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What is SAR?

• Short  for  “Synthetic  Aperture  Radar”

• SAR  is  an  active remote  sensing  technique  (not  
dependent  on  Sun)
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SAR amplitude examples

Beardmore  Glacier  (TerraSAR-X)

San  Francisco  Bay  Area  (ERS)

Eyjafjallajokull Volcano
(TerraSAR-X)
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Why use radars for imaging?
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• Microwaves  penetrate  the  atmosphere  AND  clouds
• Images  can  be  acquired  during  day  AND  night
• Resolution  does  not  depend  on  distance
• Information  content  complementary  to  optical
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Uses of SAR amplitude
Include:
• Oceonography (wave  spectra,  wind  speed,  currents)  
• Sea  ice  monitoring
• Glaciology  (snow  wetness,  glacier  monitoring)
• Agriculture  (soil  moisture,  crop  classification)
• Forestry  (forest  height,  biomass)
• Environmental  monitoring  (urban  growth,  oil  spills)
• Military  surveillance

SAR  images  also  have  “phase”,  allowing  “interferometry”  
applications  – covered  in  next  lecture



6

Radar = Radio detection and ranging

• Pulse  transmitted,  distance  from  time  for  echo  come  back
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antenna

pulse

Airborne/Spaceborne side looking 
radar

• Native  resolution  across  track  
(range)  depends  on  pulse  length  
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Range resolution

• Whether  2  scatterers  can  be  distinguished  depends  on  
the  pulse  length:

• So  get  good  resolution  by  using  short  pulse
• In  reality  a  longer  pulse  with  variable  frequency  is  used  
(a  ”chirp”),  which  can  be  post-processed  to  simulate  a  
short  pulse,  called  “range  compression”.

• Resolution  typically  several  metres and  does  not  depend  
on  distance  from  target
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“Range compression”

After  convolution  of  echo  with  original  transmitted  signal
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antenna

pulse

Airborne/Spaceborne side looking 
radar • Native  resolution  along  track  

depends  on  the  antenna  length  –
the  shorter  the  antenna,  the  wider  
the  beam.  12  m  X-Band  ->  2  km  
beam  on  ground!
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Synthetic Aperture Radar
A trick to improve along-track resolution
Synthetic antenna

Physical antenna

Resolution cell

All  the  radar  echoes  that
illuminate  a  given  patch  of
ground  are  used  to  construct  
a  synthetic  larger  antenna

SAR  resolution  is  then  half  the  antenna  length  (few  m)  and  is  
independent  of  distance!
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Improvement in Resolution 
(Crimea, Ukraine, ERS satellite)

Real  Aperture  Radar Synthetic  Aperture  Radar
5x14  km  pixels 4x20  m  pixels

Massonnet  and  Feigl,  1998
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Scattered  energy

Smooth
(specular) Rough

Physics of scattering
Scattering: dependence on roughness
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Bragg Scattering

Bragg  scattering  occurs  mainly  from  spectral  component
with  half  radar  wavelength
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• Surface  scattering

• Double  bounce

• Volume  scattering

Scattering Mechanisms



16ESA  LTC,  Alberto  Moreira  (2013)
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Dielectric Properties

• Backscatter  also  depends  on  dielectric  properties.
• Metal  and  water  have  high  dielectric  constant
• Amplitude  can  be  used  to  determine  soil  moisture  content

In  summary,  radar  signal  return  
depends  on:
•Slope
•Roughness
•Dielectric  constant



18ESA  LTC,  Alberto  Moreira  (2013)
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Scattering  Amplitude
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VHF
UHF

P-band

L-band

C-band
X-band

Scattering and wavelength

~3  cm
~5  cm

~20  cm
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Radar Images at Different Frequencies

X-band L-band



Temporal  Decorrelation

Distributed  scatterer  pixel  

Speckle

• Amplitude  has  a  pseudorandom  
element

• Neighbouring resolution  cells  with  
same  scattering  properties  can  
have  different  amplitude

• This  effect  known  as  “speckle”
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Speckle

Filtered
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Geometry

Ground range



25

Geometry

JERS-1 data (M.Shimada)



26

SAR Coordinates
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Orbit

• All  SAR  satellites  fly  in  a  near-polar  orbit
• Acquisitions    when  flying  south  to  north  called  “Ascending”
• Acquisitions    when  flying  north  to  south  called  “Descending”
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Right-looking radar system
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Early  azimuth

Late  azimuth

Near  
range

Far  
range

Internal  datum:
Radar  coordinate  
system

Line  1
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Line  3
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Line  8

Line  26000
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Geographic datum:
ascending

‘Computer’  datum
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Geographic datum:
descending

‘Computer’  datum
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(1)

ESA  LTC,  Alberto  Moreira  (2013)
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(2)

ESA  LTC,  Alberto  Moreira  (2013)



33

Main acquisition modes
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Traditional ScanSAR

• Synthetic  aperture  is  
smaller,  reducing  
resolution

• Number  of  illuminations  
for  points  on  groud varies  
causing  “scalloping”
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Sentinel-1 Wideswath mode: TOPS 
(Terrain Observation with Progressive Scans)

Image:  ESA
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Why TOPS?


