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Learning outcomes of this lecture

In this lecture we will
I Make an overview of operating space-based systems.
I Review some particularities of space-based systems.
I Make a case study of one system (TerraSAR-X).
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Characteristics of space-borne SAR

I All systems in lower earth orbit (LEO), high velocity, several
km/s.

I Moderate peak power, around 1–5 kW.

I Typical antenna dimensions: 10–15 m.

I First mission in 1978 (Seasat).
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Timeline of various SAR missions
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Examples of SAR satellites
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Examples of SAR satellites, continued
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NASA Seasat Satellite (1978)
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SIR-C/X-SAR (1994)
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ERS-2 (1995)
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Envisat ASAR (2002), active array
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JERS-1 (1992)
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ALOS PALSAR (2006), active array
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RADARSAT-1 (1995)

I Peak power 5 kW, average power 300 W.

I RF bandwidth 30 MHz.

I PRF around 1300 Hz.

I Multiple beams used to cover wider swath.
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RADARSAT-2 (2007), active array

I C-band 5.405 GHz.

I LFM from 12 MHz to 100 MHz.
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COSMO-SkyMed (2007), active array
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Different orbits

Distance (km)

Earth surface 0
LEO 160 – 2 000
ISS 370

MEO 2 000 – 34 780
GPS 20 230
GEO 35 794

Moon 384 400

vsat =

√
3.986 · 1014m3/s2

rsat

Tsat =
2πrsat
vsat 19 / 53

https://en.wikipedia.org/wiki/Low_Earth_orbit


Orbits to scale

By Rrakanishu - Own work, GFDL, https://commons.wikimedia.org/w/index.php?curid=4189737
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Sun-synchronous circular orbit

A sun-synchronous orbit passes over the equator at approximately
the same local solar time each day.

Typical time for propagation at 1000 km altitude:
2·1000·103

3·108 s = 6.7ms.
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Doppler shift for spaceborne SAR

The high velocity of the satellite platform and Earth rotation
complicates the Doppler shift

fd =
2vsat
λ

sin θL cosα

{
1−

(
ωe

ωsat

)
[ε cosβL + sin i tanα+ cos i]

}
I θL = look angle from nadir
I a = azimuth squint angle (about the yaw axis) between the

velocity vector and the target azimuth
I ωe = Earth’s angular rotation rate
I ωsat = satellite angular rate = 2π/P radians/sec for a circular

orbit
I ε = –1 if the radar is left-looking; +1 if right-looking
I βL = argument of latitude (angular position of the satellite in

its orbit as measured from the ascending node)
I i = orbit plane inclination

22 / 53



Outline

1 Historical perspective

2 Orbits

3 Design considerations for the spaceborne SAR

4 Special modes and capabilities

5 Design example: Germany’s TerraSAR-X

6 Conclusions

23 / 53



Faraday rotation

A linearly polarized wave passing through the ionosphere has its
polarization plane rotated by interaction with the Earth’s magnetic
field, depending on frequency and electron content.
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Ionospheric group delay

A wave passing through the ionosphere suffers group delay
proportional to TEC/f2, corresponding to an excess target range.
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Radar frequency selection

Typically, spaceborne SARs operate in 1–10 GHz:

I Below 1 GHz ionospheric effects introduce measurement
errors.

I Above 10 GHz rain attenuation can be serious.

I L-band (∼ 1.3GHz, λ = 23 cm) large-scale wind waves and
surface perturbations of oceans.

I C-band (∼ 5GHz, λ = 6 cm) suitable for sea ice.

I X-band (∼ 9GHz, λ = 3 cm) suitable for fine cross-range
resolution.
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Frequency band allocations
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Interaction with natural surfaces

The interaction of an electromagnetic wave with a natural surface
depends on several factors:

I The dielectric properties of the surface material (which may
be frequency-dependent).

I The surface roughness relative to the radar wavelength.
I The orientation of complex scatterers (such as vegetation)

relative to the polarization of the radar wave.
I The angle of incidence of the radar wavefront at the surface.
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Space-borne SAR geometry

Definitions of various space-borne SAR geometry parameters.
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Range footprint

Unambiguous range requires

PRF <
c

2∆Rs 30 / 53



Flat Earth approximation

∆Rg = Rs

2θb(El)

cos θi
≈ 2Rs

cos θi

λ

H
⇒ PRF <

cH

4Rsλ tan θi
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Range ambiguities

Nadir sidelobe return may interfere with the desired return.
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Multilook processing

Using data from N filter banks (before azimuth compression)
theoretically improves SNR by

SNRN = SNR1

√
N

if noise dominated by speckle.
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ScanSAR

Several target areas can be observed at coarser resolution to build
a wider image.
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Along-track interferometry (ATI)

Two images formed by two receiving sub-arrays have displaced
phase center. The difference between the images provide
interferometric information, typically indicating slow-moving
targets like ocean currents.
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Trade-offs

37 / 53



Outline

1 Historical perspective

2 Orbits

3 Design considerations for the spaceborne SAR

4 Special modes and capabilities

5 Design example: Germany’s TerraSAR-X

6 Conclusions

38 / 53



TerraSAR-X (2007)

https://directory.eoportal.org/web/eoportal/satellite-
missions/t/terrasar-x 39 / 53

https://en.wikipedia.org/wiki/TerraSAR-X
https://directory.eoportal.org/web/eoportal/satellite-missions/t/terrasar-x
https://directory.eoportal.org/web/eoportal/satellite-missions/t/terrasar-x


Parameters
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Operational modes
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Operational modes
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Antenna layout

Full polarization selectivity (HH, HV, VH, VV). The gain is

G =
4πAηa
λ2

=
4π(4.784m× 0.704m)

(0.031m)2
= 43 791 = 46.4 dB

Beamwidth θ3 =
λ

L
50.8◦ = 0.33◦. Total peak power 2 260W, or

5.8W per T/R module. Duty factor around 0.2.
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Look-geometry parameters
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Spotlight mode received signal power

This is the RF power available for amplification, down-conversion,
pulse compression, signal processing etc.
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Dwell time as function of range

Note that dwell time is increased for longer ranges, which improves
the SNR.
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Noise power

Compare with −142.5 dBm average received power.
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Noise equivalent sigma zero (NESZ)
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Return power and noise summary
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Bistatic radar — TanDEM-X

Launched in 2010, flying a few hundred meters from TerraSAR-X.
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TanDEM-X and TerraSAR-X: photo

By DLR - http://www.dlr.de/dlr/en/desktopdefault.aspx/tabid-10422/, CC BY 3.0,
https://commons.wikimedia.org/w/index.php?curid=19369759

Description from wikimedia: The first bistatic radar image acquired by the twin satellites TanDEM-X and
TerraSAR-X shows the Italian volcano Mount Etna, on the east coast of Sicily. On the left of the image, below the
flank of the volcano, the city of Catania can be seen as a collection of bright points. This image, acquired while the
satellites were orbiting at a distance of only 350 metres from one another, is the world’s first to be made using such
a close satellite formation.
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http://www.dlr.de/dlr/en/desktopdefault.aspx/tabid-10422/
https://commons.wikimedia.org/w/index.php?curid=19369759
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Conclusions

I An overview of spaceborne SAR systems.

I Some design considerations: propagation in the ionosphere,
high velocity, choice of PRF.

I Case study of TerraSAR-X.
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