost, it can provide the means to build flexible and modifiable on-board computing
systems. The SoC platform can be configured to meet different mission requirements.
The SoC on-board computer (SoC-OBC) consists of mainly soft IP cores, programmable gate arrays
including the LEON/ARM processor and multiple peripheral devices. A purpose-built Direct Memory
Access (DMA) controller handles the data transfers between the peripheral cores and the main memory.
The AMBA AHB and AXi buses is for interfacing of high-performance system modules. The AMBA APB
bus supports peripheral functions with minimal power consumption and reduced interface complexity.
The CAN, HDLC, SpaceWire and space fibre network interface controllers and the EDAC block are
typical components and interfaces for use in space.
Designing On-board Computer consisting of programmable system on chip hardware is really challenging
and this will provide the common miniaturized hardware platform for multiple missions along with
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providing seamless solutions and flexibility of programming, controller, data processing and standard
interfaces.
Scope of Research:
 Design and development of On-board computer hardware encompassing mainly Programmable
System on chip(PSOC), Rad hard FPGA, high end memories and all standard interface
CAN/Spacefibre/Serdes/LVDS interfaces along with SI and PI analysis with industry collaboration.


Soft cores IP design for standard interfaces and Logic



Standard Memory DDR2/3, ONFI controller designs.



External peripheral interfaces design &development.



Embedded processsor/LEON/ARM processor interface with FPGA.



Onboard partial n selective configuration.



Space fibre codec n network design and development.

6.4.8. Real time image processing in on-board Space systems:
Target detection and tracking has gained significant importance in many applications, including optical
communication, inter-satellite communication, motion detection, reconnaissance and surveillance in
which the major is to reveal trajectories of the targets. Considering the recent developments, many
electro-optical systems are in need of full automation for achieving this task. Therefore, many multitracking algorithms include two fundamental stages as the automatic, time independent detection of targets; and association of the detections in the temporal space. Problems remains to be challenging mainly
due to unknown and changing number of targets; noisy and missing observations; interaction of multiple
targets. Moreover, all these challenges are needed to be solved in a time efficient manner for real-time
applications in space systems.
Scope of Research:
a. Study and implementation of object detection algorithm for low SNR targets and its real time
implementation in on-board FPGA hardware
b. Tracking algorithm development: Kalman for tracking and trajectory prediction.
c. Study/development of Optical Flow algorithm for planetary landing.
d. DSP based real /near real time data processing for signal analysis and image processing.
e. Real Time decision making for Landing System.
f.

Machine learning techniques along with computer vision techniques need to be studied and
implemented for the targets required for obstacle detection, landing site and surveillance.

g. Real Time Operating System (RTOS) optimisation for on board I

6.4.9. Power supply systems for Space missions
Payloads for Remote sensing and planetary exploration missions require state of art Power Supply
electronics to cater to various requirements of Camera Electronics sub systems. These Power Supply
Electronics requires to meet several stringent requirements such as multi-output voltage lines in range
3.8V to 24V, very low noise (≤20mV), high efficiency (>70%), EMI 461E complaint, inbuilt input power
protection and output short circuit protection.
The following technologies are of particular interest in future Power Supply electronics development
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a. Very Low noise (≤5mV), Low power (<10W), highly efficient (>80%) complying with EMI 461E
standard, space grade isolated power supply /module.
b. Multi-output (3 to 4 voltage lines in range 3.8V to 24V), high efficiency (>80%), Medium Power (25W
– 100W), Low noise (≤15mV) complying with EMI 461E standard isolated space grade power supply
c. Development of Hybrid Micro Circuit (HMC) based miniaturised dual output (+3.8V and +5.6 V) DCDC converters with high efficiency (>75%), medium power (> 30 W), inbuilt EMI filter and having
EMI/EMC compliance to MIL-STD-461E.
d. Development of housekeeping and protection circuitry in the form of HMC to monitor and protect
power supply electronics from various fault conditions such as Overvoltage and under-voltage
protection, Over temperature protection, Overcurrent protection and Output Short circuit protection
e. Development of Rad-hard non-isolated synchronous buck converters for wide input voltage (1030VDC), adjustable output voltage (from 3V to 80% of Vin) and high output current ( >10A).

6.5. EO sensor System AIT and Performance Characterization:
6.5.1. Design and development of smart test setups:
Test setups help in simulating spacecraft mainframe interfaces, control and command of the sensor, and
data acquisition for performance evaluation. Currently, test setups are custom developed for each EO
sensor considering its interface, functional and operational requirements. However, in view of the
upcoming demand for variety of EO sensors, there is a potential scope of research and development for
smart test setups for EO sensor testing. The smart setups are easily reconfigurable to cater to variety of
sensors, they have fault tolerant designs, and are self-calibrating to enable faster turnaround time and
ensure precision measurements of EO sensor performance parameters.

6.5.2. EMI analysis and mitigation techniques
During AIT, various electronics subsystems, test setups and associated harness assemblies exhibit complex
interplay and results in a complex EMI environment. This causes various random and fixed pattern noises
in the EO sensor data, which can significantly impact radiometric quality of the imaging sensor. Hence,
it is very important to identify the potential noise sources and develop suitable mitigation techniques.
This offers a research opportunity for design and development of EMI analysis tool, which accounts for
various noise sources in the sensor chain including electronics component level noise, crosstalk, signal
coupling effects, ground noise coupling, engineering noise coupling, etc. and helps to analyse complex
EMI scenario, identify the noise sources and help in developing suitable mitigation techniques. Available
COTS software modules can be suitably used in the proposed analysis tool.

6.5.3. Development of new methods for EO sensor performance evaluation
SNR and MTF are two key performance parameters that are used as performance markers for comparative
studies. Many methods exist for performance evaluation in terms of MTF and SNR, however, considering
the stringent requirements of EO sensor performance in upcoming future missions, many new methods
are required to be developed. This offers significant research opportunity in this field. We need to develop

88

Sponsored Research

efficient, simple and robust methods for SNR and MTF measurements. Also, study shall identify new
performance markers and develop suitable methods for its implementations.

6.5.4. Thermal analysis model of harness assemblies
Thermal analysis of EO sensors and spacecraft systems are carried out to evolve suitable thermal design
and implementation approaches. Generally, thermal analysis of all electronics subsystems are carried out
to evolve suitable thermal implementation scheme. However, thermal modelling and analysis of harness
assemblies are generally ignored, although they are passive dissipating element in every spacecraft system.
Thermal modelling of harness assemblies is very critical as it helps derive rerating specifications, avoid
potential arching conditions, helps in improving performance of thermal control system.

6.5.5. Design and development of machine/deep learning methods for payload test data analysis
Large amount of data is acquired during ground testing of EO sensors. These data sets help in analysing
EO sensor performance under various operating and environmental conditions. However, analysing huge
data sets to bring out minute but potential performance degradations is very difficult with traditional
approaches. There is an opportunity to develop machine learning techniques to analyse large amount of
data acquired for various EO sensors.

6.5.6. Machine Learning Techniques for Fault Diagnosis using TM data
Complex EO sensors employ large number of interconnected subsystems to perform imaging task. The
performance of all subsystems are monitored through the large number of telemetry (TM) channels such
as voltage, current, temperature, timing information, configuration details etc. TM data is acquired during
ground testing and also during in-orbit phases resulting in huge amount of TM data. These TM parameters
allow designers to monitor the health of the sensor. Machine learning techniques can be developed to
analyse the large amount of TM data to observe even subtle performance deviations that can help in
diagnosing the faults in the operations of EO sensors.

6.5.7. Development of harness embedded panels for plug and play AIT
Interconnection harness constitute an integral and important part of the EO sensor and satellite system.
Various electro-mechanical constraints in implementing the harness interconnection calls for significant
efforts in the design and development of EO sensors. Literature survey shows innovative concept of
harness embedded panels, which significantly helps in saving precious volume on resource constrained
satellite systems. We envisage to develop such harness embedded panels for Indian remote sensing
sensors. In this arrangement harness is run within the panel thickness and connectors are available on top
and bottom surface of the panel as end points for package interconnection. The proposed research work
involves exploring innovative design of harness embedded panels, structural analysis, usage of smart
materials and proto-type development, etc.

6.5.8. Development of efficient algorithm for image reconstruction for compressive imaging
sensor
Compressive imaging (Optical domain compression) is an emerging field that allows design and
development of single pixel camera systems for imaging. Significant efforts have been reported in the
literature for development of single pixel camera systems as an alternative to current commercial cameras.
However, not much study has been carried out in exploring the feasibility of developing a spaceborne
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imaging system architecture based on optical domain compression. Currently, we are working on a single
pixel camera architecture for spaceborne applications. The research opportunities exist in development of
efficient algorithm for image reconstruction using the images acquired by a compressive imaging sensor
and carry out extensive bench marking against available methods.

6.5.9. Development of robust image quality metric and suitable methods for its estimation using
in-orbit images
In-orbit image quality evaluation of EO sensors is a continuous evolving research field. This research work
envisages development of a robust image quality metrics and suitable methods for its estimation from inorbit images.

6.5.10. Development of methods for accurate estimation of SNR and MTF from in-orbit images
EO sensors undergo extensive ground testing during development phase. However, post launch
performance deviations are generally observed due to various instrument effects due to launch loads and
orbital environmental conditions. On-board and vicarious calibration methods are employed to assess the
in-orbit SNR and MTF performance of EO sensors. However, the achieved accuracies in deriving
performance parameters always suffer from limitations either from measurements or the methods itself.
The proposed research work will first study the available methods and suggest new approaches for
accurate estimation of these performance parameters.

6.5.11. Development of techniques for quantitative estimation of MTF contributions from various
elements in the EO imaging sensor chain
In-orbit images generally suffer from MTF degradations due to instrument behaviour in the orbital
conditions, platform vibrations and jitter, and atmospheric conditions. Extensive characterization is
carried out in laboratory using standard targets and also in-orbit using stellar and various calibration
targets. It is important to quantitatively ascertain MTF contribution from each elements of the imaging
instrument to understand anomalous behaviour (if any) of one or more elements using the laboratory data
and in-orbit images. This research work envisages development of methods/techniques to quantitatively
measure/derive MTF contribution from each element in the EO sensor chain. Also, extensive validation
studies to be performed using available EO sensor data.

6.5.12. Design, development and characterization of Spacefiber interface-based data transmission
board
Spacefiber interface is an emerging technology for transferring huge amount of data running up to 40
Gbps and can have multiple channels for increasing the data Tx rates. The interface protocol is based on
Spacewire. The Spacefiber protocol has wires or fibres as physical layer for data transmission. This
research work envisages comprehensive study of Spacefiber interface, design and development of a breadboard functional model and extensive characterization of the developed data transmission board.
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6.6. Ground Checkout Systems for EO Payload Testing:
6.6.1. Computer based Multichannel High Speed Digital Data Acquisition System
High Resolution EO cameras generate high speed data (of the order few Gbps). Evaluation of these
cameras during various phases of testing, calls for design & development of High Speed Digital Data
Acquisition System. Data Acquisition System receives incoming digital data from payload and transfers
it to the computer. Data Acquisition System comprises of Data Formatter, Data Acquisition Modules
installed in the computer and Data Acquisition Application. Data Formatter receives the digital data from
payload over multiple chains with required electrical interface (LVDS, SERDES), formats it and transfers
packed data to Data Acquisition Modules. Acquisition application acquires data from Data Acquisition
Modules.
Out of different options for transferring the high speed data to computer, Camera link interface based
transfer is one suitable option. Camera link interface supports high data transmission rates (2.04 Gbps for
BASE mode, 5.44 Gbps for FULL mode & even higher for extended FULL mode configuration) & can be
used to transfer very high speed data from Data Formatter to computer. Camera link’s transmission
method requires fewer conductors to transfer data. Hence it reduces the hardware components,
interconnecting cables and simplify the Data Acquisition System configuration.
Design & development of High Speed Data Acquisition System which involves Data formatter (Data Input
– Multi channel, SerDes interface) along with the Data Acquisition Application can be taken up for data
transfer rate upto 4.0 Gbps using camera link i/f in-house which will be very useful during the testing of
High Resolution EO cameras.

6.6.2. Comprehensive Automation of Test Benches
Automation of Spectral Response Measurement (SRM) test bench using a Bentham mono-chromator has
been very successful and because of the same, the spectral characterization for all payloads works
smoothly and effortlessly.
Complexity of the payloads have increased which demands more and more testing and that too repeatedly
in different conditions. The 1553 bus based TC and TM systems simplify the tasks and have been
implemented and are successfully working. Integrated testing becomes a laborious process when carried
out by the test engineers and has chances of errors.
A scheme is proposed which has a generic architecture to combine instrumentation, data acquisition,
parametric evaluation and a final output generation. The 1553 bus based instrumentation provides both
the TC and TM functions. Tele-commands issued can be verified thru the telemetry for the confirmation.
Synchronized data acquisition request can be made, followed by data processing to compute a set of
parameters. This process is repeated for all modes of operations of the payload under a given test condition.
At the end of execution of all operations, post-processing can be carried out over the data-set. Such
instructions can be combined as a macro and executed as and when required.
For Microsat-2A (LWIR and MIR) payload calibration, there was a requirement to acquire and record the
data of all seven exposures for different temperature settings ranging from 180K to 340K. To cater to this
91

Research Areas of SAC

requirement, automation feature was developed for payload commanding to change the exposure, acquire
and record the data and generate the results simultaneously. With the automation, the task could be
completed with about a factor of three improvements in timings as compared to manual task.
This shall be an in-house development with the participation of focal persons from integration team,
software and instrumentation developer for one test case project.

6.6.3. Knowledgebase Creation and Information Extraction
A huge database of information is available for all E/O payloads developed so far by SEDA. This
information contains automatically archived test results, TM data, raw data, logs and manually uploaded
documents. The information is structured at sub-system level and project level under categories such as
Results, Issues, Discussions and Solutions. This will provide contents for to create a knowledge base for
future generation projects. An interface on top of this, using Natural Language Processing (NLP)
techniques can be developed. This interface shall accept the queries in human-understandable natural
language and provide answers by processing the information.
Academia has subjects related to Information Retrieval, Data Mining and alike under broad topic of
Artificial Intelligence. Students from academia can be involved in the projects.
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MICROWAVE SENSOR TECHNOLOGY
From a humble beginning in mid-1970s with the launch of Satellite Microwave Radiometers (SAMIR)
onboard Bhaskar-I/II; in present day, microwave remote sensors developed by ISRO are at par excellence
with its peer sensors of other space agencies. In the field of microwave remote sensors, ISRO has been
growing consistently in the last three decades during which many major milestones have been achieved.
During these years there has been requirements of multifold increase in microwave sensors applications
which has resulted increase in demand of various multiband radiometers, RADAR imaging SAR payloads,
single/dual band scatterometers, altimeters and sounders ranging from UHF band to terahertz.

RISAT-1 C band SAR

GPR

Airborne DMSAR
These microwave sensors are adding valuable scientific information particularly in the atmosphere, ocean
and land application for both Earth observation and scientific and interplanetary mission. To meet the
user requirements of microwave payloads it is essential to keep the pace of technological advancement in
all sphere of building blocks including Transmitter, receiver and power electronics and digital acquisition,
data processing & control, fabrication technologies etc,. Space Applications Centre has taken lead in
developing technologies required for microwave sensors over last three decades. The first RADAR
imaging satellite RISAT-1 was launched with host of new technologies in 2012. There after the need was
envisaged to develop more thematic based microwave payloads. Therefore Occeansat-2 Ku band
Scatterometer, Megha Tropiques MADARS, C band Airborne sensor DMSAR were developed.
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X band MiniSAR

RISAT-2B X band SAR

ARC

Ku band Scatterometer

During last three years six new payloads were developed successfully meeting requirements of different
users. These payloads include the development of constellation of three X band SAR (i.e. RISAT 2B, R1,
R2), L& S band Polarimeteric SAR and Ka band RADAR (KaRa) altimeter for orbiter & lander of
Chandaryaan II, Airborne dual band L & S SAR for joint air Campaign of ISRO-NASA, and SCATSAT-1
for deriving global ocean wind vectors. RISAT-2B satellite, first in the constellation of 3 Radar Imaging
Satellites, proved excellence in radar imaging area with successful realization of various indigenous
technologies like ferrite switches, Radial Rib Antenna system, high power GaN based pulsed switches and
butler matrix, high speed digital acquisition and processor. RISAT-2BR1, the second Radar Imaging
Satellite in the 3 Satellite constellation was realized in a short span of six months from the launch of
RISAT-2B and its performance in orbit is commendable. Looking into excellent performance of Ka band
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Altimeter of Chandryaan II it has become technology marvel which has been inducted in both Reusable
launch vehicle and Gaganyaan mission.

DFSAR for Chandrayaan-2 Orbiter

Ka band Radar Altimeter

L & S band Airborne SAR

RISAT-1A is a follow on of RISAT-1 mission with almost similar configuration and improved
technologies. RISAT-1 was launched on 24th April, 2012 with indigenously developed, first spaceborne
SAR of ISRO. The onboard C-band SAR payload provides valuable data to the user community for a gamut
of applications -agriculture (crop forecasting and monitoring), disaster management, urban planning and
many more. All the major operating modes of RISAT-1 are retained except for FRS-2, which was operated
in quad-pol burst mode. This is now replaced with more advanced Full-Polarimetric Mode in which H &
V-polarized pulses are transmitted interleaved with each other, while meeting the PRF requirements
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individually. This mode is considered as the gold-standard of polarimetry and comes at the cost of increase
in data-rate and reduction in swath and range-coverage. RISAT-1A is expected to be launched in 2020.

RISAT-1A C band SAR
Towards interplanetary program various sensors are being developed like Ka band Altimeter for
Chandryaan 3, Radiometer , SAR and Ground penetrating RADAR (GPR) for VENUS, Lunar and MARs
mission. Currently SAC is involved in the development of Ku band high resolution scatterometer
(Oceansat III), S band SWEEP-SAR as part of joint mission of NISAR (NASA-ISRO SAR) dual band SAR
for cryosphere and ecosystem. Apart from this effort are being carried out in the indigenous development
of wide band ARC (Active RADAR Calibrator), ferrite switches, GaN and MMIC based transmit/receive
core chips, frequency generators, onboard processors, Power ASIC, Digital and mixed signal ASIC, LTCC
based compact T/R modules, etc. SAC is also venturing into development of complex technologies in the
new area i.e. Terahertz Telescope and associated technologies required for the study of outer space and
galaxy from space and ground based telescope.

ARC deployed in Antartica
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Research area identified in the microwave remote sensors area are give in detail in the next section.

7.1. Research Areas in the field of Microwave Sensors
7.1.1. System Study & Analysis


Simulations and system studies to improve the Scatterometer spatial resolution, wind speed
range with a target of multi-frequency configuration



Study of different quantization schemes that can be applied to SAR data that can help in data
rate reduction. Also an impact/tradeoff study of the same using simulated/available SAR data
keeping in mind different applications such as polarimetry/interferometry/crop classification.



Software for GPR return signal simulation providing flexibility of changing Soil properties
(including soil mixtures as well as layering), variable transmit signal properties (Pulsed/ SFCW)
as well as different antenna response.

7.1.2. Transmitter and Receiver technology
Microwave transmit and receiver team has developed various technologies/components/subsystems
required for the development of RADAR, Altimeter, scatterometer, humidity/temperature sounder and
radiometer for current and future mission of earth observation and planetary program. In this section
highlights of the same is given along with the proposed research areas under Respond. There are three
areas sub-section of this section namely
1. Microwave Transmitter & Receiver Technology
2. Millimeter/Submillimeter & Terahertz sensor technology

7.1.3. Microwave Transmitter & receiver Technology
High Power RF Subsystems
For the development of Transmitters for various Microwave remote sensing payloads, many state of the
art RF design and development activities, have been carried out in recent years, which have been
successfully utilized in many of the delivered and ongoing payloads. To mention a few, major successfully
completed in-house developments are:


GaN based Dual-Pol Pulsed Transmitters for Chandrayaan-2 SAR.



GaAs High power MMIC power amplifier development at C and X-Band with an output
power of more than 12W required for C-Band and X-Band SAR payloads.



Ferrite based circulators and switches for various payloads.




X-Band 8x8 Butler Matrix.
X-Band 250W GaN Solid State Power Amplifiers.

GaN based Dual Pol Pulsed
Transmitter for Chandrayan-II

C-band 15W MMIC PA
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250W GaN based Pulsed SSPA

Ferrite based Circulator Switch
Assembly

Apart from above GaN MMIC Power Amplifier design and development activities have also been taken
up and are at advanced stage.

7.1.4. In-house developed MMICs
Wide spectrum Multi-function MMICs from DC to W-Band namely Low Noise Amplifier, True Time
Delay Shifter, Digital Attenuator, Digital Phase Shifter, Sub-Harmonic Mixer, Voltage Controlled
Oscillator, Multi Throw Switches, High Power Protection Switch, Multipliers,
Multifunction Core Chips
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7.1.5. Indigenously developed LTCC based Trans-receive Integrated Modules:
Transmit Receive Module are the basic building blocks of an active phased array antenna providing
transmit signal, high power amplification and receive signal low noise amplification with digitally
controllable amplitude and phase in both transmit and receive paths.

C-Band Dual Polarized Transmit Receive Integrated Module with two TR Module (V & H Pol.) with insitu TR controller in single Package. TR Module realized using indigenous GAETEC Chipset, SAC
Designed MMIC High Power Amplifier, Low Noise Amplifier and SAC Fabricated LTCC Substrate
S band Transmit Receive Integrated Module (TRiM) comprises of SAC fabricated LTCC Module having
Transmit, Receive Amplification, Digitally
controlled Gain and Phase, and In-built
Switch Matrix for TRiM Calibration; High
Power Duplexer Module with Passive
Protection, and GaN based High Power
Transmit Module

7.1.6. LTCC based Receivers
S-Band Direct CM Module, a miniaturized
heterodyne Receiver is a blend of low power
RF front section LTCC Drop-in Module and
MIC

based

wideband,

high

gain

IF

amplification section in a compact size for
Down converting the received signal to IF
level.
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7.1.7. Integrated Frequency Generator and Receivers
Dual Channel Receivers (V and H polarized) and Frequency Generator of each frequency band is housed
in a single Package. Miniaturized integrated package has been realized by using Multi-Chip Module based
Gain Blocks and Direct Modulation / Demodulation technique. The salient features of this integrated
package are that it has a capability of providing High Rx Gain and Low Noise with 10W CW Protection.

7.1.8. High Frequency Transmitter and Receiver
Miniaturized & Light-weight Ka-Band Transmitter comprises of in-house designed MMIC based
Frequency Generator & Power amplifier housed in a single package. It generates 1-Watt CW Linear
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Frequency Modulated (LFM) Tx O/P, LFM LO for Receiver & Clock for Digital Systems using high
stability TCXO as reference.

Light weight, High Gain & Compact Ka-Band De-ramping receiver with wide input signal dynamic range
of-20dBm to -100dBm & 60dB of digitally controllable gainUltra-high bandwidth (>90%) BPF with
extremely low shape factor of 1.35 at very low IF of 2MHz to meet transmitter leakage rejection of 40dBc.
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7.2. Proposed Research topics on Microwave sub-systems
Following research areas are identified which can be taken up currently for future use in upcoming
microwave remote sensing payloads:

7.2.1. Collaborative work with indigenous MMIC foundry for development of GaN MMIC
foundry process with Process Design Kit
Indigenous availability of GaN MMIC foundry will be extremely useful to reduce dependence on
foreign foundries. Following GaN MMIC processes can be targeted
i. 250nm gate length process for design of mmic circuits up to Ku-Band.
ii.

100-130nm gate length process for design of mmic circuits up to Ka-Band.

7.2.2. Development of discrete GaN devices for High Power Amplifiers
GaN devices is the very much the device that is going to be backbone of power amplifiers
development, especially for space use. Collaborative work with indigenous organizations and
academia for the development of discrete GaN devices for High Power Amplifiers development
could be extremely useful. Development work involves the following:
i. Development of discrete GaN high power devices up to Ku-Band.
ii.

Development of non-linear models of these devices required for power amplifier design.

7.2.3. Spatial Power Combiner
Efficient power combining techniques for high power transmitters involving solid state power
amplifiers is very much required to improve overall transmitter efficiency and thereby reducing the
DC power requirements as well as making the thermal management easier. Especially with the trend
of small SAR payloads picking up over the globe, this becomes even more important. Spatial power
combiner development would be useful in achieving that goal.

7.2.4. Waveguide and Coaxial Electromechanical DPDT Switches: Design and development of
waveguide and coaxial Electromechanical payloads for future microwave remote sensing
payloads, involving the following scope of work
i.
ii.

Design, software modelling and simulation of waveguide and coaxial electromechanical
switches at various frequency bands, taking usage in space into consideration.
Fabrication, development and qualification of switches.

7.2.5. RF Absorber sheets for use in RF discrete, LTCC and MMIC packages
i.
ii.

Design and development of absorber sheets with specified rejection over broadband
frequency range.
Design and development of multiple absorber sheets with specified strong rejection over
narrowband frequency ranges.

7.2.6. C-type and Pi-Type line filters/Feedthroughs for use in RF packages can be taken up to
reduce dependence on foreign sources.
7.2.7. High power Waveguide Terminations at various frequency bands to provide matched
termination for high RF power at termination ports of various subsystems.
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7.2.8. Core-Chips for Transmit-Receive Module
Wideband (10% fractional bandwidth), high power Miniaturized GaAs/GaN based single chip
solution for L, S, C and X-Band TR Modules consisting of high-power protection switch, LNA, digital
phase shifter, digital attenuator, driver amplifier and power amplifier. The high-power protection
switch should be able to handle at least 10 W of input power. Digital phase shifter and digital
attenuator, each will be 6 bits with LSB phase shift and attenuation of 5.6250 and 0.5 dB respectively.
Power amplifier at all the bands should be able to deliver a minimum 12 W output power for S, C and
X-Band. L-Band power amplifier module of the core-chip should be able to deliver at least 40W output
power.

7.2.9. Multi-functional RF Module
RF-CMOS based programmable Frequency Generator and Central Receiver at L, S and C-Band in a
custom-built hermetic package. It should be tele-commandable to select the operational frequency
band. Multi-functional module should cater, for each band, a frequency generator and a homodyne
receiver. The frequency generator will have a quadrature modulator to upconverter the in-phase and
quadrature phase baseband chirp input, a minimum 125 MHz bandwidth, to corresponding
microwave frequency. The frequency generator should also generate LO signal for receiver. The
homodyne receiver of the multi-functional module should have a high-power protection switch at
the input followed by low noise amplifier. The integrated noise figure of the receiver should be better
than 4dB. The receiver should have a quadrature demodulator providing the base band in-phase and
quadrature phase output. The receiver should have a manual gain control with 30.5dB range and 0.5
dB resolution.

7.2.10. Fractional PLL Synthesizer
RF-CMOS based programmable fractional frequency generator covering frequency range from S-Band
to X-band. Integrated chip will consist of an ultra-wide band tunable VCO consisting of bank of
variable capacitors. High power output, approx.15dBm, for its direct integration with power amplifier
module of Transmitter and LO of Receiver. The reference input frequency range of the PLL should
be from 5MHz to 250 MHz. It is requested to provide an application to calculate the off-chip loop
filter bandwidth.

7.2.11. Ultra-Stable Oscillator (USO)
Design and development of USO, it should meet the stringent frequency stability requirement of < 1
part-per-trillion and output power > 10dBm. USO can be either an OCXO or a Rb clock. USO should
be followed by a buffer amplifier to reduce its frequency pulling. Operating temperature range of the
USO should be -150C to 750C.

7.2.12. Transmit and Receive Core-Chips at Ka-Band
This activity is to design and develop Transmit and Receive Core-chips using GaAs/GaN at Ka-Band.
The transmit core chip should up-convert the baseband in-phase and quadrature phase chirp input
signal to 35 GHz. Local Oscillator for up conversion should be generated in the core-chip by using
either a PLL or a convention multiplication technique. The reference frequency input should be
250MHz. It should have an output power of 1 W. Receiver core chip should consist of low noise
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amplification and IQ demodulation for de-ramping of received input. The noise figure and gain of the
receiver should be less than 5 dB and better than 85 dB respectively.

7.3. Millimeter, Submillmeter & Terahertz Sensors Technology
7.3.1. mm-wave technology development up to 200GHz
MRSA has successfully developed and demonstrated technologies for millimeter-wave radiometer
payloads working in the frequency range of 50-60GHz and 165-200GHz for Temperature and Humidity
Sounding. The developed system for Temperature Sounding Unit (TSU) was a 17-channel, total power
type radiometer at 50-60GHz, along with atmospheric window at 23.8 and 31.5GHz. The Humidity
Sounding Unit (HSU) is a multi-frequency, 6-channel, total power type radiometer at 183.31±16.3 GHz,
along with atmospheric window at 89GHz. Technological capabilities developed in-house up to 200GHz
for the same are listed below:
1. Mm-wave MMICs and associated waveguide modules at V-band (LNA and Mixers)
2. Mm-wave MMICs and associated waveguide modules at 89GHz (LNA and Mixers)
3. Mm-wave LO development at 82.8GHz & 91.655GHz
4. Mm-wave Receiver development at 23.8GHz, 31.5GHz, 50-60GHz, 89GHz & 183GHz
5. Testing and Characterization of Radiometer Receivers up to 200GHz using Primary Noise
Standards
Further to this, MRSA is presently involved in design and development of 230 and 345GHz telescope for
astronomical applications, primarily for mapping multiple CO transitions over entire galactic plane.
Technological developments in progress for realization of the same are listed below:
6. Mm/Sub-mm wave Cryogenically cooled Receiver development at 230 and 345GHz using
Schottky Barrier Diode based Sub-Harmonic Mixers
7. Mm-wave LO development at 112GHz & 169GHz
8. FFT Based High-speed (3GHz) Spectrometer
9. Algorithm development for generating spectral and spatial CO maps over entire galactic plane
10. Calibration mechanisms for entire telescope and its elements

7.3.2. Design and development of Schottky Barrier Diode-based sub-harmonic Mixers up to
750GHz
At mm/sub-mm-wave frequencies, mixer is used as front-end element of receivers due to nonavailability of LNAs at these frequencies, making it the most critical element to achieve system
noise sensitivity. At mm/sub-mm wave frequencies, sub-harmonic mixer topology is preferred
owing to difficulties in generation of high power LO signals at fundamental frequencies. This
project deals with design and development of sub-harmonic mixers at any of three frequency
bands covering 450-500GHz, 550-600GHz and 660-720GHz frequency ranges; and able to operate
in cryogenic temperatures. The mixers should offer minimum conversion loss and minimum noise
temperatures required for meeting the desired system performance.
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7.3.3. Design and development of Schottky Barrier Diode-based frequency multipliers up to
400GHz
At mm/sub-mm-wave frequencies, GaAs Schottky diode based frequency multipliers are used for
LO signal generation. This project deals with design and development of mm/sub-mm wave
frequency multipliers covering 235GHz, 285GHz and 345GHz frequency ranges and are able to
operate at cryogenic temperatures of ~80K. The frequency multipliers should offer optimum
efficiency and output power required forgenerating the LO drive for mixer.

7.3.4. Design and development of Electronically Tunable frequency synthesizers for wide-band
receiver
Sub-mm wave sources use microwave oscillators followed by amplification and frequency
multiplication stages with appropriate filtering to generate LO signals. This project aims at design
and development of electronically tunable LO (~10-15%
BW) at 225-250GHz; 275300GHz, 330-360GHz for sub-harmonic mixers at 450-500GHz, 550-600GHz and 660-720GHz
respectively. This realization can be carried out using reference
oscillator having short
term stability of the order of 0.5ppb/1sec and subsequent multiplication stages using Schottky
diode based frequency multipliers.

23.8GHz Receiver

V-band(50-60GHz) LNA Module

V-band(50-60GHz) IQ Sub-Harmonic
Mixer

89GHz LNA Module
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89GHz Fundamental Mixer

82.8GHz LO Module

91.65GHz LO Module

Microstrip-Waveguide Transition at 183GHz

Microstrip-Waveguide Transition at 170- 260GHz

Sub-Harmonic Mixer at 215-235GHz

7.3.5. Design and development of GUNN-diode oscillator based frequency synthesizers
Gunn diode is a semiconductor component exhibiting negative resistance in certain range of
voltages and current that is normally used as oscillator for generation of microwave
electromagnetic energy.
Gunn diode oscillators provide highly repeatable frequency tuning characteristics along with high
output power. Gallium Arsenide (GaAs) and Gallium Nitride (GaN) are the most common diode
materials for realizing Gunn diode based oscillators at mm-wave frequencies. This project deals
with design and development of Gunn diode based oscillators required for generation of mmwave LO signals.

7.3.6. Simulations and design of SIS-junction based mixers up to 500 GHz
The superconductor–insulator–superconductor tunnel junction (SIS)—is an electronic device
consisting of two superconductors separated by a very thin layer of insulating material. SIS-based
receivers, operating at ~ 4K temperature, can achieve state-of-the-art noise performance of the
order of 2-5 times the quantum limit at mm & sub-mm frequency. This project deals with design
and development of cryogenically cooled (operating at ~ 4K) SIS based mixers at 225-250GHz,
330-360GHz and at 450-500GHz respectively.
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7.3.7. Design and development of InP-HEMT based LNA MMICs at mm/sub-mm wave
frequencies using MMIC foundry services
Traditional LNA designed using GaAs process offers high noise figures at mm/sub-mm wave
frequencies. LNA using InP HEMT MMIC Technology offers superior noise figures at mm/submm wave frequencies compared to other semiconductors. This project deals with design and
development of InP-HEMT based LNA MMICs at mm/sub-mm wave frequencies spanning from
few GHz up to 750GHz using suitable MMIC foundry services.

7.3.8. Design and development of Wideband 6-way Power Divider (0.5 - 17GHz)
Conventional power dividers using microstrip topology offers narrow bandwidths owing to its
asymmetrical structure resulting in different even and odd mode impedances. Therefore, for
achieving broadband characteristics, the symmetrical topology of strip-line configuration is used.
This project deals with design and development of power divider (6-way power divider), which
require approximately 20:1 bandwidth with good inter-channel isolation (better than 18 dB) and
good insertion loss (max. 5 dB) using strip-line configuration over an ultra-wide frequency band
ranging from 0.5 to17GHz.

7.3.9. Design and development of High-speed Digital board for high-end Spectrometers to be used
for earth observation and astronomy
Design and development of digital spectrometer to be used in heterodyne spectroscopy based
systems. This activity focuses on high-speed digital design of pcb board with wideband ADCs
(6Gsps sampling requirement), FPGAs (Xilinx ultra-scale series or equivalent) and associated
circuitry. This project deals with design and development of a modular scalable multichannel
ADC board catering to requirement of 3GHz of bandwidth for acquisition with an FPGA for
spectrum generation.

7.3.10. System configuration design of Interferometric array telescope (including long baseline
interferometry)
Very long baseline array is an interferometric configuration used in astronomical telescopes to
observe extra-galactic sources at higher angular resolution. This allows observations of a source
from multiple telescopes to be combined, emulating a telescope with a size equivalent to the
maximum separation between the telescopes. This project deals with system configuration design,
addressing detailed specifications for sub-systems; Interferometric Configuration of telescopes;
Phase coherence of the signal received at these telescopes; Different calibration mechanisms; Data
Processing of the correlator output.

7.3.11. System configuration design of MM/Sum-mm wave Hyperspectral Atmospheric Sounder
for earth’s and other planetary atmospheres
Sub-mm wave atmospheric sounders are passive radiometers making measurements of absorption
lines of different molecules in sub-mm wave band like oxygen, water vapor, ozone, etc. which
provides useful information regarding atmospheric conditions of the earth. Hyper-spectral
mm/sub-mm wave Atmospheric Sounders is a new concept of achieving very high vertical
resolution using a large no of channels in mm-wave bands. This project deals with system
configuration design addressing detailed specifications for sub-systems; weighting functions for
these molecules in different atmospheric conditions; Vertical resolution; channel placement on
absorption profiles; Required bandwidth for each channel
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7.4. Digital Controls, Data Acquisition, Processing
7.4.1. On board control Sub-systems of microwave remote sensing payloads
All microwave remote sensing payloads have a central control sub-system called as Payload
Controller (PLC). PLC is responsible for control, coordination and status monitoring of all subsystems of payload. PLC has Mil-Std-1553 Interface with spacecraft On Board Computer, through
which it accepts all tele-commands and provides telemetry. PLC generates timing signals and
control signals for all other digital and RF sub-systems of payload. PLC is implemented using On
board Controller (OBC) ASIC and FPGA.
MIL-STD-1553 Interface
with Spacecraft
Payload Controller
(PLC)

Panel-2

Panel-1

TCU-1

TCU-2

TCU-3

TCU-4

Payload Controller (PLC)

Panel-3

TCU-12

Tile Control Unit (TCU)
TRC-1

TRC-2

TRM-H

TRM-V

TRC-24

TRC288

PCPU

Transmit/Receive Controller (TRC)

Microwave payloads with active phased array configuration (e.g RISAT-1/1A, RISAT-2A, etc)
have three level hierarchy of distributed control sub-systems. Control sub-system hierarchy for
RISAT-1/1A is shown in following figure. Payload Controller (PLC) is the central beam controller.
PLC controls 12 Tile Control Units (TCU) which is at 2nd level. Each TCU further controls 24
Transmit/Receive Controller (TRC) which is at 3rd level. Thus, the phased array active antenna
has total 288 (12x24) TRCs. Communication among distributed controllers is done through RS422/485 serial link. PLC sends beam selection data to TCU, which further transmits beam
characterization data to TRC through serial commands. TRC does temperature correction on
characterization data.
In house designed On board Controller (OBC) ASICs are used in TCU and TRC sub-system to get
advantage of size, weight and power consumption. OBC-1 ASIC was the first rad hard digital ASIC
developed on 0.6u CMOS process for TRC & TCU of RISAT-1, subsecuently various versions of
OBC ASIC have been developed. OBC-2.1/2.2 are mixed signal ASIC developed with 180nm
CMOS process of SCL. OBC-2.3 ASIC is indegenous rad hard ASIC developed on 180nm CMOS
process for TRC of SAR payload of RISAT-1A and other similar missions. OBC-2.0 is a system on
chip (SoC) having on chip MRAM and mixed signal die for single chip implementation of TRC
functionality. Following figure shows various versions of OBC ASICs.
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OBC-1.0 ASIC

 Digital ASIC
 0.6um CMOS
 Rad hard
 uC &
peripherals

OBC-1.1 ASIC

 Digital ASIC
 0.18um CMOS
 uC &
peripherals

OBC-2.1 ASIC

 Mixed Signal
ASIC
 0.18um CMOS
 uC, FPU, RS422, ADC, MIL1553

OBC-2.3 ASIC

 Mixed Signal
ASIC
 0.18um CMOS
 Rad hard
 uC, FPU,
RS422, ADC

OBC-2.0 SoC

 SoC (ASIC +
MRAM)
 0.35um CMOS
 Rad hard
 uC, FPU,
RS422, ADC,
Mil-553

7.4.2. Rad-Hard by Design (RHBD) Memories IP development
RHBD memories are used in various On Board Controller (OBC) ASICs for digital control subsystems of radar payload. OBC ASICs contains on chip volatile memories like SPRAM & DPRAM,
while external non-volatile memory EEPROM is used in RISAT-1A and similar payloads.
Following RHBD memory IPs for 180nm CMOS process are required for future ASICs:
 Design & Characterization of RHBD volatile memories like Single Port SRAM, Dual port SRAM
with size of 32KB to 1MB.
 Design & Characterization of RHBD non-volatile memories like EEPROM/Flash and OTP with
size of 16KB to 256KB.
Area & Timing efficient memory cells should be signed, simulated and GDS-II layout should be
generated. SAC will facilitate test chip fabrication and radiation testing for characterization of
SEE & TID performance.

7.4.3. Real Time Operating System (RTOS) optimization for on board Payload Controller (PLC)
Payload Controller (PLC) is central control sub-system for control and status monitoring of whole
microwave remote sensing payload. This proposal is to customize standard RTOS for PLC
applications. Open-source RTOS may be customized in terms of optimization for resources (like
memory, power, etc) & performance (timing, accuracy, etc) so that it fits in existing PLC
hardware. Fault Tolerant (FT) features to be incorporated in design to enhance reliability for space
borne applications

7.4.4. System on Chip for distributed controller
This proposal is to design System on Chip (SoC) with embedded processor, floating point
coprocessor, differential I/Os, ADC, oscillator, SRAM and Non volatile memory, etc. This SoC
should have fault tolerant features like EDAC, watchdog timer, lock-step processor so that it is
usable in space environment. 180nm CMOS process or other suitable process technology may be
chosen for design. This SoC is targeted for single chip implementation of T/R module controller
for phased array SAR. Integration of digital SoC with RF chip to miniaturization should also be
explored.
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7.4.5. On board Wireless data transfer tranceivers
This proposal is for design & development of wireless data transfer transceivers for space
applications. Wireless transceivers should operate in ISM (2.4GHz) band or other open frequency
bands for data rate of 1Mbps with range of 10m. Aapplications of such transceiver is in intrasatellite data transfer between rotating to stationary sub-systems or Tile control sub-systems. The
design should be done with target of fault tolerance so that it is suitable for space applications.

7.4.6. EDAC IP for FPGA of Solid State Recorder
This IP will be useful for design and development of a Solid State Recorder (SSR) based on NAND
Flash memories for onboard usage. Flash memories are prone to random bit failures, error
correction and detection algorithms needs to be employed to maintain data integrity and reliable
operation of these solid state recorders. The main aim of the research would be to develop an
efficient error detection/ correction algorithm for NAND flash based Solid State Recorders. Also
the research must focus on real time optimal implementation of the ONFI (Open NAND Flash
Interface) and EDAC algorithm on FPGA/ASIC.

7.4.7. Advanced Synchronization techniques for distributed sub-systems




Clock and timing signal synchronization techniques for distributed sub-systems. Both
cases of single platform distributed system with wired connection and different platform
distributed sub-systems without any connection should be addressed.
GNSS disciplined oscillator for clock & timing signal synchronization techniques for space
borne application should be explored

GNSS –Reflectometry Instrument


Development of a digital control and processing hardware based on FPGA platform
comprising of Navigation Processor, Science Processor and reconfigurable digital processor
for GNSS Reflectometry Applications. This H/w platform will also be useful for POD
(Precise Orbit Determination) application for LEO satellites.

Signal Processing Platform for Navigation




Future generation of landing craft will autonomously map the surface, using a vision or
laser based sensor, during the terminal phase of powered descent and then, in real-time,
choose and divert to a safe landing site in order to avoid hazards using Hazard Detection
and Avoidance techniques. This will also require accurate position and velocity data during
descent phase in order to ensure safe soft landing at the pre-designated sites. A suitable
digital Hardware platform having control (for controlling sensors), processing (for
processing sensor data to detect hazards) and storage (for storing pre-known features of the
landing sites) capabilities needs to be evolved to cater to future interplanetary missions for
implementing various HDA schemes.

Onboard SAR processor (OBSP):
In order to leverage the benefits of onboard processing for SAR missions, the first and foremost
requirement is the ability to generate precise SAR images onboard the spacecraft. One of the primary
benefits of onboard SAR image generation apart from various onboard applications (like target
detection, flood inundation map generation for Disaster management) is that, it substantially reduces
the SAR sensor data rates for medium and low resolution modes. This capability is particularly
essential for various planetary missions wherein downlink rates and earth visibility time are at a
premium.
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As a precursor to onboard SAR processor development, various real time SAR processing based on
multiple-DSP processors, GPGPU’s and FPGA’s have been developed in SAC.
Real time SAR Processor Development at MRSA/SAC

The following areas provide ample opportunities for research
o Processing Element and Hardware Configuration:
 FPGA configuration and architecture amenable for Real Time SAR processor
implementation
 Design of various SAR processing IP cores with radiation-tolerant features
 Design of fault tolerant SDRAM/DDR/DDR3/DRR4/FLASH memory controllers for
space use
 Design and development of full ASIC based SAR processor
 Configuration, Architecture, interfaces and data distribution scheme for multiprocessor based system
o



o

Onboard Signal Processor Algorithm:
 Efficient SAR processing algorithms amenable for onboard implementation catering
to various SAR operating modes (Spotlight, Stripmap, ScanSAR, Mosaic etc.).
 Low latency SAR image generation algorithm for spotlight & sliding spotlight modes
with limited bit precision
 Design of robust processing algorithms (with low precision arithmetic) for image
generation in the absence of accurate spacecraft attitude/pointing/ velocity estimates
Use of High Level Synthesis (HLS) tools for onboard SAR processor implementation on FPGA

o

Raw SAR Data simulator with the ability to simulate SAR data with motion and attitude errors

Integrated RADAR Digital Receiver and Signal processor:
Typical functional requirements for any baseband digital subsystems of a RADAR payload include
high bandwidth linear frequency modulated signal generation, high speed multi-channel digitization,
real time signal processing and high speed data transmission. These functionalities are currently
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realized using multiple discrete devices/subsystems. The requirements for signal synthesis and
acquisition are as follows
 ADC Sampling Frequency: 750 MHz
 ADC Resolution: 8 bits or higher (Better than 7-bits ENOB)
 Number of ADC Channels: 2/4
 DAC Reconstruction Clock: 1 GHz
 DAC Resolution: 10 bits or higher
 Number of DAC Channels: 2
 Processing Functionality: Data Compression using BAQ (Block Adaptive Quantization)
Data Acquisition and Signal Processor developed MRSA/SAC

o

Design and development of high speed mixed signal ASIC with multi-channel ADC, DAC and with
high speed SERDES

o

Design and development of a System in Package (SIP) module with integrated multi-channel ADC’s,
DAC’s, high speed SERDES along with embedded programmable logic



Raw SAR data compression techniques:
Raw SAR data is characterized by enormous data volume and high data rates. In order to reduce the
onboard data rates and data volume raw data compression based on Block Adaptive Quantization
(BAQ) is employed onboard
o

o


Identification of efficient and optimal raw data compression algorithms and techniques to
achieve better compression ratio without compromising on Signal to Quantization Noise Ratio
(SQNR)
Efficient hardware/FPGA implementation of SAR data compression algorithm

Onboard programmability of Processing elements:
Current implementation of onboard programmability is limited to tweaking a few programmable
onboard parameters and flags. However, for a complex full-fledged onboard processing system,
complete onboard programmability of the processing software is essential to cater to data dependent
processing (which may be known only after launch).
o

Design and development of an efficient hardware for complete reprogramming of the onboard
signal processing system
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Onboard processing for Application product generation (Disaster management & strategic applications):
Onboard implementation of application products deserve priority if fast turn-around time is required.
The following are some of the research areas for onboard product generation


Flood-map generation: This is a crucial disaster management application. These products are
required to be generated at fast turn-around times, hence call for onboard product generation. This
processing requires masks for existing water-bodies, so that inundation areas can be clearly
demarcated. The extent of flooding can also be derived onboard and downlinked with corresponding
lat/long coordinates



Ship-detection: This is an important strategic application which can be met by processing co- and
cross-polarization data with CFAR / machine learning techniques to generate the ship-location maps.
In this case, in addition to the processed maps, the coordinates of ships and their RCS can be
downlinked.



Artificial Intelligence (AI) techniques:
o Application of machine learning and deep learning techniques not limited to the following
 Onboard target identification/detection on processed images
 Payload anomaly detection mechanism: To detect and identify any anomaly on the
payload based on limited telemetry



Signal Processing algorithms for RADAR Altimeter:
MRSA/SAC has developed a Ka-band RADAR altimeter based on FMCW technique. Apart from
altitude measurement, estimation of unambiguous velocity from the altimeter is a challenging task
with ample scope for research
o Processing algorithms and schemes for real time unambiguous velocity estimation from a FMCW
RADAR Altimeter

7.5. Power Electronics
Electronic Power Conditioners (EPCs) required for the various RF and Digital subsystems of
Microwave remote sensing payloads are being designed and developed in-house at SAC. These EPCs
have shown excellent performance on-board ISRO’s microwave payloads flown so far. To mention
a few, major successfully completed in-house developments are:
 Power Conditioning and Processing Unit for TR Modules of C-band SAR payload.
 EPC for RF subsystem of MADRAS payload of Megha-Tropiques.
 EPCs for GaN based Dual-Pol Pulsed Transmitters of Chandrayaan-2 SAR.
 High power EPC for X-Band 250W GaN Solid State Power Amplifiers.
 Multi-output pulsed EPC for TR integrated modules of S-band SAR.
 HMC based Point of Load (POL) converters.
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PCPU for C-band TR Module

EPC for MADRAS RF Subsystem
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EPC for 250W GaN SSPA

EPC for Pulsed Transmitters of Chandrayan-II

115

Research Areas of SAC

Apart from above High Voltage EPC for indigenous pulsed TWTA and Power ASIC design and
development activities have also been taken up and are at advanced stage. Higher efficiency, smaller mass
and volume, efficient thermal design and EMI/EMC compliance are the major driving parameters for any
space-borne EPC design.
Following research areas are identified which can be taken up currently under respond programe.
Analysis, modelling and optimization of EPC circuit design and package design for Radiated Emission
(RE) compliance as per MIL-STD-461E.
Present day high density satellite payloads demand strict EMI compliance and poses challenges to the
EPC designer. SAC will provide details of existing EPC design including the mechanical package. Work
is required to be done for meeting the Radiated Emission specifications.
1. Miniaturized circuit protection module for DC-DC converters for Aerospace applications. The
protection circuit comprises of Resettable eFuse, Input pug-in inrush current limiter and Under
Voltage Lock-out (UVLO).
Work involves design, simulation and optimization of Generic front-end protection circuit for
DC-DC converters. The final circuit may be implemented on a power ASIC or HMC.
2. Development of software tool for design, modelling and analysis of planar power transformer and
power inductor.
3. Study of design topologies and packaging aspects of GaN MOSFET based high voltage EPC for
pulsed TWTA.
The work involves study, simulation and comparison of various design topologies/configurations
for high voltage EPC for multi collector pulsed TWT with Beam focus electrode for pulsed
operation. The work also involves study and comparison of space grade high voltage potting
materials and packaging aspects.
4. Digitally controlled energy efficient multi-output DC-DC converter with fast transient response.
The work involves design, simulation and proto-type development of highly efficient multioutput EPC for high speed digital circuits with FPGAs. The EPC should have programmable
output ON/OFF sequencing with fast transient response.
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HUMAN SPACEFLIGHT PROGRAM
Human Spaceflight Program of ISRO has a well-defined roadmap for conducting space flights with
humans and development of technologies to support the missions. Unlike other missions carried out by
ISRO so far where mostly observation or service-oriented hardware was flown as payload, HSP will carry
humans (as payloads). This creates bundle of opportunities for development of human centric
technologies in a large spectrum of domains and disciplines. Some of the technologies fall under the
category of ‘must haves’ while others can be innovative in nature, giving alternatives to existing
technologies or enhancing certain aspects of mission.
SAC is developing various systems towards HSP where audio, video and text communication systems will
enable end to end two-way communication between ground command and astronauts. The technologies
involved in this service include following:
1. Compact, space qualified camera systems.
2. Baseband units to switch, encode, compress video and audio streams.
3. Noise cancellation based audio communication systems with versions, which can be wearable and
can be panel mounted.
4. Modems for RF communications.
5. RF communication network elements like Solid state power amplifiers, switches, filters etc.
6. Antenna systems including phased array antenna.
ECLSS (Environmental Control and Life Support System) is system of systems which helps maintain earth
like atmosphere inside habitat volume of crew module. This primarily includes maintaining optimal
oxygen level, removing carbon dioxide and maintaining PTH (Pressure, Temperature, Humidity). SAC is
engaged in developing EMS (Environmental Monitoring System) which measures the values of oxygen
and carbon dioxide concentration in cabin environment along with PTH values. Methane and ammonia
are by product of metabolism in human body. Carbon monoxide is emitted when something burns. EMS
will also measure concentration of these trace gases to keep check on environmental quality and hazard
prevention.
A portable version of EMS called, HEM (Handheld Environment Monitor) also is developed. Astronauts
can use it to check presence of CO2 pockets, origin of trace gases, tracing source of fire, emergency backup
of EMS etc.
Fire is one of the prominent hazard on board human spaceflight mission. Detection of fire is complex and
many pronged approach is needed to evaluate a fire scenario. At the same time, one false alarm can cause
unnecessary mission abort. An array of sensors and integration of data from all the sensors is necessary as
part of fire detection architecture. UV flame sensors and optical smoke sensors are first line of detection
supported by data from thermal cameras and temperature sensors. Change in gas concentration indices
also are included in decision making before raising fire alarm. Dousing fire is manual and water mist based
fire extinguishers will be used on board this mission.
First point of interaction for astronauts with their module is display system. As primary situational
awareness instrumentation, display system receives data from mission computer in the form of parameter
values like path, position, velocity and altitude of orbiter module and displays it as combination of graphs,
bars and text. Another set of information is ECLSS parameters and medical parameters of astronauts that
displays on separate pages. Mission status, date and time, list of tasks, warnings, alarms, text chat, video
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conferencing etc. are facilitated through display systems. Astronauts can navigate between pages using
peripheral buttons on display. They can also command variety of actions using these peripheral buttons,
which change its role based on current context or display page.
In addition to large LCD displays, a dot matrix display is developed which will show only critical
parameters in alphanumerical formats.
Cabin lights are designed with white LEDs with intensity and color temperature control to automatically
sync with time of the day. This feature would help maintain circadian rhythm of astronauts.
The most significant and critical phase of any human spaceflight mission is atmospheric re-entry and
subsequent rescue of astronauts at rendezvous point of landing. Various systems are planned and being
developed at SAC to support this phase of mission.
Radar Altimeter will be mounted beneath crew module to gauge exact altitude of crew module and pass
it to mission computer so that parachutes can be deployed at right moment during descent phase. Location
transmitter will read the precise location of landing after splash down through NavIC and GPS and relay
the data to rescue team waiting at a safe distance in sea. An LED based high power VFB (Visible Flash
Beacon) mounted on top of crew module will aid the rescue team in visibly locating the module in sea.
Finally, a satellite phone in hands of astronauts with global coverage gives them ability to stay in touch
with mission control even in last mile of mission.
Following areas are identified where academia can contribute directly. Driving factors of development
shall be low mass, smaller volume, low power, environmental qualification for space and human rating
aspects in design. Introduction of new technologies and improvement in existing technologies for HSP,
both are seen as potential contribution from academia in this program. Indigenous development of these
systems also adds value. The developed technique should also consider feasibility of implementation
without affecting any of the existing functional requirements. Reliability aspects are of utmost importance
in HSP. Hence, development should target reliability aspects right from concept formation stage and
should be followed until building successful prototypes. Certification of every system for HSP is a
significant aspect of development. Software used in such systems also undergo spell of certification.
Certain design aspects in hardware and software must be built from beginning to aid certification process
towards induction of hardware in an HSP mission.

8.1. Development of measurement systems and sensors for gas concentration
Human Spaceflight requires continuous measurement of concentration of major air constituents (O2, CO2,
CH4, NH3 & CO) and more than 200 trace gases including trace volatile organic compounds (VOC) at
ppm to ppb levels, which are relevant to astronaut’s health.
These are by-products of
metabolism/combustion/chemical reactions in the cabin.
Measurement of these gases can be achieved by discrete sensors for each gas or by holistic techniques like
spectrometry. Both approaches have their own advantages. Handheld measurement systems can use
discrete sensors to build compact, light-weight and battery powered systems. Other techniques can be
used to measure array of gases from the same sample. Indigenous development of compact and lightweight
sensors and other systems using laser, chromatography, Fourier transform techniques etc have good
potential for present and future applications in HSP.
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8.2. Development of mitigation techniques for Communication blackout during reentry
A spacecraft entering the Earth's atmosphere is enveloped by a plasma sheath which results in complete
loss or a severe decrease in the strength of RF signals between the re-entry vehicle and the ground. This
is referred as Communication Blackout. It results in loss of voice communications and data telemetry
during the re-entry of manned space vehicles. The black-out duration can be up to 10-15 minutes and it
occurs during the most crucial part of the vehicle's flight. It coincides with the maneuver phase and
eliminates ground support during this vital portion of the re-entry phase. In case of an accident during
re-entry, this phase is important for post accidental analysis. Due to its criticality, it is important to
develop techniques to mitigate this problem. The theoretical study and the analysis should be validated
through the practical experiments. Practical experiments may be conducted in the suitable plasma
environment to validate the following:
•
Dependence of EM wave attenuation on plasma profile.
•
Dependence of EM wave attenuation on operating frequency w.r.t. plasma frequency.
In principle, the most obvious way in which the reentry communication blackout problem can be
alleviated is by designing the communications system with a system margin greater than the plasma signal
attenuation encountered during reentry. Typical plasma attenuation may exceed 100 dB, thus the required
system margin is unrealistically large and cannot be achieved in practice. Hence, other alleviation
techniques should be investigated which can be used in conjunction with the system margin. Worldwide
many experiments have been done using following techniques to overcome communication blackout:
• By avoiding attenuation region in plasma sheath: Higher Frequency method.
• By reducing concentration of electrons in plasma sheath: Aerodynamic shaping, Injection of
coolants.
• By altering the properties of plasma to minimize its interaction with the electromagnetic waves:
Magnetic Field Method
Development of techniques to enable communication during this phase or to mitigate complete
communication black-out can help existing and future missions of HSP. Experiments and finding that can
aid to the understanding of phenomenon also can be seen as value addition.

8.3. Development of wireless communication systems
Introduction of wireless networking enhances communication in the vicinity of a spacecraft and also
facilitates many aspects of communication within a spacecraft including mobile crew monitoring and
communication, environmental monitoring and control, structural monitoring, and situational awareness.
Wireless system designs should also consider conditions of operational space environment.
It is required to develop wireless systems that demonstrate reliable data transfer across avionics
components, subsystems, and interfaces to simplify system integration, reconfiguration, and testing.
Solutions that enable new avionic architectures and provide capabilities that expand mission performance
while decreasing the Size, Weight, and Power consumption and cost of the resulting spacecraft are highly
desirable.
Applications include sensors communication within habitat volume, communication during Extra
Vehicular Activities, video capturing of separation events etc.
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8.4. Study and simulations to identify and modify material flammability limits in
low-g environment
The materials used in the habitable area of spacecraft carrying humans must be non-flammable.
Flammability of some materials may not be by choice (e.g. food). It is of significance to identify
flammability characteristic of materials used in spacecraft in low – g environment as gravity can affect
these parameters. To determine if a material, when exposed to a standard ignition source, will selfextinguish and not transfer burning debris, which can ignite adjacent materials, the UPWARD FLAME
PROPOGATION TEST should be performed. (Reference: NASA-STD-6001)
Development of instruments, setups and carrying out tests, generation of data related to material
flammability, odour, outgassing and off gassing etc. on ground as well as in microgravity can be useful for
present and future HSP missions.

8.5. Study of In-flight identification and quantification of species in water for long
term space missions
Long Duration Human Spaceflight requires continuous monitoring of water quality to ensure crew
health and safety. Water monitoring equipment like colorimetric water quality monitoring kit
(CWQMK) are already a part of the ISS. For our future space station and interplanetary travel
requirements, it is important to initiate the developments of these systems. These instruments would
have immense applications in future space station, interplanetary travel and other long duration space
missions.
Development of apparatus, test setups for experiments related to above subject, evaluation of data
received from such experiments and development of mitigation techniques for observed ill effects can
help in current and future missions of HSP.

8.6. Assessment of flame spread of large scale microgravity fire
Materials with high flammability must be assessed for the flame spread rate using HEAT AND SMOKE
RELEASE RATE TEST (Reference: NASA-STD-6001)
Understanding nature of flame, process of combustion, rate of spread, mass consumption, quantity and
rate of heat release etc can be taken up as study. Additionally, apparatus, test setups and identification of
methodology, both on ground as well as in micro gravity also is needed to further the understanding of
the subject.

8.7. Microbial monitoring in microgravity environment i.e Non- culture based in
flight monitoring with species identification and quantification
Microgravity can affect the growth and survival of microbes. The research on this topic is essential to
achieve safe and healthy long duration space habitation. Non-culture based in-flight monitoring with
identification and quantification of microbial species is targeted for the development.
This research would help in understanding the relationship between humans and microbes, which may
be affected hugely in microgravity. It will enable the understanding of how and where microbes
proliferate in confined environment in space.
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Test setups and instrumentation required for remote observations can be developed to achieve the above
mentioned purpose followed by findings and conclusions that may become input or directive for future
missions.

8.8. Disinfection technique and technologies for microbial control of water systems
and environment in microgravity
Disinfection and de-contamination are highly essential to achieve safe and healthy long duration space
habitation. ISS has a decontamination system which was designed with crew members' safety in mind
by using high-power, ultraviolet, light-emitting diodes (UV LEDs) to sanitize surfaces. This cleaning
process takes only a matter of minutes before and after the crew conducts the experiments. The
sanitation process also removes airborne contaminants -- such as biological and chemical impurities -and cleans up spills inside the glovebox, providing optimal accommodations for cell science and life
science research. It also has an exchangeable glove system that was redesigned to be better suited for
these types of studies.
These disinfection systems based various technologies like the Ultraviolet Germicidal Irradiation (UVGI)
method etc. are essential for long duration space missions/Space Stations for disinfection/removal of
microorganisms. Other alternate techniques also can be developed which are safer and more efficient.

8.9. Application of AI and ML in crewed missions.
Currently, System controls are based on ground based command or crew inputs through button/switch
controls which require specific user action. Warning systems are based on predefined criteria and
thresholds. AI and ML are relatively in nascent phase as far as space systems are concerned. However,
the potential of technique and its application in future cannot be ignored. Hence, exploring possibilities
of AI and ML in HSP is encouraged with all potential applications. Some are listed below.
1. Voice based system commanding mechanism without restricting/requiring use of any limb action.
2. An early warning system which learns from previous data to warn on possible occurrence of a
hazard.

8.10. Compact fire suppression systems for crewed missions for micro gravity
applications.
On board fire in HSP is one of the most serious on-board hazards. Every HSP mission carries fire
suppression system. FSS should be safe for humans, should be quick and efficient in dousing fire, should
be clean and its application should be safe for onboard electronics. Fine water mist based FSS is in use
onboard ISS now.
Indigenous development of compact, portable, easy to use and safe FSS is needed for current and future
HSP missions.

8.11. Microgravity experiment platforms to simulate microgravity on earth
Research in microgravity is indispensable to disclose the impact of gravity on biological processes,
organisms, materials, fire and functional systems. “True” weightlessness, for more than a few seconds at
least, can only be achieved in space or zero-g flights in atmosphere. Drop towers, drone based agile
platforms etc. have potential to bring out microgravity experiment platform.
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Test setups, approaches, new ideas to carryout such tests can be used in existing and future missions of
HSP.

8.12. Next generation fire detection systems
Fire is one of the most critical on-board hazard for any HSP mission. Detection fire is of paramount
importance. Sensors must have very high sensitivity to variety of fire, flame and electric spark. At the
same time, it should offer high immunity to false detection.
Most mission experiences have reported early detection by humans through smell, rather than on-board
sensors. Development of “Electronic Nose” which can detect very low concentrations of combustion
products can help in early detection of fire.
Fire is detected by measurement of concentration of specific gases, heat, temperature, flame etc. Novel
approaches n detection, new parameters that can aid to detection of fire also is needed to enhance the fire
detection scenario.

8.13. Display and other situational awareness technologies
Visual information (for situational awareness) is made available to the crew either through print pages
or displays. A more effective method should allow crew to quickly access context based information.
Development can be focused on fixed and portable display devices with higher efficiency (lower size,
mass and power) and better human centric aspects, taking advantage of advancement in display panel
technology like flexible films displays etc.
Augmented reality based devices can be used to provide context based information to the crew for
information such as visual alert, holographic communication and object information. AI and ML can be
included in such systems to make them more efficient and effective.

8.14. Personalized instrumentation for astronauts
Personalized instruments like wearable health monitors etc. are essential for all human spaceflight
missions. Variety of sensors are flown with astronauts for monitoring of crew health parameters like Blood
Pressure, Oxygen Saturation, Pulse Rate, Exhaled Breath Analysis etc. Wearable medical devices need to
be developed for continuous monitoring and transmission of these parameters to ground. This is essential
for both long term and short term missions. Apart from its on-board application, they are equally useful
during training and simulation studies.
These instruments would have immense applications in all kinds of human spaceflight missions for safe,
reliable and continuous health monitoring of all crew.
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Wearable Sensors

Breath Sensor System
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8.15. Instrumentation for docking
Docking of spacecraft with space station or other manned modules for human or cargo transfer is an
autonomous activity in most contemporary HSP missions. ISRO envisages development of these
technologies to support automated or assisted docking while in orbit. Laser based or other types of ranging
systems, camera based video systems, RF based systems are required for beacons, altimetry or distometry,
velocimetry, optical flow techniques, close range photogrammetry and other parameters of situational
awareness either in assist mode or in close loop mode for automated docking. Development of sensors,
integrated systems and demonstration models can help in future docking missions of HSP.

8.16. Space suit related Instrumentation
Space suit is an integral element of any HSP mission. Variety of sensors including health parameter
monitoring systems are part of an integrated spacesuit. Personal communication systems, integrated
display systems, tools for articulations during EVA (Extra Vehicular Activity) and other accessories
helpful to accomplish routine and specific tasks of astronauts are needed to be developed for all HSP
missions.
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EARTH, OCEAN, ATMOSPHERE, PLANETARY SCIENCES
AND APPLICATIONS
EPSA is responsible for activities related to understanding Earth System, its components, processes and
interactions using earth observation data, and its applications towards societal benefits. It aims at
identifying Earth Observational (EO) requirements, development of techniques to analyse data to address
the science issues and applications related to land, ocean, atmospheric and planetary sciences. The
research pertains to operational retrieval of biophysical and geophysical parameters from space borne
sensors, sensitivity analysis, calibration and validation of the sensor and retrieved parameters, assimilation
of remote sensing derived parameters, in-process modelling pertaining to interactions within the
geosphere-biosphere system and atmosphere. EPSA as an excellent multi-disciplinary scientific team has
the following major research themes:
















Sensor definition studies towards development of state-of-the art EO Sensors
Development of operational retrieval techniques of bio-geophysical parameters from Indian Earth
Observation as well as Planetary missions
Advance R & D on retrieval of Geophysical and Biophysical parameters
Synergetic use of space borne data to derive value added bio-geophysical parameters
Development of procedures and advanced techniques for inventory and monitoring of natural
resources using geo-informatics.
Modeling of dynamic physical processes for improved weather and ocean state prediction.
Development of assimilation techniques for improved predictions
Assessment of environmental impact and associated climate change over different ecosystems.
Utilization of data from Indian Satellite Missions including SCATSAT-1, INSAT-3D/3DR,
Oceansat-2, Cartosat-1/2, Resourcesat-2/2A, SARAL AltiKa and Megha-Tropiques.
Planetary Sciences
Designing, generation and updating of resource database ranging from local to national scale.
Capacity building of scientists at national and international level for EO application programs.
Archival, Dissemination of the Meteorological & Oceanographic Satellite data, Experimental
forecasts and value added products
Archival, Dissemination of the Earth & Planetary Science Data
Providing platform to students, academicians & researchers for the analysis of Satellite data

Major research areas are summarized below:

9.1. Research Areas in the field of Atmospheric Sciences
Atmospheric science is the study of the Earth's atmosphere and its various interacting physical
processes. Atmospheric dynamics in particular is the study of motion systems of meteorological importance,
integrating observations at various spatiotemporal scales. It includes diverse phenomena such
as thunderstorms, monsoon, tropical cyclones, and global-scale circulations. The objectives of such studies
incorporate improving weather forecasting, developing methods for predicting seasonal and inter-annual
climate fluctuations, and understanding the implications of human-induced changes on the global climate. .
Important research areas and challenges involved in ongoing program is as follows.

9.1.1. Assimilation of Satellite Data in Numerical Weather Prediction Models
Accurate prediction of high-impact weather events and the area of the greatest threat represent a
major challenge for planners to minimize the loss of lives and damage to property. Advance
research is being planned to carry out non-linear data assimilation of satellite derived
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parameters in numerical weather prediction models. ISRO is aiming at improving short to long
range weather forecasting using satellite based observations. For this activity various satellite
observations are ingested in Numerical Weather Prediction (NWP) model using various data
assimilation (DA) techniques.

9.1.2. Seasonal Prediction of Indian Summer Monsoon (ISM) using Climate Model
In the Indian subcontinent, the most well-known seasonal phenomenon is the Indian
summer monsoon (ISM) occurring every year from June through September. This is one of
the most dominant features of the global hydrological cycle as well. Though the onset of the
monsoon over Kerala in India takes place at the start of June with the seasonal reversal of
wind over the Arabian Sea with a consistent manner from year after year, the monsoon
rainfall is characterized by significant intra-seasonal and inter-annual variability over and
around India. Therefore, there is a recognized need for seasonal prediction of ISM well in
advance describing the spatial and temporal variability of rainfall in conjunction with the
satellite and in-situ observations.

9.1.3. Diagnostic Studies for Monsoon
The data from Indian satellites are extensively used to understand the meteorological and
oceanographic processes that govern the Indian summer monsoon and its variability. A lot of
diagnostic studies are being carried out using satellite data like rainfall, vertical profiles of
atmospheric temperature and humidity. Better understanding of the monsoon processes also
needs to be resolved by both NWP models and re-analysis data using high-resolution
satellite data.

9.1.4. Cyclone Track and Intensity Prediction Using Satellite Data and Numerical Models
Advance and accurate prediction of tropical cyclones is highly important for issuing the warnings
and saving the lives. Real-time winds obtained from scatterometer (SCATSAT-1) are used for
tropical cyclogenesis predictions of all the low-pressure systems formed in the North Indian
Ocean. The cyclone track and intensity prediction is being done using numerical models and
satellite data that involves empirical and dynamic modelling and assimilation techniques. The
cyclone centric satellite products are generated, which are very useful for cyclone positioning and
its structure and intensity estimation.

9.1.5. Impact of Atmospheric Chemistry on Weather Prediction
Atmospheric aerosols have a large influence on air quality and, also in the well-being of human
and ecosystem. Aerosols affect the earth-atmosphere radiation budget directly by scattering and
absorbing the incoming solar radiation and indirectly by influencing the processes of formation
of clouds and precipitation. Assimilation of satellite derived aerosols in NWP along with the
chemical transport modelling have been planned.

9.1.6. Satellite derived Cloud Microphysical Parameters
Clouds are modulators of Earth's climate and hydrological cycle. Microphysical parameters are
also important for studying the evolution of high impact cloud system and understanding
cloud-aerosol interactions. ISRO’s and IMD Doppler Weather Radar data are planned for various
studies of clouds and precipitation.

9.1.7. Satellite Based Weather Now casting for Heavy Rainfall Events
Timely alert of extreme precipitation events has a huge societal impact. Data acquired from
geostationary satellites are helpful in predicting the evolution of convective systems. Weather
now casting over a time scale of few hours play a very important role. To further improve the
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skills of thunderstorm forecasting, new techniques will be developed using satellite
data(Environmental, thermodynamic and stability parameters, Stability indices like Lifted
Index, CAPE, CINE, K-Index), NWP model forecast and forthcoming dense DWR networks.

9.2. Research Areas in the field of Physical Oceanography (Development of Blue
Economy)
Physical oceanography research at the Space Applications Centre aims towards making use of current and
future satellite observations in combination with in situ and numerical models to provide a holistic
approach and to develop new techniques, novel modelling concepts, advanced data assimilation schemes,
usage of very high-resolution satellite data for the wider areas of applications like monitoring and
forecasting oceans, productivity and climate/long-term change impact in and around the Indian Ocean.
These dedicated research activities would finally serve towards the sustainable development of the oceanbased Blue Economy: an economy model that aim towards shifting society from scarcity to abundance
with locally available resource.

9.2.1. Assimilation of Satellite/In Situ Data in Numerical Ocean Prediction Models: Observation
System Studies Experiment (OSSE)
Advance research is being carried out for assimilation of satellite derived parameters (salinity,
temperature, sea level, wave height, ocean color and wave spectrum) in ocean prediction models. This
involves development of various assimilation techniques for improving the initial condition in the models.
Apart from satellite data, lot of in situ measurements (glider, HF Radar, wave rider buoys etc.) are also
being taken in the present. It will require intensive modelling and testing optimization techniques
towards performing OSSE to ascertain the importance of satellite-based and in situ-based observations.
Advanced assimilation techniques that include assimilation of high resolution images are under
development.

9.2.2. High Resolution Oceanography
In the view of high resolution (temporal and spatial) satellite observations from synthetic aperture radar,
forthcoming swath altimetry, radiometer-based sea surface temperature and optical imageries, high
resolution oceanography is fast becoming a reality. Synergistic use of these information will be key to
understanding many unresolved processes at sub-mesoscale level, which can help in better ocean
estimation. Interaction of mesoscale scale dynamics (eddies) with sub-mesoscale is another interesting
area of research for energy cascading. Region specific high resolution models with relocatable grids will
be utilized for this purpose.

9.2.3. Ocean Reanalysis and Air Sea Interaction Studies
One of the future goals is to develop a methodology to generate high quality three dimensional ocean
reanalysis product for last 30 years based on satellite observations and numerical ocean model. This will
be utilized not for various oceanic process studies but also to initialize seasonal prediction coupled models.
To understand some of the atmospheric and oceanic processes near ocean surface, air sea interaction
(wind-SST coupling) study is very important. It is important to assess the validity of existing exchange
algorithms (bulk formulations) for different regions of the oceans. Because of scarcity of observed data
over the ocean, it is important to understand these processes with the help of satellite data. However, in
situ data will form an important data set for validation. This involves diagnostic studies of the processes
with the satellite data and numerical model outputs.
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9.2.4. Study on Coastal dynamics Using Satellite and High Resolution Numerical Models
Coastal dynamics are extremely important to understand as it has significant implications on coastal
population. Coastal processes such as, storm surge, rip currents, extreme waves, oil-spill trajectory
forcecasts need to be studied systematically with the help of high resolution data and numerical modelling
and techniques based on Lagrange coherent structures.

9.2.5. Seasonal Ocean Prediction with Coupled Atmosphere-Ocean Models
Forecast of anomalous oceanic conditions (Dipole/El Nino) at least one season in advance is of high
importance as it has direct influence on the Indian Summer Monsoon. These seasonal to long term
forecasts are required to be done by making synergistic use of satellite observations and couple OceanAtmosphere models. Effect of satellite data assimilation on the skills of these forecasts are also required to
be assessed.

9.3. Research Areas in the field of Geophysical Parameter Retrievals
Retrieval of geophysical parameters from satellite observations refers to assessment of surface and
atmospheric parameters that have contributed to the observations. Innovation, accuracy, and timeliness
are the key requirements for the parameter retrieval, particularly for their effective use in the operational
services. Continuous efforts are needed to define new sensors for future missions, develop retrieval
algorithms for new parameters from existing sensors and from advanced sensors proposed for the future.

9.3.1. Retrieval of Geophysical Parameters from Satellite Data
ISRO has planned for launching a number of meteorological and oceanographic satellites in near future.
Presently it has, Megha-Tropiques, INSAT-3D/3DR and SCATSAT satellites in the orbit. In near future,
it has plan to launch many satellites in Geostationary and polar orbits for the same. This includes many
advanced sensors such as Microwave Temperature Sounding Unit (TSU) and Humidity Sounding Unit
(HSU) in future missions. There is also possibility of inclusion of an advanced microwave radiometer
similar to GPM Microwave Imager (GMI) in future missions. It is a challenging work to retrieve
geophysical parameters from the sensor data of these satellites. This involves Radiative Transfer
modelling, Geophysical Model Function development and the Inverse modeling techniques.

9.3.2. IRNSS/GNSS Applications
IRNSS/GNSS offers unique opportunity to retrieve atmospheric geophysical parameters such as TPW.
ISRO may also develop satellite-borne receivers for IRNSS/GNSS reflectometry, which has potential to
provide various surface parameters including sea surface height, intense sea surface wind speed and
direction under severe weather conditions, soil moisture, ice and snow thickness, etc. Theoretical
modelling and simulations of the reflectometry observations is desired for the retrieval of the parameters.
Until IRNSS receivers are not available, International missions such as TDS-1 and CYGNSS can be used
to validate the simulation studies and retrieval algorithms.

9.3.3. Merged Data Products
Develop data fusion methods to derive most optimized products using a synergy of observations. The
examples are (a) Optimized temperature/humidity profiles using IR and microwave sounders (b)
Optimized SST and rainfall products from IR and Microwave imagers.

9.3.4. Advanced System Studies for New Sensor Definition
For measurements of atmospheric and Oceanic parameters, new advance sensors have to be defined for
future satellites. System studies are being done with the help of Radiative transfer models to define the
appropriate frequency, NEDT/SNR and bandwidth of new sensors. Sensitivity analysis is also being
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carried out to understand the error budget and appropriate resolutions (both spatial and temporal)
required for the retrieval of geophysical parameter.

9.3.5. Development of Procedures for Long Term Records of Essential Climate Variables
Long term records of essential climate variables such as SST, wind, radiation budget, water vapour, clouds,
ozone, precipitation, sea surface salinity, sea level, sea state, etc., which are defined by Global Climate
Observing System (GCOS), are necessary for characterising the trends in earth’s climatic variations.
Measurements from different satellite instruments suffer from different accuracies and biases due to
evolution/performance of the instruments and/or retrieval algorithms. Thus there is need to intercalibrate the instruments/parameters to reduce the measurement biases among them.

9.3.6. Other Research Areas related to Parameter Retrieval







Cloud/Rain type classification using INSAT/Kalpana observations.
Study of cloud micro physics using 157 GHz of MADRAS and INSAT data
Combination of INSAT-3D Imager and Sounder products to improve the quality of a few critical
atmospheric products, such as atmospheric stability, total WV contents, SST etc.
Improved tracer selection, tracking and height assignment methods for Atmospheric Motion
Vectors (AMV) retrieval from VIS, MIR, WV, TIR1 channels.
Retrieval of high-resolution winds is a challenging research area that may be attempted with
GISAT satellite.
INSAT-3D/3DR 3.9 μm channel provides a cleaner atmospheric window compared TIR channel
for superior low-level cloud detection at night. It also has batter sensitivity to temperature
gradients. However, due to its susceptibility to reflected sunlight from cirrus and especially lowlevel cumulus clouds limits its usefulness at night-time applications only. Question is to
investigate by retrieving 3.9 μm winds at day-time, how much the accuracy is affected, with
respect to low- level winds retrieved using TIR channels? Whether this can be useful for any other
applications which can't be resolved by the winds from TIR or VIS channels?

9.4. Research Areas in the field of Hydrology
Hydrology is the science that deals with the occurrence, distribution, movement and properties of the
waters on earth and their relationship with the environment within each phase of the hydrologic cycle.
Land hydrology aims to develop techniques to retrieve hydrological parameters from satellite data and
develop hydrological models to simulate and forecast various hydrological fluxes to solve water-related
problems and manage it efficiently. Currently studies are being conducted under SARITA program
towards development of water watch system to monitor quantity and quality of water resources in India.
Important research areas and challenges involved in ongoing program is as follows.

9.4.1. Automatic detection of wetlands for National wetland Inventory and Assessment
Regular Wetland inventory at national scale is important activity required by Ministry of Forest
Environment and Climate Change. This involve development of automatic algorithm to delineate wetland
and its type based on advanced techniques such as Deep learning/ machine learning etc.

9.4.2. Groundwater Assessment
Assessment of ground water potential zone and its dynamics is important to regional water resource
planning. There is need to develop hydrological model incorporating aquifer properties to simulate the
infiltration and ground water variations in different hydrological regime. It is required to develop tools
to relate the groundwater fluctuations with GRACE water equivalent height information, existing surface
water components and groundwater recharge and abstraction scenario.
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9.4.3. Flood Inundation modeling and Forecast
Extreme events are increasing due to global warming and it results in frequent floods in many rivers and
urban areas. Satellite data helps in delineation of flood prone region but due to limitations of revisit period
there are some gaps in observations. There is need to develop flood inundation modeling system using
meteorological data, high resolution DEM and historical records of flood conditions for major flood region
of India. Efforts are required to have weather forecasting coupled hydrological system (WRF HYDRO)
for forecasting river discharge and water inundation.

9.4.4. Water Level and Discharge Modeling
Monitoring Water level from space platform is important to augment existing ground network in remote
and inaccessible regions including Trans-boundary rivers. There is need to develop advanced approach to
estimate water level from Nadir Microwave as well as LIDAR based altimeters. Estimation of water
velocity and discharge is challenge from remote sensing. Methods need to be developed to address Swath
altimetry which consists of nadir altimeter as well as two SAR system working in interferometric mode
(SWOT) to assess water height and inundation volumes simultaneously.

9.4.5. Water quality Assessment
Hyperspectral remote sensing is known to have potential to estimate some of the water quality parameters
of river and reservoirs. It involves development of radiative transfer modeling and simulations. There is
need to develop method and carryout model simulations to assess the water quality issues of important
rivers like Ganga and Yamuna.

9.4.6. Isotope Hydrology
Partitioning Evaporation and Transpiration in terrestrial vegetation is a concern. Hyperfine spectroscopy
provides information on isotopic composition of water molecules. There is need to develop methods to
estimate the evaporation and transpiration components of major forest ecosystem as such measurements
help in more accurate assessment of water cycle and Land surface processes.

9.4.7. Submarine Ground Water Discharge (SGD)
Quantification of water flow into ocean through sub marine ground water discharge is a challenge for
Indian coast. Thermal remote sensing data provide initial signals of SGD in coastal region. There is need
to explore the regions of SGD in Indian coast and model the discharge of water into the ocean.

9.5. Research Areas in the field of Cryosphere Sciences
Remote sensing science and applications of Cryosphere at SAC has mainly focused on two regions, i.e.
Hindukush-Himalayan (HKH) mountainous region of Northern part of Indian sub-continent and polar
regions of earth. Cryosphere of HKH region consists of snowpack (both seasonal and permanent), varieties
of glaciers in terms of type and size and permafrost part of land. Inventory, monitoring and applications
of cryosphere elements of HKH region is must for the nation as water resources of northern India largely
depend on freshwater melt from snow and glaciers through the large drainage basins of Indus, Ganga and
Brahmaputra (IGB) rivers of earth surface. Occurrence of hazards such as Avalanches and Glacial lake
outbursts Flood (GLOFs) are also associated with Himalayan cryosphere. Polar cryosphere mainly consists
of ice sheets and sea ice including snow over these two elements. Mapping, monitoring, modeling and
science of polar cryosphere elements in the Antarctic and Arctic regions is equally important for the
nation as large areas of sea ice and ice sheets govern energy exchange between ice surface and atmosphere
and melt from these elements govern the global sea levels. Although a large amount of work using earth
observation data acquired by Indian and other sensors has been carried out to study various dimensions
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of cryosphere elements in the last two and half decades but a lot still needs to be done presently and in
future. Keeping in view the needs of nation and international research, following are the activities and
challenging research areas in the two cryospheric regions.

9.5.1. Himalayan snow
SAC has generated a large amount sub-basin wise snow cover products using AWiFS data since 2004,
snow products with best spatial and temporal resolution so far in the world. The products have been used
in snow melt runoff estimations, in understanding of accumulation and ablation pattern of snow in
different climatic zones of HKH region, and in assessing the snow cover trends from climate change point
of view. These snow products can be also be used as an input in various climate models for projections
of snow cover in future. Yet, there are other important challenging areas in which research is required.
These are estimation of annual seasonal snow mass using DEMs generated from photogrammetric,
radargrammetric and interferometric techniques or radiative transfer modelling using SAR data, selection
of sites for micro hydroelectric projects depending on snow melt runoff using geospatial modelling and
development of models for estimation of real time snow melt runoff estimation for Indian rivers
exclusively by use of satellite data.

9.5.2. Himalayan glaciers
Inventory and monitoring of Himalayan glaciers within periphery of IGB basins has been a foremost
requirement of our nation to know the stock of glacier stored water, and variations in dimensions of
glaciers as an impact of climatic variations. SAC has carried out extensive work in this direction using data
from Indian sensors such as AWiFS , LISS III and LISS IV. The glacier inventory in IGB basins can be
visualized in VEDAS portal of SAC. Glacier mass balance estimations have been done using Accumulation
Area ratio (AAR) approach for large number of glaciers, but one area which requires extensive research
is development of AAR-Mass balance relations for all sub-basins in HKH region, mass balance estimations
with high accuracy by geodetic methods utilizing DEMs from Indian (Cartosat-1 and future stereo
missions) and other data , ice velocity estimation and its application in assessment of mass changes of
glaciers and modeling the glacier changes with temperature and mass balance.

9.5.3. Himalayan Permafrost
The permafrost is very important element of Cryosphere studies. The distribution and changes occurring
in the permafrost land in the mountainous HKH region as a result of climatic variations needs to be known
in view its importance in ecology and land cover changes. Exploration of Permafrost might give new
insights of its importance. Exploration is best possible through the use of thermal and active microwave
data. In view of forthcoming satellites by ISRO, there is a ample scope of utilizing earth observation data
in inventory, digital mapping, monitoring and science of permafrost in high altitudes of HKH region.

9.5.4. Polar ice sheets
One of the most challenging area of research in polar ice sheets is estimation of ice sheet mass changes
and resulting sea level rise. State of art techniques, development of algorithms utilizing SARAL/AltiKa
data and analysis of results have been demonstrated through studies carried out at SAC. It needs to be
expanded further by using altimetry data from multiple missions. There has been extensive work in
knowing the dynamics of major glaciers of Antarctica using optical and SAR data, monitoring of ice
shelves and spatial and temporal variability of surface melting derived from Scaterrometer data but these
areas of work have to be further explored by using more data in domain of time of and space. One
important area of research is to include results from these studies in Numerical Ice sheet modeling.
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9.5.5. Polar sea ice
One of the major contribution of SAC is in polar ice studies is extraction of sea ice area from ISRO’s
Scaterrometers data and understanding its spatial-temporal variability. Technique development has been
demonstrated to measure sea ice thickness using data from altimeter and its application in sea ice
advisories required for safer navigation of ships of Indian expedition to Antarctica. More research is
required to address sea ice drift estimation, sea ice energy exchange and understanding of oceanic and
atmospheric driving factors in global sea ice variability.

9.6. Research Areas in the field of Geosciences
Geosciences deals with study of the earth and encompasses geology, geophysics, geodesy, geochemistry
and environmental geosciences. SAC is currently involved in carrying out research related to study of
earth surface and geodynamic processes for developing applications related to early warning of geohazards, sustainable coastal zone management, geo-resources and geo-archaeological exploration using
space technology and geo-informatics. Following are the major research areas:

9.6.1. Geo hazards
It is required to develop techniques for early warning of geo-hazards using space technology and geoinformatics. In this context, one of the most challenging research area is to understand mechanism of
earthquake triggering geodynamic processes. Study of geodynamic processes using advanced space based
techniques is required to understand regional seismic hazard vulnerability in regions like the Himalayas
and active seismic zones in peninsular India. Research related to quantification of the active tectonic
deformation, modelling inter-seismic slip and strain rate and estimating moment-build up rate from
geodetic, seismological and paleo-seismic data is required. Inter-seismic deformation measurement from
space geodesy, their analysis and advanced modelling techniques are required to be developed. Study of
land subsidence due to over exploitation of ground water, coal, hydrocarbons and crustal deformation
associated with volcanos and slow-moving landslides using geodetic measurements for hazard assessment
is another potential research area.

9.6.2. Marine Geosciences
Offshore exploration using satellite altimetry is a major research area. Altimeter derived geoid undulation
and free-air gravity anomalies over Indian Ocean needs to be utilised to understand plate tectonic
processes relating to oceanic ridges, subduction zones, formation of marine sedimentary basins and the
evolution of continental margins. There is a need to improve the marine geoid and gravity data by
including high precision altimeter data in geodetic mode for detailed work. The structural frame work of
the Indian Ocean is quite complex with numerous fracture zones, abandoned spreading centers, aseismic
ridges, seamounts and subduction zone. The Indian Ocean lithosphere is constantly under stress due to
spreading activity south of it, resulting in fractures and intense deformation in this region. The thick
sediment deposits in the Bay of Bengal mask the underlying crust and pose severe restrictions in
constructing the geodynamical history of the basin. Splitting the geoid data into different wavelengths
and correlating them with geology/tectonics and also their modeling may help to better understand
structure and dynamics of the Indian Ocean lithosphere and may also help in offshore hydrocarbon
exploration.

9.6.3. Coastal Geosciences
Coastal zones are the interface between land and ocean and are dynamic fragile ecosystem, where
interaction among complex natural coastal processes, coastal hazards, vital habitats and human activities
occur and integrated studies for sustainable coastal zone management are required for protecting life,
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property and environment. Some of the major coastal geoscience research area includes coastal sediment
transport modelling using satellite retrieved parameters, understanding coastal processes and causes of
coastal erosion, dynamics of various coastal processes and its impact on evolution of coastal
geomorphology, modeling coastal erosion and developing methods to predict shoreline changes, use of
advanced automated methods to delineate shoreline (HTL/LTL) from satellite data, understanding impact
of coastal processes on critical/vital habitats, understanding impact of predicted sea level rise on coastal
zone, understanding coastal hazards and vulnerability/risk assessment, developing techniques for
automated coastal landforms/wetlands/land use/land cover mapping, detecting and monitoring coastal
pollution, understanding impact on coastal ecosystem and developing models for integrated coastal zone
management.

9.6.4. Mineral Exploration
Although large part of the country has been conventionally surveyed and location of most of the economic
mineral deposits have been investigated in detail, still new mineral deposits needs to be explored to meet
ever-increasing demand of the industries. Mineral exploration using conventional techniques involve
geological mapping followed by geophysical and geochemical investigations, pitting, trenching,
exploratory drilling, estimating reserves etc. Remote sensing based methods have been so far limited to
updating the existing geological/structural maps and in identifying hydrothermal alteration zones as a
useful guide. Alteration halo is much more widespread of rocks surrounding a mineral deposit that are
caused by solutions that formed the deposit. Research is required to explore integrated use of multispectral, hyperspectral, thermal and radar data along with high resolution DEM (space-borne as well
aerial), geochemical and geophysical data sets in diverse geological and environmental settings to identify
and map new mineral prognostic zones. Methods for automated mapping of minerals associated with
alteration zones, development of spectral-geochemical relationship using spectral and geochemical
datasets need to be developed.

9.6.5. Geo-Archaeology
Space based geo-archaeological exploration along with geo-spatial tools is one of the most fascinating
geoscience application. It involves interpretation of multi-sensor satellite data to explore new
archaeological sites, understand development, preservation and destruction of archaeological sites in
context of regional scale environmental changes, evolution of physical landscape and impact of human
groups by applying concepts and methods of geosciences (especially geology, geomorphology, hydrology,
sedimentology, pedology and exploration geophysics). Research is required to develop methods/approach
to explore archaeological sites using multisensor satellite data (Radar and high resolution multispectral
data in particular) in conjunction with geospatial database of known archaeological sites. It is required to
understand impact of neo-tectonic activities and palaeo-climatic changes on evolution of ancient
civilisations.

9.6.6. Environmental Geosciences
Desertification and land degradation constitutes one of the most alarming geo-environmental global
problem affecting two third countries of the world on which one billion people live (one sixth of world’s
population). Land degradation is reduction or loss of productive land due to natural processes, climate
change and human activities. Desertification is land degradation in arid, semi-arid and dry sub-humid
areas (also known as Drylands). The processes of desertification and land degradation are observed to have
accelerated during recent years globally. There is a need to stop and reverse the process of desertification
and land degradation. It is required to develop advanced digital classification techniques using object
based approaches, machine learning/artificial neural network for automated land degradation mapping
using muli-temporal and multi-sensor satellite data, vulnerability and risk assessment and developing
action plans to combat land degradation.
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9.7. Research Areas in the field of Geospatial Data and Information Science
Development in space technology and associated launch of advanced satellites has started an operational
era of theme specific satellites providing applications specific images with quick revisit and wide swath.
Global collaborations and data sharing are playing key role in optimal utilization of space data in effective
and efficient ways. Both optical and microwave remote sensing are playing complimentary roles and
providing operational solutions globally through remote sensing.
Geospatial and Information science is key emerging area, which has potential to explore existing and long
term satellite data to derive new information, data products and develop new advanced applications.
Meteorology and Oceanography Data Archival Centre (MOSDAC) is a data centre of Space applications
Centre (SAC) and has facility for satellite data reception, processing, analysis and dissemination.
MOSDAC is operationally supplying earth observation data from Indian meteorological and
oceanography satellites, to cater to national research requirements. The vast amount of data available in
MOSDAC provides scope of carrying out research in the field of geo-spatial data and information
processing.
Themes under which Research is solicited under RESPOND

9.7.1. Advanced Data and Computing Architecture




Optimized Data Cubes for multi-dimensional aggregation of satellite images and their spatiotemporal analysis.
Techniques for forecasting and in-painting in Data Cubes
High Performance Computing of satellite images on Cloud

9.7.2. Data Visualisation and Web Processing





Advanced data rendering and fast visualization techniques of 2D and 3D satellite data.
Fast Tiling and caching techniques for visualization of satellite Images
Development of techniques for automatic on-demand web mashup generation.
Cloud and Semantic enabling of Web Processing Services.

9.7.3. Data Security and Information Dissemination






Data encryption and compression techniques for multicasting of satellite data
Customization and optimization of multi-cast protocol using critical distance of client nodes
to cater to requirements of real-time data dissemination.
Content based data multicasting
Information and Data security models for small devices
Location aware satellite data dissemination for mobile devices

9.7.4. Data Mining and Web Analytics






Real time analytics for Big Earth Data
Pattern recognition based techniques for Event detection
Geospatial feature extraction using deep learning techniques
Automated event tracking (Cyclone, dust storm, etc.) using machine learning techniques
Region growing algorithms for identification and tracking of meteorological and
oceanographic events (Fog, bloom, convective initiation, etc.)

9.7.5. Data and Information Lifecycle Management


Automated algorithms for value evaluation of data and information
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Techniques for automatic Quality checking of data
Techniques for Persistent identifier management
Techniques for generation of Linked data
Faceted search and Browsing of satellite images
Semantic annotation and labelling of satellite images

9.7.6. IoT and Sensor Network






IoT enabled sensor network for acquisition of weather data
Smart weather data acquisition systems
RTOS based Data acquisition system
Virtual Sensors for Weather data acquisition
Optimal data capture and processing in Sensor Network

9.7.7. Virtualization and Cloud Computing




High Performance Cloud for Satellite Image Processing
Network Virtualization and Software Defined Network
Software Defined Storage

9.8. Research Areas in the field of Visualization of Earth Data & Archival System
(VEDAS)
To meet the user expectations of fast access to EO derived product for societal applications, there is a need
to develop newer applications for better visualization and understanding of cause / effect of various covarying features. For that to happen, advanced tools and technologies have to be used in conjunction with
improved algorithms and efficient analytics. Research and analysis of the following thrust areas by
independent and expert researchers and academia will strengthen the impact of the work. It is expected
that with such a handshake between data generators and potential analysts, newer and innovative ways
will emerge which will meaningfully bring about transformation in decision making for benefit of
population of our country.

9.8.1. Algorithms / Procedures for Time Series Visualization
VEDAS is responsible for archival and dissemination of thematic data and data products available within
SAC. Large amount of spatial time series data is collected over time and visualization of available spatiotemporal data is essential for exploring and understanding structures and patterns, and to identify unusual
observations or hidden patterns. However, the volume of data available and number of concurrent users
that may be accessing the data challenges current time series map visualisation. The start and end time of
episodic events or span of intensive observations may also be dynamic. So algorithms are required to be
developed and modern techniques are required to be used for visualization of large spatio-temporal (ST)
datasets ordered in time for animated mapping. This will be further used for exploring or monitoring
unusual observations in large datasets like NDVI, snow, temperature, solar insolation etc.

9.8.2. Data Analytics and Knowledge Discovery
To understand and appreciate a natural phenomenon and attach cause and effects to an evolution, there
is a growing demand of rendering “on the fly” multi-layer information. There may be concurrent users
accessing same set of data. So there is motivation to parallelize computation to improve turn around time
of a service. The research initiatives will be useful steps towards achieving this goal. Design &
Development of parallelizable algorithms for interactive geospatial data analysis with high temporal
resolution. Design & Development of parallel execution frameworks and/or distributed computing
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libraries for geospatial data processing operations. Design and Development of scalable general purpose
systems/algorithms for removing noise from spatiotemporal datasets. Design and Development of scalable
general purpose systems/algorithms for predictive analytics from spatiotemporal datasets. Design and
Development of data-mining algorithms for spatial-temporal datasets. Design and Development of
scalable techniques for semantic segmentation of orthoimagery.

9.8.3. Super Resolution Image Generation
Super Resolution is an Image Processing technique which is used to enhance the image resolution of scene
from a number of lower resolution images of same area by reducing effects of noise in the reconstructed
image. In case of satellite images, this can be seen as a powerful tool of getting high resolution multispectral images (spatial) from low resolution panchromatic images. This will facilitate improved (in spatial
scale) Land cover for better natural resource management.

9.8.4. Web Enabled Sensor System for Efficient Resource Management
There is need to develop a prototype and demonstrate the applicability of wealth of information that can
be gathered by set of remotely located instruments. Instruments can measure the meteorological
conditions as well as ambient conditions and transmit the data to a central hub. Air quality monitoring of
a region is a one such example where measurements of PM2.5 and PM10, concentrations of target gases
(NOx and SOx – for example), their dispersal (based on wind direction and speed), temperature and
humidity are all required by administrators and managers to issue advisory and / or take pro-active
preventive measures.

9.9. Research Areas in the field of Urban Studies
9.9.1. Urban Feature Extraction (Road Network Delineation)
Transportation networks such as roads and railway lines are important for several urban applications
including disaster management, urban planning, impervious surface extraction, urban growth modelling
etc. The automatic methods such as template matching, object-based classifiers and machine learning
methods such as neural networks, support vector machines, deep learning etc. can be used to efficiently
extract road network from very high-resolution optical and SAR images acquired by Indian Remote
Sensing satellites.

9.9.2. Urban Feature Extraction (Impervious Surface / Urban Area Mapping)
The mapping of urban land cover remains a challenging task owing to the high spectral and spatial
heterogeneity of urban environment. The accuracy of urban area extraction can be improved by
combining multi-temporal, multiresolution and multi-sensor optical and SAR earth observation data.

9.9.3. Urban Feature Extraction (3D Building Reconstruction)
The 2D and 3D information of buildings and other urban structures are needed not only for impressive
visualisation of urban areas, but also as an input in several urban applications like population estimation,
roof-top solar energy potential assessment, visibility studies etc. Building extraction from high-resolution
satellite images in urban areas is an intricate problem. Techniques are to be developed for automatic
extraction of buildings from Very High Resolution optical data. The availability of very high-resolution
imagery from Cartosat series data necessitates development of techniques and algorithms for 3D building
reconstruction.

136

Sponsored Research

9.9.4. Urban Heat Island
Spatial and Temporal Distribution of Urban Heat Islands on Land Surface and Near Surface Atmosphere
Development of models for deriving day-time and night-time air temperature from satellite-derived land
surface temperature and vegetation indices can assist in identification and analysis of spatial and temporal
distribution of urban heat islands.
Impact of Land Cover Types on Urban Heat Islands The changes in land use-land cover pattern and
declining vegetation cover in cities are predominant factors influencing the growth of urban heat islands
in the cities. Satellite data derived land use land cover information can be compared with the temperature
profiles to assess the impact of land cover on urban heat islands.

9.10. Research Areas in the field of Calibration and Validation
The success of any satellite mission is depending on usefulness of sensor measurement and its derived geophysical products. This goal is achieved through theoretical and experimental procedures, which
generally called post launch vicarious calibration methods. The error inducted due to uncertainty of
sensors performance, atmospheric correction and retrieval algorithm on geo-physical products is
quantified through the validation procedure using in-situ data sets. These techniques vary by depending
on sensor type and derived geo-physical products. To achieve these major task, calibration sites are being
identified specific to sensor, sensor and target specific calibration methodologies development, and
calibration site identification, establishment of sites and its qualification to standards.

9.10.1. Optical sensor calibration









The optical sensor calibration exercise is performed by vicarious (absolute), relative and inter-sensor
calibration methods. The absolute calibration is performed through simulation of top-ofAtmosphere radiance for calibration gain and offset calculation. For this purpose we developed
ocean site at Kavaratti and land site at Little Rann of Kutch (partially campaign). In each aspect of
operational methods are based on R&D carried out here.
The relative sensor calibration exercise for radiometric performance monitoring is performed
through land, ocean, snow and deep convective cloud targets.
The sensor performance is also cross verified with contemporary sensors using synchronous nadir
pass and its measurements. These exercises is performed by normalizing the central wavelength and
out off band contribution in case of optical sensors.
Radiative modeling of satellite sensor measured radiance though ground truth measurements.
Periodic monitoring and updating of radiometric performance of optical sensor through terrestrial
surface radiance measurement and model simulation.
Radiometric performance monitoring using moon, deep convective clouds, desert and ocean sites
for optical sensors (both high and coarser resolution).

9.10.2. Microwave sensor calibration




Synthetic Aperture Radar (SAR) radiometric calibration is one of the important aspects to
characterize and maintain image quality throughout the mission and to provide stable, quantifiable
image products to the users.
Radiometric parameters of SAR sensors like sigma0, speckle index and radiometric resolution are
monitored over invariant, distributed calibration targets like Amazon rainforest, Boreal forest,
Antarctica for the data sets with same instrumental parameters (beam, polarization). This exercise
is used to estimate noise equivalent sigma0 to ensure the data quality.
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Corner reflector based calibration is done to compute the impulse response parameters. A regular
and systematic analysis helps to estimate the radiometric accuracy and stability using corner
reflector based data.
Monitoring of SAR instrument subsystem components is used to study gain variations or linearity.
Generic software for estimation of calibration parameters using SAR images and orbital parameters
over synchronized satellite pass with various Corner reflectors.
A novel approach for Data quality evaluation of Scatterometer (OceanScat or upcoming mission
ScatSat-1) is being worked out where one can relate the parameters available at different levels of
product to geophysical parameters.
Scatterometer calibration includes the monitoring of on-board calibration data to keep a check on
transmitted power. Invariant sites like Amazon rainforest, Sahara Desert, Antarctic snow are
required to be monitored regularly and time series of backscattered or brightness temperature can
be generated to check the system behaviour.

9.10.3. Geo-physical products validation







The most important exercise of validating sensor derived geo-physical products are done using
community vetted matchup methodology and qualifying various data sets (in-situ, contemporary
missions, climate data sets, data from various collaborative agencies, etc.)
Protocol development on measurements, instrument operation, quality control, and calibration
standards.
Inter-comparison of rainfall estimates measurements made by various ground based instruments
like Micro Rain Radar, Disdrometer and rain-gauges over a validation site.
Optimization of disdrometer/ rain-gauges distribution and number for addressing beam filling
problem in validation of satellite derived rainfall estimates.
Satellite derived geo-physical products plays an important role in making effective use of satellite
data by various user community. These activities are achieved through partnership of collaborative
agencies, autonomous measurement systems (land, ocean) and also through special measurement
campaigns.

9.11. Research Areas in the field of Hyperspectral Techniques Development
Hyperspectral remote sensing combines imaging and spectrometry. Most of Earth’s surface materials
contain characteristic absorption features which are very narrow in the spectral appearance, hence using
high spectral resolution sensors called hyperspectral sensors, we can detect hundreds of very narrow,
contiguous spectral bands throughout the visible, near-infrared, mid-infrared and thermal infrared
portions of the electromagnetic spectrum. The very high spectral resolution facilitates fine discrimination
between different targets and its inherent chemical compositional characteristics based on their spectral
response in each of the narrow bands. Sophisticated and complex data analysis methods are required due
to high dimensionality and size of the hyperspectral data, the spectral mixing and contamination in the
measurement process such as noise and atmospheric effects. Therefore, we need to explore and develop
advance hyperspectral data analysis techniques and tools, which may be organized in different themes:
data fusion, unmixing, classification, target detection, physical parameter retrieval etc.

9.11.1. Machine learning models for Hx classification
The application of deep learning with hyperspectral images is less straightforward as compared to other
optical datasets since hyperspectral datasets are represented by high dimensionality with high spectral
resolution. Supervised classification faces challenges like the imbalance between high dimensionality and
limited availability of training samples which often limits the depth of deep CNN networks. Another
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relevant aspect is to incorporate both spatial and contextual information in the classification process so as
to take advantage from both the sources of information. The addition of the time domain to the learning
model apart from contextual and spectral information adds an additional dimension to the input data
making the learning process much more challenging. Following challenges are needed to be taken up;










To explore Residual-3D-CNN, standard computer vision models such as LeNet-5, AlexNet, VGG,
Darknet, Squeezenet to Hx classification with different learnable filters such as using 1D, 2D and 3D
to see their effectiveness for remote sensing data classification.
Another relevant challenge is to integrate spatial-contextual information in spectral- based classifiers
for hyperspectral data to take advantage of the complementarities. For Example: 3D deep
convolutional neural networks (CNN).
The Challenge in Vegetation (multi-crop, forest species) classification now is learning temporal
information from time series hyperspectral data. The addition of the time domain to the learning
model apart from contextual and spectral information adds an additional dimension to the input data
making the learning process much more challenging.
Current research on simultaneous contextual information extraction and temporal information
extraction can also be further explored by combining the concept of Convolutional and RNN such as
Convolutional LSTM or Convolutional GRU to the temporal image data. This can be very effective
for time series data classification.
Physics inspired Deep-Learning based Inversion models for geophysical parameter retrieval.

9.11.2. Challenges in Hyperspectral-Multispectral Data Fusion
There is a trade-off between Spatial Resolution and Spectral Resolution as can be seen in the case of
Hyperspectral data and Multispectral data. In order to fully utilize the advantage from both the sensors
like having data with both high spatial resolution and high spectral resolution data fusion is required.
Another challenge is the introduction of noise in the dataset during the fusion process. Current methods
often fail to address the issue of registration errors and are widely ignored thereby in the future
comprehensive modelling and compensation of realistic noise and registration error can also be addressed.







To explore hypersharpening based methods for denosing which are based on component substitution
(CS) and multiresolution analysis (MRA).
The unmixing based strategies such as Hyperspectral Image Superresolution via Subspace-Based
Regularization (HySure) and CNMF (Coupled Non Negative Matrix Factorization) have great
potential even when Spectral Response Function (SRF) has limited overlap.
A possible future for further performance improvement lies in developing hybrid approaches that
combine the advantages of different classes of methods such as MRA and Unmixing. Current
Unmixing approaches rely mostly on the assumption of Linear Unmixing Model which can be further
extended to Bi-linear or Non-Linear based models.
VNIR-Hx and thermal-Hx data Fusion and Hyperspectral, LIDAR and SAR data fusion for precision
agriculture, soil characteristics, forest biomass etc. studies.

9.11.3. Spectral Nonlinear Unmixing
Spectral unmixing is the most important and challenging in hyperspectral imaging. It is known as blind
source separation problem. The spectral unmixing problem includes two major tasks a) Identifying the
pure pixels (materials) called endmembers b) Estimates their corresponding fractional quantities
(abundance) presented in the mixed pixel. There is need to develop robust models for non-linear spectral
unmixing where light typically interacts with more than one component as it is multiple scattered such
as the case of minerals, soil grains etc.
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A complete physics based approach to nonlinear unmixing would
involve the inversion of the radiative transfer theory (RTT), which
is an extremely complex ill-posed problem. Therefore we need to
take up following challenges;






To develop physics-inspired and sparse based non-linear
un-mixing models.
Real-Time robust spectral unmixing algorithm and tools
(Which can be used in airborne or drone based sensor).
Development of high performance / parallel computing
model for spectral unmixing (Sparse unmixing models
depend on spectral library which takes too much time).
Dictionary Learning based Estimation and data recovery
for sub-pixel classification of Hx data. For eg. soil property estimation from mixed pixels.

9.11.4. Aerosol retrievals, atmospheric corrections and air quality
Aerosol and atmospheric corrections involves following challenges;





Aerosol and dust characterization.
Atmospheric corrections of VNIR sensors is a challenge in absence of SWIR channels. In this direction,
there is need to develop methods for AOD and surface reflectance retrieval for VNIR sensors such as
AWiFS, LISS-III, Cartosat-2 etc.
Mapping and analysing the patterns of ground level particulate matter (an important factor to
determine the ground level Air-Quality) using satellite data and modelling. Development of models
to estimate particulate matter using satellite data specifically for Indian atmosphere. The
quantification of factors leading to harmfully high levels of particulate matter.

Challenges/Opportunities
 Requirement of hyperspectral CubeSat-constellation for high-temporal hyperspectral data
 Development of on-board Parallel/FPGA algorithm for real-time application of hyperspectral data.
 Simulation of synthetic hyperspectral data using Radiative Transfer and Ray tracing models.

9.12. Research Areas in the field of Microwave Techniques Development
Microwave remote sensing instruments, like Synthetic Aperture Radar (SAR), Scatterometer, Radiometer,
Altimeter and Ground Penetration Radar (GPR), provide valuable inputs for geophysical parameter
retrievals, monitoring and investigative studies. Though, data from these sensors is regularly processed
using various retrieval algorithms, to cater to corresponding user applications, there is still a huge scope
to develop and employ advanced techniques to fully exploit the data for maximum utilization. There is
also requirement to simulate and demonstrate newer techniques, which will enable definition of future
microwave sensors. With the above requirements in perspective, following are the potential areas of
research:




Development of techniques to simulate GeoSAR data and its processing algorithms, to study
geophysical parameters retrieval accuracies.
Development of object/feature detection techniques using GPR and Wall-Penetration radars, and
their performance evaluation.
Development of processing methodologies for Rail-mounted Interferometric SAR system for landsubsidence monitoring; system development, demonstration of processing methodology and its
performance evaluation
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Full-wave numerical Maxwell Model 3D simulations for microwave scattering from forests including
detailed 3D modeling of forest canopy structure.
Signal processing techniques for forest mapping using 3D-SAR Tomography and Higher dimensional
SAR Tomography; applications of SAR tomography for forest mapping in plains and hill slopes.
Tree height and structure mapping and species diversity mapping from LIDAR and fine resolution
optical data.
Classification and discrimination of vegetation types from time series vegetation profiles; Vegetation
phenology mapping for assessing the vegetation characteristics for studying impact of climate.
Long time series monitoring of crop sowing shifts and impact on the potential yield of crops.
Detection of vegetation disturbance and generation of alert system; Dryland agriculture and yield gap
analysis.
Data Driven Techniques development for Daily Real Time Soil Moisture Estimates and Forecast using
Deep Learning
Development of techniques for root-zone soil moisture estimation
Development of Polarimetric SAR models for Permafrost characterization in Himalayan regions.
PS- and DS-InSAR based algorithms for land-deformation estimation; Algorithms for Landslides
damage assessment from SAR data; development of regular monitoring system with alert generation
capability

9.13. Research Areas in the field of Marine Biology and Ecosystem
Satellite ocean colour data provides a synoptic view of Earth’s marine ecosystem on spatial and temporal
scales unattainable via in situ methods. ISRO has a dedicated Ocean Colour program and has successfully
launched two Ocean colour sensors OCEANSAT-1 OCM-1 (May,1999-2008) and OCEANSAT-2 OCM-2
(September, 2009-present) to address the oceanographic applications in a concerted manner. Oceansat-3
with OCM -3 is scheduled to be launched sometime in 2021. Apart from Indian ocean colour sensor
OCM2, globally available ocean colour sensors are MODIS –AQUA, NPP-VIIRS, JPSS, Sentinel 3-OLCI
etc. One of the major goals for all these ocean-colour missions is to provide high-quality data products to
user community on an operational basis. SAC is involved in the use of space technology in science and
climate related applications, geophysical parameter retrieval algorithms for studying marine ecosystem
parameters, resource exploration, habitat mapping and conservation at various spatio-temporal scales for
societal benefits to fisher communities, R & D activities for generating novel applications and defining
new sensor requirements. Some of the challenging areas for research can be broadly classified as

9.13.1. Bio-Optical Parameter Retrieval for Optically Complex Waters
a) Development of bio-optical algorithms for optically complex marine waters which includes coastal
turbid and shallow waters, estuarine and backwaters, coastal wetlands of the Indian region.
b) Accurate estimation of optically active constituents such as chlorophyll–a concentration, coloured
dissolved organic matter (CDOM) absorption and total suspended sediments with error budget.
c) Atmospheric correction models for turbid and optically shallow waters and retrieval of water leaving
radiances.
d) Hyperspectral inherent optical properties, and hyperspectral characterisation of optical constituents
e) AI based techniques for retrieval of optical constituents

9.13.2. Aquatic carbon and biogeochemical dynamics in ocean-coastal ecosystems
a) Study of various components of the aquatic carbon in diverse coastal-ocean ecosystems (TOC, DOC,
DIC, POC, Pyto C, Det C)
b) Study of nitrogen components of the aquatic system
c) Nutrient dynamics in estuarine coastal and oceanic regions and the effect of density, salinity and
temperature on nutrient dynamics
d) Study of photosynthetic rate parameters for modeling primary production
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e) New production modelling.
f) Modelling biogeochemical pathways in marine ecosystem
g) Composition of dissolved organic carbon in various ecosystems

9.13.3. Marine Living Resource Management
a)
b)
c)
d)
e)
f)
g)

Modelling of fish habitats using remotely sensed parameters and fishery data
Marine spatial planning of fishery resources in GIS
Habitat identification of endangered marine organism using geospatial information
Site suitability for mariculture using RS and GIS
Role of remote sensing in zooplankton and secondary production
Microbial ecosystems and remote sensing
Role of remote sensing in benthic fisheries.

9.13.4. Biodiversity and ecosystem Studies
a)
b)
c)
d)
e)
f)
g)
h)
i)

Micro algal community structure (size and functional classes), using microscopic,
optical, chromatographic and remote sensing techniques,
biodiversity studies of micro and microalgae of Indian marine waters
Environmental impacts on bio-diversity,
Optical and biological studies of algal blooms
Environmental and biological studies of micro/macro-algae useful for biofuels,
bioactive components
Optical and biological characteristics of benthic ecosystems (Sea grass Seaweeds, benthic microalgae)
Phytoplankton fluorescence and physiological studies

9.13.5. Bio-physical process studies
a) Effect of oceanographic features on phytoplankton productivity and community structure
b) Impact of large scale climatic events on phytoplankton biomass and community
c) Oceanographic processes (coastal upwelling, open ocean divergence, convective mixing etc ) on
ecosystem structure
d) Impact of episodic events (cyclones, dusts) and open ocean ecosystems
e) Ocean acidification studies
f) Marine pollution studies and effect on phytoplankton community

9.14. Research Areas in the field of Agriculture, Terrestrial Biosphere and
Environment
There are growing needs to develop operational methodologies to provide solutions for emerging
requirements in agriculture and allied sectors for sustainable food security corresponding to SDG goal 2.
These are connected to import-export policies, agricultural market intelligence that call for early and
multiple in-season assessment of small-area crops, improving the quality of agro-met advisories for
farming community, faster claim settlement / yield dispute resolutions and two-step yield estimation at
GP -level for crop insurance using technology, decision support solutions for intra-region and interregional trades by agro-industries, agri-business entrepreneurs and development of precision farming
techniques for another green revolution using navigational guidance, space technology, IoT sensors, onthe fly GIS and Big-data analytics A new agricultural programme, SUFALAM, is being executed to
demonstrate and develop operational methodologies and carry out frontline research with an aim to
provide solutions to some of the above requirements.
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There is a growing concern to understand the role of natural and anthropogenic forcing on different
terrestrial ecosystems such as agro-ecosystem, grassland, forest, urban, wetland etc. in the realm of
changing climate. The primary goal is to harness the benefits of space technology to characterize the
magnitude of environmental change at various space-time scales and its impact on health of vegetation,
natural habitats, biodiversity, wild animals and human beings. These can lead to identify hot-spots and
reasons of vulnerability and to suggest solutions for climate resilient technologies. A new environment
and climate change programme named, SHRESTI, is being executed to harness the benefits of space
technology.

9.14.1. Agriculture
Crop mapping: Opti-SAR data fusion and development of AI-based techniques for improved crop
discrimination and statistics, development of advanced algorithms for crop mapping in insurance unit,
minor and scattered field crops, horticultural crops, medicinal and aromatic plants using high resolution
time series optical (multi-spectral, hyperspectral) and synthetic aperture radar (SAR) data.

Precision agriculture: Farm-scale water and nutrient foot-printing, canopy radiative transfer modelling
for retrieving crop biophysical parameters, ensemble two-source surface energy balance modelling for
crop stress combining multi-spectral, thermal and hyperspectral data, drone-based automatic stress
detection, trajectory modelling for predicting desert locust migration

Crop yield estimation and prediction: Development of satellite data assimilation techniques to crop
growth simulation and agro-hydrological models, Predictive modelling for crop phenology and
agrometeorological parameters, Development of inversion schemes for retrieval of aboveground crop
biomass estimation using SAR.

Crop Discrimination and mapping of using machine learning

9.14.2. Terrestrial biosphere and Environment
Climate Change and Terrestrial Ecosystem: Development of climate change impact indicators or alerts for
ecosystem health of mangroves/forest, coral reefs, wetlands, grasslands; Estimation of forest fuel and fire
risk potential, automated forest type detection, modelling long-term change in forest phenology, biogeochemistry modelling, growing stock, stress vulnerability and risk quantification in agro-ecosystem.
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Climate Resilience and Terrestrial Environment: Development of prediction models of air quality
parameters using long-term satellite-derived criteria pollutants, Geo-spatial modelling of environmental
impact on human health, Urban micro-climate characterization and modelling, Interaction of surface
ozone and methane over agro-ecosystems, Inverse modelling of surface methane and N2O fluxes, sourcedispersion modelling for air pollution and quality assessment

Retrieval of Land Surface Parameters: Land surface temperature and emissivity separation, thermal
anisotropy, development of retrieval techniques for vegetation fluorescence, GHG and non-GHGs, highrepeat high-resolution soil moisture, Photosynthetically Active Radiation (PAR) in different sky
conditions, Development of LiDAR-based retrieval techniques for 3D forest structure and air pollutants.

Satellite retrieved air pollutant during pre and post-lockdown due to COVID-19

9.15. Research Areas in the field of Planetary Sciences
Planetary Sciences activities deals with analysis & interpretation of science data from past planetary
missions (Moon, Mars etc.), planning science experiments for future planetary missions (Venus, Mars
etc.) and studying the Planetarty Analogues on Earth for understanding the geological processes on other
planets.

9.15.1. Lunar Surface Sciences
The main research themes include Lunar Surface composition, Lunar morphology, Hyperspectral data
analysis for Lunar Surface, Thermal Remote Sensing of the Moon, Spectral characterisation of Lunar
analogues, Lunar surface dating and lunar volcanism. Multi-frequency microwave SAR studies for H O /
Ice detection on Lunar surface.

9.15.2. Lunar Gravity and Crustal Thickness Studies
Using the surface elevation and satellite tracking data lunar gravity can be deduced and this gravity data
can be further modelled using gravity reduction methods to find out the lunar crustal thickness, which
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provide information about the lunar interior processes. The main research themes include Lunar gravity
modelling, inversion modelling for crustal thickness and lunar interior.

9.15.3. Studies related to Martian Surface, Polar Ice and Atmosphere
Major research themes are Characterisation of Martian analogues in India, Hyperspectral analysis of Mars
data, Thermal remote sensing of Mars, Martian Atmosphere. Surface composition of Mars, Remote sensing
for Trace gases. Study of Phobos & Deimos (Moons of Mars).

9.15.4. Terrestrial Analogue Studies
Geochemical, Spectroscopic, X-ray & astro-biological studies of the terrestrial analogues of Moon and
Mars.

9.15.5. Development of Polarimetric SAR based Model for Lunar and Martian Surface Parameter
Retrieval
ISRO's future planetary missions to Moon and Mars will be equipped with SAR payloads imaging the
planetary surfaces/ sub-surfaces by multi-frequency polarimetric radars and radiometer. SAC is engaged
in development of algorithms for retrieval of surface parameters such as dust/regolith roughness,
thickness, dielectric constant and detection and quantification of sub-surface water-ice in the Lunar and
Martian environment. New research is required for development of algorithms, simulation models and
tools for retrieval of geo-physical parameters of Lunar and Mars surfaces.
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SIGNAL & IMAGE PROCESSING AND DATA PRODUCT
SIPG is responsible for the design, development, operationalization and maintenance of software for
remote sensing data processing related to earth, planetary and astronomical observations for Indian as
well as international user community. SIPG is also engaged in design & development of custom-made
software for specific ISRO/ANTRIX clients. The group specializes in design of algorithms for signal &
image processing and geo-spatial techniques. Coupled with efficient computing for the development of
Data Products and Data Quality Evaluation Software Systems and services, this group specializes also in
machine learning, deep learning and artificial intelligence. SIPG is involved in processing data acquired
from entire spectrum of ISRO’s Earth Observation Missions - Multi-spectral CCD sensors (e.g.
RESOURCESAT, Ocean Color Monitor) and optical radiometers (e.g. on geostationary platforms), High
Resolution and Stereo data from optical sensors, Hyper spectral sensors from space borne and airborne
platforms, Microwave sensors (Scatterometers, altimeters, SAR, radiometers, radio beacons and GPS-RO),
Ultra-violet and X-ray sensors, calibration & validation methodologies and adoption of software
engineering standards and practices.

Research Areas in the field of Signal & Image Processing and Data Product
10.1. Onboard Imaging With Joint Deblurring, Denoising and Compression
In the context of satellite imaging, the classical chain consists in compressing the image onboard and in
restoring the decompressed image at the ground station. A main disadvantage of this solution is that the
deconvolution process amplifies quantization noise. The joint deblurring-denoising and compression
scheme we are proposing performs the deconvolution before the compression and thus avoids this
drawback. Since this requires the deconvolution step to run onboard, the algorithms have to be as fast as
possible.

10.2. Satellite Imaging Chain Based on Compressed Sensing(CS)
Compressed sensing is a new emergent sampling theory whose purpose is to perform acquisition and
compression of the signal at the same time. Classically, the satellite image is first sampled at the Nyquist
frequency to give N pixels, but it is well known that the images have sparse representation in wavelet
basis; his technique does not seem to be adapted to low-resources applications as all the image is usually
required to perform the compression. CS could indeed drastically simplify the process of image acquisition
by providing a reduced number of measurements, directly received from the sensor, therefore saving an
important quantity of resources. It is also valuable to point out that the CS framework provides an
acquisition technique whose performances depend mainly on the reconstruction algorithm done on the
ground. Thus, optimal onboard acquisition scheme and on-ground algorithms needs to be built to improve
quality.

10.3. Automatic Cloud detection for high resolution satellite stereo images for
generating DEM
The automatic extraction of terrain from high-resolution satellite optical images is very difficult under
cloudy conditions. Therefore, accurate cloud detection is necessary to fully use the cloud-free parts of
images for terrain extraction. Given that clouds are often separated from the terrain surface, cloudy areas
can be extracted by integrating dense matching DSM, worldwide digital elevation model (DEM) (i.e.,
shuttle radar topography mission (SRTM)) and gray information. An algorithm for automatic detection
and rejection in DEM generation is required.
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10.4. On-board Image Compression Algorithms with locally adjustment quality
Many compression algorithm onboard based on DWT like JPEG 2000 or CCDS recommended compressor
are all based on fixed bit rate where the compression ratio is decided either based on mission data rate
constraint or is adjusted on initial set of images in the initial phase of satellite operation. Once the rate is
fixed, it remains as it is throughout the mission. In order to optimize the bit-rate on every part of the
image, it is required to have compression algorithm with quality adjusted locally. It should adapt the
compression rate to local features in the image and should be implemented in FPGA to be put onboard.

10.5. 3D Information from Radiometric Measurement
Input is the intensity image and the output is 3D properties of a surface in the scene is ill-posed and
extremely diﬃcult to solve in most cases. Instead of solving it, a side-step is taken and objects in the image
are segmented using some semantic information, but not directly the image formation physics.
Nevertheless, there are special situations in which the inverse task to image formation has a solution. The
ﬁrst approach is shape from shading, and the second one photometric stereo.

Shape from shading
The human brain makes use of clues from shadows and shading in general. Not only do detected shadows
give a clear indication of where occluding edges are, and the possible orientation of their neighboring
surfaces, but general shading properties are of great value in deducing depth. A ﬁne example of this is a
photograph of a face; from a straight-on, 2D representation, our brains make good guesses about the
probable lighting model, and then deductions about the 3D nature of the face—for example, deep eye
sockets and protuberant noses or lips are often recognizable without diﬃculty.
Recall that the intensity of a particular pixel depends on the light source(s), surface reﬂectance properties,
and local surface orientation expressed by a surface normal n. The aim of shape from shading is to extract
information about normal of surfaces in view solely based on an intensity image. If simplifying
assumptions are made about illumination, surface reﬂectance properties, and surface smoothness, the
shape from shading task has proven to be solvable. The ﬁrst computer-vision related formulation comes
from Horn. Techniques similar to shape from shading were earlier proposed independently in
photoclinometry, when astrogeologists wanted to measure steepness of slopes on planets in the solar
system from intensity images observed by terrestrial telescopes.

Photometric Stereo
Photometric stereo is a method that recovers surface orientation unambiguously, assuming a known
reﬂectance function. Consider a particular Lambertian surface with varying albedo ρ. The key idea of
photometric stereo is to look at the surface from one ﬁxed viewing direction while changing the direction
of incident illumination. Assume we have three or more such images of the Lambertian surface; then the
surface normals can be uniquely determined based on the shading variations in the observed images if we
know the illuminants’ positions.

10.6. Optimization Techniques in Recognition
Optimization is very ﬂexible. In image recognition and understanding, the best image representation is
sought, or the best match between image and model is required, or the best image understanding is the
goal. Whenever ‘the best’ is considered, some objective function of goodness must be available, implying
that an optimization technique can be applied which looks for the maximum ... for the best.
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No optimization algorithm can guarantee ﬁnding a good solution to a problem if the objective function
does not reﬂect the goodness of the solution. Therefore, the design of the objective function is a key factor
in the performance of any optimization algorithm.

Genetic Algorithm
Genetic algorithms (GA) use natural evolution mechanisms to search for the maximum of an objective
function. GAs do not guarantee that the global optimum will be found, but empirical results from many
applications show that the ﬁnal solution is usually very close to it. This is very important in image
understanding applications. There are usually several consistent (feasible) solutions that are locally
optimal in image understanding, or matching, and only one of those possible solutions is the best one
represented by the global maximum. The opportunity to ﬁnd a (near) global optimum is very valuable in
these tasks.

Simulated Annealing
Simulated annealing represents another group of robust optimization methods. Similarly to GAs,
simulated annealing searches for an extremum of an objective function (cost function) that represents the
ﬁtness of some complex system. Searching for a minimum is considered in this section because it simpliﬁes
the energy related metaphor with the natural behavior of matter. Simulated annealing combines two basic
optimization principles, divide and conquer and iterative improvement (hill climbing). This combination
avoids being stuck in local optima. It has as a basis a strong connection with statistical mechanics or
thermodynamics, and multi-variate or combinatorial optimization. Simulated annealing may be suitable
for NP-complete optimization problems; it does not guarantee that the global optimum is found, but the
solution is usually near optimal.

Fuzzy Systems
Fuzzy systems are capable of representing diverse, non-exact, uncertain, and inaccurate knowledge or
information. They use qualiﬁers that are very close to the human way of expressing knowledge, such as
bright, medium dark, dark, etc. They can represent complex knowledge and knowledge from
contradictory sources.

10.7. Coupled Hidden Markov Model (HMM) for multi temporal image
understanding
The Hidden Markov Model (HMM) approach has proved enormously popular because it is straightforward
to understand and implement, and maps so successfully onto a wide range of applications. The power of
the model and its analysis techniques far outweigh the problems associated with the inadequacy of its
assumptions in assuming a time independent model, and ﬁrst order behavior.
Nevertheless, the obvious limitations of a simple HMM make it natural to extend the idea to compensate
for its weaknesses. One way is to invest it with more memory, which may be done by building a model
based on a second (or higher) order assumption, the current state then depending probabilistically on
some number of predecessors. It is easy to see how this might be expected to improve performance.
An alternative approach that has proved powerful is to recognize that more than one thing may be
happening at one location at different time frame. Such features will be interdependent, we can see that
two co-operating, or coupled, HMMs might be constructed. It is then a short step to extend the idea to
any number of coupled models.
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10.8. Mathematical Morphology for Image Processing
Mathematical morphology is a well-established area of image-analysis that stands separately from the
mainstream. It is based on the algebra of non-linear operators operating on object shape and in many
respects supersedes the linear algebraic system of convolution. It performs in many tasks—pre-processing,
segmentation using object shape, and object quantiﬁcation—better and more quickly than the standard
approaches.
Morphological operations are used predominantly for the following purposes:
• Image pre-processing (noise ﬁltering, shape simpliﬁcation).
• Enhancing object structure (skeletonizing, thinning, thickening, convex hull,).
• Segmenting objects from the background.
• Quantitative description of objects (area, perimeter, projections,).

Top Hat Transformation
The top hat transformation is used as a simple tool for segmenting objects in gray-scale images that diﬀer
in brightness from background, even when the background is of uneven gray-scale.

Homotopic Transformation
Topological properties are associated with continuity (Section 2.3.1), and mathematical morphology can
be used to study such properties of objects in images. There is an interesting group among morphological
transformations called homotopic transformations

Geodesic Transformation
Geodesic methods modify morphological transformations to operate only on some part of an image. For
instance, if an object is to be reconstructed from a marker, say a nucleus of a cell, it is desirable to avoid
growing from a marker outside the cell. Another important advantage of geodesic transformations is that
the structuring element can vary at each pixel, according to the image.

Particle Segmentation, Marking and Watershed
Segmentation usually means ﬁnding objects of interest in an image. Mathematical morphology helps
mainly to segment images of texture or images of particles. Morphological particle segmentation is
performed in two basic steps: (1) location of particle markers, and (2) watersheds used for particle
reconstruction.

10.9. Deep Reinforcement Learning Guided Feature Assimilation for Efficient
Poverty Mapping
With the advent of deep neural networks, reinforcement learning has proven broadly useful for a wide
variety of tasks including object detection, localization, tracking, cloud removal, super-resolution, band
synthesis, wetland delineation and water monitoring. Recent study demonstrates successful
implementation of deep learning to address downstream tasks based on remote sensing imagery.
Particularly intriguing is the estimation of poverty maps from satellite data using a pseudo indication
variable called consumption expenditure. The value of all the goods and services consumed by a household
in a given period is a shorthand representation of poverty. In this regard, earlier works predicted villagelevel poverty using high resolution satellite images. A key ingredient of these prior works is to train a
neural network to count meaningful objects, such as buildings, trucks, passenger vehicles, railway vehicles
etc. in high resolution images, and regress on these categorical features to predict poverty. In this work,
we intend to regulate the process of poverty mapping through deep reinforcement learning.
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10.10. Optimization for Machine Learning on Remote Sensing Imagery
Intersection of machine learning and remote sensing is an emerging field with positive societal
consequences. While multitude of tasks are being addressed effectively using machine learning on remote
sensing imagery, the theoretical understanding of all these methods remains elusive. It is to be noted that
the complexity of these learning problems increases drastically with non-convex and non-smooth nature
of empirical risk landscape. While recent studies focus on analyzing the dynamics of trainable parameters,
the assumptions made in these asymptotic bounds are far from practical scenarios. Now, we intend to
understand the role of randomly initialized gradient descent to find a global convergent point on various
remote sensing applications. Furthermore, it is imperative to study recent advances in optimization for
machine learning, and extend this analysis to design an efficient optimizer to tackle a wide variety of
challenging problems in remote sensing.
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ELECTRONICS AND MICROELECTRONICS DESIGN,
FABRICATION AND TESTING TECHNOLOGIES
In order to be self-reliant in the realization of sophisticated Communication, Navigation, Remote Sensing
and Planetary payloads, SAC has developed expertise in a host of design, modeling, fabrication, assembly,
packaging and testing technologies and has established associated state-of-art infrastructure. SAC plans to
augment this capability with a focus on payload miniaturization through development of micro/nano
technologies and advanced assembly and packaging solutions. SAC also intends to augment its specialized
space environment simulation capabilities to meet the needs of future missions.
In keeping with the above stated objectives, research proposals are invited on the topics that appear in
the following sections:

11.1. Research areas in active and passive device and component technologies
11.1.1. Simulators for SAW filter design
Surface Acoustic Wave (SAW) filters provide efficient RF filtering in a compact footprint, in the
frequency range of 10 MHz to 3 GHz. In spite of the prevalence of these devices in modern
communication equipment, general purpose design tools for the simulation of these filters are nonexistent.
The scope of the proposed research work, hence, shall be to develop accurate simulation tools for the
prediction of SAW filter performance. Target specifications and fabrication support shall be provided by
SAC. The accuracy of the developed tools shall be checked against the measured performance of fabricated
filters.
Typical schematic of a SAW filter

References:
[1] Hiroyuki Nakamura et. al., “A practical SPUDT design for SAW filters with Different-Width SplitFinger interdigital transducers”, Proc. IEEE Ultrason. Symp. 2000, pp. 105–108
[2] Hiroyuki Nakamura et. al., “A New Design Concept for Low-Loss SAW Filters Based on DifferentWidth Split-Finger SPUDT”, IEEE Transactions on Microwave Theory and Techniques, Vol. 49, No. 4,
April 2001
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11.1.2. Fabrication and performance optimization of Thin Film Bulk Acoustic Wave (BAW)
resonators and filters
Thin film Bulk Acoustic Wave (BAW) filters offer compactness and high performance, typically beyond
1 GHz. Latest research work has shown their promise well beyond X-band frequencies. Aluminium
Nitride (AlN) piezoelectric thin film based resonators form the building blocks of these filters. Film Bulk
Acoustic Resonator (FBAR) and Solidly Mounted Resonator (SMR) are the two approaches employed for
the realization of these resonators.
The scope of the proposed research work shall be to carry out the fabrication of FBAR/SMR based BAW
filters, based on the target filter specifications provided by SAC. The researchers shall be responsible for
carrying out resonator stack design and optimization, resonator RF performance prediction, optimization
of fabrication processes and finally fabrication of resonators/filters. The performance of the fabricated
resonators/filters shall be verified against target specifications.
Schematics of FBAR and SMR

References:
[1] Marco Farina and Tullio Rozzi, “Electromagnetic Modeling of Thin-Film Bulk Acoustic Resonators”,
IEEE Transactions on Microwave Theory and Techniques, Vol. 52, No. 11, November 2004.
[2] M. Hara, T. Yokoyama, M. Ueda, and Y. Satoh, “X-band filters utilising AlN thin film bulk acoustic
resonators,” Proc. IEEE Ultrason. Symp. 2007, pp. 1152–1155
[3] T. Nishihara, T. Yokoyama, T. Miyashita, and Y. Satoh, “High performance and miniature thin film
bulk acoustic wave filters for 5 GHz,” Proc. IEEE Ultrason. Symp. 2002, pp. 969–972.

11.1.3. Development of temperature dependent models for HEMTs and HBTs valid up to Cryogenic
temperatures
Presently limited data and models are available for simulation of active microwave circuits over various
temperature ranges, including cryogenic temperatures. Circuits are designed at ambient and their
response is studied practically at these temperatures.
The proposed research work shall include development of accurate temperature (including cryogenic
ones) and frequency dependent small signal, noise and non-linear models for GaAs/GaN/InP/SiGe
HEMT/HBT devices, for use in active RF circuit design.
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Semiconductor Device Modeling Set-up

References:
[1] Bautista, J.J.. et. al., “Cryogenic, X-band and Ka-band InP HEMT based LNAs for the Deep Space
Network”, Proceedings IEEE Aerospace Conference 2001, Vol. 2, pp. 829-842.
[2] Marian W. Pospieszalski, “Extremely low noise amplification with cryogenic FETs and HFETs”, IEEE
Microwave Magazine 2005, pp. 62-75.

11.2. Research areas in micro and diffractive optical component technologies
11.2.1. Development of Precision Slits / Apertures / Bar Targets
Precision slits, apertures and bar targets are one of the essential components for realization / calibration
of optical imaging cameras. These components when fabricated with high precision provide a welldefined desired image without problems like beam scattering etc.
The precision slits / apertures / bar targets may be fabricated in Si (with appropriate optical coatings) or
in metal foils (of appropriate metal) so that it works with the visible and IR spectrums. The coated Si
substrate / metal foil shall work as an opaque material with the gaps in them allowing the light to pass
through as per the design of the pattern.
The activity shall include the following:
a. Survey and selection of required materials as per detailed SAC requirements.
b. Development of fabrication process, typically Si through etch / LIGA based processes.
c. Process, component demonstration and qualification.
References:
[1] Matthias Mohaupt, Uwe Zeitner, Gerd Harnisch- Fraunhofer Institute for Applied
Optics and
Precision Engineering, Germany, Albert-Einstein-Strasse 7, D-07745 Jena “Slit manufacturing and
integration for the Sentinel–4 NIR and UV-VIS spectrometers”
[2] “Fabrication and Optical Measurements of Multi-slit Grating Based Infrared micro-spectrometer” S.H.
Kong, D.D.L. Wijngaards, G. de Graaf and R.F. Wolffenbuttel Electronic Instrumentation Laboratory I
DIMES (ITS/Et), Delft University ofTechnology, Mekelweg 4, NL-2628 CD Delft, The Netherlands
[3] “New design for highly durable infrared-reflective coatings” Chaoquan Hu, Jian Liu, Jianbo Wang,
Zhiqing Gu, Chao Li, Qian Li, Yuankai Li, Sam Zhang, Chaobin Bi, Xiaofeng Fan & Weitao Zheng
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11.2.2. Development of Deformable Mirror
Deformable mirror is an integral part of a variety of modern adaptive optics system, which are used to
correct the optical aberration of the wave front. It is carried out by deforming the shape of a membrane
(mirror) in response to an applied control signal.
A PolyMUMPS type or similar process is to be developed for Fabrication and Packaging of the deformable
mirror array device. It is desirable that fabrication and packaging be followed by relevant characterization
steps to validate the performance of the device.
The activity shall include the following:
a. Survey and selection of required materials and process as per detailed SAC requirements.
b. Development of the fabrication process.
c. Process, component demonstration and qualification.
References:
[1] Gupta, Amita; Kumar, Shailesh; Singh, Ranvir; Chaudhary, Monika; Meena, A K; et al. Defence Science
Journal; New Delhi Vol. 59, Iss. 6, (Nov 2009): 590.
[2] W. Jung, Y. Peter, E. Carr, J. Wang and O. Solgaard, "Single-Crystal-Silicon Continuous Membrane
Deformable Mirror Array for Adaptive Optics in Space-Based Telescopes," in IEEE Journal of Selected
Topics in Quantum Electronics, vol. 13, no. 2, pp. 162-167, March-april 2007, doi:
10.1109/JSTQE.2007.893560.

11.2.3. Development of Reflective Optical Coating over PMMA Resist
Optical coating is an important process in several micro/diffractive optical devices in order to alter the
way light interacts with them. To achieve required reflectance in the desired wavelength range
appropriate reflective optical coatings are used. This application requires reflective optical coating on
2D/3D shapes fabricated over PMMA, a polymer.
This work requires the development of optical coating over 950K PMMA Electron Beam Sensitive Resist.
The structure shall have either binary or greyscale resist pattern over planar or non- planar substrates of
irregular sizes. The coating shall have excellent adhesion with resist (PMMA) and shall preferably be
abrasion free.
The activity shall include the following:
a. Survey and selection of required materials as per detailed SAC requirements.
b. Development of optical coating process over Patterned PMMA Resist Structures.
c. Process, coating performance demonstration and qualification.

Blazed

grating on Silicon plano-convex lens
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11.3. Research areas in microfabrication process technologies
11.3.1. Development of Electron Beam Sensitive and Dry Etch Compatible High Resolution Resist
Electron beam lithography has been an attractive technology to delineate nano-structures. These
patterned structures can further be transferred on underlying metals (such as Aluminium in this case)
using Dry Etching technique. This process requires the resist to be electron beam sensitive as well as dry
etching compatible.
Scope of Work:
A Dry etching compatible electron beam sensitive resist with its developer is to be prepared.
The activity shall include the following:
a. Survey, selection and development of required materials for synthesis of resist, developer etc. as
per detailed SAC requirements.
b. Process, material demonstration and qualification - Process with Aluminium Deposition, Electron
Beam Lithography, Aluminium Dry Etching over an area of 15mm x 15mm with 70nm half pitch
(preferable 40nm) Binary Grating structures.

11.3.2. Development of Electron Beam / Photo Lithography and Dry Etch Compatible Resist with
High Stability at Elevated Temperatures
In certain applications, e.g. for MESA isolation, it is required to perform multiple processes such as
Etching, Deposition and further lift off in a single lithography step. This demands the resist to be not only
dry etching compatible, withstand subsequent high process temperature during deposition process but
also support lift off afterwards.
Scope of Work:
Resists with suitable developer (as per detailed SAC requirements) are needed to be synthesized that
should be dry etch compatible, withstand high temperature deposition process without getting deformed
and then support lift off process in a single lithography step.
The activity shall include the following:
a. Survey, selection and development of required materials for synthesis of resist, developer etc. as
per detailed SAC requirements.
b. Process, material demonstration and qualification.

11.3.3. Development of Dry Film Resist for Thin Film Integration on LTCC
Low temperature co-fired ceramic is a useful technology for RF applications. Integration of multilayer
structure in LTCC is based on thick film processing. Development of dry film resist (DFR) is required for
thin film integration on LTCC. This is needed for the fabrication of certain circuit elements having smaller
(<100µm) features.
Scope of Work:
A Dry Film Resist is to be developed and using it process needs to be demonstrated meeting SAC
requirements. The LTCC contains slots (cavities) and may have process-induced warpage, bow etc.
The activity shall include the following:
I.
Survey, selection and development of required materials, resists, developer, plating chemistries,
suitable equipment etc.
II.
Development of fabrication process, which includes seed-layer deposition, DFR lamination,
lithography, electroplating, seed layer etching etc.
III.
Process demonstration and qualification.
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11.3.4. Electrically controlled tunable integrated devices using Magneto-electric (ME) composites
(Thin film/Bulk & Thin film/thin film) for microwave integrated circuit applications
The emerging research area of Magneto-electric devices where the magnetic characteristics are controlled
by an electric field and/or the electric characteristics are controlled by a magnetic field, the
magnetoelectric (ME) effect, is a very attractive subject for novel microwave circuit applications. The
composite systems usually include Ferrite-Ferroelectric/Piezoelectric combinations. In such bilayer
system, the ferrite, when driven to FMR and an electrical signal is applied; the FMR frequency can be
shift thereby facilitating tunable characteristic. It is proposed to develop suitable composite material
system with at least one component in thin film form and demonstrate dual-tunable integrated microwave
components like tunable inductor, phase-shifter, attenuators, filters etc. using the developed material
system.
References:
[1] “Electrostatically tunable magnetoelectric inductors with large inductance tunability” J. Lou, D.
Reed, M. Liu, and N. X. Sun, Applied Physics Letters 94, 112508 (2009)
[2] “Strong magnetoelectric coupling at microwave frequencies in metallic magnetic film/lead
zirconate titanate multiferroic composites” C. Pettiford, J. Lou, L. Russell, and N. X. Sun, Applied
Physics Letters 92, 122506 (2008)
[3] “Electric-Field-Tunable Low Loss Multiferroic Ferrimagnetic–Ferroelectric Heterostructures”
Jaydip Das, Young-Yeal Song, Nan Mo, Pavol Krivosik, and Carl E. Patton, Advanced Materials. 2009,
21, 1–5

11.3.5. Process modeling and simulation for compound semiconductor device fabrication for
microwave applications
Compound semiconductors (III-V, III-N) are extensively being investigated and commercially being used
for high frequency/high power MMIC for variety of applications including Space and Defence. The entire
fabrication line involves plenty of different fabrication processes which are diverse in nature. A
comprehensive performance of such cascaded process group is utmost important to achieve targeted
performance of devices and circuits. Technology CAD (TCAD) is popular platform for modeling and
simulation of this group of processes, individually as well as collectively. This activity aims at precise and
accurate process analysis, modeling and simulation using appropriate TCAD platform which may help to
reduce process iterations and improves process yield.

11.3.6. Studies on energy dependent Secondary Electron Yield of Carbon Nanotube (CNT) coatings
on OFHC Copper for high frequency (Ka band) TWT
One of the prime objectives of very high frequency (e.g. Ka band) TWT especially for Space use, is to
reduce the secondary electron emission (SEE) from Multistage Depressed Collectors (MDC) so as to
improve the TWT efficiency. Variety of techniques have been investigated and being deployed for the
intended objective. One of the recent research areas is developing CNT coating on conducting surface of
collector which is expected to reduce secondary electron yield by a factor compare to other materials like
Graphite. The activity aims to develop suitable method for CNT synthesis, deposition of CNT coating on
OFHC cupper collector surface and characterizing the SEE.
References:
[1] “Secondary Electron Yield Measurements of Carbon Nanotube Forests: Dependence on Morphology
and Substrate” Brian Wood, Jordan Lee, Greg Wilson, T.-C. Shen, J.R. Dennison, IEEE Transactions on
Plasma Science, vol 46, no. 9 August 2019
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11.3.7. Development of Nanostructured Magnetostrictive thin films for Surface Acoustic Wave
Applications
Surface Acoustic Wave (SAW) devices are widely used in communications such as filters, delay line etc.
Conventional SAW devices consist of metallic IDT on top of piezoelectric film or substrates. Research
involves the development of high quality thin films of giant magnetostrictive materials (e.g. Fe-Si) which
exhibit high magnetostriction coefficient suitable for low insertion loss SAW devices.
Ref: [1]: ‘Magnetically tunable SAW-resonator” Smole, P. Frequency Control Symposium and PDA
Exhibition Jointly with the 17th European Frequency and Time Forum, 2003 IEEE international.

11.3.8. Brazing/Attachment media for Ceramic /Quartz substrates for high reliable micro assembly
This work shall include selection of reliable micro assembly Candidate material based on
thermomechanical modelling and experimentations for the following applications:
A) Void free low temperature (~ 300 degC) attachment media and process of large ceramic substrate (1”x1
“to 3”x5”) attach over metallic carrier plates suitable to withstand -55 to +125 degC temperature cycle
regime.
Configuration study and recommendations on metallic carrier mechanical properties are also to be devised
for reliable assembly for a given substrate configuration/design.
Simulation & experimental study of attachment void v/s over RF performance up to Ka Band Amplifier
circuit made with discrete elements and alumina substrates.
B) Void free, thin bond line thickness (~ 200 nm) attachment media and process of quartz substrate (with
25:1 aspect ratio) attachment on metallic carrier plate, suitable to withstand 0 to – 4K temperature cycle
regime.
References:
[1] Qiu Yingxia, “Effects of Solder Voids on Microwave Transmission Performance in Passive Circuits”,
5th International Conference on Computer Sciences and Automation Engineering (ICCSAE 2015).
[2] Chengshuo Jiang, “Effects of Voids on Mechanical and Thermal Properties of the Die Attach Solder
Layer Used in High-Power LED Chip-Scale Packages”, IEEE Transactions on Components, Packaging and
Manufacturing Technology ( Volume: 8 , Issue: 7 , July 2018 ).
[3] P.W. Barnes, “Void free die attachment for multichip modules using solder alloys”, Proceedings. 1998
International Conference on Multichip Modules and High Density Packaging.
[4] Chunlei Liu, “Novel Large-Area Attachment for High-Temperature Power Electronics Module
Application”, 2017 IEEE 67th Electronic Components and Technology Conference (ECTC)
[5] Linda Del Castillo, “Electronic packaging and passive devices for low temperature space applications”
2018 IEEE Aerospace Conference

11.4. Research areas in Electronic circuit simulation
11.4.1. Functional Verification of Digital circuit and Model development for Equivalence checking
at Gate level with RTL logics
Electronic circuit simulation uses mathematical models to replicate the behavior of an actual electronic
device or circuit. Some electronics simulators integrate a schematic editor, a simulation engine, and onscreen waveform display, allowing designers to rapidly modify a simulated circuit and see what effect the
changes have on the output. They also contain extensive model and device libraries. These models
typically include IC specific transistor models like Pspice, Verilog A and VHDL-AMS etc. Printed Circuit
Board (PCB) design requires specific models such as transmission lines for the traces, IBIS models for
driving and receiving electronics.
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The problem related to the functional simulation of the digital device and circuit, Functional simulator is
required which can perform various tasks viz. static timing analysis, gate level simulation and transistorlevel or circuit-level simulation. By this methodology, it is expected to verify the logic level functionality
of the critical devices like as FPGA, DDR, ADC/DAC, and other digital devices. However, for this type of
simulation, we require specific device model like SPICE/VHDL-AMS and other suggested suitable model.
This will enable us to do better what if analysis so that our PCB board shows least deviation after final
test and evaluation. It will also enable us to understand the complexities of digital devices which can’t be
resolved with the help of Behavioral level simulation. This is performed mainly at post layout thus
enabling us to reduce time and save our effort.
References:
[1] Functional Verification: Approaches and Challenges by A. MOLINA and O. CADENAS published in
2006 by Latin American applied research, researchgate/publication/ 237116903

11.4.2. Design and Simulation of Embedded passive technology (EPT) based PCB
Embedded Passive Technology (EPT) is the process of building passive components such as resistors,
capacitors and inductors inside Printed Wiring Boards (PWBs) during board fabrication. The need for
embedded passives technology is driven by multiple factors such enhanced electrical performance (SI &
PI) higher packaging density and potential cost saving.
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Embedded Resistors

Embedded Capacitor

159

Research Areas of SAC

Under this project, advanced design and simulation of EPT based PCB layout along with critical
components Like FPGA, ADC, DDR and DAC having passive components (i.e. Termination & pull
up/down resistors & decaps) is envisaged. One of the challenges in designing embedded passives is the
lack of availability of good Computer Aided Design (CAD) tools. Most CAD tools only allow components
to be placed on the outer surfaces of the PCB/ substrate. Thus the development of design tools and
knowledge base to design these parts fit well with the requirements for embedded passives in PWBs.
References
1. Embedded Passive Technology by Hikmat Chammas Published in the IPC APEX EXPO
Conference
2. Fabrication of Embedded Capacitance Printed Circuit Boards by Joel S.Peiffer, 3M, St. Paul, MN
Presented at IPC Printed Circuits EXPO® 2001

11.5. Research area in Electronic calibration
11.5.1. Calibration of Test & Measuring Equipment used in the field of Optical Communication
SAC is involved in development of optical communication devices like optical amplifier, photonics Analog
to Digital convertor, optical switches, O-E & E-O convertors which are used in high speed optical links
etc. For Testing of these devices Test & Measurement Equipments are used like Tuneable Laser Sources,
Optical Power Meter, Optical Attenuator and Optical Spectrum Analyzers. So seeing increase in optical
payload activity; SAC calibration facility is working for upgradation in the field of optical communication.
For this Calibration lab is trying to establish the traceability for optical parameter especially in the band
of 1550±20 nm and trying to find out the ways for calibration/validation of test & measuring equipment
in optical communication field.

References:
[1] Optical Components for Communications: Principles and Applications, Author: Lin, Ching-Fuh,
Publisher: Boston Kluwer Academic Pub. 2004
[2] https://www.exfo.com/en/products/lab-manufacturing-testing/
[3] https://www.coherent-solutions.com/application-notes/
[4]https://www.keysight.com/en/pc-00004%3Acsg%3Apgr/photonic-test-measurement?nid=536900132.0&cc=IN&lc=eng
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11.6. Research Areas in the field of Surface Treatment Process Technologies
11.6.1. Process Development to realize Electroforming Process for Aluminium Component
Electroforming is a technique used in fabrication of complex contoured components with high
dimensional tolerances which are difficult to fabricate using conventional machining methodology. At
present, electroforming process of copper components on Aluminium mandrels has been successfully
realized at SAC. Copper has disadvantage of high density of 8.9 grams/cc.
Hence, efforts are invited to carry out in depth feasibility study to realize electroforming process of
Aluminium components and develop detailed process & setup for the same. This process can be used for
mm-wave components.

11.6.2. Non-cyanide based Electroless Silver Plating Process Development
Silver plated components are widely used in RF systems of satellites. With miniaturization of mechanical
assemblies and usage of higher frequency bands like K-band & Ka-band, dimensions have decreased to
around 4 mm & lower. Also long waveguides of the length of 1.2 meters are being used with twists and
turns in various planes, making it extremely difficult to silver plate inside surface of the cavity using the
conventional electrolytic silver plating methodology.
Hence, efforts are invited in the area of non-cyanide based Electroless silver plating chemistry for plating
aluminium 6061T6 alloy components with plating thickness of >=2 microns of silver inside complex multi
planar wave guides.

11.6.3. Development of Electroless Gold Plating Process
Gold plating on aluminium 6061T6 boxes and Kovar carrier plates is being carried out for EMI/EMC
requirements, corrosion protection, solder ability etc.
Hence, efforts are invited in the area of Electro less gold plating process using either cyanide based or
non-cyanide based chemistry for plating aluminium 6061T6 alloy components/Kovar substrates with
plating thickness of >=2 microns of gold. Once developed, this process will be used for all ISRO projects
as per requirements.

11.7. Research Areas in the field of Space Environment Simulation and testing
technologies
Environmental Testing is an important activity in the process of Payload development. Facilities have
several hot and cold chambers and Thermo-vacuum chambers up to 6.5m Dia. which meets the
environmental test requirements of various payloads being developed at SAC, Ahmedabad.
Establishment of new facilities and augmentation of existing facilities to accommodate special test
requirements is a continuous process. This demands innovative solution to emerge in close collaboration
with the academic institutions and industrial research units. Collaborative efforts are invited from
academic institutions in following upcoming requirements/research areas as outlined below.

11.7.1. Thermal Control System
Thermal systems are most critical part of a space simulation system, as they facilitate the extreme
temperature excursions, ramp rate and homogeneity requirements for any test. As the presently available
Liquid Nitrogen based thermal systems are highly customized and tailored for specific requirements, a
more generic configuration will facilitate a broad range of needs.
The scope of this research work shall involve design, simulation, analysis & development of compact,
liquid nitrogen based, close loop controlled, highly energy efficient thermal systems for direct use with
existing thermal vacuum chambers as well as climatic test chambers. The operational temperature range
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for thermal control system is targeted to be from -150degC to +150degC with ~ 2kW of heat handling
capability at lowest temperature.

Representative schematic of a typical liquid nitrogen cooled thermal system

11.7.2. Super Insulated Cryogenic Transfer Lines
Vacuum jacketed Cryogenic transfer lines are an integral part of a thermal vacuum system, as they offer
compact size footprint, extremely low heat inleak, aesthetic layouts, ease of installation and lower longterm maintenance costs.
The scope of this work will involve development for non-metallic, light weight; low loss cryogen transfers
lines especially for efficient distribution of Liquid nitrogen. The functional temperature range to be
considered for the SI lines should be -196degC to +50degC.

11.7.3. Pulse-Tube Cryo Cooler
Pulse tube cryo-coolers have been evolved in recent years and matured as a promising technology for
meeting the challenging cooling requirements of space industry. They provide significant advantages in
terms of overall size, extremely lower vibration levels, and higher reliability. These coolers have been
used in ground segment testing of space hardware as well as for onboard applications.
The scope of this work shall entail development of compact, low cost single stage/ double stage Pulse Tube
cryo-coolers to facilitate testing tiny devices at low temperature as well as for low cooling requirement
for IR/CCD detectors. Expected cold tip temperature for this development activity is 80K with ~10-watt
cooling capacity @80K, which can be verified in existing facilities at SAC with appropriate set-up.
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Representative schematic of a typical pulse tube cooler

11.7.4. ThermoAcoustic Cooler
Thermoacoustic coolers can provide a very compact, simple & reliable way for producing the desired
refrigeration effect. This cooler also has an advantage of using inert gases and produces very low
environmental impact.
The scope of this work will involve development of acoustic coolers for small detector cooling application
and handling heat from the heat sinks etc.

Representative schematic of a typical acoustic cooler
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11.7.5. ThermoElectric Coolers-TECs
Thermoelectric coolers are emerging as an efficient cooling mechanism for variety of applications and can
provide reasonable cooling effect (Refrigeration Effect) at desired but intricate locations inside the
thermal vacuum chamber. The scope of this work shall involve development of thermoelectric cooling
system for compact climatic test chambers and thermal vacuum chambers based on target specifications
provided by SAC. The researchers shall be responsible for conceptualization, design, simulation/analysis
and realization and testing of thermoelectric coolers. The performance of the realized system will be tested
and verified against the target specifications. The targeted temperature range for TEC system is -40degC
on the lower side with 25-watt cooling capacity on a 100mm x 100mm area.

Representative schematic of a typical thermoelectric cooler

11.7.6. Mixed Gas Refrigeration System
The recent advancements in the development of mixed gas refrigeration systems has generated
considerable interests in potential application of such systems, which were earlier out of reach for
mechanical refrigeration systems particularly for cryogenic temperatures.
The scope of this work shall involve development of mixed gas refrigeration based thermal system for
compact climate test chambers and thermal vacuum chambers. The researchers shall be responsible for
design, simulation, analysis, optimization & realization and testing of thermoelectric coolers.
The expected lowest temperature for mixed gas refrigeration system is -150degC in cascade mode. The
performance of the realized system will be tested and verified against the target specifications.
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Representative schematic of a typical mixed gas refrigeration system

11.7.7. Contamination Control study
Contamination control plays an extremely important role particularly in realization of electro-optical
payloads, where any unintended activity/process can lead to severely impact the mission life.
The present proposal entails a study, simulation and analysis of various forms of contaminations like
surface and airborne particulates, surface and airborne molecular contaminants in and around thermovacuum chambers. Carryout in–depth measurement of such contaminants using APC, PFO, RGA, TQCM
available and carry out detailed process study as well as make recommendations in this regard for
implementation.

11.7.8. Liquid nitrogen consumption and optimization study
Liquid nitrogen is a fluid of choice for majority of thermal vacuum chambers due to its characteristics like
low temperature of liquefaction, very wide temperature range in single phase, large latent heat of
evaporation and lower cost. As LN2 is utilized across the facilities in majority of thermal vacuum
chambers, its overall usage and optimization is equally important.
The present proposal will involve Study and analysis of Liquid Nitrogen consumption in Thermo-vacuum
test facility with respect to different type of tests being carried out in different LN2 based thermo-vacuum
chambers. Study and analyze transfer, static and flash losses taking place in various system elements
during thermo-vacuum tests and carry out detailed process study as well as make recommendations in
this regard for implementation.

11.7.9. InfraRed imaging system for temperature monitoring
Real time temperature monitoring of different critical components and surfaces during a thermal vacuum
testing necessitates availability and utilization of an accurate & fast response-based temperature
measurement system. Temperature sensor mounting at the required locations on a subsystem is an
essential but laborious and time intensive activity, and an IR based imaging system can provide a noncontact type real time temperature monitoring inside a thermal vacuum chamber.
The present scope of work involves a development of IR mapper-based temperature measurement system
for monitoring the package temperature inside a thermal vacuum chamber, thereby eliminating the need
of physically temperature sensor mounting. The required temperature range for the measurements is,
from -40degC to +85degC.
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Representative schematic of a typical IR camera-based imaging system

11.7.10.

Design and realization of XHV system

Achieving Extreme High vacuum has been a holy grail of vacuum science. Simulation of interstellar space,
processing of some advanced semiconductor devices, surface science experiments and measurements are
few important applications for XHV level.
The present scope of work will involve development of a small experimental cavity/volume XHV system
for achieving better than 1e-12 mbar vacuum.

Vacuum Chamber

Representative schematic of a typical XHV system
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11.7.11.

Zero-Boil-Off System

Zero-Boil-Off (ZBO) systems can provide considerable savings for mission critical cryogens particularly
for interplanetary missions. These systems become more critical for human space missions needing long
duration in space. ZBO-Zero Boil Off Cryogenic system will demonstrate long term storage & saving of
cryogen (Experimental system) with minimal cryogen losses from the storage tanks due to natural boiloff. The proposed prototype may also be utilized as a platform for future interplanetary type missions
which will certainly have this requirement.
The present study will involve study of different options, simulation and analysis of ZBO system,
realization of an experimental system to validate the theoretical models and to make proposal for an
operation system.

Representative schematic of a typical ZBO-Zero Boil Off scheme
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MECHANICAL ENGINEERING SYSTEMS
Mechanical Engineering Systems Area (MESA) has a mandate to conceive, design and develop state of the
art payloads for the communication, Remote sensing and Navigation satellites. It also encompasses the
development of ground based supporting infrastructure to disseminate the applications of the space
technology to the society. It involves many first time developments to match the ever increasing demands
of keeping pace with the current technologies.
Under the common umbrella of MESA there are various functional Groups which carry out the focussed
mechanical engineering activity based on a particular specialised work for a given payload development.
Microwave payload and Antenna system Mechanical Group (MAMG) works in the area of the
development of the payload for Microwave remote sensing Satellites. It also specialises in the design &
development of the antenna systems for ground based as well as Space based applications involving
communication satellites and microwave remote sensing satellites. Optical Payload Mechanical Group is
involved in the activities related to the development of the payloads for remote sensing and metrological
applications on space-borne and airborne platforms. Communication Systems Mechanical Group (CSMG)
is involved in the development and realisation of the payload components for the communication
satellites. There is a dedicated Structural and Thermal Analysis Group (STAG) which undertakes the
payload level structural and thermal analysis using advanced CAE tools and also design validation using
vibration tests and Thermo-vacuum tests. Mechanical Systems Fabrication Group (MSFG) is mainly
responsible for in-house as well as outsourced fabrication of the space and ground based components
required for all the projects and R&D activities running in the center. There is a dedicated Composites
Development and Fabrication Group (CDFG) which is involved in the development of the space payload
components using Carbon composites for utilising the mass advantage.

Research areas in the field of Mechanical Engineering
12.1. Development of High Thermal Conductivity material for space use
The thermal management of the space-borne payload is a challenging area and the usage of proper
material plays an important role in this direction. Owing to high heat dissipation of the payload during
operation, there is a requirement to remove the heat from the hot spots and radiate out. The choice of
available materials is a limit to achieve material with high thermal conductivity. There is ever increasing
need to do fundamental research in the materials for space use meeting the stringent multi-disciplinary
demands to be met in operational life time of the space-borne payload. The work comprises of research
in identification of suitable material with following properties.
Targeted specifications :1. Themal conductivity >200W/m/ ℃
2. Density <5 gm/cm^3
3. Coefficient of Thermal Expansion (CTE) ~ 5-6 (micron/m)/℃
Additionally Material has to be machinable to achieve the final net shape and should be compatible to
gold electroplating post finish machining.

12.2. Design and Realisation of compact Cryo- cooler for Tera- Hertz application
In case of Radio astronomy observations in Terrahertz frequency band there is a requirement of cooling
the Low noise amplifiers (LNA) to cryo temperatures. There is a requirement to design and realise the
close compact cryostats to maintain the required temperatures.
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Targeted specifications :1 .To maintain 30K @0.5W dissipation.
2. To maintain 80K @1W dissipation.

12.3. Shape Memory Alloys (SMA) based Space payload mechanisms
Shape Memory Alloy (SMA) works on the principle of shape memory effect (SME) which states that a
previously deformed alloy can be made to recover its original shape simply by heating. Material is heated
to the austenite phase at high temperature and cooled down to bring to the martensite phase at low
temperature. When a material is cooled it changes phase fromaustenite to martensite. The maximum
deformation is limited to 8%. When heat is applied, SMA recovers to its origina lform. Martensite is
converted back to austenite by heating. Some of the examples of the SMA alloys are Ni-Ti, Ti-Nb, Ti-NbSn, Ti-Nb-Al, Ti-Nb-Ta, Ti-Nb-Pt, Cu-Al-Be, Cu-Zn-Al, etc.

Shape Memory Effect
Applications of SMA
SMA materials have been explored widely for space applications like hold-release mechanism, active
vibration control of payload subsystems, Actuation System to rotate solar arrays. Some of the space
payload mechanisms based on SMA are listed as:
a) Deployment using Shape Memory Alloy based release mechanism
b) Unclamp of components using SMA actuation based clamp bands
c) Hold down and release actuators with high preload
d) Release of low impact unlocking trigger for heavy loads
e) Pin pullers, with the pin locking the movable components of the spectrometer during launch and
landing phases for planetary explosion applications (A bidirectional application of SMA locking
device for space operations)
f) Self- locking device for Rotary Feed structure for microwave radiometer applications
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The following specific product based research is required on the principle of SMA for space
applications

12.3.1. Reusable SMA actuated non-explosive hold down and release mechanism
Hold down mechanism is required to hold the deployable antenna structure during the launching phase
in order to prevent from excessive launch vibration and acoustic levels. After the satellite is injected into
desired orbit, these deployable systems are released to deploy antenna reflectors. In this process, it is vital
to ensure a reliable release mechanism. It is reported in a study that out of 600 launches, 83 shock related
failures were noted, and more than half of these led to the loss of mission. SMA based hold down and
release mechanism can avoid shock-based release of mechanism. Traditionally, pyrotechnic based
separation and release mechanism are used and the shock pulses produced by these systems may damage
the satellite active subsystems.

Lab based model of SMA based release mechanism
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12.3.2. SMA based Frangibolt
The Frangibolt is a non-explosive release device which uses shape. memory alloy (SMA) to forcefully
break a bolt in tension. Frangibolt actuators are a simple and effective way to support and release loads up
to 20,000 lbf. The principle of operation is simple: A Shape Memory Alloy (SMA) cylinder elongates to
fracture a bolt or stud thereby achieving separation of two or more components. The Frangibolt consists
of a notched bolt, a washer, a lock nut, an actuator which consists of a cylinder made up of Ni-Ti SMA,
and a specially designed heater. When a current is applied through the heater, the SMA cylinder elongates
and fractures the bolt element, in this way the separation of two or elements takes place. It produces less
shock pulses as compared to pyro-cutter technique based cutters.

Cross-Sectional views of Frangibolt assembly

12.3.3. SMA based Pin Puller Actuators
Pin Puller actuators are low-shock non-explosive SMA based mechanical devices in which a pressure
cartridge causes a pin or piston to retract inside the structure frame, usually against a side load. In the
extended position, the pin or output shaft can be seen to be loaded by a compression spring. The SMA
actuated pin puller consists of a SMA wire, an output pin, a drive spring, a rest spring, balls, a ball keeper
a latch. When the assembly is in the extended position, the output pin is loaded by the compressed spring
and the pin remains in locked position. An array of balls which are held within the opening in the ball
keeper. The latch which is loaded by the rest spring, drives the array of balls outward. When the switch
is operated, the heating causes SMA wire to contract which drives the latch upward. Balls get passage to
move inward and the pin is retracted due to the force of drive spring.
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Cross Section views of SMA based Pin puller actuation mechanism

12.3.4. SMA based Vibration control mechanism
During the launch, a payload experiences heavy transient and vibration acceleration loads. Pseudo-elastic
behaviour of SMA based vibration isolators can be used to design to reduce these loads with savings in
weight and launch costs as well as improve the system’s reliability. The vibration control device proposed
in literature, originates from the NiTi based passive dissipation device.

Schematic of SMA based Vibration control system

12.3.5. SMA hinges damper and latch mechanism
A mechanism consists of many number of revolute hinges for transformation of force and motion from
one link to another. These hinges play a vital role in proper functioning of a mechanism. While continuous
usage of these mechanism, the conventional hinges tend to wear out due to friction present in mating
parts. This friction will lose lot of transmission power and energy. This problem is solved with design of
flexure hinges which are actuated using SMA material. The conceptual design consists of a conventional
tape spring hinge with a SMA damper. SMA damper module consists of a NiTi plate and an attachable
flexible heater which is used to induce the phase transformation of the SMA. The tape spring still remains
in the elastic state when forced to bend whereas NiTi plate reaches to plastic state. It recovers its parent
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straight shape if the temperature goes higher than the austenite phase transformation temperature.
Therefore by designing such that the torque required for plastic deformation of NiTi plate is larger than
the tape spring hinge torque, the deployment can be governed by the rate of phase transformation of NiTi
which will provide damping for controlled deployment of flexure hinge. When it is fully deployed, heated
NiTi plate will provide additional stiffness to formulate a latch at fully deployed position.

(b)

(a)
SMA Latch (a) Stowed state (b) Deployed state

12.3.6. Self-folding origami structures using SMA actuators
Origami is the art of paper folding, which is often associated with Japanese culture. In modern usage, the
word "origami" is used as an inclusive term for all folding practices, regardless of their culture of origin.
Origami technique is widely explored in folding and deploying of thin layer of patch antenna which
require a large area in fully spread sheet. Origami structures using SMA actuators fold/deploy
automatically when get heated to phase transformation temperature.

Self folding SMA actuated origami structures

SMA actuated Origami Antenna
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SMA wire characteristics:
 Thermo-mechanical characteristics:
Determination of Austenite and Martensite phase transformation temperature
(As, Af, Ms, Mf)
Elastic Modulus estimation in different phases: EM and EA
Specific heat constant determination: Cp
Block recovery stress estimation
 Thermo-electric characteristics:
Determination of electrical resistances in Martensite and Austenite phases (RM, and RA)
 Fatigue strength of SMA wire
SMA spring characteristics:
SMA springs provide larger displacement than spring wire due to their complex geometrical ability,
which enhances the applications of SMA springs for the Origami structures and Robotic. Due to the
unavailability of the mathematical model limits the application of SMA springs.
In the proposed study, mathematical modelling of SMA spring can be carried out so as the applications
of SMA springs can be enhanced. The modelling required following characteristics to determine for the
SMA springs:

Determination of Energy loss in Hysteretic effect of SMA springs

Determination of Electrical resistance in different phases of SMA springs (RA and RM) during
loading and unloading conditions.

Cyclic loading study of SMA springs: Since SMA experiences cyclic load, so the fatigue analysis of
SMA spring is required as the permanent strain keeps on increasing with the number of cycles.

12.4. Development of Mechanically Pumped Fluid Loops (MPFL) for Spacecraft
Thermal Control
Mechanically Pumped Fluid Loops (MPFL) the most useful for spacecraft thermal control whenever heat
pickup/rejection of high capacity, control of this capacity, testability and/or mechanical integration are
the driving factors.
The key difference between traditional means of thermal control of spacecraft and the use of MPFL lies
in the connection between the thermally controlled components and the heat loss surface (radiator). Here
the connection is ‘convective’ instead of conductive or radiative. Here Fluid flowing through tubes
connected to the two sets of surfaces (source/sink) convectively picks up heat at source/sources and
dissipates it at sink. A mechanical pump is the prime mover of the fluid. This technology is the closest one
comes to a true THERMAL BUS where we can both pick-up and reject heat simultaneously and
automatically at multiple locations. Versatility: Can be used for a variety of diverse missions

12.5. Development of Hybrid (Solid-solid PCM & Heat Pipes) Honeycomb Panel
Presently honeycomb panels along with heat pipes are used as Heat sink or radiator for spacecraft heat
management. Core of honeycomb can be filled with suitable PCM (preferably Solid-Solid PCM) for better
iso-thermalization of panel, more heat transfer and higher heat flux transfer. Detailed numerical modeling
and experimentation along qualification under cyclic loading need to be carried out for developing this
technology
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12.6. Development of different Heat Pipes: Loop heat Pipe, Pulsating Heat Pipes,
Micro Heat Pipes & Hybrid Heat Pipes
Grooved heat pipe are extensively used in thermal control systems of several space missions. But grooved
heat pipes have two main drawbacks- 1. Its performance is sensitive to orientation in the presence of
gravity. 2. They generate only limited capillary pressure due to large pore radius.
Traditional grooved heat pipes cannot work on rover mission of Lunar and Mars. So there is an urgent
need to accelerate the research and development of special heat pipes which do not have limitations of
grooved heat pipes.
Loop heat pipes (LHP), hybrid heat pipes and pulsating heat pipes (PHP) are some special heat pipes which
are able to overcome the limitations of grooved heat pipes. Extensive research and development work is
being carried out in different laboratories all over the world. Good amount of literature is available on
LHP and PHPs. Hybrid heat pipes utilize the benefits of both grooved and sintered wicks. Grooved wick
provides high permeability while sintered wick provides high capillary pressure. Hybrid heat pipes
combine the benefits of both wicks while removing the limitations also. LHPs and PHPs are able to
provide very high heat transport capabilities and high thermal conductance. These special heat pipes are
light, easy to operate and easy to manufacture.
Micro Heat Pipes also indicates high potentials in developing the Miniature embedded thermal control
packages and devices. Only its manufacturing poses challenges.

12.7. Development of wickless Flexible Heat pipes
For ordinary liquids, the surface tension is a decreasing function of the temperature. For dilute aqueous
solutions of these alcohols (the so-called self-rewetting fluids) the surface tension, as a function of the
temperature, goes through a minimum and there is a range of temperature in which the surface tension
increases. In addition, since these solutions are in non-azeotropic compositions, alcohol preferentially
evaporates in the course of liquid/vapor phase change. The surface tension gradient along the liquid-vapor
interface, caused by both temperature and concentration gradients, is therefore expected to spontaneously
transport liquid towards hot regions on heater surfaces; the expression "selfrewetting fluid" comes from
such particular surface tension-oriented liquid behaviour. One of the most interesting applications is the
use of self-rewetting fluids in wickless heat pipes under reduced / zero gravity conditions.
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12.8. Space Radiators with variable Emittance
Future space missions will include constellations of spacecraft, including nano- and picosatellites, where
adaptive thermal control systems will be needed that fit the constraints of space applications with limited
power and mass budgets. A (Micro-Electro Mechanical Systems (MEMS) solution has been developed by
NASA (ST-5 spacecraft) that will vary the emissivity on the surface of the small satellite radiator. The
system is based on louver thermal controllers, where panels are mechanically positioned to modulate the
effective radiator surface area.
OR
Space Radiators with variable emittance can be developed employing suitable coating having Temperature
sensitive emissivity or sizing the radiators according to the condition and heat to be rejected

12.9. Development of Thermal Switches of different nature
There are many thermal switch configurations that have been developed in the past for thermal control.
Each configuration is based on a different working principle, but the purpose of all of them is to engineer
the thermal contact between a heat source and heat sink. New generation, highly sophisticate Thermal
s/w can be developed embedding MEMS and SMA (Smart Materials Alloys).

12.10. Development of Deployable Radiators and thermal joints between fix &
deployable/ Rotating Surfaces
Relatively limited available external surface area on small satellites (compared to heavier satellites)
reduces the potential for creating radiative surfaces on satellite external surfaces. For a system that
requires a large amount of heat dissipation, a passive deployable radiator that is lightweight and simple in
design would greatly enhance thermal performance by increasing the available radiative surface area.
Thermally efficient deployable radiators for small spacecraft is to integrate an isothermal radiator surface
with a high conductance hinge/thermal joint for higher thermal efficiency.
Detailed thermal design of isothermal radiator surface & thermal joints between fix and
rotating/deployable surface, numerical modeling and experimentation along with qualification for various
heat load need to be carried out for developing this technology.

12.11. Development of flight worthy payload components using composites
In order to improve the RF performance and mass of payload components, following specific research
activities related to carbon composite can be taken up.

12.11.1.

Improvement of Thermal and electrical conductivity of CFRP products

CFRP structures are characterised by high stiffness and lower mass which makes them an ideal candidate
for the structural members. In case of payload components, which involves the passage of RF through
them, CFRP material can be used to reduce the overall mass by lower density and thin wall construction.
Apart from that the low CTE (Coefficient of thermal expansion) allows less distortion during temperature
excursion.
The only disadvantage of composite material is its poor thermal and electrical conductivity as compared
to metals like Aluminium. A research can be taken to address this and ways to improve the thermal and
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electrical conductivity of the material by innovative material processing techniques. This will enable
CFRP material usage in payload components with high dissipating power.

12.11.2.

Fabrication Method for mass production of wave guide components from CFRP

Many RF components fabrication can be converted from metal to CFRP (once thermal and electrical
properties are improved). As they required in large quantity per payload (in communication). A dedicated
research is required to explore the best possible mass production technique for achieving the components
economically meeting all the quality standards.

12.11.3.

Metallic coating of inside surface of conical or cylindrical CFRP components.

All the payload components apart from being mechanically light weight and stiff have to carry the Radio
frequency in the form of electric current over the surface. The electrical conductivity of the surface plays
a major role in minimising the undesirable loss. In higher frequency band of propagation there is
requirement of high electrical conductivity than achievable by bare CFRP. In such cases there is need to
metallise the CFRP surface with metallic coatings. The research area involves exploration of different
metallisation/coating techniques on CFRP viable for space usage. Surface treatment like gold and silver
plating is required on CFRP RF components for better RF performance.

12.11.4.

Desire property achievement by combing GFRP and CFRP at product level.

To reduce the cost of components fabricated from CFRP, a thought can be given to fabricate the parts
using combination of glass and carbon fibres without compromising the stiffness and mass. The research
involves exploring the feasibility of usage of hybrid composites in a single component for best usage of
the properties and optimise the total cost.

12.11.5.

Recycling of CFRP

While making the products from CFRP, it is observed that lot of material is wasted while cutting the
prepreg in particular angle for layup sequence and during machining the laminates. CFRP disposal is not
easy. There is strong need to recycle one can tackle the issue of disposal and high cost of CFRP. A feasible,
cost effective and environmental friendly solution for safe disposal as well as recycling of the CFRP is
need of the hour.
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SYSTEMS RELIABILITY
Systems Reliability Group (SRG) of Space Applications Centre (SAC) ensures Quality and Reliability for
the all types of payloads like communication, Remote Sensing (Optical & Microwave), Navigation etc.
of ISRO.
To achieve this goal, the Quality concepts are interleaved into the system from the induction of
component realization of sub-systems, to the stage clearances and final Launch clearance.
SRG made significant contributions in quality assurance activities related to design, component / material
selection, procurement, testing, process qualification, surveillance and test and evaluation.
This was followed by participation in the spacecraft level tests and In-Orbit testing. SRG played a pivotal
role in all phases of development including, parts selection, screening, extensive design reviews of circuits
and mechanical assemblies, Quality audits, process verification and subjecting them to rigorous cycles of
T&E including life testing. Software QA was also carried out for on-board, checkout and all ground
applications software.

Systems Reliability Group (SRG) continued to be guided by its mandate to assure quality and reliability
of all onboard and ground systems developed in the center. SRG recognizes the need for continuous
update of tools, techniques and procedures to be employed for assuring quality and reliability of
increasingly complex and miniaturized payloads with very aggressive development schedule.
Other than that in order to meet the challenges new payload development, SRG has continued to build &
augment infrastructure and facilities to cater for future payloads. Over the years, SRG has also played a
vital role in the indigenization efforts of the Centre.
SRG recognises the importance of continuous research and implementation of innovative techniques; to
meet the challenges posed by induction of new technologies & reduced delivery schedules.
The present document provides a brief summary of research areas identified by SRG. This is intended to
encourage universities and academic organisations to come forward with focused proposals on Quality
Control/Quality Assurance aspects of systems reliability of payload realisation for funding under
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RESPOND program of Indian Space Research Organisation (ISRO) through SAC. The document is
inspired by a need for pro-active request for research proposals from academic sector in addition to usual
mode of receiving and processing funding proposals. The backdrop for this initiative comes from
realization of deepening and broadening research fronts at the Centre and the greater professionalism and
sophistication of domestic academic sector in the field of system reliability.

13.1. Research Areas in Systems Reliability
13.1.1. Reliability and life estimation of Mechanical Systems and Parts
Mechanical subsystems used in the satellites have to operate continuously and are “mission critical” (i.e.
Rotary Joint). Reliability of these subsystems are very important, as they cannot be repaired in case of any
failure. Reliability estimation of electronics parts are being done, assumptions are made for mechanical
parts and certain relevant factors such as process performance, physics of failure etc. related to design are
not considered.
Space subsystems are expected to be purely metallic or a combination of metallic and composite structures.
These structures are likely to experience different types of loading such as static, dynamic, fatigue, thermal
and thermo elastic etc.
Further above such structures are expected to undergo testing with varying intensities and duration. These
combinations of hardware configuration, operating environment and test severities dictate the life of a
product.
Scope:
 Define the most suitable methods to analyse and assess the reliability and life of mechanical parts.
 Provide methods and procedures for reliability and life verification by testing (Accelerated testing).
 Provides inputs for development of a handbook on reliability and life assessment of mechanical
systems and parts, which can be used for future missions also.
Anticipated Benefits:
Analytical modelling of operating environment and test severity and their impact on life consumed and
life remaining of mechanical hardware supports key decision making process.

13.1.2. Development of flexible waveguide for space applications
Waveguide plays crucial role in satellite functionality and transmission of Microwave signals within the
satellite. In the confined space of the satellite, or in the large satellite with long waveguide lengths;
integration of these interconnecting elements needs critical alignment. Mismatches in waveguide flange
joint results in large stresses at various interfaces. Additionally, thermal excursion results in large stresses
in the assembly.
Flexible waveguides provide the required solution to mitigate the joint stresses in waveguide assembly.
Scope:
 Development of flexible waveguide in Ku and Ka band through detailed study of materials and
processes suitable for low losses in RF signal and operating in space environment for long life.
 Performance demonstration under defined environmental conditions.
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Anticipated Benefits:
Flexible waveguides aids in perfect RF alignment with stress free transponder assembly

13.1.3. Non-contact method for estimation of Preload in Bolts in the assembled Condition
Assembly of large number of electronics subsystems with the satellite panels is done through bolts. In
addition to the subsystems, waveguides, RF cables etc. also form the part of payload. To ensure long and
reliable life of each junction; the applied torque is to be verified for each and every fastener / bolt. After
integration, there is limited accessibility for verification of the applied torque; and any novel technique
to verify torqued stress would overcome this problem, and be very useful to quickly assess integrity in
cases of suspected loosening of bolts.
Scope:
 Development of a non-contact method for estimation of the stress/ load/ looseness in the bolts in the
assembled condition.
Anticipated Benefits:
This method enables to estimate the applied torque on a remote inaccessible fastener in a space payload.

13.1.4. Automated Assembly Inspection using Artificial Intelligence in Image Correlation
A typical space hardware consists of multiple parts in a functional arrangement through various types of
joints and processes. All the parts and processes used needs to be evaluated through inspection. In cases
of large number of identical subsystems, automation in inspection offers a suitable solution in saving time
and achieving consistency in inspection standard.
It is proposed to develop a concept of using Artificial Intelligence in the automation of inspection process
of space hardware.
Scope:
 Preparation of setup including Algorithm, Code and related hardware including camera and
respective data acquisition hardware etc.
Anticipated Benefits:
Automised inspection system with associated hardware and software supporting rapid and consistent
inspection process.

13.2. Research Areas in Material and Process Development
13.2.1. Additive manufacturing (3D printing) using Carbon Allotropes:
Traditionally mechanical parts for space are produced through conventional process using conventional
bulk material, which is called subtractive manufacturing. Conventional material has low specific strength
as compared to materials like carbon fibre and graphene, which are allotropes.
With the advancement in manufacturing technology and material, production time and cost can be
reduced manifold by introduction of 3D printing technology. Currently worldwide aerospace industry is
producing parts through 3D printing for commercial flights, with same reliability as conventional method.
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Carbon Allotropes such as carbon nanotubes (CNT), graphene and metal particles, allows one to build
objects with multifunctional properties having good electrical conductivity, thermal conductivity,
mechanical strength, and stiffness at a relatively low cost.
Scope:

Development of standard prototype part and performance demonstration under defined
environmental conditions.
Anticipated Benefits:
Mass reduction combined with high thermal & electrical conductivity low CTE culminating into a
miniaturised functional product.

13.2.2. Development of Nano material based components for Space Applications
Satellite payloads require a large range of mechanical elements. Some are having structural requirements
with critical CTE (brackets, spider etc) others require resilient to thermal excursions (feeds, Filters and
cavities etc) or high thermal conductivity with zero CTE (for mounting of heat sinks / pipes for detectors
and other high power devices) and many are serving as enclosures for electronics.
Nanomaterials such as CNT, Fullerenes, Graphene, Quantum Dots are used as reinforcement in
composites such as metal matrix, ceramic matrix and polymer matrix to achieve required bulk properties.
Further, surface properties can be tailored using nano materials like Titanium dioxide, Gold & Silver nano
particles, Zinc oxide as surface treatment for future aerospace components.
Scope:
 Theoretical study, optimization and testing of nanomaterial reinforced composite structures for space
applications.
 Demonstration of these material for typical payload structures in terms of customisation of desired
properties coupled with miniaturization.
Anticipated Benefits:
Mass reduction combined with high thermal & electrical conductivity low CTE culminating into a
miniaturised functional product.

13.2.3. Failure Modes & Strength characterization of Composite Sandwich constructions for Space
Applications.
Currently Space hardware developed from Composite sandwich constructions using aluminium alloy core
with aluminium skin and CFRP skin. Qualification tests evaluates the Mechanical Properties and strength
for different types of loading for characterization. The strength Properties are useful to simulate the design
of Space Hardware to determine the margins and failure modes.
Further, Process & Product Qualification carried out as per ASTM Standard, determines the criteria for
Process repeatability evaluation on witness coupons.
Scope:
 Understanding and interpretation of failure modes vis-à-vis types of loading through analysis and
experimental validation.
 Optimization of CFRP laminate pattern and vis-à-vis core thickness.
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Anticipated Benefits:
Study results in understanding and rationalisation of correlation between sandwich laminate thickness
and core finally leading to anticipation of failure modes.

13.2.4. Metallisation of CFRP for Space Hardware
CFRP (Carbon Fibre Reinforcement Plastic) materials are used for fabrication of space hardware such as
Feed horn, Waveguide, Antenna reflectors etc. due to light weight and high strength to weight ratio.
Since, CFRP is electrically nonconductive, metallization is necessary to improve RF performance through
electrical conductivity and in some cases, to enable its soldering of electronic parts to such CFRP elements.
Scope:
 Development and qualification of Metallisation (Copper/ Nickel / Silver) process on CFRP laminates.
 Demonstration of RF performance including adhesion on a standard component.
Anticipated Benefits:
 Electrically and thermally conductive CFRP Based sandwich construction finds many application in
space hardware

13.2.5. An Assessment of NDE (Non-Destructive Evaluation) Capability for Materials & Processes
Characterization for Complex Additive Manufacturing & Analyse Physics of Failure
Mechanism in Aerospace Components
Area of Research: To developed a technique for Inspection, testing or evaluation of materials, components or assemblies
made through Additive Manufacturing (AM) for discontinuities or different characteristics without
destroying for serviceability of the part or component.
NDE is technique for Inspection, testing or evaluation of materials, component or assemblies for
discontinuities or difference characteristics without destroying for serviceability of the part or
component. NDE like Ultrasonic, Radiography, Computed tomography etc. have to be adopted for real
time in-process monitoring to insure proper Quality Assurance and Control activities for defect free space
component. Moreover, such techniques are required to understand the physics of failure of
electromechanical assemblies. Currently there are no universally accepted or commercially available IQIs
for industrial NDE.
Reverse approach by using advanced NDE techniques to ascertain AM material build defects and
limitations.
Scope:

Develop a set of tools to assess NDE system performance to measure & defect detection for
bluntness, resolution or contrast sensitivity.

Identify materials and design internal features useful for assessing inspection capabilities.

Model development for AM Fabricated Image Quality Indicators (IQIs) to simulate defects and
parts features.

Analyse IQI volume data to assess NDE detectability limits, contrast sensitivity and resolution.

Development of in-situ QA methodologies for qualification of AM process leading to development
of parts. This is for total understanding of materials and processes correlations, process capability,
variability aspects as applicable to failure modes.

Generation of defects library & documents of cause and effects of defects.
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Detection of failure mechanism with its co-relation to physics of failure, through layer by layer
detection of discontinuities, thermal environment simulation to measure the performance
degradation and break down in internal circuitry of electronic components. NDE methods to check
the integrity of component and their functionality and performance
Reverse approach by using advanced NDE techniques to ascertain AM material build defects and
limitations.

Anticipated Benefits:

Provide a multi-use standard for the assessment of NDE performance as well as AM build quality.

High Resolution measurement of internal construction measurement.

Metrology verification

AM Manufacturability & Repeatability

13.2.6. Development of new smart materials for space applications
Smart materials possess adaptive capabilities to external stimuli, such as loads, force or environment, with
inherent intelligence. Smart materials which possess the ability to change their physical properties in a
specific manner in response to specific stimulus input. The stimuli could be pressure, temperature, electric
and magnetic fields, chemicals, hydrostatic pressure or nuclear radiation. The associated changeable
physical properties could be shape, stiffness, viscosity or damping.
Smartness describes self-adaptability, self-sensing, memory and multiple functionalities of the materials
or structures.
Probable Applications:
Spacecraft & Antenna deployment, shape control, flexible structure vibration control, jitter isolation,
precision pointing, etc.
Smart materials, regardless of technology field, can be broken down into the following categories
 Sensing
- System Identification
- Health Monitoring
 Quasi Static
- Deployment
- Positioning
- Shape Correction
 Vibration Control
- Structural
- Acoustic
Scope:
 Development of new material processes
 Testing & qualification methodology
Anticipated Benefits:
 Smart Materials finds applications in harsh environments of space and where on-board
actuations are necessitated.

183

Research Areas of SAC

13.2.7. Development of fast curing epoxy based EMI shielding material
Study involves development of fast curing epoxy as a shielding material reinforced with thermally and
electrically conductive materials to replace existing EMI shielding materials with longer curing times.
Scope:

Activity involves identification of suitable materials, finalization of their chemical composition,
process optimization, material fabrication and characterization.

The epoxy will be used to improve shielding effectiveness of the metallic enclosures/connector
flanges of electronic hardware. Thus, the material should have high electrical & thermal
conductivity and also provide high attenuation/ absorption to Microwave signals from L-band to
Ku-band frequency range. Subsequently, the epoxy may be further optimized for higher frequency
ranges like Ka-band. Possibility for usage of nano-composites shall be explored.
Anticipated Benefits:

Developed epoxy can be used to provide shielding against EMI in all the metallic packages of
Electronic systems of all payloads.

Fast curing of epoxy will lead to a considerable reduction in turn-around time of hardware
preparedness for testing/ further activities.

13.3. Research Areas in Software Engineering
13.3.1. An Empirical Analysis on Deriving Test Cases from Natural Language Text using Model
Based Testing (MBT) Approach
Scope:

Implementation of Machine Learning techniques like natural language processing for review of
Software Requirements Specification (SRS) Quality and improving it.

Study and implementation of different MBT techniques for automated test case generation based on
design models from SRS to enable effective software testing.

Different MBT techniques needs to be studied, established and applied in different project contexts.

Study and implementing the above mentioned research point will help in analysing and evaluating
the applicability of MBT approaches and will streamline the process of deriving test cases from the
software requirements specification (SRS) using natural language (NL) requirements.
Anticipated Benefits:
New Testing approach will help in automating the test case generation from specifications and improve
the overall testing process.

13.3.2. Development of Automated GUI testing Environment for Desktop, Mobile and Flash based
applications.
Many GUI based applications are being developed and continuously evolved on regular basis in SAC for
use within ISRO, as well as external user community for outreach to academia or industry. The testing of
these GUI Desktop/ Flash/ Mobile based applications is a challenging task in terms of its test repeatability
for multiple versions; evaluating the GUI controls written in multiple programming languages and
technologies. Therefore, a test automation framework is desired to be implemented for carrying our
regression testing of GUI based Desktop/ Flash/ Mobile applications. This helps in analysing an application
from user’s point of view for all the GUI controls available on the screen.
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Scope:

Establishment of GUI testing techniques for automated regression testing of desktop, mobile and
flash based applications.

Establishing an integrated functional, performance and security software testing techniques with
provision of automated testing of web-based applications also.

Development of Generic software framework for parallel test execution environment.
Anticipated Benefits:
Automation of GUI applications will aid in testing the continuously evolving multiple versions of
applications and improve overall project release turn-around time.

13.3.3. Mining Software Repositories for Software Testing
Scope:
The goal of this project will be to mine software repositories data set and models can be generated based
on outcome of mined data. Such system will improve approaches in test generation, so that we can learn
from the evolution of test suites and past bugs to make test generation more effective and more efficient.
 The motivation of this project is to introduce a collaborative sharing platform for software
datasets that supports inter-datasets integration.
 The field of mining software archives, such as code repositories, bug reports, documents,
mailing lists, documents, etc., is concerned with the automated extraction, collection,
abstraction and interpretation of events and artefacts created and recorded during software
development.
 The mining of software repository involves the extraction of both basic and value-added
information from existing software repositories.
Anticipated Benefits:
This technique development will intend to leverage empirical techniques to validate our test case
generation approaches both qualitatively and quantitatively.

13.3.4. Automating Scenario Based Testing with UML and Aspect Oriented Programming (AOP)
Scope:

The main goal of this project work will be to develop approaches and tools for the automatic
generation of executable tests from UML behavioural models (particularly interaction diagrams),
taking advantage of existing unit testing frameworks and aspect oriented programming techniques
for test execution. These approaches and tools should enable a new generation of “model‐based test‐
driven development (TDD)”, that is, a TDD approach in which test are specified in UML.

Intercept run‐time behaviour and check conformance with the UML specification, using Aspect
Oriented Programming (AOP) techniques

User interaction testing in distributed and concurrent systems

Support for complex features in UML interaction diagrams and the generation of executable tests in
different platforms using Model-Driven Architecture (MDA) concepts.
Anticipated Benefits:
New techniques will be established to automate the executable tests from models and improve the overall
programming modularity.

185

Research Areas of SAC

MANAGEMENT
As SAC carries out many advanced R&D activities and executes many time bound projects with huge
budget, a management support group is established for resource planning and monitoring. In addition,
the functions related to Technology transfer and Industrial interface, RESPOND and Research
coordination, Interface with academic Institutes, Human Resources development, Management
Information System and Networks planning and operations as well as managing the IT facilities are the
other tasks carried out by this group.

Project Evaluation Concept

Assessment of Impact at academia

Types of Users

General User
(Employee and
JRF/Research
Associate)

Privileged User
(Head/GH/GD/DD/M
anager)

Students (Interns)

Human Resource Information Management System (HRIMS)
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Research Areas in the field of Management
14.1.1. Knowledge Management in Research and Development
Knowledge Management helps organisations grow in a competitive and an ever-changing
environment. Knowledge management is a process of capturing, developing, sharing and
effectively using organisational knowledge. It involves a multi-disciplinary approach to achieve
organisational objectives by making the best use of the explicit and tacit knowledge of researchers.
The suggested research topics are:
 Exploring various Knowledge Management Systems (KMS) programs in different R&D
organisations.
 Designing a framework for effective Knowledge Management System.
 Investigating interactions between knowledge management and human intellectual capital.

14.1.2. Fostering Innovation through Research in Science and Technology (FIRST)
A scientific invention is a new idea or concept generated by research and development. The
scientific convention when transformed and applied as a socially useable product becomes an
innovation. An intrapreneur is a visionary inventor who pursues the idea into a profitable reality.
Developing innovation and intraprenurship culture in Govt. R&D Organizations may be a
thoughtful approach for skill development and improving the research quality with growing
organisational needs and future challenges. Fostering a creative and intrapreneurial environment
is the requirement of the current times. The implementation strategy may include translational
research domains relating to both enabling science and technology as well as government’s citizen
centric priorities in various fields viz. agriculture, environment, natural resources management,
disaster preparedness and management etc.

14.1.3. Crowdsourcing, an emergent tool for Knowledge Management in a R&D organisation
Crowdsourcing principles when applied in R&D may result to technological innovations, which
can enhance the knowledge management. ‘Collective wisdom’ through crowdsourcing gradually
evolve into focussed problem solving. Crowdsourced R&D inputs may offer hitherto undiscovered
potentialities for solving societal problems; in particular using space technology. Due to the
increasing complexity of our world and the way change occurs “faster” than we can evaluate the
changes, let alone respond to them, the process of crowdsourcing may yield timely capabilities
and policies to support the systems in a R&D organisation.

14.1.4. Research Productivity Assessment and Evaluation of Research at Govt. R&D organisation
The main objective of research is to produce new knowledge. A research activity is a process with
human intellect, tangible (scientific instruments, materials etc.) and intangible (accumulated
knowledge, social networks etc.) resources used as inputs. The output in form of ‘new knowledge’
has a complex character of both tangible nature (publication, patent, database, paper presentations
etc.) and intangible nature (tacit knowledge, experience gained etc.). Thus, research is a multiinput and multi-output process. To study existing management practices adopted for Research

187

Research Areas of SAC

Productivity Assessment and design and develop tools and matrices for research productivity
assessment.

14.1.5. Work flow design/ management
Under this researcher should study work flow of the various electronics & Mechanical Fabrication
and suggest the improvements. Also designing of the web-based tracking mechanism for the
effective management.

14.1.6. Monitoring & Evaluating Projects: Contemporary Methods
Projects Management and Monitoring: Measuring Performance: Earned Value Analysis Methods
and other methods like trend analysis etc.

14.1.7. Human Resources Development
An organisation is responsible for ensuring that its employees have the appropriate competencies
to fulfil the organization’s strategic and operational objectives. Training and Development (T&D)
strategy aims to develop competencies of employees. National Training Policy has also emphasized
competency framework in Training & Development. The possible research work may include
design and development online course content on various themes with implementation on
suitable LMS and development of competency framework for various categories of people. The
other research areas in Human Resource Development includes organizational commitment,
employee engagement, profiling new generation S&T personnel with suitable instruments and
also linking these data with Training & Development.

Other topics











Technology Forecasting with respect to State of the Art Technologies
Organisational communication
Information dissemination methods
Learning & Development
Development of Competency Framework for different categories of people
Profiling New Generation S&T people
Employee Engagement
Organisational Commitment
Research on Planning and development strategies
Enterprise Resource Planning in Govt. R & D organization
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Acronyms
ADC: Analog to Digital Converter
AIS: Automatic Identification System
AIT: Assembly, Integration and Testing
AMV: Atmospheric Motion Vectors
APD: Avalanche Photo Diode
ASIC: Application Specific Integrated Circuit
ATP: Antenna Tracking and Pointing
BOC: Binary Offset Carrier
CAD: Computer Aided Design
CARTOSAT: Cartographic Satellite
CCD: Charge Coupled Device
CCSDS: Consultative Committee for Space Data Systems
CDOM: Colored Dissolved Organic Matter
CFLOS: Cloud Free Line Of Sight
CFRP: Carbon Fiber Reinforced Plastic
CGH: Computer Generated Holograms
CNT: Carbon Nano Tube
COTM: Communication On the Move
COTS: Custom of the Shelf
CTE: Coefficient of Thermal Expansion
DA: Data Assimilation
DAQ: Data Acquisition
DECU: Development and Educational Communication Unit
DEM: Digital Elevation Model
DMSAR: Disaster Management Synthetic Aperture Radar
DN: Digital Number
DQE: Data Quality Evaluation
DSP: Digital Signal Processing
DVB: Digital Video Broadcasting
DVB-T: Digital Video Broadcasting over Terrestrial Links
EMC: Electro Magnetic Compatibility
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EMI: Electro Magnetic Interference
ENOB: Effective Number of Bits
EO: Electro-Optical
EPC: Electronic Power Conditioner
EPSA: Earth, Ocean, Atmosphere, Planetary Sciences and Applications Area
FBAR: Film Bulk Acoustic Resonator
FM: Flight Model
FOV: Field of View
FPGA: Field Programmable Gate Array
FPS: Frames per second
FSI: Full Spectrum Inversion
GAGAN: GPS Aided Geo Augmented Navigation
GCP: Ground Control Point
GCOS: Global Climate Observing System
GEO: Geostationary Earth Orbit
GHG: Green House Gas
GIS: Geographical Information System
GNSS: Global Navigation Satellite System
GP-GPU: General purpose Graphical Processing Unit
GSO: Geo Synchronous Orbit
HSU: Humidity Sounding Unit
HTS: High Temperature Super Conductivity
HySI: Hyper Spectral Imager
IDCA: Integrated Detector Cooler Assembly
IMS: Indian Mini Satellite
IMU: Inertial Measurement Unit
IMUX & OMUX: Input and Output Multiplexing filters
INS: Indian Nano Satellite Bus
INSAT: Indian National Satellite
IRNSS: Indian Regional Navigation Satellite System
IRS: Indian Remote Sensing
ISM: Indian Summer Monsoon
IWV: Integrated Water Vapour
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KMS: Knowledge Management System
LADAR: LASER Detection and Ranging
LIDAR: Light Detection and Ranging
LNA: Low Noise Amplifier
LTCC: Low Temperature Co-fired Ceramics
LWIR: Long Wave Infrared
MADRAS: Microwave Analysis and Detection of Rain and Atmospheric Structures
MEMS: Micro Electro Mechanical Systems
MFD: Mirror Fixation Device
MIC: Microwave Integrated Circuit
MIR: Middle Infrared
MMIC: Monolithic Microwave Integrated Circuit
MOEMS: Micro-Opto-Electromechanical Systems
MoM: Method of Moments
MOSDAC: Meteorology and Oceanography Data Archival Centre
MPFL: Mechanically Pumped Fluid Loops
MPM: Microwave Power Modules
MSMR: Multi-frequency Scanning Microwave Radiometer
MSS: Mobile Satellite Services
MTF: Modulation Transfer Function
NIM: Negative Index Material
NIR: Near Infrared
NPP: Net Primary Production
NTN: Non-Terrestrial Network
NWP: Numerical Weather Prediction
OCM: Ocean Color Monitor
OD: Optical Density
OISL: Optical Inter-satellite Link
OSSE: Observation System Studies Experiment
PAR: Photo synthetically Absorbed Radiator
PFF: Payload Fabrication facility
PID: Proportional Integral Differential
POL: Point of Load
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PolInSAR: Polarimetric Interferometric SAR
PV: Photo Voltaic
RF: Radio Frequency
RH: Radiation Hardened
RISAT: Radar Imaging Satellite
RLG: Ring Laser Gyro
ROI: Region of Interest
ROIC: Read Out Integrated Circuits
ROSA: Radio Occultation Sounder for Atmospheric Studies
RS: Reed Solomon
RTIS: Real-time Train-tracking Information System
RTOS: Real Time Operating System
RTP : Real-Time Transport Protocol
RTT : Radiative Transfer Theory
SAMIR: Satellite Microwave Radiometers
SAPHIR: Sounder for Atmospheric Profiling of Humidity in the Intertropics by Radiometry
SAR: Synthetic Aperture Radar
SATCOM: Satellite Communication
SATNAV: Satellite Navigation
SAW: Surface Acoustic Wave
SERDES: Serializer:Deserializer
SEU: Single Event Upset
SiP: System in Package
SLAR: Side Looking Airborne Radar
SMA: Shape Memory Alloy
SMR: Satellite Mobile Radio
SoC: System on Chip
SPS: Standard Positioning Service
SSPA: Solid State Power Amplifier
SST: Sea Surface Temperature
SSTM: Sea Surface Temperature Monitor
SUT: Surface Under Test
SVm: Support Vector Machines
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SWIR: Short Wave Infrared
TID: Total Ionizing Dose
TIR: Thermal Infrared
TMC: Terrain Mapping Camera
TRiM: Transmit Receive Integrated Module
TSU: Temperature Sounding Unit
TWTA: Travelling Wave Tube Amplifier
UAV: Unmanned Aerial Vehicle
UHF: Ultra High Frequency
VEDAS: Visualization of Earth Data & Archival System
VHF: Very High Frequency
VHRR: Very High Resolution Radiometer
VNIR: Visible and Near Infrared Region
VSAT: Very Small Aperture Terminal
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Annexure: RESPOND Proposal Submission Guidelines and
Formats
(For further details and latest information particularly on salaries etc. refer to Respond page on
www.sac.gov.in)

Proposal Submission Guidelines
An individual or group(s) of scientists / engineers affiliated to any academic institution/autonomous R&D
institutions and/or faculty members of recognised academic institutions and universities may submit
proposals. The Principal Investigator(s) should be full-time employee(s) of the concerned institution. The
age limit for the Principal Investigator should be below 65 years (sixty five) including the project period.
The Head of the academic institution must forward proposals with application for research grants.
Proposals from individuals not affiliated to any recognized institution will not be considered.
The proposals should preferably be submitted in the areas of Space Science, Space Technology and Space
Applications. There is no last date for submitting proposals. Each proposal must name a Principal
Investigator who is a domain expert in the area to which the proposal belongs and who is a full time
employee/faculty of the institution forwarding the application. There may also be co-investigator(s) from
the same/different institutions working on the project. But satisfactory completion of a project will be the
responsibility of the Principal Investigator and her/his institution. Each proposal should provide the
following information:
 Detailed bio-data of all the investigators (Age also to be indicated) including publications/awards
& recognition received.
 Contact details: address, email id, telephone/fax numbers of investigators and head of the
institution forwarding the proposal.
 Brief description of the research proposed including the objectives and the scientific/application
merits of the work.
 Description of the research methodology or technique to be used for the proposed projected.
 The extent of financial support needed from ISRO for executing the work within the shortest
possible time.
 A list of research projects related to the proposal undertaken or carried out through funding by
other Agencies.
 Name and address of the Scientist/Engineer of ISRO with whom the PI had co-ordinated.
Two copies of the proposal on standard A4 size paper (297mmX210mm) should be prepared in the format.
Please note that all the Forms - Application for Grant of Funds and Form-C needs to be filled
appropriately. All formats are available https://www.isro.gov.in/sponsored-research-respond/proposalformat-0
One copy (Hard copy) of the proposal, in the respective areas given below should be sent to following ISRO
Center:
Director,
Space Applications Centre, Jodhpur Tekra, Ahmedabad 380 015.
e-mail : director@sac.gov.in
One Hard copy of the proposal must be sent to:
Director,
Capacity Building Programme Office (CBPO),
ISRO Head Quarters,
Department of Space, Government of India
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Antariksh Bhavan, New BEL Road
Bangalore - 560 231
e-mail : dir.cbpo@isro.gov.in
Proposals will be evaluated by domain experts (internal and/or external) for its novelty, usefulness to
Indian Space Programme and other Scientific/ technical merits. The proposal may call for changes based
on review and the PI will have to re-submit the proposal incorporating the recommended changes.
Proposers are informed about the outcome of the evaluation of their research proposals.
Research Grants
The institutions proposing a project for support are expected to commit the use of the existing
infrastructure available with them. ISRO provides financial grants to support fellowship, materials,
consumables, internal travel, testing charges, data etc.The fund for purchase of only essential minor
equipments which are not available in the institution and would be useful for future projects will also be
provided. There is no provision for any kind of payment to the Principal Investigator (or other staff)
belonging to the Institution. The allocated funds cannot be used for travel abroad for any reasons.
Guidelines governing the allocation of funds by ISRO are set out below. These may change from time to
time.

Grants for the purchase of equipment may be provided for the investigation. The equipment must
be of a specialized nature, required exclusively for the project and is either not available at, or
cannot be spared from, parent Institution for the project. Such equipment should be useful for new
projects to be taken up in future. In this category, PC/Computer means desktop computer only.

Appointment of approved Research Fellows to support PI in the project activities can be made by
the Academic/Research Institution for the approved project. The services of supporting staff like
administrative personnel, support technical staff, technicians & technical Assistants, Surveyor, data
entry operators etc., will have to be exclusively sourced by the academic or research institution
undertaking the project and funds sanctioned under the project should not be diverted for any
purpose. However, at the closure of the project, ISRO cannot assume any responsibility of
providing continuity in employment either in the same or new project for the project staff. Such
project staff who will have no claim whatsoever for recruitment in ISRO on any.

The selection and appointment of the above project staff is the responsibility of the Principal
Investigator as per the rules in vogue in respective / academic research institutions. These should
be made according to the normal selection procedures of the university or institution submitting
the research proposal. The qualification/ experience required and the salary offered shall be as per
ISRO norms and the selection should have the approval of the head of the institution according to
the rules followed in the respective Institution.

The research personnel who are associated with the project may be awarded ISRO’s research
Fellowships according to guidelines laid down by ISRO for this purpose. Details on the award of
Research personnel are given in following sections.

Approved grant may be utilized for the following heads only:

Purchase of books and scientific literature, which are essential for the investigation, and are
not available in the concerned academic/research Institution. Subscription for Journals are
normally not permitted and expenditure towards Journals cannot be charged to project. In
the event of a particular Journal which is not available in the academic/research institution
and which is very important and relevant to the investigation may be procured on single
copy basis or Photostat copies only on prior approval of ISRO. Subscription to journals on a
regular basis cannot be covered by these funds.

Special consumable materials essential to the project.
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Computer time, observatory time and other services.
Travel within India, in connection with the project or for attending seminars and symposia
of relevance to the subject of the investigation.

Miscellaneous expenses (contingency) such as typing charges, stationery, postage, etc.
All requirements of foreign exchange for the purchase of equipment and/or consumables should
be clearly identified and mentioned in the budget. The Academic Institution /Research Institution
shall arrange to provide the required foreign exchange to the project and ISRO will provide
equivalent money in Indian Rupees.
No funds are available for international travel either partly or fully, for personnel connected with
the project.
ISRO does not provide funds in the project for printing any material in connection with the project.
ISRO does not grant any funds for buildings and civil works for housing any equipment or
personnel. However, charges for equipment installation can be provided only on specific approvals.
All travel in connection with the project should be approved by the Principal Investigator
according to the TA/DA rules of the concerned Institution. The mode of Journey including airtravel may also be approved by him so that the implementation of the project takes place in time
subject to the condition that the institution has no objection to such an arrangement and that the
travel expenses are contained within the budgetary provisions for the project approved by ISRO
The funds will be sanctioned under different specific heads and will normally be released by ISRO
once in every year. Reappropriation of funds among different approved heads is not permissible.
If the total grant released to an Institution is not fully spent, the unspent balance will be deducted
out of the approved budget earmarked for next immediate release.
Any unspent grant at the end of the project will have to be returned to Pay and Accounts Officer,
Department of Space,Antariksh Bhavan,New BEL road, Bangalore-560 094

Terms and Conditions of ISRO Research grants
1. ISRO reserves the right to revoke in whole or in part the funds approved for a project at any time
without assigning any reason.
2. Approved funds must be utilized solely for the purpose for which they have been granted unless
ISRO agrees other wise. A certificate that the funds have been so used must be produced by the
grantee Institution at the end of each year of support.
3. Acknowledgement of ISRO support must be made in all reports and publications arising out of
an approved project/investigation. The Institution will take prior permission of ISRO before
publishing any work based on an ISRO supported project. Such permission will not be
unreasonably withheld.
4. Two copies of all publications resulting from the research conducted with the aid of the grants
should be submitted to ISRO.
5. Intellectual Property Rights
 Any intellectual property rights or such information/knowledge being able to sustain or
create or any such right arising out of the projects sponsored by ISRO will be held jointly by
the Academic Institution/R & D institution and ISRO as per RESPOND norms.
 Academic Institute/R & D institution and ISRO shall inform each other before filing for any
protection of any Intellectual Property Rights resulting from any of the project sponsored by
ISRO.

Academic institute/R & D institution and ISRO will ensure appropriate protection of
Intellectual Property Rights generated from cooperation, consistent with laws, rules and
regulations of India.
 The expenses for filling the Patent protection in India and abroad shall be borne equally
between Institute and ISRO.
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6.

7.
8.

9.

10.

11.

12.

13.
14.

Any/all financial accruals due to any commercial exploitation, of this patent shall be shared
equally between them, on 50:50 basis. However any of the parties is free to utilize the IPR
for their own use on non commercial basis.
The Principal Investigator is required to submit two copies of yearly reports indicating the
progress of the work accomplished. He is also required to submit two copies of a detailed
scientific/technical report on the results of the research and development work after the
completion of the project. One copy of these reports should be sent to the address to which the
proposal was sent and other to the Director, CBPO, ISRO Headquarters. Annual reports should
be sent to enable release of funds for the subsequent year. The reports will become the property
of ISRO.
ISRO may designate scientists/specialists to visit the Institution periodically, for reviewing the
progress of work on an ISRO-funded project.
An inventory of items purchased from ISRO funds should be sent to ISRO giving the description
of the equipment, brief specifications, cost in rupees, date of purchase and name of supplier along
with a purchase certificate from the Head of the Institution. All items of equipment and non consumable items costing more than Rs. 5,000/- remain the property of ISRO and ISRO reserves
and right to recall, transfer or dispose them off either during the tenure or on the termination of
the project.
The accounts of the expenses incurred out of ISRO funds should be properly maintained and
should be audited by an approved auditor. The final financial documents comprising of audited
accounts statement and fund utilization certificate in duplicate, should be sent to ISRO at the end
of each financial year of support. The final financial documents pertaining to the project should
be sent to ISRO for every operational year of the project sufficiently in advance to enable the
release of funds for the subsequent year. It is the responsibility of the institution to submit the
Fund Utilization Certificate (FUC) and Audited Accounts Statement (AAS) to Pay and Accounts
Officer (PAO),Department of Space at the end of 12 months from the date of drawl of grant(s)
from ISRO for Research Projects and at the end of 6 months for Conferences/ Seminars/
Workshops/ Symposium etc. It is mandatory for all institutions drawing grants from Department
of Space to submit all financial documents within the stipulated period and any delay in the
submission of the financial documents for all grants drawn from Department to Pay and Accounts
Officer (PAO), Department of Space will result in delay in release of funds. In such situations,
the PI cannot seek extension of project or modification of objectives of the project.
The funds for the projects are released on annual basis. Further release of funds for ensuing year
will be based on the technical performance of the project and utilization of the funds released for
the project during the previous year. Any unspent balance shown in the reporting year, will be
adjusted with the funds due for release during the next year.
If the total amount sanctioned is not spent during the whole period of support, the remainder
amount must be surrendered to the Pay and Accounts Officer, Department of Space, within one
month after completion of the project.
The Institution cannot divert the grants for a project to another institution if it is not in a position
to execute or complete the assignment. In such a case the entire amount of the grant must be
immediately refunded to ISRO.
A register of assets, permanent and semi-permanent, should be maintained by the Institution and
this should be available for scrutiny by ISRO staff.
The assets acquired wholly or substantially out of an ISRO grant should not, without prior
sanction, be disposed off or transferred to other agencies or utilized for purposes other than that
for which the grant is sanctioned.
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15. The terms and conditions of ISRO research grants are subject to change from time to time, but
the funding of any project till its completion will be governed by the terms and conditions existed
on the date of starting of the project, unless mutually agreed to otherwise. The academic
institution/PI cannot claim revision of fellowships or any of its elements from a retrospective
date.
16. ISRO reserves the right to transfer any approved project(s) from one institution to other
institutions in the event of institution’s inability to continue the project , PI leaving the
institution etc.

General rules











ISRO Research Fellowships, Research Associateships and Research Scientists hereinafter
referred to as Fellowships/ Associateships/ Scientists are awarded for specific projects or
Education/Research Schemes approved by ISRO.Change of level of Research Fellow,
subsequent to the approval of the project will not be permitted.
The recipients of these Fellowships/ Associateships /Scientists are expected to conduct research
work whole time under the Principal Investigator of the ISRO sponsored project. In special
cases of individual Research Fellows/Associates, the candidates could be governed by the
conditions of Research work as specified by the projects/ programmes/ schemes for which the
Fellowships have been offered by ISRO.
ISRO may nominate a member in the committee(s) appointed by the institution in connection
with the approved project.
The Fellows/ Associates/ Scientists, appointed for ISRO project, shall not be transferred from
one institution to another.
The award of ISRO Fellowships/Associateships/ Scientists does not imply any assurance or
guarantee by or from ISRO or any kind of employment to the beneficiaries.
Generally the upper limit for the period of Fellowships/ Associateships/ Scientists will be the
same as that of the project. However, in exceptional cases, mainly to enable the Fellow to
complete all formalities required for submission of doctoral thesis, ISRO may consider
extension of the fellowship purely based on the merit on case by case basis. However, such
extensions cannot be claimed as right by either fellow or PI.
Monthly emoluments of the Fellowships/ Associateships/ Scientists will be paid by the
concerned institution by utilizing the project grant.

Note: The scales of pay, service benefits, terms and conditions, etc for appointment are subject to revision
from time to time by the Department of Space/Government of India.

Research Fellowships
Junior Research Fellow (JRF) Senior Research Fellow (SRF)
Designation and Qualification

A: Junior Research Fellow (JRF)
Post Graduate Degree in Basic Science OR Graduate/Post Graduate Degree in
Professional Course selected through a process described through any one of the
following :
a. Scholars who are selected through National Eligibility Tests - CSIR-UGC NET
including lectureship (Assistant professorship) and GATE.
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1st & 2nd Yr
(monthly
emoluments)
(w.e.f
01/01/2019)
Rs. 31, 000
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b. The selection process through National level examinations conducted by
Central Government Departments and their Agencies and institutions such as
DST, DBT,DAE,DOS,DRDO,MHRD, ICAR, ICMR, IIT, IISc, IISER etc.
B: Senior Research Fellow (SRF)
Rs. 35, 000
Qualification prescribed for JRF with two years of research experience
Note: The performance of the Junior Research Fellows (JRF) shall be reviewed on completion of the

two years, by an appropriate Review Committee duly constituted by the Directors of Centres/Units.
Based on the recommendations of the review committee and approval of the Director of Centre/Unit,
Junior Research Fellow may be awarded the position of Senior Research Fellow (SRF).

NET Examinations and Its Equivalent for Coverage under the OM.
Any National Level Examination conducted by the Central Government departments/agencies for
admission to PhD programme are considered equivalent to NET. The following are the list of
examination which can be equated to NET:
CSIR-UGC National Eligibility Test including NET –Lecturership.
I. Graduate Aptitude Test in Engineering (GATE) conducted by MHRD.
II. Joint Admission Test (JAM) conducted by MHRD.
III. Graduate Pharmacy Aptitude Test (GPAT) conducted by MHRD.
IV. Biotechnology Eligibility Test & Test conducted in Bio-Informatics by Bio-Informatics National
Consortium.
V. Joint Entrance Screening Test (JEST), Joint Graduate Entrance Examination for Biology &
Interdisciplinary Life Sciences (JGEEBILS) conducted by Department of Atomic Energy.
VI. JRF Entrance Examination conducted by Indian Council of Medical Research.
VII. All India Competitive Examination (AICE) conducted by Indian Council of Agricultural
Research.

Research Associates (RA)
The fellowship for Research Associated may be fixed as consolidated amount at any of the three pay
levels given below depending upon the qualifications and experience.
Educational Qualification : Doctorate or equivalent degree in Science / Engineering / Technology or
having 3 years of research, teaching and design development experience after ME / M. Tech with at
least on research paper in Science Citation Indexed (SCI) journal.
SI. No.
Category
Fellowship per month(in Rs)(w.e.f 01/01/2019)
1.
Research Associate I (RA-I)
Rs. 47, 000
2.
Research Associate II (RA-II)
Rs. 49, 000
3.
Research Associate III (RA-III)
Rs. 54, 000

Research Scientists (RS)
The fellowship for Research Scientists remains unaltered:
SI. No.
Levels in the Pay matrix (as per VII CPC)
1.
Level 10
2.
Level 11
3.
Level 12
4.
Other Scales below in the Level 10 of pay matrix, as recommended by VII CPC and
approved by Govt. of India.
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Service Conditions:
Dearness Allowance (D.A.):
JRFs, SRFs and Research Associates will not be entitled to this allowance. The Research Scientists will
be eligible to draw DA as per rates of Central Government as per rules of the local institutions where
they are working
House Rent Allowance:
House Rent Allowance will be allowed to all research fellows viz.Junior Research Fellows (JRF), Senior
Research Fellows (SRF), Research Associates (RA) and Research Scientists (RS), if they are not provided
with hostel accommodation, as per rules of the institutions where they are working. For this purpose,
the fellowship amount for JRF/SRF / Research Associates and Research Scientists will be taken as Basic
Pay.
Medical Benefits:
The JRF, SRF, Research Associates and Research Scientists will be allowed medical benefits, as per rule
of the institution where they are working
Leave and other services benefits:
JRFs/SRFs are eligible only for casual leave while Research Associates/Scientists are eligible for leave as
per rules of the Institutions. Maternity leave as per Govt. of India instructions would be available to all
female JRFs/SRFs/ RAs/RSs
Participation of JRF/SRF/ RA/RS in any scientific event in India or abroad will be treated as 'on duty'•.
The travel entitlement for JRF/SRF/RA/RS for participation in scientific events/ workshops In India will
continue to be the same as earlier i.e., IInd AC by rail.
Bonus & Leave Travel Concession:
Not admissible to any category.
Retirement Benefits:
JRFs / SRFs / Research Associates and Research Scientists will not be entitled to these benefits.However,
Research Scientists who are appointed for the duration of the project may be allowed to be members of
the New Pension Scheme (NPS) of the Institution
Encouragement for pursuing higher studies:
JRFs/SRFs may be encouraged to register for higher studies and the tuition fees to undertake these
studies may be reimbursed from the contingency grant sanctioned under the project grant, if required.
Benefits to Host Institutes:
Overhead expenses of 20% of the total project cost not exceeding Rs 3.00 lakhs may be permitted to the
host institutions for meeting their costs including infrastructural facilities.
Obligations of JRF/SRF/RA/RS:
1. JRF/SRF/RA/RS shall be governed by the disciplinary regulations of the host institute
2. The JRF/SRF/RA/RS must send a detailed consolidated report of the research work done during the
entire period of Fellowship on completion of the tenure / resignation at the earliest.
The periodic Enhancement of research Fellowship:
The Research Fellows, Research Associates and Research Scientists are not entitled for annual
increment.
The revised emoluments will take effect from January 01, 2019 for all categories of JRF/ SRF/ Research
Associates.
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Other Categories:
Sl.
No.

Manpower
Position

Essential Qualification

1.

Project AssociateI

2.

Project AssociateII

3.

Senior Project
Associate

4.

Principal Project
Associate

Master’s Degree in Natural or Agricultural
Sciences/MVSc or bachelor’s degree in
Engineering or Technology or Medicine from a
recognized University or equivalent
(i) Master’s Degree in Natural or Agricultural
Sciences/MVSc or bachelor’s degree in
Engineering or Technology or Medicine
from a recognized University or equivalent;
and
(ii) 2 years’ experience in Research and
Development in Industrial and Academic
Institutions or Science and Technology
Organizations and Scientific activities and
services
(i) Master’s Degree in Natural or Agricultural
Sciences/MVSc or bachelor’s degree in
Engineering or Technology or Medicine
from a recognized University or equivalent;
and
(ii) Four years’ experience in Research and
Development in Industrial and Academic
Institutions or Science and Technology
Organizations and Scientific activities and
services
OR
Doctoral
Degree
in
Science/Engineering/Technology /Pharma / MD/
MS from a recognized University or equivalent
(i) Master’s Degree in Natural or Agricultural
Sciences/MVSc or bachelor’s degree in
Engineering or Technology or Medicine
from a recognized University or equivalent;
and
(ii) Eight years’ experience in Research and
Development in Industrial and Academic
Institutions or Science and Technology
Organizations and Scientific activities and
services
OR
(i) Doctoral
Degree
in
Science/Engineering/Technology /Pharma /
MD/ MS from a recognized University or
equivalent; and
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Upper
Age limit
(years)
35

Monthly
Emoluments
(Rs.)
31,000/- +
HRA

35

35,000/+HRA

40

42,000/- +
HRA

40

49,000/- +
HRA
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5.

Project Scientist I

6.

Project Scientist II

7.

Project Scientist
III

(ii) Four years’ experience in Research and
Development in Industrial and Academic
Institutions or Science and Technology
Organizations and Scientific activities and
services
Doctoral Degree in Science or Master’s Degree in
Engineering or Technology from a recognized
University or equivalent
(i) Doctoral Degree in Science or Master’s
Degree in Engineering or Technology from a
recognized University or equivalent; and
(ii) Three years’ experience in Research and
Development in Industrial and Academic
Institutions or Science and Technology
Organizations and Scientific activities and
services
(i) Doctoral Degree in Science or Master’s
Degree in Engineering or Technology from a
recognized University or equivalent; and
(ii) Six years’ experience in Research and
Development in Industrial and Academic
Institutions or Science and Technology
Organizations and Scientific activities and
services

35

56,000/- +
HRA

40

67,000/- +
HRA

42

78,000/-+
HRA

Service conditions of other categories:
(i)
DA & CCA: Scientific/Technical Manpower in projects are not entitled to DA & CCA.
(ii)
House Rent Allowance (HRA): HRA is allowed to all categories, except for Project Investigator
(PI)/Project Coordinators in Non-Governmental/Voluntary Organizations (NGO/VO)/Project
Manager as per Central Government norms applicable in the city/location where they are working.
The percentage required for calculating HRA will be based on the remuneration.
(iii) Medical Benefits: The Scientific/Technical manpower will be entitled for medical benefits as
applicable in the implementing institution.
(iv) Leave and other entitlements: The Scientific/Technical manpower are entitled to leave as per rules
of the host institution. Maternity leave as per the Govt. Of India instructions issued from time to
time would b available to all categories. The travel entitlement is as per Institute norms.
(v)
Bonus, Gratuity & Leave Travel Concession: The Scientific/Technical manpower
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Formats for submitting research proposals under RESPOND, STC RESPOND Basket
and Regional Academic Centres for Space (RAC-S)
1.
2.
3.
4.
5.
6.

Application for Grant of Funds
Name of the Institution with Full
Address
Title of the Research Proposal
Name of the Principal Investigator
(Address/Phone/E-mail)
Name(s)
of
other
investigator(s)
with the name(s) of their Institution
Proposed duration of Research Project
Amount of grant requested
1st Year, 2nd Year, 3rd Year Total
Manpower
Equipment

(in

`.)

Satellite Data/Data
Consumables & Supplies
Internal Travel
Contingency
Others
Overheads
7.

Total
a) Bio-data of all the Investigators (Format-A).
b) Brief description of the Research Proposal with details of budget (Format-B).

c) Declaration (Format-C).
8. I/We have carefully read the terms and conditions for ISRO Research Grants and agree to abide
by them. It is certified that if the research proposal is approved for financial is approved for
financial support by ISRO, all basic facilities including administrative support available at our
Institution and needed to execute the project will be extended to the Principal Investigator and
other Investigators.
Name
Institution
Designation
Principal Investigator
Co-Investigator(s)
Head of the Department/Area
Head of the Institution
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Format A
Bio-data of the Investigator(s)*
1.
2.
3.
4.

5.

6.
7.
8.

Name
Date of Birth (dd/mm/yyyy)
Designation
Degrees conferred (begin with Bachelor's degree)
Degree
Institution conferring the degree

Research/training experience (in chronological order)
Duration
Institution

Major scientific fields
Interest
List of publications
Email id,

Field(s)

Name of work done

of

Mobile number and

9.

Telephone number of PI with
STD Code
Email id,
Mobile number and
Telephone number of the Head
of the academic institution

* Bio-data for all the investigators should be given, each on a separate sheet.
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Format B
Proposal Preparation Format
1.
2.
3.
4.

5.
6.

7.
8.
9.

Title of the research proposal:
Summary of the proposed research: A Simple concise statement about the investigation, its conduct
and the anticipated results in no more than 200 words
Objectives: A brief definition of the objectives and their scientific, technical and techno-economic
importance.
Major Scientific fields of Interest: A brief history and basis for the proposal and a demonstration of the
need for such an investigation preferably with reference to the possible application of the results to
ISRO's activities. A reference should also be made to the latest work being carried out in the field and
the present state-of-art of the subject.
Linkages to Space Programme / Deliverables to ISRO on successful completion of the project:
Approach:
6.1 Back ground / Introduction
6.2 State of the art
6.3 Detailed algorithm/ Methodology along with concepts
6.4 Expected outcome
 A clear description of the concepts to be used in the investigation should be given.
 Details of the method and procedures for carrying out the investigation with necessary
instrumentation and expected time schedules should be included.
 All supporting studies necessary for the investigation should be identified.
 The necessary information of any collaborative arrangement, if existing with other investigators for
such studies, should be furnished.
 The principal Investigator is expected to have worked out his collaborative arrangement himself. For
the development of balloon, rocket and satellite-borne payloads it will be necessary to provide
relevant details of their design.
 ISRO should also be informed whether the Institution has adequate facilities for such payload
development or will be dependent on ISRO or some other Institution for this purpose.
Data base and analysis: A brief description of the data base and analysis plan should be included. If any
assistance is required from ISRO for data analysis purposes, it should be indicated clearly.
Available Institutional facilities: Facilities such as equipment etc., available at the parent Institution for
the proposed investigation should be listed.
Fund Requirement: Detailed year wise break-up for the Project budget should be given as follows:
Head
Ist Yr
2nd Yr
3rd Yr
Justification of each of the
budgeted heads
Research
Fellows/
Research
Associate/
Research Scientist
*Note: please specify the designation, qualification and rate of salary per month for each category
Equipment**
Please specify the various individual items of equipment and indicate foreign exchange
requirement, if any
Satellite data/data
Consumables & Supplies
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Internal Travel
Contingencies
Others
Overheads
(Note: Overhead Expenses
of 20% of Total Project
Cost not exceeding 3.00
lakhs )
Total
**Justify each equipment. If computer is proposed, only desktop has to be purchased not laptop
10. Whether the same or similar proposal has been submitted to other funding agencies of Government of
India. If Yes please provide details of the institution & status of the proposal: Yes/No

Format C
Declaration
I/We hereby agree to abide by the rules and regulations of ISRO research grants and accept to be governed
by all the terms and conditions laid down for this purpose.
I/We certify that I/We have not received any grant-in-aid for the same purpose from any other
Department of the Central Government/State Government/Public Sector Enterprise during the period
to which the grant relates.

Signature &
Name

Designation

Principal Investigator
Head of the Department /
Area
Head of the Institution
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Formats for submitting research proposals under S-TIC
The project proposal under S-TIC should have the Content as detailed below.
Contents
1. Title of the Proposal:
2. Project Team
2.1. S-TIC Principal Investigator, (Name, Designation, Email ID, Mobile number)
2.2. S-TIC Co-Principal Investigator/s, (Name, Designation, Email ID/s, Mobile
number/s)
2.3. Student/s (Name/s, Course/PhD, Email ID/s , Mobile number/s)
3. ISRO Mentor: Name, Designation, Email ID, Mobile number
4. Objective
5. Scope
6. Scientific / Technical Need Aspect
7. Stake holders
8. Product / Service Marketability
9. Brief description
10. Experimentation / Studies / Field Work
11. Expected Results (please highlight Envisaged outcome that can be indigenised / realised
at the end of the projects that would lead to start-ups in collaboration with S-TIC)
12. Deliverables (Software / Hardware)
13. Project duration(in years)
14. Milestones including end to end schedule
15. Budget
16. Necessary equipment/tool/software required to carry out the S-TIC TDP. Please also
mention whether the same is available at or not.
17. Describe the Societal application part of the outcome of this project.
18. Describe, how it is going to generate business.
19. Describe how it will help start-ups.
20. Describe how it will help students to become future entrepreneurs.
21. Other Details (if any)
Note:
1. The ideas conceived for Serial numbers 17, 18, 19 and 20 need to be elaborated for better clarity.
2. Project number (PR No.) will be provided by ISRO-HQ.
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www.sac.gov.in/respond/
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