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Outline

� Synthetic Aperture Radar (SAR) Tomography and motivation 
for super-resolution

� Compressive Sensing in Tomo-SAR

� Scatterer detection problem Tomo-SAR . Generalized 
Likelihood Ratio Test (GLRT) schemes: the GLRT with 
cancellation (GLRT-C) and the support based GLRT (sup-GLRT) 
approaches

� Application to real data: CS, GLRT-C vs sup-GLRT and sup-GLR 
vs CS

� Conclusions and future works



CS and GLRT in SAR Tomography 3

SAR Tomography for full 3D Imaging

� SAR Interferometry and Differential SAR Interferometry has important applications
in Digital Elevation Model (DEM) reconstruction and monitoring of deformation.

� SAR Tomography extends interferometric approaches for application to complex
scenarios.

� By synthesizing an antenna also in the slant height direction (orthogonal to
the line of sight) it is possible to analyze the vertical structure of the scattering
thus extending SAR imaging form 2D (azimuth-slant range) to 3D (azimuth-slant
range-slant height).
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3D SAR Imaging
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INVERSION
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4D SAR Imaging (Differential SAR Tomography)
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Compressive Sensing

Result: if  γγγγ is a sparse signal (can be well represented as few non zero contributions) then, 

under the condition that a sufficient number of samples are acquired, the unknown can be 

well reconstructed via the compressive sensing technique.
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Hypothesis: the number K of non-zero entries of γγγγ (               )

is sufficiently smaller than L,N (K<<N<<L)
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Scatterer Detection Problem 

Key elements: the False Alarm Probability (FAP) and the Detection Probability (DP). 
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Generalized Likelihood Ratio Test (GLRT) is required. 

The maximization at the numerator selects the highest peak of the beamforming 
and normalizes to the data vector norm.
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w is the additive noise

� A. De Maio, G. Fornaro, A. Pauciullo, Detection of Single Scatterers in Multidimensional SAR Imaging, IEEE Trans. Geosci. Remote

Sens.,Vol. 47, No. 7, pp. 2284-2297, Jul. 2009

Letting p to collect the unknown parameters (height, height/velocity, …) for a 

Gaussian model the discrimination between the first two hypotheses is 
achieved as:
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Sequential GLRT with cancellation (GLRT-C)
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Estimation from the data of the direction of the first  scatterer and evaluation of the 
coherence L1(x)

Projection of the data in the complement orthogonal to the subspace spanned by the 
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Advantages: requires only one dimensional maximizations (computational time)

Disadvantages: no super-resolution
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� A. Pauciullo, D. Reale, A. De Maio, G. Fornaro, Detection of Double Scatterers in SAR Tomography, IEEE Trans. Geosci.

Remote Sens., Vol. 50, No. 9, pp. 3567-3586, Sept. 2012
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Scheme of the GLRT-C detector
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sup-GLRT: an advance over the GLRT-C
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� A. Budillon, G. Schirinzi, GLRT Based on Support Estimation for Multiple Scatterers Detection in SAR Tomography, IEEE

Journ. Select. Topic. Appl. Earth Observ. Remote Sens., Vol. 9, No. 3, pp. 1086-1094, March 2016
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• 25 TerraSAR-X Spotlight acquisitions over the city of Las Vegas USA (from 2008. 02. 
02  to  2009. 04. 06) 

• Imaging Mode: HS (High Resolution Spotlight)

• Orbit Direction: Ascending

• Beam Identification: spot_042

• Orbit Number: 3522

• Incidence Angle: 35.8°

• Look Direction: Right

• Azimuth resolution: ∼ 1.1 meters

• Slant Range resolution: ∼ 0.6 meters

• Polarisation Mode: Single

• Polarisation: VV

The TERRASAR-X dataset over Las Vegas
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Rayleigh resolution: 
40m (slant height) 
27m (vertical)

Acquisition distribution of the Las Vegas dataset
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Application to high resolution data (The Mirage Hotel) 
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CS Detected Single Scatterers
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CS Detected Double Scatterers (lower)
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CS Detected Double Scatterers (higher)
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CS Detected Double Scatterers: 
height difference
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sup-GLRT Detected Single Scatterers
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GLRT-C Detected Single Scatterers
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sup-GLRT Detected Double Scatterers
(lower)
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GLRT-C Detected Double Scatterers
(lower)
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Sup-GLRT Detected Double Scatterers
(higher)
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GLRT-C Detected Double Scatterers
(higher)
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sup-GLRT Detected Double Scatterers: 
height difference
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GLRT-C Detected Double Scatterers: 
height difference



CS and GLRT in SAR Tomography 28

Topographic Difference Between CS and 
sup-GLRT

Histogram of the difference between the height of double scatterers estimated by 
CS and sup-GLRT (mask of points detected by sup-GLRT) 
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Deformation Mean Velocity Difference 
between CS and sup-GLRT

Histogram of the difference between the deformation mean velocity of double 
scatterers estimated by CS and sup-GLRT (mask of points detected by sup-GLRT) 
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CS Post Detection Single Scatterers
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Sup-GLRT Single Scatterers
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CS Post Detected Double Scatterers
(lower)
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Sup-GLRT Double Scatterers (lower)
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CS Post Detected Double Scatterers
(higher)
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Sup-GLRT Double Scatterers (higher)
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Conclusions and future works

SAR Tomography allows implementing a radar scanner from the space to 
reconstruct 3D point clouds and monitor deformations.

Next generation VHR sensors (COSMO-SkyMED II Generation, HRWS) 
will allow further improving this technology for application to urban area 
and critical infrastructure monitoring.

Super-resolution in SAR tomography allows achieving improvements in 
the generation of 3D point clouds. 

An open issue is the coupling between the reliability of the 
reconstruction and the computational performances. To this end a 
key point seems to be associated with the “assimilation” of proper 
detection schemes within computationally efficient L1 methods.
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