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Interpretation of and Automatic Target Recognition
in SAR imagery is neither simple nor intuitive

Full resolution COSMO-Skymed spotlight image of an airplane in an airport area

3 elevators?!?

No fuselage?!?



ATR: detection and classification

Detection expected output: a bounding box containing each and every
object of a specific type (e.g. aircraft) inside the current image.

Input image

Model Airbus A320
62.5%

Model Boeing 737
75.3%

Classification expected output: for each bounding box a label identifying
the class inside the specific type.

Aircraft
90.7%

Aircraft
94.6%



Tanker

Passenger

Cargo

-> Deep Learning training based on automatically extracted datasets

Sentinel-1

AIS-assisted generation of training datasets



Selected architecture for detection: 
Faster R-CNN ResNet50 V1

Best validation mAP @0.50 IoU: 0.90

Training
Validation whole dataset
Validation Offshore



Comparison with State of the Art 



Selected architecture for classification: 
EfficientNet

Best val F1-score @ epoch 137: 77.83%



Comparison with State of the Art 



Collection of extensive and VHR training 
datasets is not simple

Sample dataset taken from the 
MSTAR database

COSMO-Skymed spotlight image



Aida Diva 
passenger ship

Aida Diva, Capella Space SAR 
image, 0.5m resolution

Aida Diva, simulated with 
same parameters of  Capella 
Space SAR image

An efficient solution: use
a SAR image simulator



Definition of SAR-specific materials



Simulation of different background 
roughness



Simulation of different carrier frequencies

Boeing 727 

L-band X-band



Verification of hypotesis

Social media, based on visual analysis of Very-High resolution Capella Space images, reported the 
presence of Russian Su-25 ground attack airplanes in the Luninets airbase in Belarus on February 22.



Verification of hypotesis

Capella Space 0.5m resolution Simulated Su-25



Simulation of different orientations / 
incidence angles

Su-25 and Mig-29Tu-160Bulk-carrier



The simulation
can provide
several details on 
the scattering 
mechanisms



Generation of detection datasets via 
«augmented reality»

Easier and more efficient
than simulating complex
scenes



Vessels

Airplanes

Military
vehicles

Fighters

Bombers

Airliners A320

B737

Target type Target class Target modelSensor / mode

VHR 0.5 – 1.0 m

VHR 1.0 – 3.0 m

VHR 3.0 – 6.0 m

HR 6.0 – 10.0 m

HR 10.0 – 15.0 m
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Thanks a lot for your attention!


