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Evolution of Electro-optical Remote Sensing Payloads over a Quarter Century 

Saji A Kuriakose, BN Sharma and Anand kumar 

Electro-optical Systems Group, Sensor Development Area, Space Applications Centre 
 
Introduction 

March 17, 1988 was a momentous day for ISRO, as it 
was the day that India joined the select group of 
nations capable of developing and operationalising 
remote sensing satellites. This was the day that IRS-
1A, the first of the Indian built remote sensing 
satellites in the IRS series, was successfully launched 
into a polar sun-synchronous orbit from the Soviet 
Cosmodrome at Baikonur. The payloads were 
subsequently switched on and very good quality 
images were obtained for several years. 

A quarter century later, ISRO has come a long way 
with high resolution panchromatic, multispectral and 
hyperspectral images available from a host of 
spacecraft orbiting the Earth. A number of new 
technologies have been realised and have been 
operational in the Electro-optical payloads developed 
so far.  

This article discusses the progress and evolution of 
EO payloads that has taken place due to use of new 
technologies over the last twenty five years. 

Prelude 

The US and USSR were very active in the exploration 
of space since the early 1950s and had successfully 
placed spacecraft in orbit around the Earth, Moon, 
Mars and the other planets. The space race between 
these two nations during the cold war led to 
tremendous progress in the exploration of space at a 
blistering pace. The beginning of the 1960s saw the 
orbiting of the early communication and remote 
sensing satellites, and by the end of the decade, men 
had landed on the moon and returned safely. 
 
India had gained independence from British rule in 
1947, and was in the process of establishing 
industries and infrastructure in an attempt to 

improve the economic situation leading to self 
reliance. The beginning of the Indian space 
programme started in a modest way with the launch 
of single stage sounding rockets to study various 
parameters of the atmosphere. These developments 
led to more ambitious efforts to develop larger 
launchers capable of lofting spacecraft into low earth 
orbit. This was not an easy job, but the persistent 
efforts of the pioneers of the space program led to 
development of ISRO as we know it today.  
 
Space Applications Centre (SAC) was established in 
1972. Payload development at SAC started with 
balloon experiments followed by aerial photography 
for remote sensing. A single channel thermal aircraft 
scanner operating between 10.5 to 12.5µ was 
developed and successfully airborne during the 
1970s. The advantage of multispectral imaging over a 
single spectrum band was demonstrated by designing 
a 5 channel multispectral scanner (MSS) for airborne 
remote sensing.  
 
This instrument provided a ground resolution of 40-
50 feet. After the initial success of airborne missions, 
development of TV payloads was initiated for the 
Bhaskara 1 satellite. This was a small satellite, 
weighing about 450 kg, and it carried two TV cameras 
operating in the red and near infrared spectral 
regions. Both the spacecraft were spin stabilised. The 
experience gained with the development of these 
two spacecrafts as well as the processing of the data 
received was valuable in the development of future 
satellites. Figure 1 depicts the historical journey of 
Electro-optical payload developments in SAC.  
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Figure 1:  Electro Optical Development of Remote Sensing 

 
During the seventies and eighties, several 
developments were taking place in the Indian space 
sector. The Indian Space Research Organisation was 
established in 1972 with Professor Satish Dhawan as 
the first chairman, and soon various centres were 
established. ISRO was developing fast in the areas of 
space craft, launch vehicles, ground segment, data 
products and applications. 
 
The Indian Remote Sensing Satellites (IRS): India is a 
vast country measuring roughly 3000 km north to 
south and more than  2000 km East-West. It has 
varied geographical regions, climatic regions and 
locations with very high density of population and 
some regions sparsely populated. Remote sensing is 
the best method of collecting data about agriculture, 
forestry, fisheries, glacier movement, geological 
features, desertification, urban sprawl and a host of 
other information of importance to a developing 
nation. The need for remote sensing data was 
realised early on, almost as soon as the first remote 
sensing satellites became operational worldwide. 
 
The decision to develop a state of the art remote 
sensing satellite, named Indian Remote Sensing 
Satellite, had been taken by ISRO in the late 

seventies. The remote sensing satellites operational 
at that time were Landsat belonging to NASA (1972), 
and SPOT belonging to CNES, France (1983). The 
experience gained from these missions helped to 
define the objectives of IRS, especially the spectral 
bands, ground resolution, revisit time and time of 
pass. Most application scientists were familiar with 
Landsat  and SPOT data, so the IRS program was 
designed to be of a similar nature, but suitable for the 
requirements of India.  

The IRS programme has come a long way in the last 
twenty five years with diversification into high 
resolution panchromatic, stereoscopic panchromatic, 
multi-band multispectral and hyperspectral imaging. 

 
Figure 2: IRS 1A/B spacecraft 
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Figure 3: IRS 1C spacecraft  

(Solar panels in stowed condition in both figures) 

This article presents some of the most notable 
electro-optical payloads which enhanced the 
capabilities of the IRS program. Geostationary 
spacecraft including INSAT, Kalpana, GISAT are not 
covered in this article. In addition, the planetary 
mission Chandrayaan-1 is also not included. 
The progress of the remote sensing programme 
began with low and medium resolution multispectral 
imagery and moved on to high resolution 
multispectral. In addition, panchromatic imagery 
improved from six meter resolution to sub-meter 
resolution and also into stereoscopic imagery. 
Hyperspectral imagery also became available in VNIR 
and now future spacecraft will have shortwave 
infrared too. 
 
Table 1 presents all the EO payloads developed and 
launched in the IRS programs in the last twenty five 
years. Subsequent sections of this article present 
some details of selected EO payloads which were 
significant improvements on the previous payloads. 
The selected EO payloads include those of IRS 1A, IRS 
1C, TES, Resourcesat 1, OCM 1, Cartosat 1, and 
Cartosat 2. 
 
1. The Indian Remote Sensing Satellite: IRS 1A 

IRS 1A was the first of the operational remote sensing 
satellites. It was very different from the previously 
flown Bhaskara and Aryabhatta spacecraft. It was 
much heavier, almost one ton compared to about 
450 kg for Bhaskara, and three axis body stabilized 
compared to spin stabilized in earlier spacecraft, so 

that continuous imagery could be obtained during the 
orbital pass. The orbital altitude was much higher 
(917 km compared to 550 km).  
 
The payloads consisted of two cameras, one low 
resolution four-band multispectral camera named 
Linear Imaging Self Scanned sensor (LISS-1) which 
utilized the along track motion of the space craft to 
generate imagery. The second payload was the 
medium resolution four-band multispectral LISS -2. 
Table 2 shows the main features of the LISS – I and II 
cameras. 
 
IRS 1B was identical to IRS 1A with some improved 
features compared to its predecessor such as gyro 
referencing for better orientation sensing, time 
tagged commanding (IRS-1A) facility for more 
flexibility in camera operation and line count 
information for better data product generation.  
 
It is informative to discuss the advances in various 
subsystems that formed the electro-optic payloads 
on board IRS 1A. Each LISS I and II camera consisted 
of an optics subassembly, imaging detectors, in-flight 
calibration system, the processing electronics, and 
data formatting electronics. 
 
LISS - I camera utilised four similar, but not identical 
lens assemblies with matched focal length of 162.2 
mm. Each band had its own lens assembly which was 
optimised for maximum image quality in the band. 
Band definition was obtained using a bandpass filter 
placed in front of the lens elements. The lens 
assembly consisted of eight lens elements arranged in 
a suitable mechanical barrel. The swath covered by 
the four cameras was matched to the length of the 
detectors within a quarter of a pixel. Extensive testing 
at the initial stage and after each space qualification 
test including thermovacuum testing, vibration, 
humidity, and thermal cycling was carried out. All 
material used in the lens assembly were space 
qualified and all processes used in the realisation of 
these lens assemblies were also space qualified. 
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Table 1: LEO and planetary observation payloads developed and launched in the last 25 years 

Sr No Spacecraft Year of 
launch 

Launch vehicle EO payloads Mission life 
(Years) 

1 IRS 1A 1988 Vostok (USSR) LISS -1, LISS-2 8  
2 IRS 1B 1991 Vostok (USSR) LISS -1, LISS-2 12  

3 IRS 1E 1993 PSLV-D1 LISS-1, MEOSS (DLR) 
Launch 
failed  

4 IRS P2 1994 PSLV-D2 Modified LISS II 3 
5 IRS 1C 1995 Molniya (Russia) PAN, LISS III, WiFS 11 

6 IRS P3 1996 PSLV-D3 

 3 band WiFS, Modular Opto - electronic 
Scanner (MOS), 

Indian X-ray Astronomy Experiment 
(IXAE), 

C-band transponder(CBT) 

9 

7 IRS 1D 1997 PSLV-C1 PAN, LISS III, WiFS 12 

8 
IRS P4 

Oceansat-1 
1999 PSLV - C2 

1. Ocean Colour Monitor (OCM)  2. Multi 
- frequency Scanning Microwave 

Radiometer (MSMR) 
11 

9 
Technology 
Experiment 

Satellite (TES) 
2001 PSLV – C3 High resolution Panchromatic payload Operational 

10 
IRS P6 

Resourcesat-
1 

2003 PSLV – C5 LISS III*, LISS IV and AWiFS Operational 

11 Cartosat 1 2005 PSLV – C6 
Fore and Aft Panchromatic cameras 

(stereoscopic) 
Operational 

12 Cartosat 2 2007 PSLV – C7 High resolution Pan Operational 
13 Cartosat 2A 2008 PSLV – C9 High resolution Pan Operational 

14 IMS-1 2008 PSLV – C9 
4 band Multispectral Camera, 

Hyperspectral camera 
Operational 

15 
Chandrayaan-

1 
2008 PSLV - C11 

PAN Stereo Camera 
Hyperspectral camera 

Mission 
completed 

16 Oceansat-2 2009 PSLV - C14 
8 bands Ocean Colour Monitor (OCM-2) 

and scatterometer 
Operational 

17 Cartosat 2B 2010 PSLV – C15 High resolution PAN camera Operational 

18 
Resourcesat 

2 
2011 PSLV - C16 LISS III*, LISS IV and AWiFS Operational 

19 Youthsat 2011 PSLV - C16 LivHysi Operational 
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Table 2: Specifications of the LISS - I and -II instruments 

Parameter LISS-I LISS-II A/B 
Focal length 162.2 mm 324.4 mm 
FOV, IFOV 9.4º, 80 µrad 4.7º + 4.7º, 40 µrad 

Spectral bands (µm) 

0.46 - 0.52 (blue) 
0.52 - 0.59 (green) 

0.62 - 0.68 (red) 
0.77 - 0.86 (NIR) 

0.46 - 0.52 (blue) 
0.52 - 0.59 (green) 

0.62 - 0.68 (red) 
0.77 - 0.86 (NIR) 

Integration time 11.2 ms 5.6 ms 
Ground resolution 72.5 m (each band) 36.25 m (each band) 

Swath width 148 km 2 x 74 km 
Radiometric resolution 7 bit 7 bit 

Detector, elements CCD, 2048 CCD, 2048 
Data rate 5.2 Mbit/s 2 x 10.4 Mbit/s 

Instrument mass, power 38.5 kg, 34 W 2 x 80.8 kg, 2 x 34 W 
 
 

 
Figure 4: LISS -1 camera 

 

 
Figure 5: LISS – 2A/2B camera 

 
LISS - II camera consisted of two sets of identical four 
band multispectral cameras named A and B. The image 
format for these cameras (52 mm) was double that of 
the LISS – I camera, but the detectors at that time were 
only 26 mm in length, so only half the useful format 
could be imaged by a single camera using the available 
CCD. Just like in LISS – I, each camera utilised four 
similar, but not identical, lens assemblies with matched 

focal length of 324.4 mm. Testing carried out were 
similar to that for LISS – I. 
 
The optical design used is a variant of the Double 
Gauss design, which is commonly used in photographic 
cameras. The design was corrected for all aberrations 
such as spherical aberration, coma, astigmatism, 
distortion, and chromatic aberration. The image quality 
is diffraction limited.  
 
In LISS – II, the image format is double what can be 
imaged by the 2K detector, hence one half of the 
image is not utilised. The total swath of 148 km is 
imaged by one LISS – II camera viewing the first 74 km 
and the same band in the second camera viewing the 
other 74 km. 

Each band of LISS - I used a single 2048-element linear 
CCD detector array. The pixel was square in shape with 
13 x 13 micrometer pixels. The total length of the 
device was 26 mm. On board calibration systems used 
two appropriate LEDs per band placed close to the 
devices. 
 
Prior to IRS 1A, the imaging system used TV cameras 
with vidicon sensors which required high voltages of 
several kilovolts. IRS 1A was ISRO’s first experience 
with Charge Coupled Devices (CCDs) and the 
performance of these devices paved the way for usage 
of these for all future missions. The advantages of 
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CCDs include high dynamic range, low noise and 
therefore high SNR, low voltages for bias and clocks (a 
few volts), high readout rates leading to very low 
integration times, high quantum efficiency and large 
format. The performance of the CCD pixels was 
regularly monitored by illuminating them with a set of 
LEDs placed close to the detector head assembly.  
 
The four bands of LISS – I were attached to an invar 
structure to ensure that focus for the cameras and the 
registration among the bands were not affected by 
vibration or temperature changes. Figures 4 and 5 
show the four bands in the structure. The mechanical 
structure is light weighted and provided mounting 
holes and interfaces for the lens assemblies and 
detector head assemblies. Several temperature 
sensors and heaters were attached to the structure to 
monitor and regulate the temperature of the payload. 
Lugs were provided at the bottom of the structure to 
attach the EO module to the spacecraft mounting deck.  
 
Camera electronics provided the required bias, clock 
drivers and pre-amplifiers for operation and signal 
extraction from the detector. It also provided 
processing electronics, house-keeping telemetry and 
telecommand interfaces. The processed signal was 
digitized and sent for digital transmission to ground 
through base-band data handling systems. TTL logic 
designs were used for the first time. The electronics 
design and development were challenging due to non 
availability of space qualified components. MIL grade 
devices were qualified and used for analog and mixed 
functions. The system noise was limited by 
quantization only which was a major achievement. 
Unlike in SPOT or LANDSAT, a novel method of 
onboard calibration was employed using solid state 
high efficiency LEDs to monitor in-orbit detector 
performance. There were twelve detectors for 12 lens 
assemblies and all 12 channels were optimized 
independently starting with optics to digitization to 
obtain optimum performance. The power packages 
specially designed for these CCD based cameras 
accepted raw bus power and provided the regulated 
electrical power to proximity and payload electronics.  

It was during IRS-1A development timeframe that the 
foundations of Checkout and Evaluation firmware 
configurations were laid. The overall system comprised 
instrumentation for commanding (Spacecraft Interface 
Simulator), Housekeeping (HK) data monitoring 
(Payload Status Indicator), Data Acquisition (Payload 
Evaluation Unit) and Software system for Payload Data 
Processing unit. It was for the first time in ISRO that 
microprocessor based hardware with 
Motherboard/Daughterboard architecture were 
developed, which were used even during pre-launch 
activities at Baikonur. A VAX 750 computer, the core of 
the evaluation system, had commendable 2 Mbytes/s 
acquisition capability with 121 MB of disk based 
storage, which was pretty much state of the art at that 
time. 

2. The Indian Remote Sensing Satellite: IRS 1C 
 
This spacecraft featured a high resolution (5.8 meter) 
panchromatic camera, improved resolution four band 
multispectral cameras (LISS III) and a wide field sensor 
(WiFS). The panchromatic camera provided the highest 
resolution pictures available in the civilian domain at 
the time of launch. The spacecraft was launched on 
December 28, 1995, from Baikanur Cosmodrome, 
Kazhakhstan, in the USSR.  
 
There were improvements in many disciplines. The 
detectors had many more pixels. The panchromatic 
camera featured 4000 pixel CCDs with 7 micron square 
pixels, while LISS III, utilized 6000 pixel CCDs with 7 x 
10 micron pixels for the band 2, 3 and 4 and a new 
short wave infrared band, band 5, used a 2100 element 
InGaAs linear array, built up from seven 300 pixel 
modules. Band 1 was dropped from LISS III in view of 
renewed application requirements. The WiFS camera 
operating in Band 3 and Band 4 used the 2K CCD 
previously used in IRS 1A. This camera had a large 
swath of 810 km, enabling revisit every 5 days. The 
main objective was for vegetation monitoring. 
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Figure 6: LISS III camera 

 

 
Figure 7: Panchromatic camera 

 

 

Figure 8: WiFS camera 
 
The panchromatic camera was placed on a rotating 
platform called the payload steering mechanism which 
enabled the payload to be steered  across track so as 
to revisit any scene of interest every five days. Two 
WiFS camera shared the total swath, and each was 
squinted about nadir to provide the total swath. Figure 
8 shows the WiFS camera with squinted lens 
assemblies. 
 
IRS 1C was the heaviest spacecraft developed at that 
time for Low Earth Orbit, with a mass of 1250 kg. The 
data of the three payloads was about 105 MBPS. This 
spacecraft featured an onboard tape recorder for 
storing payload data and downlinking at an 
appropriate time.  
 

IRS 1C was a significant improvement in remote 
sensing as it combined high resolution panchromatic 
images along with improved multispectral imagery and 
large swath, five day repeativity, vegetation monitoring 
capability. The spacecraft life was expected to be three 
years, but it was operational for a record life of 11 
years and 8 months. 

3. The Indian Remote Sensing Satellite: IRS P4 
(Oceansat – 1) 

The remote sensing satellites launched up to that time 
were mainly meant for land study applications. 
Preparations in terms of studies and design and 
development had been going on for some time for a 
spacecraft devoted to study of the ocean. The 
spacecraft carried an eight band electro-optical 
payload called Ocean Colour Monitor (OCM-1) as well 
as a microwave instrument.  
 
OCM-1 provided multi-spectral imagery with narrow 
spectral width, with a large field of view of ±43º and a 
ground resolution of 360 m. The sensor was designed 
to cater to land and ocean applications globally and 
had high radiometric sensitivity with a large dynamic 
range. The radiometric performance was realized using 
low noise circuit designs and practices. The optics and 
detectors were mounted on a highly stable structure, 
which facilitated achieving band-to-band registration, 
minimized veiling glare and temperature excursions 
and avoided sun glint. 
 
OCM-1 was a solid-state radiometer providing 
observations in eight spectral bands in the VNIR region 
(nm): B1: 402-422, B2: 433-453, B3: 480-500, B4: 500-
520, B5: 545-565, B6: 660-680, B7: 745-785, and B8: 
845-885. The instrument employed pushbroom 
scanning techniques with linear CCD detector arrays of 
6000 elements (3700 active detectors, the rest were 
used to correct for dark current). A swath of 1440 km 
was achieved. An along-track instrument tilt capability 
of ±20º was provided to avoid sun glint. 
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4. The Indian Remote Sensing Satellite: TES 
The Technology Experiment Satellite (TES), weighing 
1108 kg, was launched on October 22, 2001. TES was 
built as an experimental satellite to demonstrate and 
validate technologies related to attitude and orbit 
control systems, high-torque reaction wheels, new 
reaction control system, light-weight spacecraft 
structure, solid state recorder, X-band phased array 
antenna, improved satellite positioning system, 
miniaturized TTC and power systems and high 
resolution two-mirror-on-axis camera optics. 
This spacecraft was built in a record time of slightly 
over two years, and was ISRO’s foray into one meter 
resolution panchromatic images. TES utilized a unique 
imaging concept of step and stare to achieve 1m 
spatial resolution by slowing down the movement of 
sub-satellite point. 
 
The TES optical system had a focal length of about 4 
meters, which was the largest in all the payloads 
developed upto that time.  

The mechanical structure of TES was fabricated from a 
welded invar structure. The metering structure 
positioned the primary and secondary mirrors at the 
correct locations. Mirror fixation devices (MFDs) which 
were bonded to the mirrors were used to attach the 
mirror assembly to the main structure. This was a 
significant development in stress free mounting of 
mirrors, and paved the way for holding even larger 
mirrors in the future. 
 

TES employed 4 CCDs with 4096 elements to cater to 
swath requirements of about 1 deg field of view. 

 

Figure 9: TES payload in the clean room 

 

5. The Indian Remote Sensing Satellite: Resourcesat 1 
The Resourcesat-1 (IRS-P6) satellite was the most 
advanced remote sensing satellite made by ISRO at 
that time. This satellite employed a unique three tier 
imaging concept by providing high spatial, temporal 
resolution from a single platform enabling improved 
earth resource management. 

Resourcesat-1 carried three payloads: 
 
1. High Resolution Linear Imaging Self-Scanned 

Sensor (LISS-IV) - it was the highest-resolution 
sensor at that time with a ground sampling 
distance (GSD) of 5.8m at nadir 

2. Medium Resolution Linear Imaging Self-Scanned 
Sensor (LISS-III*) - a medium resolution sensor 
with a GSD of 23.5m 

3. Advanced Wide Field Sensor (AWiFS) -  with twin 
cameras is a moderate-resolution sensor with a 
GSD of 56m at nadir 

LISS 4- The payload telescope was the same as that of 
PAN camera of IRS 1C/ID, but with slightly increased 
primary mirror diameter. The three spectral bands 
(bands 2,3,4) are realized using field – splitting 
technique near the focal plane and the final band 
definition is achieved using band pass filters placed in 
front of the detectors.  
 
The structure is similar to the main structure of PAN 
camera of IRS-1C/ID. 
 
The payload used a single 12 K charge coupled device 
linear array detector for each band. It had 12000 
elements with a pixel size of 7µ X 7µ staggered by 5 
scan lines.  
 
LISS-3*: The LISS 3* camera used all refractive optics 
for four spectral bands. The collecting optics consisted 
of 8 refractive lens elements with the interference 
filter and the thermal filter in front. The SWIR band 
lens assembly had been newly developed by LEOS and 
utilized smaller 13 micron pixels in the detector. The 
mechanical structure was similar to LISS III with some 
modifications for the incorporation of the SWIR 
channel lens assemblies.  
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LISS 3* camera (VNIR) electronics was custom designed 
around 6K detector with simultaneous readout mode 
of operation. The configuration of camera electronics 
was same as in IRS-1C/D. For the SWIR channel, a 
newly developed electronics chain catering to the 
requirements of the SWIR detector was used.  The 
hardware was separate and independent for each of 
the three bands. 
 
AWIFS- Individual refractive optical assemblies for all 
the four spectral bands were used. In view of the 
required geometric / radiometric performance; an F/5 
system was employed for both VNIR and SWIR. 
 
The mechanical hardware for AWiFS consisted of two 
separate identical structures called AWiFS ‘A’  and 
AWiFS ‘B’.  For the 3 VNIR  bands of LISS III and AWiFS, 
6000 element  devices with a pixel size of 10 x 7 micron 
on a pixel pitch of 10 microns with two video output 
ports were used. For the SWIR band, a 6000 element 
staggered array device with a pixel size of 13 micron * 
13 micron on a pixel pitch of 26 microns and line pitch 
of 26 microns with two video output ports was used. 

 

Figure 10: LISS-4 Camera     

 

Figure 11: AWiFS Camera 

 

Figure 12: LISS-III* Camera 

4. Advanced Wide Field Sensor (AWiFS) -  with twin 
cameras is a moderate-resolution sensor with a 
GSD of 56m at nadir 

 
LISS 4- The payload telescope was the same as that of 
PAN camera of IRS 1C/ID, but with slightly increased 
primary mirror diameter. The three spectral bands 
(bands 2,3,4) are realized using field – splitting 
technique near the focal plane and the final band 
definition is achieved using band pass filters placed in 
front of the detectors.  
 
The structure is similar to the main structure of PAN 
camera of IRS-1C/ID. 
 
The payload used a single 12 K charge coupled device 
linear array detector for each band. It had 12000 
elements with a pixel size of 7µ X 7µ staggered by 5 
scan lines.  
 
LISS-3*: The LISS 3* camera used all refractive optics 
for four spectral bands. The collecting optics consisted 
of 8 refractive lens elements with the interference 
filter and the thermal filter in front. The SWIR band 
lens assembly had been newly developed by LEOS and 
utilized smaller 13 micron pixels in the detector. The 
mechanical structure was similar to LISS III with some 
modifications for the incorporation of the SWIR 
channel lens assemblies.  
 
LISS 3* camera (VNIR) electronics was custom designed 
around 6K detector with simultaneous readout mode 
of operation. The configuration of camera electronics 
was same as in IRS-1C/D. For the SWIR channel, a 
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newly developed electronics chain catering to the 
requirements of the SWIR detector was used.  The 
hardware was separate and independent for each of 
the three bands. 
 
AWIFS- Individual refractive optical assemblies for all 
the four spectral bands were used. In view of the 
required geometric / radiometric performance; an F/5 
system was employed for both VNIR and SWIR. 
 
The mechanical hardware for AWiFS consisted of two 
separate identical structures called AWiFS ‘A’  and 
AWiFS ‘B’.  

For the 3 VNIR  bands of LISS III and AWiFS, 6000 
element  devices with a pixel size of 10* 7 micron on a 
pixel pitch of 10 microns with two video output ports 
were used. For the SWIR band, a 6000 element 
staggered array device with a pixel size of 13 micron * 
13 micron on a pixel pitch of 26 microns and line pitch 
of 26 microns with two video output ports was used. 

6. The Indian Remote Sensing Satellite: Cartosat 1 
Cartosat – 1 was the first Indian Remote Sensing 
Satellite capable of providing in-orbit stereo images. 
The images were used for cartographic applications. 
Cameras of this satellite had a resolution of 2.5m. 
Cartosat – 1 provides stereo pairs required for 
generating digital elevation models, ortho image 
products, and value added products for various 
applications of geographical information system (GIS). 
Cartosat-1 carried two identical cameras for fore and 
aft views. The cameras were three mirror off-axis an-
astigmatic telescope with +/- 2.5deg field of view. 
 
The telescope was a three mirror unobscured off axis 
anastigmatic design with F-number 4.0, effective focal 
length (EFL) of 2 meters and a 2.6 deg X 0.4 deg 
rectangular field.  The optical design of the telescope 
featured an off-axis concave hyperboloid primary 
mirror, a convex spherical secondary mirror and an off-
axis concave oblate ellipsoidal tertiary mirror.  In 
addition, baffles located between primary and tertiary 
mirrors were used to minimise stray radiation.  

The main mechanical structure was fabricated from 
invar with extensive lightweighting. The mirrors were 
bonded to carefully designed and flight qualified mirror 
fixation devices for stress free mounting.  

 
Detector head assembly consisted of 12 K CCD and 
associated drive electronics, LEDs for calibration and 
band pass interference filter.  
 
7. The Indian Remote Sensing Satellite: Cartosat-2 
Cartosat – 2 was the thirteenth satellite in the Indian 
Remote Sensing Satellite series (IRS). It was capable of 
providing scene specific spot imagery. This satellite 
carried a panchromatic camera (PAN). The spatial 
resolution of this camera was better than 1m with a 
swath of 9.6 km. Images from this satellite were used 
for cartographic applications such as mapping, urban 
and rural infrastructure development and 
management, as well as application in land information 
(LIS) and GIS. This was the first time that a spacecraft 
was designed around the payload for achieving high 
spacecraft agility. With the highly agile platform, 
cartosat-2 series payloads provided many imaging 
capabilities such as spot imaging, paintbrush, and 
multiview on user demand. This payload with its 
optimised optomechanical design and low noise high 
speed electronics systems has been successfully 
providing high quality images to users. 
 
The Cartosat-2 optical system was a modified RC 
system consisting of two-mirror telescope, three lens 
element corrector, a window and a band pass filter.  
Field correcting optics consisting of three lens 
elements was used to correct the aberrations at the 
larger field of view (+/- 0.5°) and also to flatten the 
image. A band pass filter placed close to the CCD 
defined the band shape. In the focal plane, a 7µ x 7µ 
staggered linear array CCD with 12K pixels covered the 
total swath. The optical system was similar to that of 
the TES except for the larger focal length.  
 
The mechanical structure was designed to minimize 
mass to facilitate agility requirement as well as the 
stability requirements with respect to thermal, 
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assembly and dynamic loads. The primary and 
secondary mirrors were supported on the camera 
structure through mirror fixation devices (MFD), which 
helped in reducing the mirror stresses and 
deformations due to assembly and thermal loads.  
 
The main metering cylinder of the camera structure 
was made of lightweight CFRP material and the base 
plate supporting the primary mirror was made of 
aluminum honeycomb sandwiched between two CFRP 
face sheets. The primary mirror assembly was 
supported on this base plate and the secondary mirror 
assembly was supported on a spider at the free end of 
the cylinder. The stiffness and hygroscopic aspects 
have been taken into account during the design.  
 
Cartosat-2 had two DHAs in the focal plane of the 
telescope.  Two identical DHAs were configured to 
have cold redundancy and one of them was powered 
on at a time. Each DHA consisted of 12 K linear array 
CCD, bias voltage generating circuits, clock driver 
circuits, LEDs for onboard calibration, heaters and 
thermistors for thermal control. 
 
8. The Indian Remote Sensing Satellite: IMS 1 
IMS-1 was a low-cost small satellite imaging mission of 
ISRO. This satellite, built with miniaturized subsystems 
of mainframe and payload was realized with 83 kg of 
mass. This satellite carried a multispectral camera, with 
a resolution and swath comparable to LISS II, and the 
first hyperspectral camera developed by ISRO. The 
payloads were used for the purpose of natural 
resources management like agriculture, forest 
coverage and deforestation, etc.  
 
The major challenge in the design and development of 
the camera has been to minimize size, weight and 
power and realization in a very short time. The camera 
used indigenous components and commercial/ 
industrial range devices to help reduce size, weight, 
power etc.  
 
The multispectral camera consisted of four bands 
(band 1 to 4), with one camera per band. The optics 

was based on identical lens assemblies each of which 
weighed only 260 grams. The bandpass filter in the 
lens assembly defined the band. The lens assemblies 
were designed and fabricated by LEOS, ISRO. 
 
The hyperspectral camera consisted of a single lens 
assembly which was designed for the full spectral 
range of 400 to 700 nm. The band definition was 
carried out by a linearly variable bandpass filter in 
which the bandshape was dependent on the location 
of the pixel in the image. This was the first time such a 
lens assembly was designed and developed. This lens 
assembly was also fabricated by LEOS. 
 
Conclusions 

In the last twenty five years, EO payloads developed by 
ISRO have improved in terms of ground resolution, 
spectral resolution, temporal resolution and 
radiometric resolution. Each EO payload has been an 
improvement over the previous one and has provided 
a great deal of experience in the development of 
better payloads.  

Optical systems have evolved from simple lens 
assemblies to very complex refractive, reflective and 
catadioptric systems. Fabrication of optical systems, 
which once used to be carried out abroad, is now 
routinely carried out within ISRO and also by private 
industry within the country. Optical designs are 
complex involving many more bands and effectively 
utilising the focal plane.  

ISRO had taken the lead with the design and 
development of three mirror anastigmat telescopes, 
and flown them on IRS 1C, 1D, Resourcesat 1, 2 as well 
as in Cartosat 1. These type of telescopes provide the 
best contrast possible coupled with large swath. 
Vendor development of the optics industry has led to 
the successful fabrication of LiVHySi lens assemblies 
used for air glow studies for the Youthsat spacecraft. 
Mirror fabrication capability has improved with 
diameters up to 700 mm, and future payloads will 
feature 1200 mm.   
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Light weighting of mirrors has been a significant 
development by LEOS, which has led to 50% 
lightweighting and to 80% in the future. Another 
development is the ruggedisation of commercial lens 
assemblies which was successfully demonstrated with 
the video imaging system of the Moon Impact Probe. 
This approach is being pursued for the Mars Colour 
Camera, Methane Sensor and Thermal Imaging 
Spectrometer for the Mars Orbiter Mission. 

Mechanical systems have evolved from rigid invar 
structures scooped from solid blocks to lightweight 
CFRP composites and honeycomb structures. These 
developments have resulted in large size payloads 
which are lighter. A major development has been the 
design and fabrication of sophisticated mirror fixation 
devices (MFDs) which isolate the optical component 
from the mechanical support. A significant 
improvement in mirror holding has taken place from 
the blade structure of IRS 1C panchromatic camera 
mirrors to TES and the very sophisticated MFDs used in 
Cartosat 2B. 

Detectors have seen great improvements in terms of 
number of pixels from the early 2000 pixel to 12000, 
pixel size reduction from 13 micron square to 7 micron 
square, antiblooming features, linear to area array, 
CCD to CMOS, and visible to shortwave IR, improved 
responsivity, infra red IDCAs, uncooled 
microbolometers and possible use pyroelectric arrays. 
In addition, indigenous capability for fabrication of 4K 
devices has been demonstrated and such detectors 
flown on IMS 1.  

Electronics systems have improved greatly with the 
availability of low power, high speed advanced 
components such as  FPGAs, LDOs, memories, LVDS, 
ASICs, HMCs, mixed signal devices, solid state 
recorders instead of tape recorders (in S/C), digital 
signal processors, serial programming interface and 
I2C, more efficient and miniature power supply using 
DC/DC modules.  

New development in electronics enabled improvement 
of radiometric resolution from 6 bit to 16 bit, data rate 
generation from 5 Mbps to 336 Mbps while reducing 
CE mass reduction ratio up to 30 times.  

Checkout and Evaluation Systems over the years have 
continued to be at the forefront of technology, both in 
hardware and software. The success lies in the fact 
that while it has been in the background, it has always 
been ready with the arms and ammunition to enable 
development of so many payloads. Though on ground, 
it introduced EPLD/FPGA, Multilayer PCBs, CAD S/w 
based layout design, PCI based Data Acquisition 
System, Network based Command & Control, Gigabit 
Ethernet Link, Multi server concurrent evaluation of 
multiple payloads, portal to disseminate data and 
results are some of the key ones. A lot has been 
achieved in last 25 years, but much more needs to be 
done to be on the for front of technology. 

The next twenty five years promise to be an exciting 
time for ISRO with many more planetary missions, 
larger remote sensing missions incorporating a host of 
new technologies. 
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Growth of Microwave Remote Sensing Technologies 
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1. Introduction 
Over the last almost three decades, Microwave 
Remote Sensing (MRS) programme has evolved in SAC, 
ISRO into two basic paths of applications namely 
Atmospheric and Oceanographic Applications and 
Imaging Applications. The fructification of these 
sensors needed longer incubation period precisely 
because of the requirement of development of an 
array of complex technologies and algorithms. 
Development of this programme called for higher level 
of investment in terms of both, financial and 
technological implications.  
 
2. Atmospheric and Oceanographic Sensors 
From the modest beginning of development of SAMIR 
payloads for Bhaskara series of satellites for scientific 
understanding, payloads like MSMR and 
Scatterometers have been designed for providing 
operational services of atmospheric and oceanographic 
applications. At the same time, ISRO initiated 
collaborative development of payloads, like Megha-
Tropiques, with established space agencies, to 
consolidate expertise available in the development of 
complex technologies.  
 
2.1. SAMIR Payload 
Satellite Microwave Radiometer (SAMIR), onboard 
Bhaskara-1 and -2 (in 1978 and 1981, resp.) ushered in 
microwave remote sensing technology. SAMIR in 
Bhaskara-1 had 19.35 and 22.35 GHz channels and that 
on Bhaskara-2 had 19.35, 22.35 and 31GHz channels. 
SAMIR provided the first glimpse of global water 
vapour and liquid water content with indigenous 
technology.  
 
2.2 MSMR Onboard Oceansat-I 
Multifrequency Scanning Microwave Radiometer 
(MSMR) (Fig.-1) onboard Oceansat-I (1999) was a four-
frequency (6.6, 10.65, 18.0 & 21.0 GHz), dual-polarised 
scanning microwave radiometer to measure brightness 

temperatures of the earth surface and thereby, used 
for deriving parameters like sea surface temperature, 
wind speed, water vapour content, etc. MSMR 
provided routinely 48 hour global data products for the 
above, until it was shutdown due to power-starvation 
caused by partial failure of solar panel. Seasonal 
variation of ice-cover (Fig.-2) over Antarctica was one 
of the key studies emanating from this mission. 

 
Fig.-1: Integrated MSMR Assembly In Clean Room 

Environment 

 
Fig.-2: Seasonal Variation of Ice Cover Over Antarctica, 

Derived from MSMR 
 

2.3. Ku-band Scatterometer onboard Oceansat-II 
Ku-band Scatterometer, onboard Oceansat-II (2009) is 
aimed to gather information about the near surface 
winds over oceans at a global level and feed to global 
weather forecasting system. The pencil-beam 
scatterometer (Fig.-3) with dual polarized offset 
reflector antenna, provides azimuthally divergent 4 
measurements of radar cross section of sea-surface 
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over a swath of approximately 1400km, from which 
wind vectors are estimated.  

 

 
Fig.-3: Scatterometer Payload in SAC Clean Room  

 
This payload has evoked considerable global interest 
and resulted in agreement with NASA-NOAA and 
EUMETSAT for global data dissemination and 
assimilation in weather forecasting. This data is being 
used routinely by India, USA and ESA for weather 
forecasting. 
 
2.4 Megha-Tropiques 
Megha-Tropiques satellite (2011) is a joint Indo-French 
collaboration between ISRO and CNES for climate 
studies in tropical regions with a repetivity of 6 hours. 
It has three payloads: 
 
a. MADRAS (Microwave Analysis And Detection Of 

Rain And Atmospheric Structures)-  Imaging 
microwave radiometer 18.7,23.8, 36.5, 89  to 157 
GHz  (5 Frequencies and 9 channels). Digital 
electronics, power-supplies and scan-mechanism 
are from ISRO, with RF front-end from CNES.  
 

b. SAPHIR (Sondeur Atmospherique du Profil 
d’Humidite Intertropicale par Radiometrie) -
Sounder for  Atmospheric  Profiling of Humidity  in 
the Intertropics by Radiometry  (6 Channels 
Around 183 GHz) 
 

c. SCARAB (Scanner for Radiation Budget)-Broadband 
radiation measurement instrument in shortwave 
(<4mm) and longwave  (>4 mm) 

 
Fig.-4: Artistic View of Megha-Tropiques on IRS Bus 

 
MADRAS is configured as total power radiometer to 
provide measurements over a swath of 1700 km at 
incidence angles ranging from 50o -55o . 
 
The artistic view of  the payload module of Megha-
Tropiques  Payload and Satellite  is shown in Fig.-4. 
Fig.-5 shows a photograph of MeghaTropiques 
payload, being prepared for thermovac tests. 
 
After more than one month of flaw less operation of 
MADRAS payload, it encountered data strobe errors 
which resulted in misordering of data transmitted. 
After 10 months of effort, an algorithm was developed 
to reorder the data and correct the images. One such 
example is shown in Fig.-6. Data has been released to 
users from 31st Aug 2012. 

 
Fig.-5: MT Payloads being prepared for thermovac test 

 
Fig.-6: 36.5 GHz Channel Data from MADRAS Before and 

After Correction 
 

2.5 Millimeter-Wave Temperature Sounding Unit 
(TSU) 
Presently, development of millimeter-wave 
atmospheric temperature sounder is in progress to 
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enable vertical profiling of temperature of the earth’s 
atmosphere even in the presence of clouds and hydro-
meteors using the oxygen absorption spectrum in the 
millimeter-wave regime (Fig-7).  Using a finite number 
of channels, vertical temperature profile can be 
retrieved with a trade-off of vertical resolution, 
altitude and accuracy. The radiance measurements are 
routinely fed into numerical weather prediction 
models and used for global climate monitoring and 
modelling purposes.  
 
A novel set of channels was selected for the TSU in the 
50-60 GHz oxygen line-absorption spectrum with 
brightness temperature sensitivity of 0.5K up to 30 km 
altitude with vertical resolution of 1-km to 6 km.  It has 
been proposed to fly the TSU onboard Scatsat (Fig.-8) 
as a co-passenger of a Ku-band scatterometer.  

 

 
Fig.-7: Conceptual sketch of temperature sounding 

 
The TSU will be a cross-track scanning, total power 
radiometer using dual-reflector Gregorian antenna 
configuration, with spatial resolution of 40kmx40km 
(at nadir) and a swath of 1550km. For onboard 
calibration, indigeneously developed blackbody will be 
used as hot-load.  

 

 
Fig.-8: Schematic of TSU onboard ScatSAT 

 
3.0.  Radar Based Imaging Sensors 
Subsequent to attaining successful grip over imaging 
technology in optical bands, ISRO’s remote sensing 
capability was extended to microwave bands for which 
Synthetic Aperture Radar (SAR) was a logical choice, 
considering its all weather and day-night capability, in 
addition to its complementary and supplementary 
nature of response with that of optical imaging. 
Airborne version of SAR was embarked upon, first, as 
cost effective route of mastering SAR technology in all 
its nuances and then, graduated to spaceborne 
version. These technological developments have taken 
vibrant shape in ISRO towards harnessing their 
utilization potential. 
 
3.1 Airborne Imaging Radar Development 
3.1.1 X-Band Side Looking Airborne Radar (SLAR) 
Imaging Radar development was initiated modestly 
with X-Band SLAR which was in flying condition from 
1985-1989. This SLAR was basically used for 
development of radar technology and acted as 
foundation for subsequent development of complex 
SAR technology.  
 
3.1.2 Airborne Synthetic Aperture Radar (ASAR) 
ASAR (Airborne SAR) was the first proud foray of ISRO 
in SAR development. The aim of this development was 
not only technology attainment but also 
demonstration of application potential. Consequently 
this system was configured in C-band providing 6 m 
resolution over 25 km swath. Though the breadboard 
model was tested in 1992, the aircraft was lost in an 
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accident in 1994. The development was continued in a 
new aircraft and the ASAR system was used for 
experimentation since 1997. For the first time, a 
modest narrow swath (2.5 km) Real Time Processor 
was demonstrated in this system.  
The high point of this project was development of a 
sophisticated SAR processor involving novel two track 
motion compensation processor which added to the 
robustness of the system. A sample image of 
generated by ASAR along with photograph of the 
system can be seen in Fig.-9.  
 

 
Fig.-9: ASAR System Mounted in Beechcraft and a Sample 

of Imagery Obtained by ASAR 

3.1.3 DMSAR – Airborne SAR for Disaster 
Management  
DMSAR was developed with operational requirement 
in view. To aid flood monitoring and assessment of 
damage to infrastructure, four resolution modes were 
provided. DMSAR was test flown for the first time in 
Nov. 2005.  It was calibrated completely and its 
effectiveness in flood assessment was evaluated in 
2006. An improved DMSAR Version-2 has also been 
tested and delivered to NRSC on 24 Dec, 2012. 
 
To compensate for the motion errors in high 
resolution, wide-swath imaging, a new algorithm called 
Track Steering algorithm was developed. The DMSAR 
processor is now available on three platforms: 
 
a. A parallel machine with 32 Itanium processors 
b. In house developed Near Real Time Processor 

(NRTP) built around 96 TS-101 processors.  
c. GARUDA computing grid provided by CDAC.  
 
Fig.-10 shows the photograph of DMSAR  in operation  
and also a sample of high resolution imagery obtained 
by it. It also depicts a typical flood region, mapped by 
DMSAR, over Dharbhanga, Bihar in 2007. 

 

 
Fig.-10: DMSAR System Mounted in Beechcraft and Samples of High Resolution Imagery and Flood-coverage image Obtained 

by DMSAR 
 

3.2  RISAT – Radar Imaging Satellite, ISRO’s First 
SAR Satellite 
Radar Imaging Satellite-1 (RISAT-1), carrying India’s 
first indigenously developed space-borne, C-Band 
active antenna based, Multi-mode Synthetic Aperture 

Radar (SAR) payload was launched on 26th April, 2012 
by  PSLV-C19 flight. Since the start of payload 
operation on May 1, 2012, SAR images of good quality 
have been continuously received. Target applications 
for RISAT-1 include agricultural crop acreage and yield 
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estimates (Rice, Jute etc.), disaster monitoring like 
flood affected area estimation, hydrology, geology, 
land use, terrain studies, change detection and 
oceanography, bathymetry, wave spectra, etc. 
 
 
RISAT-1 Mission and SAR Payload Configurations 
RISAT-1 Mission is designed to provide SAR images 
covering the country with a repetivity period of 25 
days. Dawn-dusk (6AM-6PM) orbit is selected for 
imaging. It is possible to operate RISAT-1 for up to 10 
minutes duration in each of its 14 orbits per day 
around the earth. 
 
RISAT-SAR transmits in C-band using an active array of 
576 transmit- receive modules mounted on antenna of 
6 m X 2m. By controlling the phase of modules 
energized, it is possible to change the beam direction, 
which is known as electronic beam steering. This 
capability enables ScanSAR mode of payload operation. 
The system is also designed to send and receive the 
signals in different linear and circular polarisations. 
These capabilities make RISAT 1 payload a unique SAR 
currently in operation from space, with its ability to 
provide a large swath( ~223km) coverage in multi 
polarization  modes like single-, dual- and circular 
polarization. In addition, quad-pol (VV+VH+HH+HV) 
with 25km swath is also available. An eminent feature 
of RISAT SAR is its unique Hybrid (Circular) polarimetry 
mode, where signal is transmitted in circular 
polarization and signal is simultaneously received in H 
and V polarizations. RISAT-1 has the capability to cover 
both sides of the sub-satellite track by roll-tilting the 
satellite to ±36°. After mechanical roll-tilting, electronic 
beam steering is used to cover the ground range 
distance of 107km to 659km off-nadir for left/right 
imaging, covering an incidence angle of 12° to 55° on 
each side.  
 
The earth viewing part of the antenna is a printed 
microstrip patch array with 24 dual polarised linear 
arrays printed in each of 12 tiles. Each of these linear 
arrays is fed by one pair of TR modules, each of which 
is dedicated for one polarisation. The active-antenna 

configuration will also help tolerate random failure of 
upto 10% TR-Modules, with only graceful degradation 
of antenna pattern. Four Tiles make one panel. RISAT-1 
antenna has total 3 panels, of which one is fixed and 
adjacent two are deployable.  
 
Each of the TR pair receives DC power from a 
miniaturised EPC called Power Control and Processing 
Unit (PCPU). Each such TR pair is controlled for 
synchronous operation by an ASIC based TR control 
computer (TRC). All the 24 TR module pairs in a Tile are 
managed by a Tile Control Unit (TCU). TR modules, 
each with maximum pulsed power of 10 watts, along 
with other Tile Electronics (TRC, TCU, PCPU, RF power 
dividers & harness) are mounted on the back side of 
antenna. The deck elements constitute conventional 
Pulse Doppler Radar electronics. The complete payload 
management is done by radar Payload Controller (PLC). 
Fig.-11 depicts RISAT SAR payload at different stages of 
testing and integration with spacecraft. 
 
RISAT-1 Imaging Operations: 
Since 1st May, 2012, RISAT is being operated for over 
India passes as well as over foreign countries. All the 
imaging modes except HRS have been operated 
successfully. Sample of Hybrid Polarimetry images are 
shown in Fig.-12. The results and image quality 
obtained indicate that system behavior is as per 
prediction and RISAT system is expected to meet users’ 
expectations during its lifetime. 
 
3.3 Dual Frequency SAR Onboard Chandrayaan-2 
L & S-band Synthetic Aperture Radar, presently in 
development, is an important sensor in the 
instrument-suite planned for the orbiter. The DVM 
systems are ready and undergoing integrated testing. 
Dual-frequency (L & S-band) SAR has been envisaged 
to provide continuity to ongoing studies of S-band 
MiniSAR (onboard Chandrayaan-1) data and to cater to 
further advanced scientific studies.  
 
This SAR is capable of Circular as well as Full-
Polarimetric operation, wide range of resolution 
options (2m to 75m) and wide incidence angle 
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coverage from 9.5° - 35°. With L-band operation, 
greater depth of penetration is being targeted (about 
5-10m. The system is configured for standalone and 
simultaneous modes of operation (Fig-13).  

 
Fig.-11: Clockwise from Top Left: RISAT-SAR in Testing; 
RISAT-1 in Deployed Condition-Backside and Frontside; 
RISAT-1 being lowered in Thermovac Chamber; RISAT-1 
mounted atop PSLV 

 

 
Fig.-12: Clockwise from Top Left: Hybrid Polarimetry 
Images of Sabarmati River, Outskirts of Ahmedabad, Thol 
Lake of Gujarat and Gulf of Cambay 
Blue: Odd-Bounce Targets, Red: Even Bounce Targets and 
Green: Depolarized Targets 

 
The microstrip antenna of 1.35m x 1.1m is common for 
L- and S-band SAR, and would also cater to rover 
communications. The entire system is quite 
miniaturized to meet mass constraint of 14.3kg, by 
limiting antenna-mass to 3kg, by having both Receiver 
(H&V) chains and Frequency Generator in a single tray 
and entire Digital electronics (for digital chirp 
generation, data-acquisition, range-compression, 
payload control & timing generation) in another tray, 
within the same package. High efficiency GaN devices 
in Class-F configuration have been used in the SSPA 

(H&V) chains in order to meet power availability 
constraint of 100W for both chains together.   
 
3.4 L-Band SAR for RISAT-3  
Presently plans are afoot to build an L-band SAR as 
successor of RISAT. Presently, DVM systems are in 
development and integrated testing of the same (with 
single DVM antenna-tile) is targeted for completion by 
Sept-2013. This SAR will have ScanSAR modes 
matching with RISAT-1. It will have Stripmap mode of 
resolution 5 m and swath of 60 m. The interesting 
addition will be electronically steered spotlight mode 
providing 2.5 m resolution over 40 km x 40 km spot. 
This SAR also provide moving target detection through 
along track interferometry (ATI). Compared to RISAT-1, 
it will have additional linear polarimetry mode apart 
from Hybrid polarimetry.  
 
Like RISAT-1, the antenna will be based on active array 
technology to provide electronic steering in elevation 
and limited electronic steering in azimuth to support 
spotlight mode. Integrated TR-Modules with Control 
electronics in the same package as RF are being 
realized. The antenna size will be 10.8mx3m, weighing 
600 kg. and the satellite is being planned for launch by 
PSLV. 
 
L-band SAR payload will also carry a demonstration 
model of Real Time Processor, for the first time, for 
processing the SAR raw data on the fly. The mechanical 
configuration of the proposed  L-band SAR system is 
shown in Fig.-14. 

 
Fig.-13: Schematic of Chandrayaan-2 L&S-band SAR 
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Fig.-14: Mechanical configuration of L-band SAR with 

satellite structure 
 

4.0  Conclusions 
Last two decades have been invested in understanding 
the nuances of Microwave Remote Sensing technology 
both in terms of system development and algorithm. It 
is demonstrated in successful journey from SAMIR to 

RISAT. RISAT marks the beginning of the stage where 
giant leaps can be attempted for faster realization 
ambitious microwave remote sensing payloads 
spreading across L-X bands and in mm wave region. 
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1. Introduction  
Indian remote sensing programme started way back in 
early 1970's with the airborne infrared survey of 
diseased cocoanut trees in Kerala coast. Only 
photographic processing was carried out to analyse the 
data at that time. Earth observation data as it is 
acquired from orbiting satellite platforms are affected 
in terms of brightness and contrast as well as in truly 
representing the shapes and sizes of objects observed. 
These are due to the imaging characteristics, as well as 
the various motions that occur during imaging, and the 
earth undulation, which warrant data processing as a 
necessary prerequisite before the earth observation 
data are made into user products. Remote sensing 
data products could be generated either after basic 
processing, with which users  could do further 
enhancements in terms of improving the accuracy  
using local data available with them, or after full 
processing for improving the radiometry and geometry 
and make them ready to use.   
 
The brightness or intensity or grey value or the digital 
number associated with each smallest picture element 
(or pixel for short) of the image data product signifies 
any of the three following physical parameters 
depending on the earth observation sensor category: i) 
the reflected solar energy represented in radiance 
units as in the case of optical sensors such as 
panchromatic, multi-spectral, ocean colour or hyper-
spectral sensors; ii) the apparent brightness 
temperature represented in degree Kelvins as in the 
case of optical or passive microwave radiometers; and 
iii) the surface roughness parameter or sigma-naught 
represented in decibels as in the case of active 
microwave sensors such as synthetic aperture radars, 
scatterometers or altimeters.  
 
 

2. First Operational Data Products Generation 
System – IRS-1A 

Experiences gained with data from TV cameras placed 
onboard the Bhaskara satellites, followed by joint 
experiment programme conducted with Landsat Multi-
Spectral Scanner and Thematic Mapper data sets for 
different remote sensing applications, and a large 
amount of simulation exercises with aerial data, the 
first operational data products generation system was 
realized with the launch of IRS-1A on March 17, 1988. 
Quicklook, Browse, Standard, Precision and Special 
products were generated on a regular basis for the 
former two categories, and on demand basis for the 
latter three, with the data received from LISS-1 and 
LISS-2A & 2B sensors. Data from these sensors have an 
across-track swath of 140 km and 72 km and a spatial 
resolution of 72 m and 36 m respectively.  Black & 
white or false colour composite photographic products 
or digital products were generated based on Path-Row 
basis defined as per the satellite ground referencing 
scheme outlining the ground coverage of the sensor 
data. More photographic products and less digital 
products were generated. Location accuracy specified 
for Standard products were ± 2.2 km and that for 
Precision products were ± 100 m, the latter generated 
with the help of manual identification of map based 
ground control points. The acquired scene centre could 
deviate from the browse (referencing scheme) scene 
centre as much as ± 16.2 km across track and ± 7 km 
along track. The turn-around-time specified for 
delivery of Standard products in digital form (in 
computer compatible tapes) was 7 days considering 
the data acquisition in high density digital tapes at the  
Shadnagar earth-station and product generation at 
Balanagar data processing facility at Hyderabad and 
the post-facto time needed to refine the ancillary data, 
system throughput and other considerations. 
Processing for Standard products was based on system 
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knowledge as applied to the scene centre, as a static 
model comprising of a series of transformations 
accounting for each known error source. Data products 
generation systems were configured at different 
locations each based on a VAX-11/730 and/or 780 
based computers with a special purpose FPS array 
processor for number crunching purpose. 
 
3. Evolution of Optical Sensor Data Products 

Generation 
This evolution happened in four categories: The first 
category evolved with the multi-spectral data products 
generation with data from LISS sensors onboard IRS-
1B, IRS-P2, IRS-1C, 1D, ResourceSat-1 and ResourceSat-
2 as well as the Indian Mini Satellite IMS-1. The second 
category evolved with the 8-band OCM sensor data 
products onboard OceanSat-1 and the OceanSat-2 for 
ocean applications, with the ready-to-use geo-physical 
parameter products as standard products and time-
integrated binned products. The third category 
flourished with the PAN sensor data processing 
onboard IRS-1C and 1D and subsequently with TES, 
CartoSat-1 and CartoSat-2 series of satellites with 
better than one meter spatial resolution. Stereo data 
processing emerged as a result of the tilt capability 
provided in IRS-1C/1D for the PAN sensor and the 
operational stereo data acquisition with the two PAN-
Fore and PAN-Aft sensors onboard CartoSat-1 satellite. 
The fourth category of full-globe and sector data 
products for meteorological applications were 
operationally generated with the data from VHRR and 
CCD sensors onboard the geo-synchronous satellites 
INSAT-2E, Kalpana-1 and INSAT-3A as soon as the data 
is acquired and posted in web-sites for public use.  
    
Evolution in each category has been dependent on 
other categories chronologically, each drawing upon 
the past experiences gained from previous missions. 
IRS-1B saw software optimization with the introduction 
of asynchronous input/outputs and introduction of 
shift-along-track products. IRS-1C/1D saw the 
introduction of map based, north-oriented geocoded 
products warranting across-track/ multi-array 
mosaicing as a necessary pre-requisite. The processing 

model evolved into a dynamic one, mapping the 
ground locations and the camera detector positions 
based on a pin-hole imaging geometry. Stereo 
processing involving photogrammetric principles 
emerged. TES necessitated the model improvements 
for processing step-and-stare imaging modes. Along 
with the basic radiometric corrected products, imaging 
geometry was conveyed to the users in the form of 
rational polynomials so that higher level geometric 
processing could be carried out at the user end with 
locally available ground control points and terrain 
elevation data. CartoSat-1 data paved the way for 
processing full-pass data sets with a few control points 
rather than scene-based processing approach that was 
followed till then. CartoDEM, the national level digital 
elevation model with 1/3 arc sec grid spacing along 
with an ortho-image reference could be generated for 
the whole country, paving the way for operational 
ortho-rectified product accuracies at standard product 
level. Ortho-rectified products are generated with 
corrections applied for all geometric distortions 
including the terrain undulation effects using a digital 
elevation model. Processing for the reverse stereo 
option in CartoSat-1 (with 180 degrees rotation of the 
satellite platform) in conjunction with the normal 
stereo data, helped in processing specific gap areas, 
which were left uncovered during the normal data 
acquisition. Necessary MTF (a parameter depicting 
sharpness of image features) improvements for the 
higher resolution CartoSat-2 images were developed 
and used during product generation. ResourceSat 
multi-spectral data processing saw the development in 
multi-band registration capabilities to a finer level. 
There has been a gradual shift towards more use of 
digital products and the turn-around-time saw a 
reduction to a few hours from the data reception with 
the archive mode of processing approach adopted. 
Multi-sensor fused data products merging low 
resolution multi-spectral products with high-resolution 
panchromatic products are also generated, involving 
complex algorithms to precisely register the two data 
sets and to retain the tonal variations while preserving 
the high spatial resolution.   
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With IRS-1C the then highest spatial resolution data 
products available in the civilian domain, data products 
generation systems were deployed and made 
operational at a number of international ground 
stations across the globe. After the launch of CartoSat-
1, an international collaborative scientific assessment 
programme was launched under the aegis of ISRO and 
ISPRS (International Society for Photogrammetry and 
Remote Sensing) to evaluate the potential of data from 
the stereo sensors onboard CartoSat-1 primarily for 
deriving digital elevation models by independent 
principal investigators from across the globe. The 
results of various studies carried out were presented 
during the ISPRS Commission IV Symposium on 
Geospatial Databases for Sustainable Development, 
Goa during September 27-30, 2006 and the ISPRS 
Congress held at Beijing, China during July 3-11, 2008. 
 
Full-globe registered, fixed grid VHRR products were 
operationally generated for INSAT-2E, Kalpana-1 and 
INSAT-3A and posted in IMD, INCOIS and MOSDAC web 
sites for public use. Sector products for CCD data were 
also generated as and when needed. Geo-physical 
parameter products were directly generated 
operationally and made available to users. 
 
4. Evolution of Microwave Sensor Data Products 

Generation 
This evolution happened in four categories: First for 
the data products generation from microwave 
radiometers such as SAMIR, MSMR and MADRAS 
(onboard the ISRO-CNES MeghaTropiques satellite) 
involving internal instrument calibration, correction for 
antenna patterns and generation of brightness 
temperatures. Second category is the vertical sounding 
instruments such as SAPHIR onboard MeghaTropiques 
with a similar processing approach as above. Third 
category is the wind vector generation processing from 
Scatterometer data onboard OceanSat-2 involving data 
compression, sigma-naught estimation and deriving 
the wind vectors employing an empirical model. The 
fourth category is for the data products generation 
from the synthetic aperture radar (SAR) sensors such 
as onboard RISAT-1. SAR signal processing involves 

range and azimuth compressions, range cell migration 
correction, and intensity detection. Product generation 
covers the different modes of data acquisition 
including Strip-map mode, Scan-SAR mode and 
Alternate-Polarisation mode.  
 
SAR processing for RISAT-1 was preceded by 
indigenous efforts in processing data from erstwhile 
European remote sensing satellites ERS-1 and ERS-2 
SAR data sets individually for generating image data 
products and both together for interferometry to 
derive ground heights. Another category of microwave 
data processing that is ongoing is towards processing 
data from future Altimeter payloads.   
 
In 1990, the first version for ERS-1 SAR data processing 
software was operationalised on a VAX-11/780 system, 
which used to take 8½ hours to process a single scene. 
With the help of new software techniques to exploit 
the new generation processors as well as advances in 
processing algorithms, this time has reduced to the 
order of about 15 seconds for processing the RISAT-1 
Stripmap SAR scene. Wind products generated from 
OceanSat-2 Scatterometer are reaching global users in 
3 hours from data acquisition. 
 
5. Data Quality Evaluation, Calibration and 

Validation 
Along with the data products generation, systems for 
data quality evaluation were also operationalised to 
monitor the satellite, data reception and ground 
processing system behaviour, to ensure the continuity 
of quality of products that are delivered to users. In 
addition to monitoring the data from onboard sensor 
calibration equipments, periodic lunar calibration and 
calibration based on synchronous ground truths on 
well maintained manmade and natural targets are also 
carried out. Inter-sensor radiometric performance 
under similar conditions are compared periodically and 
validated. Data quality evaluation system has on a 
continual basis provided significant feedback on the 
location accuracy, scale, internal distortion, sidelap, 
overlap, band-to-band registration, scene dynamic 
range, target radiance and trends of onboard 
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calibration data behaviour for the different remote 
sensing missions of ISRO starting from IRS-1A. 
Generation of terrain corrected reference images 
covering Indian landmass using CartoDEM and ortho-
image tiles, was completed as part of this activity.  
 
6. Current Scenario 
Data collected from polar sun-synchronous orbits, geo-
synchronous orbits, equatorial low-inclination orbits, 
ascending (south-to-north satellite motion) and 
descending passes are all processed now for data 
products generation. Data collected from nadir-looking 
and along-track or across-track pointing sensors, spot-
mode and paint-brush mode data collections, are all 
processed. Spatial Resolution ranging from a kilometer 
to hundreds of meters to tens of meters to sub-meter 
level resolution products are operationally generated. 
Not only the nominal resolution products as applicable 
during the time of imaging but also any other user-
desired resolution options are catered at the time of 
products generation using a standard set of image 
resampling techniques. Spectral Resolution ranges 
from pan-chromatic band to a combination of VNIR 
bands to MIR and TIR bands, to hundreds of narrow 
band-width hyper-spectral bands, all from a single 
sensor, or multiple sensors onboard the same satellite 
with varying levels of in-built geometric registration 
are processed to generate multi-band registered data 
products. Radiometric Resolution varies from 128 grey 
levels (7 bits) to 4096 grey levels (12 bits) for each 
spectral band resulting in varying pixel data types. 
Temporal Resolution ranges from 20 odd days to 20 
odd minutes or even less for acquiring the same area 
repeatedly over and again. Products cover a small area 
of 2.5’ x 2.5’ to varying user areas of interest defined 
by one or more polygons depending on user needs. 
Products are either map/north-oriented or as defined 
by the satellite referencing scheme. Products are 
delivered online through internet, as well as on any 
user-requested standard digital medium or 
photographic film or paper medium.  Digital data 
products are made available to users in any of the 
following formats LGSOWG/CEOS Format, Fast Format, 
GeoTIFF, NetCDF, HDF, BUFR as applicable to the 

specific earth observation mission. Time needed to 
process a single scene has reached to a level of tens of 
seconds enabling the processing of entire acquisition 
(full pass duration) for a given satellite ground station, 
before the next acquisition is initiated, in most cases. 
Software development has shifted from functional 
programming to object-oriented programming. 
Currently used programming languages are C, C++ for 
core processing and Java for front-end components.   
 
Integrated multi-mission ground segment for earth 
observation satellites has now been established at the 
Shadnagar ground station at NRSC co-located with the 
data reception facility to realise delivery of ortho-
rectified image data products in near-real-time 
through internet ftp for all polar orbiting Earth 
observation missions. The system is configured with a 
cluster of shared memory processors with a large 
online disk storage. With the use of reference images 
and national level CartoDEM, location accuracies of the 
order of better than 10 m, about a pixel level internal 
distortion and sub-pixel level multi-band registration 
are operationally realized.  Science data and 
atmospheric data products are operationally generated 
at ISSDC, MOSDAC and IMD, as well.  
 
Other than data products generation software, specific 
software intensive systems for user applications using 
optical and microwave data products such as the 
FASALSoft software for the national crop yield 
forecasting for different crops at district, state and 
national level have also been developed and deployed 
for operational use. Other examples in the past include 
SARDA for the ERS-SAR interferometric processing, and 
SAPHIRE for scene level stereo processing for CartoSat-
1.  
 
Maturity in software development, operationalization 
and maintenance processes adopted through the 
software life cycle have steadily been improving due to 
the adoption of software process standards. Number 
of simultaneous development and maintenance 
software projects professionally being handled at a 
given time has increased considerably as compared to 
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the IRS-1A time frame.  Current capability for remote 
sensing data products generation extends to lunar, 
planetary and astronomical observations, as well. 
Future challenges include developing software for 
images acquired by sensors employing time-delay-
integration and optical-butting techniques, which may 
require different processing approaches to be adopted 
for the different regions of the same image. Modelling 
and simulation of data prior to the mission realisation 
has always been a challenge and it will continue to 
remain so in future too. 
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Introduction 
Indian remote sensing program started with country’s 
need to manage the natural resources for planned 
development.  Satellite based information was found 
essential for generating the continuous and updated 
information on terrestrial and marine ecosystem for a 
country of India’s size and population. Starting from 
experimental satellite, Bhaskara launched in 1979 to 
recently launched RISAT-1 satellite in 2012,a series of 
satellite systems like  IRS-1A, 1B, 1C, 1D, P4, P5, P6, 
including Cartosat Series, IMS-1, Oceansat-2, 
Resourcesat-2 etc has been flown to address various 
aspects of remote sensing.   The above mentioned 
satellite systems covered spatial resolution varying 
from 1m to 1 km with capability to image at multiple 
resolution together in multi tier approach to cater the 
need of  high temporal as well as  high spatial 
resolution. The advancements of the space 
technological capabilities over the years have provided 
ample opportunity to address the various facets of 

national development. The activities related to natural 
resource management received a significant boost with 
launch of operational EO satellite IRS 1A in 1988 and 
continued thereafter with the successful deployment 
of the thematic satellites in the intended orbits. 
Particularly, the last decade country has witnessed a 
significant progress in operationalising the space as 
well as ground segments in meeting the observational 
requirements to a considerable extent. The remarkable 
transitions in the EO data interpretation and 
applications in tandem with the advancement of 
computing technology have enabled faster processing 
of large volume of data. As a result, the activities 
starting from visual interpretation and mapping have 
got into estimations and forecasting making use of a 
large number auxiliary data sets either in-situ or from 
multiple satellites.  Figure 1 shows the different spatial 
resolution imaging capability of Indian Earth 
Observation (EO) systems. 
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Figure 1: Observations from different sensor system covering field scale to nation. 

Preliminary activities in resources planning during early 
eighties led to formation of an institutional mechanism 
- National Natural Resources Management System 
(NNRMS). The NNRMS was established at the instance 
of Planning Commission, and the system envisions to 
maximize the use of Natural Resource Information by 

integrating remote sensing and GIS into the 
conventional practices for management of natural 
resources, environmental monitoring, disaster 
management support and empowering society.  The 
NNRMS framework also includes nine theme oriented 
Standing Committees (Agriculture, Water resources, 
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Bio resources, Urban resources, Rural resources, 
Cartography Geological resources, Ocean and 
Meteorology and Training) chaired by Secretaries of 
the relevant Government of India Departments/ 
Ministries, to provide guidelines in utilization of space 

technology with the involvement of various Ministries/ 
Departments of Government of India, as well as they 
suggest future requirements in terms of sensor 
capabilities, revisit to address various issues in their 
respective areas.   

 

Figure 2: Different ecosystems observed from IRS-LISS-III sensor covering Desert, Salt pans, Forest, Ocean, Water 
reservoir and agricultural region in India. 

Remote sensing has enabled mapping, monitoring and 
management of various resources like agriculture, 
forestry, geology, water, ocean etc (fig. 2). It has 
further enabled monitoring of environment and 
thereby helping in conservation. In the last four 
decades it has grown as a major tool for collecting 
information on almost every aspect on the earth. Some 
of the important projects carried out in the country 
include Groundwater Prospects Mapping under 
Drinking Water Mission, Forecasting Agricultural 
output using Space, Agrometeorology and Land based 
observations (FASAL), Forest Cover/Type Mapping, 
Grassland Mapping, Biodiversity Characterisation, 
Snow & Glacier Studies, Land Use/Cover mapping, 
Coastal Studies, Coral and Mangroves Studies, 
Wasteland Mapping etc. The information generated by 
large number of projects have been used by various 
departments, industries and others for different 
purposes like development planning, monitoring, 

conservation etc. Major application activities using 
satellite remote sensing data in the country include:  

1. Groundwater Prospects and Recharge Zone 
Mapping  

2. National Wastelands Monitoring  
3. National Wetlands Inventory and Assessment  
4. Snow and Glaciers Studies  
5. Coastal Zone Studies  
6. Forecasting Agricultural output using Space, 

Agrometeorology and Land based observations 
(FASAL)   

7. National Agricultural Drought Assessment and 
Monitoring System   

8. Biodiversity Characterisation  
9. National Urban Information System (NUIS)  
10. Indian Forest Fire Response and Assessment 

System (INFFRAS)  
11. Water Resources Information System (WRIS)  
12. Space Based Information System for Decentralized 

Planning (SIS-DP)  
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13. Natural Resources Census (NRC)  
14. Flood Mapping and Monitoring  
15. Watershed Monitoring and Development  
16. Potential Fishery Zone (PFZ) Forecasting 

Remote sensing based national and regional level 
terrestrial applications are one of the important 
activities in the management of different ecosystems 
of our country. Presently, the Resourcesat-1/2 and 
Cartosat series of satellites, with enormous application 
potentials, are catering the data need for addressing 
the multiple aspects of resource inventory. Salient 
work carried out in different remote sensing based 
application areas are as follows. 

Agriculture 

Agricultural research started with experiment on 
coconut wilt disease and took the shape of national 
projects like CAPE and FASAL. Technological 
development in terms of satellites and analysis 
technique led regular pre harvest crop forecast which 
were done at by SAC with collaboration from national 
wide institutions. This technology was transferred to  
Ministry of Agriculture and the crop forecasts are being 
done by Mahalanobis National Centre for Crop 
Forecasting (MNCCF), New Delhi in support with SAC.  
Data from IRS Satellites are being used for estimation 
of the pre-harvest acreage and production of crops, 
besides assessment of condition. Procedures have 
been developed to make production forecasts at 
national level to help in planning and formulating 
policy decisions. Currently multi temporal IRS-AWiFS 
data are regularly used to make national and state 
level wheat production estimates (Figure 3). As most of 
the rice crop is grown in kharif season (monsoon), 

coinciding with the overcast cloudy conditions of the 
sky most of the time; Radarsat microwave data is being 
used to generate national level rice estimates under 
the Forecasting Agricultural Output using Space Agro-
meteorology and Land based observations (FASAL) 
programme (Figure 4). RISAT-1 data is being currently 
evaluated to forecast the rice crop during kharif 
season. Studying crop rotation patterns and adopting 
cropping system approach towards sustainable 
agriculture is another important area of present 
application. Mapping salt-affected soils, monitoring 
their reclamation, inventorying and categorization of 
waste lands, identification of post-kharif fallow lands, 
identification of suitable sites for horticulture 
cultivation are some of the other applications carried 
out which aim towards sustainable development and 
ensuring the food security. 

Water Resources 

High-resolution satellite data from IRS P6, Cartosat-1, 
Quick Bird and Ikonos satellites has been used for 
identifying and mapping irrigation infrastructure for 
assessing irrigation potential in new irrigation projects 
under Accelerated Irrigation Benefit Program (AIBP). 
Snow and glacier mapping is being carried out using 
multi-temporal IRS AWiFS data on 10-day and monthly 
basis. Seasonal water spread maps are also produced 
using multi-temporal IRS-AWiFS data. Groundwater 
prospects maps for entire country at 1:50,000 scale 
under Rajiv Gandhi Drinking Water Mission is being 
carried out using Resourcesat-1 LISS-III data. NOAA/ 
AVHRR derived snow cover information in the 
Himalayan region is being used for Snow melt-runoff 
forecasting in the targeted reservoirs 

 
Figure 3: Multi temporal FCC images observed from IRS-AWiFS sensor over Punjab showing wheat  growth and senescence. 
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Figure 4: Conceptual diagram of Forecasting Agricultural Output using Space Agro-meteorology and Land based 
observations (FASAL) programme. 

Snow and Glacier Studies 

A number of studies have been taken up for inventory, 
monitoring and retreat of Himalayan glaciers. Glacier 
inventory of Himalayas (Indus, Ganga and Brahmaputra 
Basins); Monitoring of snowline at the end of ablation 
season for estimation of glacier mass balance; 
Estimation of retreat of Himalayan glaciers and Snow 
cover monitoring in Himalayan region are some of 
them. Glacial inventory has been carried out for the 
glacial regions of Indus, Ganga and Brahmaputra Basins 
covered approximately in 1250 map sheets at 1:50,000 
scale. Specific measurements of mapped glacier 
features are used as inputs for generating the glacier 
inventory data. The data sheet provides glacier wise 
details mainly related to the glacier identification in 
terms of number and name, glacier location in terms of 
coordinate details, information on the elevation, 
measurements of dimensions and orientation, etc. 

Glacier Retreat mapping was done for the 14 selected 
basins spread over in Indian Himalayan Region (Figure 
5) which involves, creation of database of spatial 
extent of all glaciers and overlaying of the boundaries; 

checking of the boundaries in the accumulation zone 
based on shadow of the ridges and on the drainages; 
identification of glacier retreat and estimation of 
glacier area evacuated and verification in the field the 
location of snout using GPS observations. Monitoring 
of Snow cover of the Indian Himalayan region covering 
Indus, Ganga and Brahmaputra river basins was carried 
out using multi-date AWiFS data from Resourcesat-1 
and snow cover atlases have been prepared. 

National Wetlands Inventory and Assessment 

The primary objective of this project was to map the 
wetlands of India (natural, manmade, coastal and 
inland) at 1:50,000 scale and create a database with a 
query shell. This project was taken up at the specific 
request of Ministry of Environment and Forests 
(MoEF). Digital analysis of two date (pre and post 
monsoon) satellite data was used for the purpose 
(Figure 6). This was the first time country wide  
updated database and map of wetlands at 1:50,000 
scale was prepared which will help in conservation/ 
preservation plan, water resources plan, methane 
emission study etc. 
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Figure 5:  Glacier retreat of Samudra Tapu glacier being studied to understand the climate change 

Natural Vegetation Assessment 

The satellite data is operationally used for forest 
cover monitoring, type mapping, fire detection and 
damage assessment, biomass assessment, timber 
volume assessment, target species mapping, wild life 
conservation, biodiversity characterization and 
conservation. 

Automated forest cover monitoring, Assessment of 
afforestation at early growth stages, Biomass models 
under foliar and non-foliar conditions, Moisture and 
Thermal regimes for phenology and fires, Forest 
species discrimination, Biomass estimation saturation 
at high biomass, Spatial variability of phenology and 
desiccation  are a few of research and development  
towards emerging applications. Figure 7 shows the 
phonological variations of moist deciduous forest 
dominated by Sal in Kanha National Park as observed 
from IRS-LISS-III sensor data. 

Near-real time flood monitoring is being done, 
wherein, administrative (village) and current land use 
layers are being overlaid in GIS on top of satellite-
based inundation layers to identify affected 
settlements, damage assessment and for relief 
purposes. Drought is another important weather-
related natural disaster. Being a semi-arid tropical 

country, India faces severe agricultural drought 
periodically due to erratic rainfall. A National 
Agricultural Drought Monitoring Systems (NADAMS) 
project gives fortnightly information during monsoon 
season at district level using satellite-derived NDVI 
information as input. EO data has helped in the 
preparation of landslide hazard zonation maps using 
databases on lithology, geological structures, slope, 
vegetation and land use. For earthquakes, seismic 
hazard zonation is an important step. Space data 
provide critical spatial inputs like geological structure, 
lithology, geomorphology etc for integrating with 
other database for hazard zonation. The availability 
of high-resolution data provides the necessary inputs 
for micro-seismic hazard zonation.  

Disaster Management and Mitigation 

Decision Support Centre under Disaster Management 
Support programme is providing timely inputs to 
different disasters like floods, cyclones, drought, 
landslides, earthquakes and forest fires. Web enabled 
operational delivery mechanisms were developed in 
view of the sustained supply of satellite data products 
during the different stages of disaster. Spatial and 
aspatial database organization in the National 
Disaster Emergency Management (NDEM) system 
also has become the critical part of DMSP. The DMS 
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services are mainly directed towards  hazard 
zonation, damage assessment and monitoring of 
major natural disasters using satellite and aerial data 
and appropriate techniques/tools. 

Ocean and atmospheric applications 

IRS satellite data is being utilized for both Biological 
and Physical oceanographic applications using OCM 
and Scatterometer based observations. Products are 
being regularly generated for ocean colour, total 
suspended matter, dissolved organic matter using 
Oceansat -2 OCM data and techniques have been 
developed for retrieval of ocean surface waves, winds 
speed and direction. The potential fishing zone 
forecast is being generated using the ocean colour 
and ocean surface temperature derived from the 
satellites. Efforts are being carried out in integrating 
these geophysical products into ocean state 
forecasting. 

Another area of importance is the Coastal Zone 
monitoring. The coastal zone, which represents the 

interface and interaction between the land and the 
sea, is one of the most dynamic and important 
productive ecosystems on Earth. Mapping of coastal 
zones are being carried out to address its the 
vulnerability disturbance associated with climate 
change and anthropogenic forcing.  

Figure 8 shows the evolution of Meteorological 
satellites starting Bhaskara to INSAT series of 
satellites (INSAT 1A, 1B, 1C, 1D, 2A, 2B, 2C, 2D, 2E, 
Kalpana etc.).  Regular observations from INSAT VHRR 
and CCD are being used to round the clock 
surveillance of weather system including the severe 
weather events around the Indian regions.  

Atmospheric parameters are operationally generated 
related to with cloud top temperature, cloud motion 
vector, outgoing long wave radiation, humidity, 
rainfall etc. Efforts are also being made to assimilate 
the surface and atmospheric condition into regional 
climate modeling for seasonal monsoon prediction.
  

 

Figure 6:  Pre and post monsoon satellite data used for mapping Bhoj Wetland, Bhopal, Madhya Pradesh 
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Figure 7: Monthly variation in forest vigor in Kanha National Park as observed from IRS-LIS-III data  

 

Figure 8: Evolution of Meteorological satellites for atmospheric and oceanic application over India 
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Capacity Building  

Training and manpower development in the field of 
remote sensing applications to various natural 
resource management areas is one of major focus of 
Indian EO program. One of the NNRMS Standing 
Committee deals with Technology promotion, 
education and Training (SC-T). Indian Institute of 
Remote Sensing (IIRS), Space Applications Centre (SAC) 
and National Remote Sensing Centre (NRSC) are the 
major DOS centre engaged in capacity building.  
Remote Sensing has been introduced as part of 
Science/Engineering/ Agriculture Curriculum in 
different Departments of many Indian Universities. 
One of the major capacity building contribution of 
Indian EO programme towards global education in the 
field of space sciences and applications is 
establishment of the Centre for Space Science and 
Technology Education for the Asia Pacific region 
(CSSTE- AP), affiliated to United Nations established at 
Dehradun. The CSSTE-AP conducts courses on remote 
sensing and GIS, Satellite Meteorology and Global 
Climate, Atmospheric Sciences, Satellite 
communication and Space Sciences for students from 
many countries. Indian Institute of Remote Sensing 
(IIRS) also conducts short-term courses for decision 
makers and administrators. This has helped in the 
absorption of technology at the user level. 

Future Direction 

The rapid strides made by India in developing state-of-
the-art remote sensing satellites for meeting a variety 
of application needs of direct relevance to the society, 
and in institutionalising the National Natural Resources 
Management System (NNRMS) for integrating space-
enabled services with conventional methods for the 
purpose, have attracted wider attention and 
appreciation of the global community.  The country has 
demonstrated innovatively how to put to use the EO 
for addressing the most fundamental national 
priorities such as food, water and environmental 

security, support for management of natural disasters, 
generation of periodic information on status of natural 
resources, study of weather and climate, etc. 

The Indian EO programme is aimed to provide 
leadership and continuity in earth observations 
through an operational EO infrastructure to meet 
national imaging demands; support NNRMS including 
disaster management needs, developmental activities, 
improved weather and ocean-state forecast; and 
develop actionable EO products and services.  Thus, 
the vision of Indian EO programme for the future will 
be ‘to develop a self-reliant, multi-dimensional 
programme, providing operational services to the 
community, and strive to make these services as part 
of everybody’s everyday life.’  It is suggested to 
continue the approach of having thematic series of 
satellites addressing the areas of land and water 
resources; cartography; ocean and atmosphere could 
continue with specific need-based improvements. It is 
suggested to provide continuity to workhorse missions 
such as, Resourcesat/ RISAT series; look for advanced 
technologies and techniques to exploit and maximize 
the advantages of the cartography and ocean and 
atmosphere series towards meeting the end 
application requirements.  
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Antenna Technologies for Microwave Remote Sensors 

Rajeev Jyoti 
Antenna Systems Group, Space Applications Centre 

 
The cardinal sub system of the payloads of microwave 
remote sensing missions is an antenna which acts as an 
eye or ear to the sensor.  Being a reciprocal transducer, 
antenna can emit as well as it can receive the 
electromagnetic signatures which are received from 
the target through the antenna aperture. The overall 
system performance of a microwave sensor depends 
significantly on the radiation properties of the antenna 
such as gain, beamwidth, bandwidth, cross polar 
isolation and return loss. Microwave remote sensing, 
using wavelengths from about one centimetre to a few 
tens of centimetres enables observation in all weather 
conditions which is not possible by optical remote 
sensing. There are two types of microwave remote 
sensing; active and passive. In active type of remote 
sensing, the antenna receivers the back scattered part 
of the microwave energy which is transmitted towards 
the target by antenna itself. The received energy is 
function of the electrical and physical and physical 
properties of the targets. 

Space Applications Centre (SAC) has developed various 
antenna technologies for microwave payloads such as 
Space-borne microwave radiometer (SAMIR), (MSMR), 
Airborne Synthetic Aperture Radar (ASAR) and ground 
based scatterometer.  Space-borne Ku-band 
Scatterometer has been flown onboard Oceansat-2 
mission in 2009. The Challenging task of developing a 
multilayer planar antenna for high resolution space-
borne Radar Imaging satellite (RISAT) has given rise to 
a new era of plannar antenna technology in the 
country.  Variety of new antenna technologies were 
required to improve the performance of these sensors 
to meet the constraints of low volume and mass 
allotted for such space borne missions.  The current 
trend in microwave sensors development envisages 
the challenging requirements of high efficiency, multi-
functionality and compactness which is a very difficult 
task. For example, SAR antenna for Chandrayaan-II has 
to meet the demands of high radiation efficiency, 

multi-frequency and wideband performance along with 
constraints of very low mass.   

Antenna technologies required for advanced 
microwave sensors like synthetic aperture Radiometer 
and millimetre wave sounder are on the anvil for 
future.  The requirement of ground penetrating radar 
(GPR) dictates the stringent requirements of antenna 
performance over ultrawide band. The performance of 
sensors depends on the radiation properties of 
antenna system in-terms of main beam shape, 
efficiency, side-lobes, frequency bands, polarization 
types and cross-polarisation requirements. Presently 
SAC is pursuing the development of key antenna 
technologies which can be used for future ISRO 
missions.  

Airborne SAR Antenna: ISRO’s airborne mission 
started with ASAR as an earth observation monitoring 
tool in the early 1990s. After the first successful flights 
in 1992, the original aircraft got lost, and only from 
1997 onwards, the system could be used again in a 
regular manner using super king beach-200 aircraft. 
The airborne radar operates in C-band (5.35 GHz), with 
single-polarisation and a maximum spatial resolution 
of 6 m. Two antennas were planned each for vertical 
and horizontal linear polarizations. Table 1 presents 
the specifications of the antenna:  

Table-1: ASAR Antenna Specifications 

Frequency in GHz 5.35  
Bandwidth in MHz 30 MHz 
Shaping  Cosec square pattern (67 deg 

) 
Ripple  0.5 dB  
Return Loss  -17 dB  
Polarization  Vertical or Horizontal Linear 
Peak Power  2 kW 
Duty cycle  2 % 
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Two planar array antennas one for each polarization 
was designed, developed and integrated with aircraft 
to conduct the test trials. SAC developed the horizontal 
polarized antenna whereas ISAC developed vertical 
polarized antenna.  For horizontal polarization, a state-
of-the-art highly efficient  planar array antenna 
utilising compound slots in radiating panel and 
longitudinal shunt slots in feeder panel was developed 
at C band to offer cosec2 pattern with very wide swath 
of 67 degrees along with sharp fall off. For vertical 
polarization, a planar array comprising of micro-strip 
radiator and fed by the square coaxial beam former 
was developed with similar specifications as that of 
horizontal polarized antenna. To develop the antenna, 
first time a highly efficient pattern synthesis technique 
was developed to compute the complex excitation 
distribution with minimum of 7 elements in elevation 
plane to cover the required wide swath. Compound 
waveguide radiating slots were analyzed using full 
wave based method of moments with entire domain 
basis function based on Galenrkin’s technique. Figure 1 
shows the ASAR antenna developed by SAC. 

Antenna team at SAC developed the required expertise 
for understanding the waveguide slots, considering, 
external and internal mutual coupling. With this 
development presently SAC is having rich experience of 
working in slots for a single polarisation and 
developing a software code for slotted waveguide 
array antenna. 

Later Disaster Management SAR programme was 
launched which addressed disasters such as flood, 
cyclone, drought, forest fire, landslide and Earthquake. 
The experience gained from ASAR antenna was utilized 
for the next generation of airborne SAR system where 
single antenna system was developed with dual 
polarization capability to reduce the operation time 
and to get the full polarimetric image. Apart from this, 
the new system is being configured for higher peak 
power handling of 8 kW instead of earlier 2kW with 
duty cycle of 8%. The bandwidth of the antenna was 
increased from earlier 1-2% to 5%.  Table 2 gives the 
major specifications of the DMSAR Antenna : 

 

(a) Slotted waveguide array 

 

(b) Antenna Mounting (Bally of    Aircraft) 

Radiation Pattern of HH Pol Cosec2 ( SAC Antenna)
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(C) Cosec square radiation pattern (Elevation Plane) 

Figure-1:  First Slotted waveguide array (flown for 
ASAR by SAC) 
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Table 2: DMSAR Antenna Specifications 

Frequency in 
GHz 

5.35  

Bandwidth in 
MHz 

225 MHz 

Shaping  Cosec square pattern 
(40 deg ) 

Ripple  0.5 dB  
Return Loss  -17 dB  
Polarization  Dual linear 

Polarization (V & H) 
Peak Power  2 kW 
Duty cycle  2 % 

In order to meet the gain of the full antenna, the 
specification for the gain of single radiating element 
should be at least 8.4 dB over 5% bandwidth. 
Conventional direct fed micro-strip patch cannot be 
used for this requirement. The requirements for next 
generation SAR was different from the earlier SAR 
mainly in three aspects: 

• High power  
• Dual polarisation and wide bandwidth 

Therefore, SAC started evolving new technologies of 
multi-layer micro-strip patch antenna to meet the 
bandwidth requirements of antenna within the given 
constraints of size, weight and volume. Multilayer 
printed patch antenna with electromagnetic coupling is 
chosen for the required bandwidth. This configuration 
offers the flexibility to choose different substrate 
material for radiator and feed line to optimize the 
performance of the radiator. In this the patch is excited 
through a buried feed line. Since, this configuration 
does not utilize any slot on ground plane to couple 
power from feed lines to patch, the front to back ratio 
of proximity coupled patch antenna is better as 
compared to the aperture coupled micro-strip patch 
antenna. The lower and upper patches are separated 
by a thick layer of foam of low permitivity (dielectric 
constant is equivalent to air) to enhance the radiation 
efficiency and bandwidth performance. Upper patch is 
inverted and its substrate acts as a radome.  

The peak power handling of the antenna was 8 KW. 
Hence the square-coaxial feed network was designed 
with multilevel BFN and broadband transitions were 
designed and developed. SAC has obtained patent on 
this multilevel high power BFN fed to multilayer 
electromagnetically coupled patch antenna and 
published two papers in international journals. 
Multilayer antenna configuration is shown in Figure 2a 
and Multilayer antenna with BFN is shown in Figure 2b.  

Active Phased Array Antenna for RISAT: SAC has 
initiated the design and development of active phased 
array antenna development involving stacked 
electromagnetically coupled patch antenna as basic 
radiator. RISAT-I antenna development started 
concurrently with antenna development for DMSAR 
and the basic radiator design was same except the 
material used for fabrication. This antenna technology 
paved the way for the evolvement of a number of new 
technologies in terms of electromagnetic design, 
realization and characterization of a large size 
multilayer printed array antenna. These technologies 
were developed for the first time and none of the 
contemporary SAR system reported this type of 
antenna system catering to the SAR system 
requirement of 5% bandwidth and cross-polar isolation 
better than -30 dB at C-band. The size of the tile 
antenna was 1mx1m, consisting of planar array of 
20x24 radiating elements, linear array of 20 elements 
in azimuth and 24 elements in elevation. The inter-
element spacing in azimuth plane was 0.89λ and that 
in the elevation plane was 0.74λ. Multilayer printed 
antenna configuration and the 1/3rd tile layout is 
shown below in Figure 3. 

 

(2a) Multilayer Antenna Configuration 
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(2b) Multilayer Antenna with BFN 

Figure-2:   Dual Polarised C band DMSAR Antenna 
Configuration 

 

(a) 

 

(b) 

Figure-3: Different layers of multilayer EMCP antenna 
and model of sub-tile (1/3rd tile)- (a) and (b) 

 

The development of this antenna has undergone 
various critical stages starting with the usage and 
qualification of new material, development of 
automated fixture for precise assembly, alignment of 
layers and development of microwave holography 
technique for fault detection etc.  In the initial phase, 
tile has shown de-bonding of layers after thermovac 
(shown in Figure 4) but timely corrective action by 
changing the process to minimize the integration time 
resulted in meeting the scheduled delivery of all 12 FM 
tiles. In fact, two connectors on two FM tiles out of 13 
tiles developed were found short and repaired using 
innovative method to deliver the antenna with zero 
defect,  even though it did not have much impact on 
overall mission performance.  Figure 5 shows the 
complete 6 m X 2 m active phased array antenna in 
clean room.  All the 12 tiles of RISAT were developed 
with the support of Indian Industry. 

 

Figure 4: Antenna de-bonding of layers 

 

Figure 5: Active Phased Array Antenna for RISAT-1 

Multifrequency Scanning Microwave Radiometer 
(MSMR) Antenna System: This is the second passive 
microwave payload after BHASKARA-II in 1981. The 
BHASKARA satellites had a two-band TV payload for 
land applications and a Satellite Microwave 
Radiometer (SAMIR) for oceanographic/atmospheric 
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applications. The spatial resolution of the image from 
the Bhaskara satellites was about 1 km. Multifrequency 
Scanning Microwave Radiometer (MSMR) was 
successfully launched by India onboard IRS-P4 in 1999 
to study the biological and physical parameters of the 
ocean. The MSMR sensor was configured as an eight-
channel radiometer using four frequencies with dual 
polarization. The main geo-physical parameters 
derived at three different resolutions (150, 75 and 50 
km) are sea surface temperature, surface wind speed, 
total precipitable water content and cloud liquid water. 

The salient features of antenna include, the common 
aperture corrugated horn working on the harmonic 
concept to cater to the four frequency bands at 6.6, 

10.65, 18.0 and 21 GHz. It also has eight port 
Orthomode Transducer with a new concept of 
impedance matching, combining ridged waveguide 
with multi-stepped transformer. This led to a better 
performance at higher frequencies at 18 and 21, even 
in the presence of probes at lower frequency sections 
of OMT. SAC has obtained international patent on this 
development and till today this technology is front 
runner as against the technology available with other 
contemporary systems. It also includes design and 
development of two sky horns for calibration, black 
body targets for ground calibration. Table 3 shows the 
goals achieved for the MSMR antenna and Figure 6 
shows the antenna foot print and swath of MSMR 
antenna. 

 

Table 3:  Design Goals of MSMR antenna 

Frequency in GHz 6.6 10.65 18.0 21.0 
Bandwidth in MHz ± 125 ± 150 ± 200 ± 200 

Beamwidth 3.7°±0.2° 2.4°±0.15° 1.4°±0.1° 1.2°±0.1° 
Polarisation V & H V & H V & H V & H 

Cross-Pol < -23 dB < -23 dB < -23 dB < -23 Db 
Return Loss < -17 dB < -17 dB < -17 dB < -17 dB 

Beam Efficiency 90% 90% 90% 90% 
Scan Offset Angle 43.32° 43.32° 43.32° 43.32° 

 

Figure-6: MSMR Antenna System footprint and Swath 
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The design & development of antenna system was 
challenging because of stringent specifications of very 
low cross-polarization level, high beam efficiency, good 
pattern symmetry and low VSWR at all the four widely 
separated frequency bands. This was the first antenna 
of its kind as shown in Figure 7 having offset angle 
43.32 degree and f/d ratio of 1.8. This was flown 
onboard IRS-P4 mission.  

 

Figure-7:   MSMR Antenna System 

Pencil Beam scanning of scatterometer Antenna for 
Oceansat-II: The scatterometer payload was flown on 
Oceansat-II mission. The prime objective of this 
mission was to estimate the wind velocity over ocean. 
The pencil beam scatterometer is an advance version 
of fan beam scatterometer, where estimation of wind 

speed is more accurately predicted as four 
simultaneous measurement is possible with scanning 
inner and outer beams together. The salient feature 
includes the prime focal parabolic reflector with two 
laterally displaced multimode elliptical feeds with 
shaped radiation pattern to improve the overall 
efficiency of the antenna. Reflector diameter of 1.0 m 
with f/d ratio of 0.4 was preferred to get the optimum 
performance within limited volume. ASG also 
developed low loss, dual channel waveguide rotary 
joint with TM01 and TE01 axially symmetrical modes of 
circular waveguide. Rotary joints provide continuous 
rotation in either direction about an axis without 
deteriorating the electrical performance of the system. 
Specifications of the antenna systems, feed and rotary 
joints are given in Tables 4-7. Although project bought 
an imported rotary joint worth crores of rupees as a 
fall back option, the antenna team could gain 
confidence of both T&E board and management to fly 
indigenously developed rotary joint. With this 
development, ASG developed rotary joint technology 
and saved 2 crores import cost from the foreign 
supplier. Figure 8 shows the elliptical feed, dual 
channel rotary joint and prime focal reflector antenna.
 

 

Table 4: Specifications for Scatterometer Antenna 

S.No. Parameter Specification 
1 Frequency ( GHz) 13.515625 
2 Bandwidth(MHz) ± 50 
3 Gain (dBi) 39.5 
4 Side-lobe Level  -16 dB 
5 Cross-pol -20 dB 
6 Return Loss  -17 dB  
7 Size of reflector 1000 mm 
8 Antenna type Scanning 
9 No. of pencil beams 2 
10 Inter beam angular spacing  6.76°  (=49.38° - 42.62°) 
11 Beam width (1.47° AZ X1.67° EL)   
12 Polarization Inner beam;  Linear H-pol  

Outer beam;   Linear V-pol 
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Table 5: Derived specifications for  scatterometer feed 

 

 

 

 

 

Table 6: Electrical specifications for the Dual Channel Rotary Joint 
 

 

 

 

 

 

 

 

 

Table 7: Specifications for the Rotary Joint 

Frequency (GHz) 13.515 
VSWR  < 1.3 

Insertion loss (dB) Max 0.4 
WOW/3600 dB 0.05 

VSWR Rot. /3600  0.05 

Channel isolation (dB) 40 
Rotation speed (rpm)** 30 

Leakage <-40dB 
Material Aluminum alloy 

Power peak 140KW 
Average Power 50 watt 

 

  

Sr. No Parameter Specification 
1 Center Frequency ( GHz) 13.515625 
2 Bandwidth(MHz) ± 50 
3 Return Loss 17 dB 
4 Amplitude taper of copolar 

pattern in el and az 
15.0± 1.0 dB in  el 
10.0± 1.0 dB in az 

5 Polarization linear H-pol (inner beam feed) 
linear V-pol (outer beam feed) 

Parameter Specifications  
Frequency 13.515625 GHz 
Bnadwidth : ± 25 MHz 

Return Loss (max) Ch1 : >19 dB  
Ch2 : >19 dB  

Insertion loss (max) Ch1:  0.35 dB 
Ch2 : 0.35 dB 

Isolation 40 dB 
Insertion loss – variation within a single scan Ch1 : ± 0.05 dB 

Ch2 :  ±0.05 dB 
Peak power Peak 140W, 34%DC. 

EMI/EMC Results  
Test type – RE102 

Mil std 461 E  

67 dB  μVolt/m 
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Figure 8 a: Elliptical Feed 

 

 

            
Figure 8 b: Dual Channel Rotary Joint 

 

Figure 8 c: Prime focal Reflector Antenna 
 

 
 

 

 
Conclusions 
SAC has developed expertise on the planar array 
antenna and reflector antenna technologies over last 
two decades and this has paved the way for venturing 
into new fields to keep pace with the latest 
technology. Presently ASG has taken up the 
responsibility of developing new technologies related 
to dual frequency shared aperture Space borne SAR 
antenna for Chandrayaan2 and airborne missions, 
four channel C/Ku band waveguide rotary joint for 
future advance scatterometers and ground antennas 
and quasi optical antenna technologies for humidity 
sounding unit.  

SAC is also focusing on the development of ultra-wide 
band antenna (more than 100% BW) system suitable 
for Ground Penetrating Radar, soft computing 
techniques for optimization and development of CAD 
tools based on full wave based electromagnetic 
modeling for self reliance.  

 



 

| 41 | SAC Courier 
  

 

25 Years of Product Assurance in Remote Sensing Payloads 

RK Hegde and RK Dave 

Systems Reliability Area, Space Applications Centre 

The earth-observation, mapping and profiling for 
agriculture, atmosphere and land-resources over 
Indian sub-continent by way of remote sensing has 
come a long way from the modest beginning in 1988 
with launch of IRS-1A. Simultaneously, the Product 
Assurance (PA) also has gone through a process of 
refinement and heightened proficiency due to the 
experience gained in delivery of EO payloads for 4 
satellites of IRS-1 series, followed by cameras for TES, 2 
Oceansat satellites (P4 and OS-2), 2 Resourcesat 
satellites (P6 and RS-2), 4 Cartosat satellites (CS-
1/2/2A/2B) and a few others of scientific significance 
using new technologies. 
 
PA Plan for payloads at SAC has always been evolved 
subsequent to Baseline Design Review or subsequent 
to preparation of Project Document. Since early days 
the stress through a PA plan has been to generate an 
assurance that the parts, materials and practices 
employed in realization of space payloads, supported 
by testing, analyses and reviews lead to performances 
conforming to targeted specifications. Based on 
mission goals, the Project generates a payload 
specification plan followed by a hardware design that 
is to meet the specifications. This is the stage where 
the activity of Systems Reliability and Quality 
Assurance begins. The activities that follow to fulfil this 
objective are interlinked as well as interdependent, 
however, as mission goal has always been in terms of 
expected life, reliability and operational requirements, 
these activities are described with a specific flow. This 
flow has remained the defining philosophy of Product 
Assurance (PA) for all the space payloads implemented 
at SAC. It is a matter of pride to be a part of a success 
story that most of the remote sensing satellites have 
exceeded their life and expectations in space. 
 
The main thrust under all PA plans incorporated in all 
of the 30 cameras and more, delivered by SAC has 

been identical in approach with iterative refinement 
from each experience of delivered payload that has 
culminated in a comprehensive PA plan that is being 
followed presently. A brief comparison of the PA Plans 
evolved across the various EO payloads delivered for 
remote sensing satellites is given below – 
 
The advances in the EO payloads delivered have been 
driven by the applications and were supported by the 
use of advancing technologies in optics, detectors and 
camera hardware realization. The optical elements, 
though indigenously developed at LEOS, have been as 
per RFPs with due incorporation and review of QA 
requirements. The first optics scheme in the telescope 
part of the camera used refractive optics and 
employed lenses. This catered to 4 bands B2, B3, B4 
and B5. The subsequent optics schemes have 
employed reflective as well as refractive optics, which 
have not only enabled extended focal lengths to be 
accommodated in to smaller telescope lengths, but 
also provided scope for segregation of visible and IR 
range imaging with better resolution. This has been 
further enhanced to a performance improvement by 
introduction of wedge filters and gratings to achieve 
spectral resolutions of a few nanometers. The 
calibration and alignment of this increasingly complex 
optics has been a challenge. An expertise in the 
assembly of this optics has been developed over the 
years of experience gained by checking and re-
checking and extensive evaluation. 
 
The first generation detectors, used in IRS 1A/B, were 
2k linear array CCDs (FCCD143), with pixel size of 13 x 
13 microns. The second generation detectors were 4k 
linear array CCDs (TH7833) and 6k linear array CCDs 
(FCCD191) with pixel size of 7 x 7 microns and 10 x 10 
microns respectively. This was the time when 2k linear 
array SWIR detectors also were used for IR imaging. 
Thereafter there was a flurry of new technology 
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devices like single, dual and quad TDI arrays and CMOS 
APS area arrays that contributed to better resolution 
spectrally (few nanometers) as well as spatially (less 
than 1 meter). The pixel size in the detectors went 
down from the initial 13 x 13 microns to the very 
recent sizes of 5 x 5 microns. The detectors too, 
whether high pixel-count (up to 12k) linear CCDs, TDI 
detectors or focal plane array detectors for visible or IR 
ranges have been procured as per RFPs with inclusion 
of necessary QA requirements.  
 
Selection of the quantization scheme has always been 
a trade-off between accuracy and resolution required 
and the feasible data-rate handling. ADCs, DACs, Op-
Amps and clock-drivers for CCDs were non-QPL 
components that were selected based on 

constructional Analysis followed by up-screening. The 
quantization started with a modest 7-bit data 
conversion to better than 12-bit data conversion.  
 
Packaging and assembly also evolved from the book-
shelf kind of harnessing to tray-based stacking. Many 
processes like dam-and-fill and kovar-wire soldering 
from link-cards for large-sized CCD mounting evolved 
over the time as usage of high pin-count sophisticated 
devices found their way in to the hardware. Testing 
and measurements for optics and detectors evolved 
over time and matured to cater to life-testing as well 
as re-lifing of detector-array devices as well as lenses. 
A brief comparison of payload philosophy across the 
Satellites is given below - 

Activity IRS-1 Cartosat Oceansat Resourcesat 
Reliability 
Engineering 

Rel. Assessment, 
FMECA, 
Derating Analysis 

In addition to previous 
philosophy, FTA was 
introduced 

Further, Package Design 
Review and Single-Point-
Failure Identification was 
introduced. 

Same as previous 

Parts and 
Material 

Parts were selected based 
on DPA and up-screened 
for FM use 

Parts were procured as 
per RFPs with Source-
screening 

Parts as per RFP, re-
screening and re-lifing of 
detectors 

Detectors as per RFP and 
HMCs from indigenous 
Qualified vendors were used 

Process DSB PCBs were used and 
book-shelf style package 
integration adopted 

MLB from qualified 
vendors were used and 
tray-based package 
integration adopted. 

Preheating, by IR, of MLBs 
with high thermal mass 
was used, Rotary Joint for 
Scatterometer was 
evaluated 

ESD-safety and Contamination 
control became very 
essential… 

Test and 
Evaluation 

Structural Model, EM + FM PFM + FM QM+PFM+FM QM+PFM+FM 

Review and 
Deviations 
Close-out 

Non-Conformance Control 
through Material Review 
Committee, Component 
Review Committee and 
T&E Board 

Configuration change 
control also was 
introduced  

 Documentation came up 
in a big way 

The review system matured 
with the flow being – 
Conceptual Des.Rvw. 
Preliminary Des.Rvw. 
Critical Des.Rvw. 
Preshipment Rvw. 
Mission Readiness Rv. 
Post Flight Anly.Rvw. 

 
An example of the advances made in design, 
assembly and integration techniques and maturity in 
test-philosophy is that the LISS-2A/B cameras of IRS-
1A, weighing l ~150kg, with their heavy optics 
weighing ~60kg, has been reduced to a realized and 
tested design of an equivalent 4 Band Camera 
weighing 1kg and optics weighing ~350g. This camera 
is ready for use on any space program as when 

required. SAC has come a long way from the initial 
times of IRS-1A, where comparatively simple systems 
and hardware were painstakingly integrated over a 
period of approximately 5 years, to the present era 
when very complex, multi-faceted cameras and 
mechanisms are being realized with turn-around time 
of less than 1 year. 
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Electro Optical Payloads’ Hardware Realization  
at Electronic Support Services Area 

 

 Rapuri Raghav Rao, Arun Bindal, C N Joshi, V V Limaye, K M Kavani, J J Mistry, D R Patel, R K Arora 

Electronic Support Services Area, Space Applications Centre 

Space Applications Centre (SAC) has pioneered in 
building highly reliable Electro Optical (EO) payloads 
over several years since inception and presently the 
technology has matured enough to compete with 
world’s best EO payloads. Fabrication and testing 
activities involved in realization of EO payloads has 
grown leaps & bound since first EO payload (Bhaskara-
I) development in 1979. SAC has delivered several state 
of the art payloads like LISS-I/II/III/IV, TES, PAN, AWIFS, 
CARTOSAT, OCM, KALPANA, CCD, INSAT-3D, SIR etc, for 
different satellites over last three decades. Presently 
the advanced EO instruments for MARS mission are 
under realization. 
 
Lift off is highly exciting moment in the life of any 
satellite. However, the success of every satellite 
mission and its very lifespan depends on how the 
system has been designed & built and ensuring a 
reliable system through a series of intensive tests prior 
to the launch that also play significant role. Outer 
space can be considered as an almost perfect vacuum 
and perfect thermal sink. The temperature in outer 
space is around 3K, however depending on where 
satellite is in space (in relation to position of the earth 
and sun) this varies. Satellite attains equilibrium 
temperature at given instance based on its orbital 
position, orientation, internal heat source, 
effectiveness of passive and active thermal design as 
well as thermal properties of external surfaces. Usually 
EO payloads are built for narrow temperature range; 
hence pose equal challenges in providing stringent 
temperature controls during testing. EO Payloads are 
designed and built for variety of applications and the 
hardware consists of optical systems, electronic 
systems, and mechanical support structures. The 
components, subsystems, structures, and the payload 
itself undergo series of screenings, fabrication 

processes, and intensive space like simulation tests 
prior to qualifying them space worthy. 
 
EO payload usually consists of Optical systems, 
detector, detector electronics, detector head 
assembly, payload electronics / camera electronics, 
interconnecting harness, nitrogen purge and vent 
system and mechanical structure to support these 
elements. Electronic Services Support Area (ESSA) is 
contributing in following activities for realization of EO 
payloads:  

• Electronic hardware fabrication 
• Surface treatment of mechanical structures 
• Climatic & Thermal Vacuum Tests 

 
Electronic hardware fabrication  
Optical Sensor Subsystem consists of the Detector 
Head Assembly (DHA) with associated electronics. In 
Bhaskara-I, II, Vidicon tube was utilized for camera 
systems and since then the technology keeps on 
changing with substantial miniaturization. Gradually 
the detectors were available in TO can packaging with 
6 mm or higher lead projection. As the detectors were 
temperature sensitive, low melting point solder 
material (Indium) was utilized and soldered at 160°C. 
Kovar hook up wire was spiralled around individual 
detector leads which then terminated on turrets. 
Detectors with Dual in Line (DIP) packaging (fig1) with 
relatively large optical window and 6 mm or higher 
lead projections required tinning of the leads. 
Soldering of such devices required extreme skills and 
patience as the detector mounting plane must remain 
normal to the optical axis which was essential for the 
optimum optical performance. Hence detector used to 
be mounted on mechanical structure and after PCB 
engagement with detector lead, skill hands soldered 
the leads with restricted soldering temperature 
(<275°C) with minimal flux. 
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Fig 1 : DIP Detector Fig 2 : Link card DHA 

 
Another novel method of soldering Link card on the 
detector leads was adopted (fig2). This facilitated the 
detector leads to be relatively less loaded as the link 
card weigh within 2 grams. Interconnection from link 
card to DHA was carried out with Spec-55 wires. This 
facilitated modularity in process flow. 
 
Gradually the Detector packaging technology advanced 
and presently Lead Grid Array Detectors are under 
wiring and assembly for MARS mission. As the Lead 
pitch decreases (from 2.5 mm of DIP Detectors to 
1.5mm of LGA) localized masking is required which 
masks the tracks laid down between the PTHs (fig 3). 
 

 
Fig 3 : LGA Detector for Mars 

 
Processing Camera Electronics (PLE or CE): Initially the 
camera electronics PCBs comprised of the discrete 
components like leaded resistors, capacitors, diodes 
and transistors. Individual cards were wired and 
connected with harness which used to be terminated 
on turrets (fig 4). Double side PCBs were used for 
realization of camera electronics/payload electronics. 
 

 
Fig 4 : DE Package   Fig 5 : PLE Tray 

 

Gradually with advancement of component packaging 
technology DIP–ICs and SMD components were 
incorporated in design and with availability of fine 
pitch devices like Flat Packs, Ceramic Quad Flat Pack 
(CQFP) design are now built on Multi Layer Boards. 
Surface mount devices, fine pitch devices (20 Mil) have 
helped bringing down the size of the PCB thus 
providing desired miniaturization and tray type 
packaging (fig 5). 
 
Harnessing, Routing & Integration (fig 6): In early days 
turret wiring was the method for interconnecting 
detector to DHA PCB and for DHA to Camera 
electronics, normal D-Sub Connector harness was 
utilized. The activity was very critical considering high 
mass turret wiring with restricted temperatures. 
During 2000-2012 detector mounting was started on 
PCB and this facilitated soldering of detector directly 
on PCB. Also Link card soldering on detector pins was 
started in recent years. In INSAT-3D, flexi rigid PCBs 
were utilized where rigid Polyamide PCB was utilized 
for component and detector wiring while the card-to-
card interconnection was fabricated by flexi PCB. This 
approach enabled multi stacking of the cards on one 
over other providing three dimensional packaging for 
DHA. Harness preparation gradually advanced from 
normal D-sub connector in IRS-1C to micro-D 
Connector harness on MARS detector cards. 
Application of Nano D connector with flexi Rigid PCBs 
are under experimentation for Carto-2C/2D. 
 

 
Fig 6: EO Module Assembly 

 
Surface Treatment and Thermal Painting: Material 
selection of EO payload structures is influenced by 
structural strength, density, Coefficient of Thermal 
Expansion (CTE), thermal stability, optical properties, 
electrical properties etc. Surface treatment and 
thermal control coatings are carried out to enhance or 
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modify required surface properties which are not 
inherent to material. 
 
Aluminium alloy 6061T6, Aluminium alloy 2024, Invar, 
Kovar, Magnesium AZ31B alloy, Copper alloys are some 
of the most common material used in fabrication of EO 
payload structures.  
 
Gold plating addresses EMI/EMC requirements, 
solderability of subsystem components and also 
improves corrosion resistance. Gold plating has 
evolved over the years and required properties have 
been achieved and optimized with lesser thickness of 
plating. Silver plating enhances electrical properties, 
solderability and plays as a good base for thermal 
control coatings. Anodizing of aluminium makes its 
surface nonconductive and corrosion resistant. 
Anodizing is again good base for thermal control 
coatings. Black anodizing enhances emissivity and 
absorptivity while making the surface nonconductive 
as well as less prone to contamination. 
 

 
Fig 7: Thermal painted EO Module structures 

 
Invar is most preferred choice for EOM structure owing 
to its low CTE and close match with mirrors and lenses. 
Electroless nickel on invar makes these camera 
structures and MFD’s corrosion resistant and Black 
thermal control coating enhances absorptivity of invar 
and minimizes reflectivity of stray light into optics as 
well as maintains payload in thermal equilibrium. EO 
payload realization capabilities increased over the 
period as new plating line was established for Nickel 
plating of large camera structures with automation & 
control. 

 
 

 
Fig 8: Nickel plating on large EO Payload structures 
 
Black nickel on Invar improves absorptance and 
corrosion resistance. This process is developed to 
achieve low reflection near optics and better emissivity 
properties in a single process and to get rid of 
contamination possibilities from the surfaces closer to 
optics and detectors windows. 
 

 
Fig 9: Black Nickel on Invar process development 

 
Climatic and thermal vacuum testing: 
Subsystems of EO payload undergo climatic tests like 
life tests, temperature cycling, thermal shock, humidity 
cycling, Highly Accelerated Temperature and Humidity 
Stress Test (HAST), Burn-in test, heat treatment, hot 
and cold storage tests etc. as a part of  QA plan. 
Climatic test laboratories are equipped with 28 
different types of test chambers. 



 

| 46 | SAC Courier 
 

 
Fig 10: Emissivity and reflectivity measurement set up 
 
Broad capabilities of these test chambers are 
temperature cycling from -75ºC to 300ºC, Humidity 
exposure from 70 to 95% RH @ 40 to 60ºC DBT. 
Climatic test laboratory has chambers of different sizes 
ranging from 0.1 to 10 m3 capacity. These chambers 
operate round the clock throughout the year and on an 
average 800 tests with 75000 test hours are conducted 
annually. Climatic test laboratory has grown into state-
of-art test facility with standardization & automation. 
It has adopted a “Select and Run” test strategy which is 
highly useful to initiate any required temperature test 
at short notice. Home grown methods have been 
developed to ensure non condensing temperature 
cycling test on sensitive payloads and subsystems.   
 
Very low temperatures up to -100 ºC can be achieved 
in some of the chambers if test parameters demand.  
 
Special test chambers like HAST as recommended by 
JEDEC Standard have been indigenously developed for 
reliability assessment of non-hermetic packaged solid-
state electronic devices in high temperature and high 
humidity condition while getting benefit of shorter test 
duration.   
 

 
Fig 11: HAST chamber 

Highly specialized test solution to conduct Hot & Cold 
tests on optical elements, scan mirror system as well as 

carry out in-situ characterization was developed and 
realized at one of the EO payload development 
laboratory. 
 

 
Fig 12: Chamber for Optical elements characterization 
 
Thermal vacuum testing plays a very important role in 
characterization of payload performance in space like 
environment. Characterization of EO payloads require 
simulation of scene, light source, black body targets 
etc. to be placed around payload inside thermal 
vacuum chamber during such test. Thermal vacuum 
test laboratory has grown from 1.2m dia. chamber to 
5.5m dia. large thermal vacuum chamber to cater to 
the test requirements of various EO missions over last 
three decades. It is equipped with 13 such chambers of 
different sizes for this purpose. SAC has two large test 
chambers catering to EO payload testing (3m 
Thermovac & 5.5m Thermovac).  
 
3m dia. thermovacuum chamber provides test space of 
2.5m dia. and 3.5m Length where as 5.5m dia. 
thermovacuum chamber provides has two sections 
separated by partition thermal shroud. It provides test 
space of 4.8m dia. and 3.75m length for payload 
section which is lined with thermal shroud to attain 
payload temperatures. This chamber has another 
section which is un-shroud area of 5.5m dia. and 3.75m 
Length to accommodate EO payload calibration set up 
like scene simulator, calibration targets, light source 
etc. beyond the partition shroud.  
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Fig 13: EO payloads inside 3m Thermovac 

 
These chambers are built with state of the art clean oil 
free vacuum system, scene simulator shroud, 
cleanliness and contamination control diagnostics, 
vibration isolation payload platform, clean air tent, 
vacuum compatible 4 axis motion system, cryo-target, 
detector cooling solutions, thermal plates etc. and 
have been utilized to test integrated payloads of  
INSAT-3D (Sounder & Imager), VHRR, KALPANA, IRS-1, 
CARTOSAT, Oceansat, Resourcesat, Youthsat, TWSAT, 
Chandrayan-I satellites. Largest chamber at SAC has 
run more than 10000 hours while testing EO payloads.  
 

 
Fig 14: EO payloads inside 5.5m Thermovac 

 

 
Fig 15: Portable thermal vacuum chamber for EO P/l 
Two portable table top thermal vacuum chambers with 
unique configuration have been developed for 
enabling in-situ characterization of EO payloads as well 
as for LTC. Currently augmentation of 3m Thermovac is 
under progress to extend its temperature capabilities 
as well as for improved control and automation. 
 

A few glimpses of the evolution in EO payload 
electronics are given in Table-1. 
 

Table 1: A Few Glimpses of the Evolution in EO 
Payload Electronics 

 
Year Images 

1990-
2000 

 
 

2000-
2010 

 
 
 
 
 
 
 
Cu Magnet Wire Soldering from Detector Lead to 
Turrets 

2010-
2013 

 
 
 
  
 
 
  
        HMC                         LGA 
 

Future  
 
 

 
 
 
 
 
 

 
 

PLE packages with  
Turret Wiring  

TO Can Detector 

Carto-1 DHA  
with Link Card 

Flexi Rigid DHA 

Camera Module  Flexi Rigid DHA 
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आईआरएस-1ए के �लए भू-स्ेेश का �शमार् 
श् �वकम देसाई 

सै्कॉम शे्वकर  �वकास ग्र (एसएशड�ज )्, �वकास एव ंेैि�क संचार यू�श् (डेकू) 

भारत्य अंत�र� अश्संधाश इकाई (इसरो) 
 

भारत के प्म पचालशे्ल सद्रू सवेंदश उरग् 

आईआरएस-1ए के �लए भ-ूस्ेेशन के �वकास, ससं्ारशा 

और चाल ू करशे क� िजममेदार� अतं�र� उरयोग क� द, 

अ्मदाबाद के सचंार �ेत म� कायररत श् व्.के.गगर के शेततृव 

वाल् ्�म को स�रा गया। 

 

डॉ. एस.ब्.ेमार  शे ��क आव�ृ� (एस और एकस) भर् के 

�वकास क� च्शौत् सव्कार क�,  श् राम ेेषश शे एस और 

एकस ब�ड अधो-र�रवतरक, श् आर.व्. �सं्  शे अशव्तरश 

शृंृ ला ्ेत ्�शमश रव पवधरक, श् ए.के. �ससो�दया एव ंश् व्. 

रामकृष् शे �डमाड्लकन,  श् भरूाल �सं्  शे अशव्तरश 

अ�भगा्� और म�शे एशआरएसए, ेादशगर म� भ-ूस्ेेश के 

एक�कर्, ससं्ारशा और चाल ूकरशे का कायर �कया। 

 

सकै म� सभ् उर प्ा�लयन का �वकास एव ं रर��् �कया 

गया, ततरपात त, ससं्ारशा और चाल ्करशे के �लए ेादशगर 

(्ैदराबाद के रास) भेजा गया।  
 

आईआरएस-1ए अतं�र� याश के सा् बेड बोडर सतर रर डे्ा 

�रस्वर शृंृ ला क� सगंतता का रर��् भ् आईजेक (र्णया 

औ�ो�गक एस्े्) म� सफलतारवूरक �कया गया। 

एक�कर् और ससं्ारशा के रपात त, आईजेक, ब�गलोर के डॉ. 

सरे्नद राल के शेततृव म� अतंर क� द रर��् एव ंमलूयांकश 

्�म �ारा ेादशगर म� भ-ूस्ेेश रर��् और मलूयांकश 

सफलतारवूरक �कया गया। 
 

ेादशगर म� प्ाल् के एक�कर्, ससं्ारशा और चाल ूकरशे 

के �लए इंज्�शयरन क� एक यव्ा ्�म (श् आर.के.मालव्या, 

श् द�रक दवे, श् ड�.आर.पजार�त, श् एस.र्.वषै्व, श् 

ड�.एस.रर्ो�्त, श् एस.ज्. वषै्व, श् एच. �्ररारा, श् 

व्.रामकृष्,आ�द) और तकश्�ेयश ( श् के.ब्.र्ेल, 

सवगगय श् ए.के.रचंाल आ�द) मेरे सा् एक म्�शे तक व्� ं

तशैात ्े।  
 

सकै, अ्मदाबाद से पे�षत उर प्ा�लयन क� ससं्ारशा के 

�लए एशआरएसए के श् ड�.व्.राजू, श् व्.�लमये, श् 

क्लक्ग और श् देेरांडे शे स्योग और रू् र स्ायता पदाश 

क�।  
 

��क आव�ृ� फर् और �डमाड्लको का �वकास च्शौत् भरा 

कायर ्ा, जो सकै  ्�म शे �शधार�रत समय के भ्तर ररूा 

�कया।  

 

य् 18 माचर 1988 क� सब्् ््, जब ेादशगर म� 

आईआरएस-1ए भ-ूस्ेेश �ारा र्ला �चत पार �कया गया, 

म�शे श् व्.के.गगर, श् �कर् क्मार, डा.कसतरू� रंगश 

(र�रयोजशा �शदेेक, आईआरएस), पो. य.ूआर. राव (अधय� 

इसरो) और सकै, एशआरएसए, आईजेक और इसरो 

मख्यालय के अशेक व�ैा�शकन और इंज्�शयरन के सा् 

सफलता क� ृ्े् का अशभ्व �कया। य् एक अ�वसमर््य 

दृय ्ा।  
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