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SAR Interferometry basics 
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SAR Interferometry basics 

                 A geometrical approach
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SAR acquisition geometry
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2D SAR focusing

● Scatterer’s location: (x0,r0)
● Reflection coefficient: ac 
● Baseband pulsed waveform: p(τ) 
● Migrations are neglected

SAR raw signal for a single scatterer

delayed pulse
phase delay

azimuth-varying delay
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2D SAR focusing

● Scatterer’s location: (x0,r0)
● Reflection coefficient: ac 
● Migrations are neglected

Range-focused SAR signal for a single scatterer

range impulse response

radar-scatterer distance
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2D SAR focusing

● Scatterer’s location: (x0,r0)
● Reflection coefficient: ac 

2D SAR image of a single scatterer

range impulse response

r0 can be measured using  :

- |srf(x,r)| : precision  ≈  δ r 

- using  arg(exp(j kr r0))  : precision ≈ λc /2 

azimuth impulse response

phase delay 
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Phase sensitivity to motion in range 
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Phase sensitivity to motion in range 
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3D mapping using SAR
Cylindrical ambiguity of 2D SAR imaging
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3D mapping using SAR
A solution: use of space diversity
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3D mapping using SAR
Acquisition geometry
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3D mapping using SAR
Baseline conventions
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Spatial diversity modes
Coregistration of a pair of images

1)  Set a reference common geometry 
{yref, zref} plane, DTM...

2)  Compute reference range coordinates
{yref, zref}→ {r1ref,r2ref} 

3)  Co-register (resample) images to 
the reference geometry
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Spatial diversity modes
Retrieving topography from co-registered images

● Case 1: 
● the scatterer lies on the reference geometry

● same coordinates in the co-registered images
r1ref  =  r1 ⇒ r2ref  =  r2  
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Spatial diversity modes
Retrieving topography from co-registered images

● Case 2
● very large vertical offset ∆z  

r1ref  =  r1 ⇏   r2ref  =  r2  
● range shift 

∆ r2 = r2−r2ref = f(r1,∆z)  

● Topography estimation 
 stereo radar grammetry (deformation mapping)

● Heavy processing, low-resolution & robust
estimation
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Stereo radar-grammetry
DEM of Venus measured by the Magellan probe
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SAR interferometry
Retrieving topography from co-registered images

● Case 3 
● small  ∆z  → no range shift 

|∆r2| ≪ δ r     
● topography estimation by interferometry

● High-resolution estimation

● Validity requirement |∆r2| < α δ r
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SAR interferometry
Interferometric phase components

● Local plane wave approximation

● Compound interferometric phase

● Reference (or flat-earth) phase component

● Topographic phase component
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SAR interferometry
Interferometric phase flattening

Compound interferometric phase

1) Compute reference phase (from acqu. Geometry)

2) Flatten interferogram
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SAR interferometry
Topographic InSAR phase retrieval
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Sensitivity and ambiguity

● Sensitivity to:
● baseline
● Frequency (wavelength)
● Off-nadir angle

● Ambiguous height hamb
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InSAR phase wrapping
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3D mapping using InSAR

Radar look direction ?  
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3D mapping using InSAR
InSAR phase flattening

Radar look direction ?  
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3D mapping using InSAR
Sensitivity to baseline



   26

Sensitivity to frequency: reflectivity
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Sensitivity to frequency: raw phase
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Sensitivity to frequency: flattened phase
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Phase unwrapping
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Need for phase unwrapping
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Phase unwrapping principle in 1D

phase gradient

wrapped phase gradientunwrapped phase 

Itoh’s method
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Aliasing-free phase unwrapping

Aliasing-free condition
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Aliasing-free phase unwrapping

Possible alias if 
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2D phase unwrapping

A

B

Better conditioning through 2D integration path diversity 
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2D phase unwrapping

wrapped phase residues branches
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2D phase unwrapping
2D phase unwrapping formalism

● Wrapped phase:

● Gradient operator: 

● Unwrapped phase: 

● Lp norm: 

● Wrapping operator

 

● L2 solution:
● very fast
● Inaccurate (smooth)

● L1 solution 
● slower
● very robust
● better performance
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Interferometric SAR processing chain
Acquired images
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Interferometric SAR processing chain
Raw interferogram
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Interferometric SAR processing chain
Flattened interferogram
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Interferometric SAR processing chain
Unwrapped interferogram
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Interferometric SAR processing chain
Geocoded DEM
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SRTM/X-SAR DEM, Mount Kotopaxi, Ecuador
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High resolution elevation mapping worldwide
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Hydrological water flow simulation 
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SAR Interferometry basics 

                 A signal processing approach
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Single SAR image statistics
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Speckle effect
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Deterministic vs random scattering
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Deterministic  scattering
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Random scattering
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Deterministic scattering
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Random scattering
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Fully developed speckle statistics



   54

Fully developed speckle statistics

Single-look complex (SLC) data

Complex circular normal distribution

Intensity
Exponential distribution

Unbiased reflectivity estimate

Extremely high dispersion 

Phase 

Uniform distribution → mean value cannot be retrieved 
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Multi-looked data statistics
Single-look intensity

Exponential distribution

Unbiased reflectivity estimate

Extremely high dispersion 

Multi-look intensity

L independent realizations (or looks)

Multi-look intensity estimate

Bias, variance 
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Multilooking
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Single Look Complex (SLC) SAR image
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Single Look Complex (SLC) SAR image



   59

Speckle filtering
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Single Look Complex (SLC) SAR image
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Interferometric SAR image statistics
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Interferometric SAR image statistics
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Multi-looked InSAR data statistics
Multi-look covariance matrix 

L independent realizations (or looks)

Multi-look covariance estimate

Unbiased 

Multi-look coherence estimate 
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Single SAR image statistics

Multilook InSAR coherence statistics
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Multilook InSAR coherence statistics



   66

Multilook InSAR coherence
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Multilook InSAR coherence
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Multilook InSAR coherence
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Multilook InSAR coherence
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Sources of InSAR decorrelation
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Thermal (SNR) decorrelation
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Thermal (SNR) decorrelation
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Thermal (SNR) decorrelation
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Temporal decorrelation
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Temporal decorrelation
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Range decorrelation (spectral shift) 

a, ground slope
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Range decorrelation (spectral shift) 



   78

Range decorrelation (spectral shift) 
DLR E-SAR images, L band
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Range decorrelation (spectral shift) 
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Range decorrelation: critical baseline 
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Range decorrelation: critical baseline 
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Range decorrelation: critical baseline 
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Range decorrelation: critical baseline 
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Volume decorrelation

Born approx. at order 1

Uncorrelated random reflectivity →

Volumetric decorrelation  
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Single SAR image statistics

Baseline-dependent feature
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Volume decorrelation

1 hour, 20m baseline, L band
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Volume decorrelation & frequency
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