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Satellite SAR: A Coherent Sensor

R

Earth

Radar 

satellite

A synthetic aperture radar (SAR) works 

by illuminating the Earth with a beam of 

coherent microwave radiation such as a 

laser.

Phase information is essential for SAR 

data processing.

X-band Č 3 cm

C-band Č 6 cm

L-band Č 24 cm
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Why Radar Remote Sensing?

1. Itôs an active system: it does not require 

external illumination sources (Sun light) 

like optical systems

2. It operates at microwave frequencies: 

they can penetrate through the clouds

3. It is a coherent system: it allows to 

precisely measure changes in the 

satellite-target distance by means of 

interferometry
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Optical image

SAR Multi Image 

Reflectivity map (MIR)

SAR vs. Optical data
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Historical Analysis Monitoring

What SAR Sensors are Available?
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Geometry of Acquisitions
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Acquisition Geometry

100 km
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7,5 km/s
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Distance from Radar

(slant range)

H

ground range

Satellite Images
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SAR coordinatesGeographic coordinates 

Geographic and SAR Coordinates
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Examples of Geometric Distortions

LAYOVER, 
SHADOWING

FORESHORTENING
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Interferometric Concept
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The Basic Interferometric Principle
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R1

Å Satellite passes over an area of interest (AOI)

Å Radar signals are reflected back to the satellite 

from high reflectivity ground objects

Å The distance from the satellite to the ground 

object is represented here as R1

Å Ground deformation occurs

Å The satellite re-passes over the same area

Å The difference between R1 and R2 is the 

displacement (ȹR) along the satellite line-of-

sight (LOS)

ÅGround displacement is measured

R2

ȹR

Reflecting object
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InSAR for Displacement Detection

R1

R2

ȹR

DR = c ·Df

Dr

Interferometry

l= 5.66 cm

R1

R2

R1

R2

The unit of length used in InSAR is the wavelength:

Df
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A SAR image is a set of pixels characterized by both amplitude and phase values

Amplitude

SAR Data

Phase (known modulo 2p)

R

The phase is related to the sensor-target distance
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Single SAR image: Phase Contributions
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sensor-radar target distance

Atmospheric Phase Contribution
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The interferometric phase

is proportional to

range variations

Interferogram: phase contributions

Å ñnothingò has changed: Dy= Da= 0

Å for high SNR: n= 0

If:
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InSAR for DEM reconstruction

Bn


