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The launch of Radar Imaging Satellite (RISAT-1) 
marked a new chapter in the remote sensing pro-
gramme of Indian Space Research Organisation 
(ISRO). RISAT-1, carrying a multi-mode Synthetic 
Aperture Radar (SAR) system, will provide comple-
mentary imaging capability in microwave along with 
optical images, being obtained from the well-established 
IRS class of satellites. RISAT-1 supports a variety of 
resolution and swath requirements. Both conventional 
stripmap and scanSAR modes are supported, with 
dual polarization mode of operation. Additionally a 
quad polarization stripmap mode is provided for 
availing additional resource classification. In all these 
modes, resolutions from 3 to 50 m can be achieved 
with swath ranging from 25 to 223 km. On experimental 
basis, a sliding spotlight mode is also available. In all 
the imaging modes, a novel polarimetry mode called 
circular or hybrid polarimetry can be exercised seam-
lessly. The system is capable of imaging on either side 
of the flight track depending upon prior programming 
of the satellite. The satellite is placed in a Sun-synchro-
nous orbit with 6 am–6 pm equatorial crossing. This 
orbit configuration is chosen to maximize solar power 
availability. The satellite has an on-board-solid state 
recorder for supporting data acquisition beyond 
ground station visibility. The payload is based on ac-
tive antenna array technology. Crucial technology 
elements like C-band MMICs, TR module and minia-
turized power supplies have already been developed in 
India. A pulsed mode near-field test facility has also 
been developed in-house in order to characterize the 
payload in the integration laboratory itself. 
 
Keywords: C-band, near field antenna facility, radar  
imaging satellite, stripmap mode, scanSAR mode, Syn-
thetic Aperture Radar, transmit–receive module. 

Introduction 

SINCE the launch of SeaSAT mission in 1978, there was a 
spurt of operational and experimental spaceborne Syn-

thetic Aperture Radar (SAR) missions by major space 
agencies. The major SAR missions carried out over the 
last three decades1–13 have covered significant grounds in 
SAR applications from L to X bands. SAR system con-
figuration also graduated from single-beam fixed resolution 
system to multiple resolution and swath systems. Conse-
quently, SAR technology also witnessed transformation 
from passive antenna-based system to active antenna/ 
phased array-based systems (e.g. PALSAR, Radarsat-1 
and -2, TerraSAR-X1, etc.). Growing application needs 
have brought about significant changes in SAR systems, 
over the period, from single polarization configuration to 
multi-polarization/polarimetric configuration. 
 Along with the presently orbiting spaceborne SAR sys-
tems (Table 1), Radar Imaging Satellite-1 (RISAT-1), 
which has been launched on 26 April 2012, is available to 
the international SAR community and researchers as a 
source of multi-resolution/multi-swath/multi-polarization 
SAR data. RISAT-1 is a new class of satellite, dedicated 
to imaging in the microwave band. Its primary aim is to 
complement and supplement operationally optical imag-
ing systems, being flown in its established Indian Remote 
Sensing (IRS) class of satellites. RISAT-1 carries a multi-
mode SAR satellite in C-band as the sole payload. 

Mission objectives 

The primary applications envisaged for RISAT-1 are: (a) 
Agriculture monitoring, mainly during monsoon season 
and (b) flood mapping, as part of the National Disaster 
Management Programme. Agricultural monitoring, based 
on Radarsat-1 and -2 data, has been made operational in 
India. RISAT-1 is designed to maintain continuity of ser-
vice and improve temporal sampling. Hence, C-band was 
selected as the operating frequency. For monitoring 
growth cycle of paddy, the principal crop cultivated dur-
ing monsoon season, a revisit period of 25 days, with the 
same incidence angle reference, was decided upon. Con-
sequently, two scanSAR swath modes of 223 km swath/ 
50 m resolution and 115 km swath/25 m resolution were 
selected. Flood mapping and monitoring require both 
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Table 1. Major international spaceborne SAR missions (currently operational) 

  Frequency band, 
SAR system Operational from resolution (azimuth × range) Swath 
 

Radarsat-1 November 1995  C-band, 9–100 m 45–510 km 
Radarsat-2 December 2007  C-band, 3–100 m 10–500 km 
TerraSAR-X1 June 2007  X-band, Spotlight 1: 5 km × 10 km,  
  Spotlight 1: 1 m × 1.2 m Spotlight 2: 10 km × 10 km, 
  Spotlight 2: 2 m × 1.2 m Stripmap: 40 km, 
  Stripmap: 3.2 m × <3 m ScanSAR: 100 km 
  Scan SAR: 15 m × 15 m 

COSMO- June 2007 X-band Spotlight: 10 km × 10 km 
Skymed 1, 2, 3 December 2007 Spotlight: 1 m Stripmap: 40 km × 40 km 
 October 2008 Stripmap: 3 m PingPong: 30 km × 30 km 
  PingPong: 15 m WideRegion: 100 km × 100 km 
  WideRegion: 30 m ScanSAR: 200 km × 200 km 
  ScanSAR: 100 m 

 

 
 

Figure 1. Illustration of imaging modes of RISAT-1. 
 
 
wide area coverage with 25–50 m resolution as well as 
high-resolution imaging of specific area to assess damage 
of infrastructure. So additionally, a fine-resolution (3 m) 
stripmap mode was envisaged for this purpose along with 
scanSAR modes. Of paramount importance is the quick 
revisit of the order of two days for the Indian subconti-
nent. With variable incidence angle coverage on either 
side of the flight track and suitable orbit choice, this ob-
jective can be met within 24 h for most flood-prone areas 
of India like Assam and Bihar. 
 Fine-resolution stripmap (FRS) mode of RISAT will 
provide additional imaging tool for monitoring large 
number of infrastructure projects being undertaken in 
various parts of India to support our rapidly growing 
economy. Other potential applications are: vegetation, 
forestry, soil moisture, geology, sea ice, coastal processes 
and man-made object identification. 

Imaging capability 

RISAT-1–SAR payload is a multi-mode SAR which will 
operate from a Sun-synchronous orbit at a nominal alti-

tude of 536 km. Based on the mission objectives, the basic 
imaging modes for this payload are as follows (Figure 1): 
 
• Coarse Resolution scanSAR Mode (CRS): 50 m reso-

lution, 223 km swath, co and/or cross polarization. 
• Medium Resolution scanSAR Mode (MRS): 25 m 

resolution, 115 km swath, co and/or cross polariza-
tion. 

• Fine Resolution Stripmap Mode-1 (FRS-1): 3 m reso-
lution, 25 km swath, co and/or cross polarization. 

• Fine Resolution Stripmap Mode-2 (FRS-2): 9 m reso-
lution, 25 km swath, quad polarization. 

 
FRS-1 is a conventional stripmap mode of SAR operation. 
MRS and CRS are 6- and 12-beam scanSAR configura-
tion respectively, where each of the sub-swath is over-
lapped on the adjacent ones by ~8 km. At the edges of MRS/ 
CRS sub-swath, the antenna gain drops down sharply. 
Hence, comparatively large overlap is maintained to pro-
vide additional margin. 
 FRS-2 is basically a two-beam scanSAR mode, where 
instead of switching the beam pointing, transmit polariza-
tion is switched alternatively and the back-scattered sig-
nal is received in two linear polarizations. As far as 
radiometric resolution is concerned, all the images are  
available in single-look only, except in CRS mode, where 
the possibility of two range looks is provided. 
 High-resolution spotlight mode (HRS) has been added 
to provide a sliding spotlight image of 10 km × 10 km 
with better than 2 m resolution in co and/or cross polari-
zation. Provision is also made for an experimental capa-
bility to increase the azimuth extent up to 100 km in HRS 
mode. Detailed performance specifications of the various 
imaging modes are provided in Table 2. 
 All the above-mentioned imaging modes can be operated 
in hybrid polarimetry mode14 or circular polarimetry 
mode as referred to in RISAT-1 parlance. In this mode, a 
pulse is transmitted in circular polarization and the  
received signal is digitized in two linear polarizations. 
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Table 2. RISAT-1 image quality parameters 

Swath coverage  Selectable within 107–659 km off-nadir distance on either side 
Incidence angle coverage 12°–55° 
Image quality  
 Mode  Polarization 
 Single pol Dual pol Circular (hybrid) Quad pol 
 HH/HV/VV/VH HH + HV/VV + VH polarimetry HH + HV + VV + VH 
   TX: CP  
   Rx: V and H  
   (experimental)  

HRS 1 m (azimuth) × 0.67 m (range) resolution, 
 10 × 10 km (10 × 100 km experimental) spot, 
 Min σ0 = –16 dB 

FRS-1 3 m (azimuth) × 2 m (range) resolution, 
 25 km swath, 
 Min σ0 = –17 dB 

FRS-2   3 m (azimuth) × 4 m 9 m (azimuth) × 4 m 
   (range) resolution, (range) resolution, 
   25 km swath, 25 km swath, 
   Min σ0 = –19 dB σ0 = –20 dB 

MRS 21–23 m (azimuth) × 8 m (range) resolution, 
 115 km swath, 
 Min σo = –17 dB 
CRS 41–55 m (azimuth) × 8 m (range) resolution, 
 223 km swath, 
 Min σ0 = –17 dB 

 

 
 

Figure 2. Imaging geometry of RISAT-1. 
 
 
The hybrid polarimetry mode does not require doubling 
of pulse repetition frequency (PRF) as in the case of lin-
ear polarimetry. So unlike linear polarimetry mode where 
incidence angle coverage is very narrow to accommodate 
data collection with doubled PRF, hybrid polarimetry 
mode can be operated seamlessly over all incidence  
angles and all resolution-swath modes as PRF remains 
unchanged. 
 The SAR can image on either side of the track by roll 
tilting of the spacecraft. However, imaging option of  
either on left or right side is operationally kept fixed in 
any particular orbit. On either side, imaging area is  

restricted over 550 km distance starting at a stand-off dis-
tance of 107 km (Figures 1 and 2). 

RISAT-1 satellite 

The RISAT-1 spacecraft has been built around the SAR 
payload in order to optimize the spacecraft weight and 
structure. RISAT-1 satellite, in fully deployed configura-
tion, is shown in Figure 3. The prism shape of the satellite  
allows stowing of the active antenna, in three folds 
around the prism structure. The prism structure is built 
around a central cylinder. Most of the spacecraft subsys-
tems and the complete payload are integrated in the prism 
structure and the central cylinder. The solar panel and the 
rest of the spacecraft subsystems are mounted on the  
cuboid portion of the RISAT-1 satellite, so that the deplo-
yed antenna does not cast its shadow on the solar panels. 
In-orbit mass of the satellite is around 1858 kg, of which 
the SAR payload contributes around 950 kg. Two solar 
panels with high efficiency multi-junction solar cells, 
charge Ni–H2 batteries with 70 Ah capacity. The battery 
sizing is done such that it is possible to operate maximum 
of 10 min duration in each orbit. The satellite has the  
capability of storing up to 240 Gbits of data in the solid 
state recorder (SSR) on-board. The on-board data trans-
mitter can transmit with a maximum data rate of 
640 Mbits/sec in X-band, on two polarizations (RHC and 
LHC) on the same X-band carrier. 
 In the non-operating condition, the active antenna 
points towards nadir. Prior to operation, the spacecraft 
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Figure 3. Artistic and actual view of RISAT-1 with antenna in deployed and stowed condition. 
 

 
Table 3. Salient features of RISAT-1 spacecraft 

Orbit Circular polar sun synchronous 
Orbit altitude 536 km 
Orbit inclination 97.552° 
Orbit period 95.49 min 
No. of orbits per day 14 
Equator crossing  6.00 a.m./6.00 p.m. 
Spacecraft height 3.85 m 
Mass 1858 kg 
Power Solar array generating 2200 W and  
   one 70 AH Ni-H2 battery 
Max power handling capacity  4.3 kW 
Data rate 2 × 160 Mbps (total 640 Mbps in  
   two chains) 
SSR 240 Gbits (End of Life) 
TT&C  S-band 
Payload down link  X-band 
Power  70 V bus/42 V bus 
Pointing accuracy  0.05° 
Drift rate 5.0 × 10–5 °/sec 
Attitude knowledge  0.02° 

 
will be roll-tilted by ±36° to enable viewing either the 
right or left side of the flight track. Additionally, the  
satellite has a capability of pitch steering up to ± 13° for 
operation in HRS mode. The satellite also has yaw steer-
ing capability in order to minimize the earth rotation  
effects on the SAR signal. In fact, yaw steering imple-
mented on-board ensures Doppler centroid within 
± 100 Hz. RISAT-1 operates in a sun-synchronous orbit 
at an altitude of 536 km with revisit period of 25 days for 
MRS mode. Equator crossing time is kept at 6 a.m.  
(descending)–6 p.m (ascending). in order to minimize 
eclipse period to the extent of maximum of 20 min during 
summer only, that too in the southern hemisphere, and to 

ensure maximization of battery charging period. Salient 
features of RISAT-1 satellite are presented in Table 3. 

SAR system design considerations 

The basic goal of SAR system design was to provide 3 m 
resolution capability as well as 115 km swath with coarse 
resolution of 25 m. Also fine resolution requirement of 
3 m, in stripmap mode, restricted the antenna length to 
6 m. Further imaging capability from 12° to 55° inci-
dence angle, with the above modes with basic beam illu-
mination requirement over 25 km swath per beam, 
restricted the elevation width to 2 m. The limitation in 
width of the antenna was also dictated by accommodation 
envelop of PSLV. The 1 : 3 ratio of antenna dimensions 
also resulted in basic prism-shaped architecture of 
RISAT-1 spacecraft with simplified deployment mecha-
nism. These two basic imaging modes were compatible 
with the existing capability of data transmission rate of 
640 Mbps with 4 BAQ (Block Adaptive Quantization)  
operation. ScanSAR mode of operation dictated a choice 
of either phased array or active array architecture. The  
latter though complex, was selected mainly from consid-
eration of availability of existing technology in India. 
Power sizing of transmit–receive (TR) modules in the  
active antenna was carried out from the prime considera-
tion of meeting the user requirement of minimum noise 
equivalent σ0 ~ –18 dB. 
 The SAR system was conceived to provide simultane-
ously co- and cross-polarization response and system  
architecture was drawn accordingly. A quad polarization 
mode (FRS-2) was added after taking advantage of the 
dual polarized configuration of the SAR system. 
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Table 4. Hardware specification of RISAT-1–SAR 

Frequency  5.350 GHz 
Antenna type  Printed antenna 
Antenna size  6 m (along flight) × 2 m (cross flight) 
Side lobe level  –13 dB (azimuth), –13 dB (elevation) 
No. of TR modules  288, each with 10 W peak power 
Pulse width  20/10 μs 
Average DC input power  1.8–3.9 kW 

 HRS FRS-1 FRS-2 MRS/CRS 
Chirp bandwidth (MHz) 225 75 37.5 18.75 
Sampling rate (MHz) 250 83.3 41.67 20.83 
PRF (Hz) 3500 ± 200 3000 ± 200 3000 ± 200 3000 ± 200  
Quantization 2/3 bit BAQ  2/3/4/5/6 bit BAQ 
Maximum data rate 739 Mbits/sec  556 Mbits/sec 564 Mbits/sec 142 Mbits/sec 
@ 3 bit BAQ for HRS (single polarization) (single polarization)  (single polarization) 
@ 6 bit BAQ for rest of the modes 1478 Mbits/sec 1112 Mbits/sec  284 Mbits/sec 
 (dual polarization) (dual polarization)  (dual polarization) 

 

 
 

Figure 4. Simplified schematic of RISAT-1 SAR system configuration. 
 
 RISAT-1 SAR architecture was unique in the sense for 
H and V polarization transmission, separate TR modules, 
with independent transmit and receive chains, were pro-
vided. In other SAR systems of similar active array archi-
tecture (e.g. TerraSAR-X, Radarsat-2), one Solid State 
Power Amplifier (SSPA) is switched between V and H 
transmission. This advantage of architecture was har-
nessed to add hybrid polarimetric measurement as a sepa-
rate feature. 
 Though the main aim of RISAT-1 is to provide SAR 
data to users operationally, purely from technology ex-
perimentation consideration, sliding spotlight mode (HRS) 
was introduced in the configuration. Introduction of HRS 
mode called for substantial increase in system bandwidth 
and data rate. 

SAR system on-board RISAT-1 

The SAR system, on-board RISAT-1, is configured on a 
dual receiver concept (Figure 4) providing identical reso-

lution and swath in both simultaneous operation in  
co- and cross polarization. Single feeder SSPA is shared 
between the two linear polarization channels for main-
taining common amplitude and phase reference. Major 
specifications of the SAR system are summarized in  
Table 4. The SAR system consists of two broad seg-
ments, namely (i) deployable active antenna and (ii) RF 
and baseband systems housed on the satellite deck. 

Deployable active antenna 

The Earth-facing side of the active antenna is a broad-
band dual polarized microstrip radiating aperture. The ac-
tive antenna system consists of three deployable panels, 
each of 2 m × 2 m size. Each of the panels is subdivided 
into four tiles of 1 m × 1 m size (Figure 5). Each tile con-
sists of 24 dual polarized linear arrays, aligned along the  
azimuth direction. Each of the linear arrays, of length 
1 m, is basically composed of 20 equispaced microstrip 
patches, EM coupled by two orthogonal strip line
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Figure 5. Organization of RISAT-1 antenna with detailed view of a tile. 
 
 

 
 

Figure 6. Typical configuration of microstrip patch used in RISAT-1. 
 
 

networks (Figure 6). Each of these linear arrays is fed by 
functionally two separate TR modules feeding two sepa-
rate distribution networks for V and H operation with the 
same radiating patches. The outer duroid layer also dou-
bles up as a radome and the patches are printed on the  
inner side of the outer duroid layer. A glass-wool blanket 
on the antenna isolates it from heating by the Earth as 
well as solar radiation or from cooling in the absence of 
solar radiation, when the antenna points away from solar 
illumination. 

 The printed antenna is grown on one side of a Carbon 
Fibre Reinforced Plastic (CFRP) honeycomb plate. The 
rest of the active antenna electronics is mounted on the 
other side of this plate. Fast beam switching and beam-
width control is achieved by electronic elevation beam 
control in the active antenna. Sixty-one beam-pointing 
positions have been identified to enable imaging any-
where over 550 km region on one side of the sub-satellite 
track, with the best possible performance. Each beam is 
centred at off-nadir intervals of ~ 9 km. Two additional 
beams with no pointing (0° with respect to antenna orien-
tation angle, i.e. ± 36°) are defined for two halves of the 
antenna, 6 m × 1 m each. Therefore, there are 63 beam 
positions defined for imaging on each side of the sub-
satellite track. As a result, a total of 126 beams are used 
for imaging on either side of the track. Option of yaw rota-
tion for left–right imaging would have reduced the require-
ment of the number of beams by half. But operationally, 
this option would have an implication on the time for 
switching to imaging on either side of the track. 
 The active beam-width in elevation direction is con-
trolled such that for each beam a 25 km swath with near 
identical σ0 performance is achieved irrespective of the 
elevation pointing. Typical σ0 performance over different 
off-nadir distances is shown in Figure 7. TR-modules are 
switched off in the width direction, equally from the 
outer edges of the two adjacent tiles to control elevation 
beam-width between 2.48° and 1.67°. Such a strategy has 
been adopted for elevation beam control for easing out 
thermal management. 
 The peak RF power, fed by each TR module, is 10 W 
at a duty cycle of ~ 7%. These two functionally separate 
TR modules are housed in two different physical enclo-
sures, sharing the same power supply and TR control 
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electronics (TRC). Basic architecture of TR module is 
shown in Figure 8. Phase and amplitude control of the TR 
module is achieved by 6 bit phase shifter and 6 bit at-
tenuator, which in turn are shared by both transmit and 
receive paths. Each of the TR modules is extensively 
characterized over ambient temperature from –10°C to 
60°C. Typical temperature-dependent characteristics of a 
TR module are shown in Figure 9. The low noise ampli-
fier (LNA) of the TR module is protected by a PIN diode 
switch. At the circulator output a coupler provides the re-
quired calibration stimuli. On the tile, two rows of TR 
modules, each consisting of 12 modules, feed alternate 
antenna arrays. 
 Both the TR modules (H and V) and TRC are powered 
by a miniaturized pulsed Electronic Power Conditioner 
(EPC) called Power Conditioning and Processing Unit 
(PCPU). Application Specific Integrated Circuit (ASIC)-
based TRC controls both H and V TR modules and 
PCPU. Power sequencing is such that both transmit and 
receive paths are switched on by power pulsing only, for 
the required duration in every PRI (pulse repetition inter-
val), in order to conserve power. It not only sequences the  
 
 
 

 
 

Figure 7. Minimum σ0 performance over the swath for FRS-1 mode 
operation. 

 
 

 
 

Figure 8. Block schematic of a TR module for RISAT-1. 

smooth operation of TR modules, but also provides requi-
site temperature compensation of phase and amplitude 
variation from stored characterization table. A thermistor 
voltage from the TR modules provides the requisite input 
for appropriate reading of LUT (look-up table). 
 All the 24 TR modules on the tile are controlled by one 
Tile Control Unit (TCU). It provides synchronization of 
TR modules with a master reference. It also provides  
requisite amplitude and phase correction required on each 
TR module for appropriate collimation for a particular 
beam pointing and pattern weighting. No weighting is 
possible to be provided during transmission as all the TR 
modules operate in saturation condition. Only on recep-
tion, is the weighting applied. 
 The RF pulse from the feeder SSPA is distributed to 
three panels where in turn they are again distributed to 
four tiles. In each tile, the signal is fed into two sets of 
TR modules via two 1 : 12 RF distribution networks 
(DNs). The two sets of TR modules, grouped on each side 
of the tile, feed alternate rows of linear arrays. Consider-
able emphasis has been laid in matching group delay 
through different signal distribution paths, to the tune of 
10 ps, in order to get the optimal frequency response over 
the signal bandwidth. A glimpse of the active antenna 
subsystems developed and qualified at ISRO is provided 
in Figure 10. 
 An extensive on-board calibration facility is provided 
with the help of a set of CAL switches and dedicated  
distribution networks, for calibrating transmit and receive 
paths of each of the TR modules separately. This switch 
matrix also provides calibration of the feeder SSPA and 
receiver path, bypassing the active antenna. 
 The peak power from the active antenna is 2880 kW 
and it consumes up to 3.1 kW DC power during SAR  
operation. Thermal management of the tiles under such a 
large dissipation during SAR operation is of prime impor-
tance. A set of four heat pipes, embedded in the CFRP 
honeycomb substrate of the tile, carries away heat from 
the base of the TR modules and PCPU to the Optical  
Solar Reflector (OSR). The OSR is pasted on the edge of 
the printed patch antenna. The back side of all the tiles is 
covered with a Multi Layer Insulation (MLI) blanket for 
thermal isolation from free space or from the Sun depend-
ing upon the antenna position. During SAR operation, the 
temperature of the active antenna will be maintained  
between 0°C and 50°C. 

RF and baseband subsystems 

The RF and baseband subsystems are housed on the satel-
lite deck just behind the static antenna panel. The block 
schematic of the same is shown in Figure 11. Two sepa-
rate chains of receiver (Rx) and Data Acquisition and 
Compression System (DACS) cater to simultaneous  
operation in two polarizations. However, feeder SSPA, 
frequency generator (FG) and digital chirp generator
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Figure 9. Typical temperature-dependent characteristics of TR module. 
 
 

 
 

Figure 10. Active antenna components developed for RISAT-1 indi-
genously. a, Dual Polarised Antenna; b, MMICs; c, TR module; d, 
Miniaturized PCPU and e, TR control. 

(DCG) are common to both the polarization chains. All 
the subsystems are configured with 100% redundancy. 
Feeder SSPA transmits a chirped pulse of 20 μsec to the 
active antenna during transmission duration. However, in 
circular polarimetry mode, the pulse width is reduced to 
10 μsec to maintain power balance as in this case both the 
SSPAs in V and H TR modules are active. Flexible DCG 
generates expanded pulses of four different bandwidths of 
225/9, 75/9, 37.5/9 and 18.75/9 MHz for operation in 
various imaging modes. They are I–Q modulated at  
intermediate frequency (IF) of 500 MHz and frequency 
multiplied nine times in FG to final RF frequency of 
4.5 GHz with chirp bandwidths 225, 75, 37.5 and 
18.75 MHz respectively. Finally, the 4.5 GHz chirped 
carrier is up-converted with an IF of 850 MHz to a final 
carrier of 5.35 GHz. 
 The combined receive signal from the active antenna is 
down converted with an LO of 4.5 GHz to IF of 850 MHz. 
The IF signal is subsequently I–Q detected prior to digiti-
zation. No provision for on-board range compression  
exists. Hence, range compression has to be carried out on 
ground. The baseband I–Q detected received signal is 
suitably band limited to maximize signal-to-noise ratio 
(SNR) by a set of four selectable I–Q filters. 
 The first stage of the data acquisition unit is an 8 bit 
digitizer which digitizes the received signal at 250 MHz. 
Subsequently, the data are decimated depending upon the 
mode and fed to the BAQ subsection. RISAT provides 
the unique feature of user selection of seamless BAQ  
option, from 2 to 6 bits, depending upon the application 
requirements. However, for HRS mode, BAQ is limited
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Figure 11. Configuration of RF and baseband system. 
 

 
 

Figure 12. SQNR performance of DACS measured in the laboratory. 
 
 
to 2–3 bits to maintain maximum data rate per channel up 
to 750 Mbits. Typical measured signal to quantization 
noise ratio (SQNR) performance of DACS is shown in 
Figure 12. 
 The choice of antenna dimension puts a constraint in 
the selection of PRF within a range of 2800–3700 Hz 
from both Doppler sampling requirement and range  
ambiguity consideration. Total data rate from the SAR 
payload to Spacecraft Data Handling subsystem ranges 
from 140 to 1,500 Mbps. 

Payload control and management 

RISAT–SAR payload is controlled by an array of control-
lers organized in three-tier hierarchy as depicted in Fig-
ure 13. At the top level of hierarchy, complete payload is 
controlled by a central computer called Payload Controller 
(PLC), which interfaces with all the RF and baseband 
subsystems: DCG, V and H Receivers, FG, Feeder SSPA, 
calibration Switch Matrix and DACS. PLC is an autono-
mous controller with the only spacecraft interface being 
DC power and 1553 interface with On Board Computer 

(OBC) of the spacecraft. OBC is the central computer of 
the spacecraft. PLC generates all the timing signals  
required for synchronized operation of the SAR payload. 
The payload operation is controlled and managed 
autonomously by PLC. OBC translates the ground com-
mand to suitable instructions to PLC for macro-level  
payload operation sequence. 
 Six serial data channels, each operating at 240 Mbps, at 
the DACS output are directly interfaced with the Base-
band Data Handling Unit (BDH) of the spacecraft for fur-
ther formatting, recording, encryption and transmission to 
ground reception system. The sensor operates with vari-
able PRF and variable data window depending upon the 
antenna position. In scanSAR mode, different bursts are 
operated at different PRFs and different data window 
lengths. In order to maintain constant data rate at the data 
transmission end, two levels of formatting are imple-
mented. DACS formats every record with separate auxil-
iary data and pseudo-random noise (PN) sequence header. 
In the BDH subsystem, fixed number of bytes from the 
payload data is collected and reformatted. In case, no data 
are available from DACS during formatting, null data are 
posted. In the on-board recorder, null frames are not 
stored. However, for maintaining data rate constant for 
ground transmission, null frames are sent along with 
valid data in real time mode. 
 The payload controller in turn controls the active antenna 
via the TCUs residing in each tile. PLC essentially trans-
mits beam definition command and switching sequence 
definitions to the active antenna. It also provides syn-
chronization signals for beam switching and pulse opera-
tion to TCU, which in turn relays them back to TRC. PLC 
also sends the beam weighting function definitions and 
residual amplitude and phase correction parameters to 
TCU so that collimation of the beam is ensured.  
Default values of these parameters have been stored on-
board in PLC, after integrated testing of the antenna. Pro-
vision is made to impart these corrections either from 
hard coded parameters residing in LUT of PLC or from
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Figure 13. Three-tier control of RISAT-1. 
 
 

 
 

Figure 14. Degradation in gain of RISAT-1 antenna because of ran-
dom failure of TR modules. 
 
 
OBC, with parameters uploaded from the ground. How-
ever, till today, there has been no need to upload the col-
limation parameters from the ground. 
 TCU controls beam pointing and beam setting in a tile 
via TR controller. It also sequences TRM power on/off 
command. TCU transmits TR module-specific beam 
shifting, beam weighting, and phase and amplitude co-
efficients, after due correction of phase and amplitude 
mismatch, to specific TR modules. 
 Each of the TR modules is controlled by the corre-
sponding TRC. Each TRC controls two independent TR 

modules, each dedicated for one polarization and one 
EPC (PCPU) powering the TRC and two TR modules. 
TRC has in its memory all the temperature-related phase 
and amplitude calibration data for each TR module and 
imparts the corresponding corrections from instantaneous 
measurement of ambient temperature. 

Redundancy approach 

Separate main and redundant chains are provided for the 
RF and baseband subsystems. However, for tile electron-
ics, no redundancy is provided except for TCU. TCU is 
arranged in main-redundant configuration, printed on the 
same Printed Circuit Board (PCB), fed by two separate 
power supplies. Additionally, cross patching is provided 
between PLC-main and PLC-redundant and TCU-main 
and TCU-redundant, to ensure better reliability. Random 
failure in TR modules will lead to graceful degradation in 
antenna gain as predicted in Figure 14. 

Performance of integrated payload 

RISAT-1 SAR has a total of 126 antenna beams. Each 
beam definition comprises two transmit beams and two 
receive beams in H and V polarizations. These 126 beam 
pointings are divided into 63 pointings for each side of 
the satellite track. Since left and right orientations are 
achieved in the shortest time by roll tilting, the 63 pointings
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Figure 15. Integrated RISAT Active Antenna in near-field antenna test set up in the clean room. a, In stowed condition, prior to  
deployment; b, After deployment. 

 
 

 
 

Figure 16. Time domain isolation of unwanted returns in the pulse 
compression-based near-field measurement system for antenna pattern 
measurement of RISAT–SAR. 
 
 
on either side of the flight track are distinct. These point-
ings also include two patterns at zero pointing with  
antenna illumination of two longitudinal halves of  
antenna of 6 × 1 m dimension. Antenna pattern was 
measured in the integration laboratory itself. The meas-
urement philosophy is based on a novel concept of planar 
near field (PNF) using time gating (Figure 15). It has  
facility to measure both transmit and receive pattern 
measurements in both polarizations using the SAR pulse. 
 The measurement was carried out under zero-g condi-
tion. The proposed measurement scheme ensured that the 
mechanical references are kept the same for the four  
different pattern (Tx-V, Tx-H, Rx-V and Rx-H) meas-
urements. The scanner is basically capable of scanning a 
probe in the X–Y plane of the clean scan area of 
8 m × 4 m. However, it has a limited Z-axis scan capabi-

lity of 20 cm. The scan plane is made parallel to the actual 
antenna plane. A laser tracking instrument provides  
information about the antenna plane. 
 The PNF set-up is integrated with the payload such that 
payload itself is the source of PNF signal and payload re-
ceiver and digitizer are used as PNF receiver. The probe 
movement and CNC control are synchronized with the 
payload operation such that the radar chirp pulse itself is 
used as a stimuli for near field (NF) measurement. Phase 
and amplitude information for NF measurement at differ-
ent scan positions is derived from the compressed pulse 
response. In fact, at each scan position, the beam pointing 
is rotated through 12 pointing positions so that in effect 
any 12 antenna patterns can be measured simultaneously. 
Pulse compression aids in the suppression of returns from 
unwanted targets from the vicinity, by separating them in 
time domain and thereby enabling NF measurement in the 
integration laboratory (Figure 16). Use of chirped pulse 
for antenna measurement ensured that the antenna pattern 
obtained is essentially the one integrated over the full 
bandwidth. 
 Amplitude and phase deviations of each of the TR 
modules are estimated in PNF through unique calibration 
method by a single scan across the antenna and the reverse 
corrections are introduced in the TR module. The effec-
tiveness of the correction procedure is shown in Figure 
17 for a single tile. In fact, the final correction factors are 
coded in the PLC prior to payload shipment. However, 
on-board calibration can track relative drift from the  
defined correction coefficients and provision is made to 
upload the residual correction coefficients to collimate 
the beams. The effectiveness of the collimation strategy 
can be gauged from integrated antenna illumination 
measurement carried out in PNF as shown in Figure 18. 
 Though the integrated antenna can carry out 12 pattern 
measurements simultaneously for a particular polarization
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Figure 17. Measured illumination profile for a tile prior to (a) and after (b) collimation. 
 
 

 
 

Figure 18. Typical antenna illumination profile for two different 
pointings of RISAT-1 antenna as measured during integrated testing. 

 
 

 
 

Figure 19. Comparison of a typical predicted and measured antenna 
pattern. 
 
 
and transmit/receive configuration, each cycle of meas-
urement was time-consuming of the order of 10 days on 
24 × 7 basis. So 12 antenna pattern measurements, well 
distributed in pointing angles, in both Tx/Rx configura-

tion and H and V polarization were carried out over 45 
days. Subsequently, the rest of the antenna patterns were 
predicted from the above measurements. In order to  
assess the prediction algorithm, 12 sets of antenna pat-
terns were selected randomly and measured in the test 
set-up. Typical comparison of the predicted and measured 
antenna patterns is shown in Figure 19. The figure shows 
close agreement of predicted and measured antenna pat-
terns up to a number of sidelobes. 

Post-launch performance 

Imaging operations of RISAT-1 SAR commenced from  
1 May 2012. After calibration and validation of the image 
products, the RISAT-1 image products were released for 
global users from 19 October 2012. They are available 
from National Remote Sensing Centre (NRSC), Hydera-
bad. Typical images, obtained by RISAT-1, are shown in 
Figure 20. They demonstrate the quality of the RISAT-1 
SAR images in a nutshell. 
 During In-Orbit Test (IOT), azimuth antenna pattern of 
the RISAT active antenna was measured through a ground 
receiver. Figure 21 shows close agreement of the meas-
ured pattern with the predicted antenna pattern. It is to be 
noted that during integrated testing, antenna patterns were 
predicted based on the limited NF measurements. During 
IOT only, for the first time far-field antenna patterns 
were measured. Further, radiometric correction using 
predicted elevation pattern could result in excellent radio-
metric balance over required swath within ± 0.5 dB. Both 
the above observations led to confidence in achieving 
calibration of RISAT–SAR system using a single corner 
reflector. The performance of calibration is shown in 
Figure 22 for FRS-1 mode image over Amazon rainfor-
est. Reported average sigma naught (σ0) over Amazon 
rainforest is –7.5 dB. The calibrated average estimated σ0 
from RISAT-1 is close to the reported number. 
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Figure 20. Typical images obtained by RISAT-1. 
 
 
Industrial partnership 

RISAT-1, when conceived way back in 2002, was an  
ambitious project where many new technologies were re-
quired to be mastered (Table 5 lists those which were 
mastered). The access to these technologies was restricted 
because of international technology embargo, imposed on 
ISRO. The number of subsystems needed for this system 
was prohibitively large (precisely 1391 subsystems, of 
which 312 are 8 bit computers). Of these subsystems, 
those which were part of RF and baseband subsystems 
and define the basic pulse Doppler radar blocks were 
electronics and software-intensive. They required com-

plex designs and were required in fewer numbers. They 
were completely designed, fabricated and qualified in-
house. Whereas 95% electronics for active antenna reali-
zation were of few types (6 in number of types), with 
complex design, required in large numbers. Further, it 
was decided to source all MMICs needed for TR module 
from GAETEC, which was not even qualified for space 
use at that point of time. All the electronics packages 
were designed in-house, but production replications were 
carried out in the Indian industry. However, MMICs were 
designed jointly with GAETEC. 
 To qualify each of these subsystems to space grade, it 
required almost 3 weeks of testing for each of these
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Figure 21. Close match of measured active antenna patterns during in-orbit test with predicted ones. 
 
 

 
 

Figure 22. Estimated average σ0 over Amazon rainforest (FRS-1 mode). 
 
 

subsystems. ISRO’s experience with satellites never ex-
ceeded dealing with more than 100–200 subsystems. 
ISRO’s resources were inadequate to carry out fabrication 
and testing of such large number of elements. Indian in-
dustry was not equipped to handle space-quality fabrica-
tion, let alone handle such large numbers with zero defect 
production and testing approach. A number of industries 
were imparted training to carry out mass production 
based on final blueprints which were designed and per-
fected in-house. 
 The highlight of RISAT-1 programme was develop-
ment of hardware elements through industry partnership. 

Various new technology elements like different types of 
MMICs, miniaturized C-band TR module and pulsed 
power supplies, dual polarized printed antenna, integra-
tion block and power distribution network, high-speed 
digitizers, micro-controller and FPGA-based central dis-
tributed control systems have been realized with the active 
participation and collaboration of public and private sector 
industries like GAETEC, ASTRA, CENTUM, CMC, Shah-
janand Laser Technologies (SLT), etc. Indigenous MMIC 
fabrication line has been qualified at the GAETEC foun-
dry. Design, development and qualification of an indige-
nous on-board controller ASIC for tile electronics have
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Table 5. New technologies/concepts implemented in RISAT-1 

Imaging modes 
 Extended spotlight First time in RISAT 
 Circular polarimetry First time in RISAT 
Hardware technology 
 Space qualification of GAETEC MMIC foundry 
 Design, production and qualifications of MMICs by three processes 
 Design, development and characterization of TR modules 
 Miniaturized pulsed EPCs with 3 HMCs and planar transformers 
 Laser guided printed antenna fabrication 
 Dual channel digitized at 250 MHz sampling with 22 W dissipation 
 In-house designed ASIC with 8 bit processor core 
 3-Tier synchronized software control spread over 312 ASICS 
Measurement technology 
 Near field processor Copyrighted 
 Novel time gated near-field antenna measurement system Patent applied 
 Novel active antenna beam collimation method Patent applied 
 TR module characterization method Patent applied 
 Precise measurement of group delay of RF cables with accuracy better than 1 ps Copyrighted 
Fabrication technology 
 Group delay equalized RF cable fabrication with S.D. better than 4–5 ps with Knowhow transferred 
  more than 90% yield  
Algorithm development 
 Extended spotlight SAR processing algorithm Patented 
 Decomposition algorithm for hybrid polarimetric SAR data Patent applied 

 
 

Table 6. Industrial partnership in RISAT-1 development 

Industry  Hardware contribution  
GAETEC, Hyderabad  7 types of MMICS involving three processes 
ASTRA Microwaves, Hyderabad  TR module, TRC, 1 : 12 RF power dividers, power amplifier modules,  
   etching of antenna 
Komolin, Ahmedabad as part of ASTRA  TR module, TRC, 1 : 12 RF power dividers, Power amplifier modules 
Centum Electronics, Bangalore  PCPU, TRC, harness, EPC for TCU, TCU 
BEL, Ghaziabad  Power amplifier module  
Agilent India  TR module characterization system 
CG-COREL/AEROFLEX  ASIC for TRC 
SLT, Gandhinagar  Antenna fabrication 
CMC, Hyderabad and Ahmedabad  All digital subsystems for design verification model of RISAT 
Bombay Machines, Bangalore  9 m × 6 m scanner for near-field measurement 
K.V. Microwaves, Ghaziabad  Indigenous microwave absorbers for testing 
Maharshi Electronics and Komolin, Ahmedabad Harness and RF cable fabrication and integration 

 
also been accomplished in collaboration with private  
industries like CG COREL/AEROFLEX. The participat-
ing industries had to go through a learning curve with is-
sues like space-grade circuit fabrication, quality control, 
test facility development and testing methodology. De-
tailed listing of these partner industries and their contri-
butions has been made in Table 6. This programme has 
also added to industrial capacity building within the 
country. Thus, the challenge of microwave SAR payload 
realization has been addressed and with industry partici-
pation in these activities, a new beginning has been made. 

Conclusion 

Initial performance assessment indicates satisfactory per-
formance of the SAR system of RISAT-1 in terms of  

image quality and active antenna pattern synthesis. This 
performance is the result of development of complex SAR 
hardware, active antenna system, accurate ground meas-
urement and all the necessary innovations which have 
gone into making the technology development completely 
indigenous. Such complex development would not have 
been possible without the partnership forged through  
industry after due training was imparted to them on fabri-
cation and qualification of space-grade electronics. 
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