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Current & Future Spaceborne SAR Systems
After a short introduction covering technological developments, this 

review of SAR systems will be carried out in categories on the basis 
of the wavelengths or frequencies that are used – which relate 
strongly to the ground resolution of the imagery that they generate.

------------------------------------------------------------------------------------------

SAR Categories
(i) SAR systems utilizing X-band signals – with wavelengths between 

2.5 to 3.75 cm (frequencies of 8 to 12 GHz) and generating imagery 
with ground sampled distance (GSD) values of 1 to 3 m.

(ii) C-band systems employing wavelengths from 3.75 to 7.5 cm (4 to 8 
Ghz frequencies) and generating imagery with a GSD of 3 to 5 m.

(iii) S-band systems utilizing wavelengths of 7.5 to 15 cm (frequencies 
of 2 to 4 GHz ) and giving imagery with GSD values of 5 to 8 m.

(iv) Those SAR systems that use wavelengths within the L-band range 
of 15 to 30 cm (frequency range 1 to 2 GHz) and produce imagery 
with GSD values of 8 to 10 m.
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SAR Technology Developments
(a) Up till now, very large spacecraft were needed to cope with the mass, 

volume, power and data rate requirements of SAR imagers.

(b) These large and heavy spacecraft need powerful launchers.

(c) This combination led to very high costs – so previously very few 
spaceborne SAR imagers were in operational use.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --------------------------------------------------------------------------------------------------------
-

(d) Recent developments - resulting in a large reduction in (i) the size and 
volume of power units and electronics components, and (ii) in the size and 
weight of antennas - has meant lighter, smaller spacecraft and, in turn, 
the use of less powerful and less expensive launchers.

(e) With much lower costs, many more countries are now interested in 
spaceborne SAR imagers.

(f) A complete transformation has taken place over the last two years with the 
launch and entry into service of numerous spaceborne SAR imagers.

(g) In 2005/2006, only 3 civilian spaceborne SARs in operation. By the end of 
2008, 18 civilian, military & dual-use SARs will be in orbit in space. 16 
more spacecraft equipped with SAR imagers are under construction.

SAR Technology Developments

(a) Antennas are a key component of the 
SAR systems.

(b) Large heavy planar antennas with 
multiple T/R modules were used on 
existing satellites such as Envisat –
12 m x 1 m in size and weighs 530 kg.

(c) So there is a drive to use novel 
lightweight carbon-fibre and resin-
based materials.

(d) Parabolic reflector antennas offer an 
alternative approach. These can be 
made of wire mesh and can be furled 
up or folded to occupy a small volume 
during launch.

(e) Another possible approach is the use 
of inflatable antenna structures –
can be applied either to flat planar 
surfaces or to curved reflector 
surfaces.

Radarsat-1 – 15 m x 1m antenna – 900 kg

SAR-Lupe - carbon fibre TecSAR - mesh
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SAR Imaging Modes
(a) Standard imaging  mode is Stripmap

(b) The use of active phase array 
antennas with distributed T/R modules 
allows electronic steering of the pulses, 
permitting ScanSAR and Spotlight
imaging modes.

(c) Parabolic antennas can also be rotated 
mechanically to give a Spotlight mode.

Stripmap
mode

X-band SAR Systems

(a) The area of X-band has seen a spectacular growth in terms of the number 
of systems that have actually been deployed in space.

(b) The lead has been taken by Germany and Italy, both of which have been 
developing X-band SARs over a considerable period – as seen by their 
close involvement in the X-band SAR imagers that were operated from the 
Space Shuttle during the SIR (Shuttle Imaging Radar) and SRTM missions.

(c) Both countries are in the course of deploying several spaceborne SAR 
systems – SAR-Lupe & TerraSAR-X (Germany)  + COSMO-SkyMed (Italy) 
- all of which operate in X-band.

(d) This development has been strongly supported by the German and Italian 
military defence establishments as well as their national space 
agencies.

(e) The attraction of using of using X-band imagers is the much higher spatial 
resolution of the imagery that can be achieved using the short wavelengths
of this band.

(f) Now other countries – such as Israel & Russia - are developing X-band 
SARs.
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X-band SAR Systems
SAR-Lupe (Germany)

(a) Constellation of five radar 
satellites placed in orbit in Dec. 
2006; July & Nov. 2007; March 
& July 2008 for German military 
using Russian Cosmos-3M
launchers from Plesetsk.

(b) Three different orbital 
planes are being used –
Plane 1 contains 2 satellites; 
Plane 2 has 1 satellite; and
Plane 3 has 2 satellites.

(c) Characteristics:-
Medium weight – 770 kg
Orbital altitude – 500 km
Ground coverage – 80° N to 
80° S latitude
Ground Sampled Distance 
(GSD) - <1 m

X-band SAR Systems
SAR-Lupe (Germany)
(a) Satellite platform – OHB-System (Bremen)

(b) Parabolic antenna (3 m) – Saab-Ericsson

(c) Satellite control system – Integral Systems

(d) Satellite ground control station is located at 
Gelsdorf, near Bonn. Military operated.

(e) Ground segment – EADS Astrium

(i) Each satellite has 
a fixed antenna

(ii) When satellite is 
pointing in a fixed 
direction, it gives 
stripSAR imagery.

(iii) If satellite is 
rotated to point at a 
specific area it gives 
a spotlight image.
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X-band SAR Systems
TerraSAR-X (Germany)

(a) Satellite was launched by 
Russian Dnepr rocket from 
Baikonur in June 2007.

(b) Large satellite – 1,230 kg

(c) Orbital altitude – 514.8 km

(d) Ground coverage – 82° N 
to 82° S Latitude

Public/Private Partnership (PPP) between 
DLR and EADS Astrium. DLR owns the 
satellite. Astrium built the satellite and the 
SAR. Infoterra has commercial rights to the 
imagery. Cost – 130 million Euros (satellite); 
55 million Euros (ground segment)

Ground Receiving Station – Neustrelitz (DLR)
GSD values – 1m (Spotlight – 5 x 10 km area); 
3m (StripSAR – 30 km swath); 18m (ScanSAR
– 100 km swath)

X-band SAR Systems
TerraSAR-X (Germany)
Active Phased Array Antenna -12 

panels, each with 32 slotted 
waveguides, each of these with a 
dedicated T/R module (total 384)

Size – L = 4.8m; W = 80cm; D =15cm

Beam steering in azimuth & elevation 
for different modes (spotlight, 
stripSAR & scanSAR)
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X-band SAR Systems
TerraSAR-X Image Maps

Flood Mapping, 
Tewkesbury, U.K.

Area of River Don, 50 km west 
of Volgograd, Russia

X-band SAR Systems
TanDEM-X (Germany)
(a) New satellite now under construction for 

launch in 2009.

(b) Near-identical satellite to fly in closely 
controlled formation with TerraSAR-X to 
give single-pass imagery for 
interferometric SAR (InSAR) use.

(c) Bi-static operation for across-track 
InSAR to generate global DEM.

(d) Mono-static operation for along-track 
InSAR for large area velocity measures  
(ocean currents, sea ice) + moving 
objects.

(i) Primary objective of mission is 
the generation of a global DEM + 
hi-res SAR imagery to be acquired 
over a three year period.

(ii) Standard product will be DEM
with a GSD value of 2m @ 12m 
posting (to HRTI-3 Standard)

(iii) Numerous other experimental 
modes to be explored – e.g. use of
polarimetric interferometry. 
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X-band SAR Systems

TanDEM-X (Germany)

With the along-track InSAR mode,

(i) the use of a split antenna gives a 
short baseline that is optimal to detect 
fast moving objects such as vehicles;

(ii) the use of the long baseline is 
suited to slow movements such as sea 
ice.

Proposed intertwined 
helical orbits will give 
variable horizontal and 

vertical baselines

X-band SAR Systems
Cosmo-SkyMed (Italy)

(a) Constellation of four radar satellites; two 
have already been placed in orbit in June 
& December 2007 using Boeing Delta 
launchers from Vandenberg AFB, 
California, U.S.A.

(b) Earth Observation programme of Italian 
Space Agency (ASI) for dual (civilian & 
military) use – Total cost is 1 Billion Euros!

(c) Large satellites – each weighs 1,700 kg.

(d) Satellite bus constructed by Alenia
Spazio

(e) SAR imager by Galileo, Laban, etc.

(f) Orbital altitude - 619 km

(g) Ground segment built by Telespazio; 
Commercial data by e-GEOS
(Telespazio + ASI)

SAR Imagery - GSD Values
Spotlight - 1m; StripMap - 15m
ScanSAR - 30m
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X-band SAR Systems

COSMO–SkyMed (Italy)

The four satellites will form part of 
three constellations or systems:-

(a) ORFEO system to be operated 
jointly with the French Helios and 
Pleiades optical satellites for 
military applications.

(b) SIASAGE system to be operated 
in collaboration with the 
Argentinian SAOCOM L-band 
radar satellites for civilian 
applications.

(c) The European GMES (Global 
Monitoring for Environment & 
Security) programme for 
environmental monitoring.

X-band SAR Systems

COSMO-SkyMed Images

Delta of the River Po, Italy Summit of Mount Etna volcano, Italy
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X-band SAR Systems
IGS (Information Gathering Satellites) 
Series of Japanese hi-res optical and radar 

satellites for dual military/ civilian use; in 
practice, used exclusively for intelligence 
gathering.

----------------------------------------------------------------------------------------

(a) IGS-1A &1B were both launched 
successfully in tandem in March 2003.

(b) IGS-2A & 2B were both lost together at 
launch in November 2003.

(c) IGS-3A was launched successfully in 
September 2006.

(d) IGS-3B & 3V were both launched 
successfully together in February 2007.

-----------------------------------------------------------------------------------------

The “B” series are all equipped with SAR 
imagers [giving GSD values of 1 to 3 m]; 
two – IGS-1B and IGS-3B - are in current 
operation giving SAR images.

X-band SAR Systems
TecSAR (Israel)
(a) Launched January 2008 by ISRO using PSLV-

C10 rocket from Sriharikotra, India
(b) Satellite bus built by IAI MBT Division
(c) Radar built by Elta Industries. Use of a 

parabolic antenna.
(d) Small lightweight (330 kg) mini-satellite – very 

agile – physical steering of satellite.
(e) Orbital height - 450 to 580 km
(f) Orbital inclination – 41 degrees
(g) Stripmap, mosaic and spotlight
operational modes

(h) GSD – 1m (Spotlight)
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X-band SAR Systems
Kompsat-5 (South Korea)
(a) Satellite bus is being built in 

South Korea by KARI institute.
(b) SAR being supplied by Alenia

Spazio – similar to COSMO
(c) Planar antenna – electronic 

steering of beam/pulse.
(d) Large satellite – 1,280 kg
(e) Orbital altitude – 550 km
(f) To be launched in 2009

Overall design similar to Prisma bus 
(COSMO, Radarsat, etc.)

Model that was 
displayed at an air show

GSD values:  (i) Spotlight -1 m/ 5x5 km 
(ii) StripMap – 3 m over 30 km swath;
(iii) ScanSAR - 20 m / 100 km swath

X-band SAR Systems
Smotr (Russia)

(a) Gascom is the telecomms arm of 
the big Russian energy company 
Gasprom that operates a number 
of geo-synchronous satellites.

(b) It is now constructing a system of 
four satellites – two optical and 
two radar - to operate in Sun-
synchronous polar orbits for 
environmental monitoring of its 
pipelines and infrastructure.

(c) System is being developed by the 
Korolev RSC Energia company.

(d) Large, heavy satellites – 1,400 kg

(e) Orbital altitude - 500 to 650 km

(f) Projected launch – 2009/2010
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X-band SAR Systems
AstroSAR-UK
(a) SAR mini-satellite proposed by SSTL & 

Astrium to U.K. Ministry of Defence.

(b) Lightweight mini-satellite - < 500 kg

(c) Orbital altitude – 500 km (Sun-synch.)

(d) GSD Values
(i) Spotlight – 1 m over 10 x 10 km area
(ii) Stripmap – 3 m over 20 x 1,000 km
(iii) ScanSAR – 30 m @ 200 x 1,000 km

(e) Horizontal & vertical polarization modes.

Deployment Sequence

1 1. 2.

3. 4.

5. 6.

C-band SAR Systems
(a) C-band is the part of the microwave spectrum that has been used 

extensively in the past and the present by civilian spaceborne SAR 
systems – such as the European (ESA) ERS-1, ERS-2 & Envisat
satellites and the Canadian Radarsat-1 – all very long lived!

(b) Much of this use has been for environmental, agricultural and 
forest monitoring and for marine and oceanic research purposes 
– e.g. the detection and tracking of oil seeps and pollution.

(c) Continuity of this relatively popular C-band SAR imagery is being 
assured with the launch and entry into service of Radarsat-2 and the 
forthcoming launch of the Indian RISAT.

(d) Looking to the longer term, this continuity will continue with the 
announcement of the award of the contract by ESA for its new 
Sentinel-1 radar satellite and the proposed Radarsat Constellation 
Mission (RCM) by the Canadian Space Agency.
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C-band SAR Systems
Radarsat (Canada)
(a) Radarsat-1 since 1995; still operational.
(b) Radarsat-2 launched December 2007 from 

Baikonur using Soyuz rocket.
(c) R-2 – Prisma spacecraft bus & solar arrays 

built by Alenia Spazio.
(d) R-2 SAR antenna & electronics by MDA.
(e) R-1 & R-2 - same orbital height – 798 km.
(f) R-1 & R-2 -same Sun-sync orbit & gr. track.
(g) May 2008 - sale of MDA Space and 

Radarsat to U.S. company (Alliant) was
blocked by Canadian government.

GSD Values (R-2)
(i) Spotlight 3 m 
over 20 x 20 km;
(ii) ScanSAR – 50 
m over 300 km; + 
many more modes!

C-band SAR Systems
Radarsat-2 Images
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C-band SAR Systems
Radarsat Constellation Mission (RCM)
(a) Original follow-on mission to Radarsat-2 was to be 

Radarsat-3 operating in a tandem configuration.
(b) Now this has been replaced by the Radarsat

Constellation Mission (RCM) with three mini-
satellites utilizing the Smallsat bus built by Bristol.

(c) Each satellite will have a C-band SAR + an Automated 
Identification System (AIS) for ships.

(d) With three satellites, the emphasis will be on (i) near 
real-time maritime surveillance, ice monitoring and oil 
spills + (ii) disaster monitoring & management .

GSD values
and imaging 

modes of 
RCM will be 

similar to 
those of 

Radarsat-2

C-band SAR Systems
ERS & Envisat (ESA)

(a) ERS-2 launched in 1995 – AMI SAR still operational.

(b) Envisat launched in 2002 – ASAR still operational.

(c) Envisat - Huge satellite - 10 m in height and 8.5 m 
tons in weight - with 10 imaging & non-imaging sensors

(d) Very geared to scientific applications.

(e) Orbital altitude – 790 km

ASAR - GSD values: (i) fine mode 
- 30 m (like ERS-2) (ii) Scan SAR 
- 150 m over 405 km swath

ERS-2

Envisat
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C-band SAR Systems
Envisat ASAR Images

SAR mosaic of the northern 
(Arctic) sea routes

Oil spill off the Spanish coast

C-band SAR Systems
Sentinel-1 (ESA)

(a) This is follow-on to the ERS and 
Envisat is the Sentinel-1 satellite.

(b) Alenia Spazio will build the same 
Prima bus that has been used for 
COSMO-SkyMed & Radarsat-2.

(c) Astrium UK will supply the SAR as 
it did for ERS & Envisat.

(d) Active planar antenna – 280 T/R 
modules

(e) Large & heavy satellite – 2.2 tons
(f) Orbital altitude – 700 km

(g) Intended mainly for environmental 
and agricultural monitoring, thus 
forming part of GMES programme

(h) Planned to be launched in 2011

Calibration by DLR over ground 
test sites in Southern Germany

N.B. Sentinel-1 will have spotlight, strip-map and scan-SAR imaging modes. 
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C-band SAR Systems

RISAT (India)

(a) Large & heavy satellite – 1,750 kg

(b) Planar antenna – 288 T/R modules

(c) Orbital Altitude = 609 km

(d) To be launched later this year 
(2008).

(e) Ground resolution values –
(i) Spotlight - 3 m GSD over 10 x 10 
km area
(ii) Stripmap – 6 m GSD over 30 km 
swath
(iii) ScanSAR – 50 m GSD over 240 
km swath 

RISAT SAR
undergoing tests

S-band SAR Systems
Kondor-E (Russia)

(a) NPO Mashinostroyenia has 
developed its Kondor-E satellites in 
two versions – optical and radar

(b) The radar version has a parabolic 
wire mesh antenna with a diameter 
of 6 m. SAR imager from Vega Corp.

(c) Fairly heavy satellite – 1,150 kg

(d) GSD value – 1 to 2 m

(e) Planned to be launched late in 2008

Full-scale
Prototype Model shown at Air Show
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S-band SAR Systems
HJ-1-C (China)
(a) The The HJHJ--11 series of satellitesseries of satellites is  

intended to be used for environmental 
and disaster monitoring purposes.

(b) ‘2+1’ constellation [2 optical + 1 radar]

(c) HJ-1-C satellite has an S-band SAR
developed with the assistance of NPO 
Mashinostroyenia & Vega Corp.

(d) Proposal for ‘4+4’ constellation [4 
optical + 4 radar]  eventually

To be launched 2009

Orbital Height: 500km

GSD values:

Stripmap: 5m / 40km

ScanSAR: 20m/100km

L-band SAR Systems
(a) The first civilian radar satellite (1978) – Seasat – used an L-band SAR.

(b) Later, the Japanese JERS-1 satellite generated L-band SAR imagery (with 
GSD = 18 m) between 1992 and 1998. This was used extensively in the 
mapping of huge areas of tropical rain forest and boreal forest.

(c) Now there is a revival of interest in L-band SAR imagery from those in the 
geoscience and geophysical communities who are monitoring tectonic 
movements (faults, earthquakes, volcanoes, etc.) using interferometric
SAR methodology as well as those engaged in forest mapping .

(d) For example, see the statement of one of the results from a NASA 
workshop held in 2004: –

“While C-band is a proven technology for deformation research, we advocate 
the use of L-band to increase signal coherence over time. Many areas of 
interest de-correlate quickly at C-band while L-band gives much longer 
coherence intervals for use in interferometric SAR.”

(e) So far, three new satellites equipped with L-band SAR imagers have come 
into operation since 2006 – several more will follow! Still more are planned!
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L-band SAR Systems
ALOS/PALSAR (Japan)
(a) Previous L-band SAR – JERS-1
(b) ALOS satellite has three imagers

– PRISM, AVNIR-2 (both optical) 
& PALSAR (radar)

(c) Launched in January 2006
(d) Active phased-array antenna
(e) Orbital Altitude – 692 km
(f) Very large satellite – Weight: 4 

tons

GSD values:-

(i) Fine Mode: 7m

(ii) ScanSAR: 100m 
over 350 km swath

L-band SAR Systems

ALOS/PALSAR (Japan)
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L-band SAR Systems
JianBing-5 (China)

(a) Two satellites that were funded by PLA.

(b) Launched in April 2006 & November 
2007 using Long March rockets

(c) Large heavy satellite – 2,700 kg

(d) Orbital Altitude: 628 km

(e) GSD values: Spotlight: 5 m/20 km swath; 
ScanSAR: 40 m/100km swath

L-band SAR Systems
Arkon-2 (Russia)
(a) The original Arkon-1 satellites were 

equipped with hi-res optical imagers.
(b) The two new Arkon-2 satellites are being 

built for Roskosmos by Lavochkin and 
will be equipped with SAR imagers.

(c) The SAR imagers are being built by Vega 
Radio Engineering Corp.

(d) These operate at 3
different wavelengths
– in X, L and P bands.
(e) Active phase array 
antenna with 256 T/R
modules in L-band + 84
modules in P-band.
(f) GSD values – 3 to 30 m
(L-band); >30 m (P-band).
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L-band SAR Systems
SAOCOM-1 (Argentina)
(a) Two SAOCOM-1A & -1B satellites are being 

constructed for CONAE (Argentinean Space Agency) 
by the INVAP company in Argentina.

(b) Partly funded by Inter-American Development Bank

(c) Proposed date of launch – 2012.

(d) Will form part of SIASAGE system together with the 
Italian COSMO-SkyMed satellites 

(e) Planar active array antenna

(f) Orbital altitude – 659 km

(g) Ground control & data receiving station at Cordoba

GSD values
Stripmap: 10 m 
over 30 km 
swath
ScanSAR: 100 m 
over 320 km 
swath

L-band SAR Systems
MapSAR (Brazil + Germany)

(a) Multi-Application Purpose 
SAR (MapSAR) is a joint 
INPE/ DLR development for 
the monitoring of Amazonia & 
for global biomass mapping.

(b) Uses INPE’s Multi-Mission 
Platform (MMP) as its bus.

(c) Novel SAR with Cassegrain
type foldable antenna with 
7.5 in diameter made of c-f
reinforced silicone material.

(d) Light weight – 532 kg

(e) Orbital altitude – 620 km

(f) Scheduled to be launched in 
2012

GSD values (Stripmap only) – 3 m (Hi-
res); 10 m (Med-res) & 20 m (Low-res) 
over 32 to 55 km swath width



20

Conclusions
(a) A complete transformation has taken place over the last two years 

with the launch and entry into service of numerous spaceborne
SAR imagers providing all-weather and day/night imaging 
capabilities.

(b) In 2005/2006, only 3 civilian spaceborne SARs in operation. By 
the end of 2008, 18 civilian, military & dual-use SARs will be in 
orbit in space. 16 more spacecraft equipped with SAR imagers are
under construction.

(c) One may expect much more use of spaceborne SAR imagery in 
the future by a wide spectrum of users.

(d) There are obvious implications of these developments for the 
software providers – including Racurs! (?)

(e) N.B. The deficiencies of all SAR imagery – layover, dead areas, 
speckle/clutter - still remain!


