
Fusing SAR and Optical 
information to solve geospatial 
problems

Paolo Pasquali
Technical Director & President, sarmap s.a.

paolo.pasquali@sarmap.ch



Fusion of SAR and Optical

information
instead of

data

We want to have full control!



Geometry

• Improving small terrain displacement estimation

• Improving geolocation accuracy



SAR Interferometry is sensitive to height and displacement

DEM Displacement map



Separating height and displacement

• If enough SAR data (20+) are available, separation
is possible and accurate from SAR data only.

0 +30- 30

mm/year

DSM: SPOT-7
Displacement: CKS

• If not, external information (e.g. DEM) is needed



Separating height and displacement

DSM: UAV

0 +10- 10

mm/year

Displacement: Sentinel-1



Improving Optical geometry with SAR

• Starting point: precise optical data orthorectification requires precise Ground Control Points since 
geometry (attitude) of optical sensors (rationale polynomials) is not very precise

• SAR geometry is very accurate. Precise geolocation can be obtained with Interferometric as well as with 
Stereo techniques without any GCPs

• Automatic Optical – SAR matching can work well for feature points



Limitations of single pair stereo radargrammetry

• A large baseline is required for a precise height estimate.
• A large baseline causes matching to be increasingly difficult 



The FanSAR approach

• A multi-angular approach enables matching of large baseline pairs tracking the point along the 
SAR «fan».



FanSAR series acquisition time

At the latitude of  Astana 
(Nursultan) 51°10′48″
7 angles in 6 days with 
Cosmo-SkyMed. 

Acquisition interval of FanSAR acquisitions is shorter than for InSAR stacks



Automatic optical-SAR matching by mutual information

Cosmo-skymed SAR image Pleyades optical image



Automatic optical-SAR matching by mutual information

Cosmo-skymed SAR image Pleyades optical image



FanSAR for accurate DEM generation

A nice by-product



Tematic information

• Improving deforestation monitoring

• Improving land-use / land-cover mapping



Rondônia (Porto Velho) weather (wikipedia)



Rondônia 9/2016 to 5/2017

Coefficient of variation

Mean

Gradient

240’000 km2

300 x 13 frames



Sentinel-1 and Sentinel-2

Sentinel-2 8/2016 Sentinel-2 8/2017 Sentinel-1 8/16 – 4/17



Sentinel-1 8/16 – 4/17 Sentinel-2 8/2016 Sentinel-2 NDVI 8/2016

Sentinel-1 and Sentinel-2



Sentinel-1 and Sentinel-2

Sentinel-1 8/16 – 4/17 Non-forest from NDVI Deforestation



Sentinel-1 and Sentinel-2

SAR Deforestation Sentinel-2 8/2017NDVI Deforestation



Sentinel-1 dates

SAR Deforestation





SAR and Optical time series
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Temporal descriptors – Principle

 mean, median, mode time

σo

maximum

minimum

maximum ratio

minimum ratio

integral

range

 time range (seasonal, annual, etc.)
 corresponding dates



How time-series can be interpreted?

1. Temporal descriptors

 A priori information is not required

 Unsystematic acquisitions can be used

2. Knowledge based temporal analysis
 A priori information is required, as for instance 

• crop type, 
• calendar, 
• phenology, 
• duration, 
• Practices, etc.

 Systematic acquisitions must be available
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Multi-temporal multi-spectral descriptors
Sensor 1 Sensor 2 Sensor N

time



Multi-temporal multi-spectral descriptors

Temporal-spectral descriptors 
for selected time period(s)  

Temporal-spectral descriptors selection
based on uncorrelated features

Land Use – Land Cover Map



Multi-temporal multi-spectral descriptors – SAR-only

PALSAR-1 mean L-HV pre-crop season
ASAR mean C-HH pre-crop season
ASAR C-HH difference crop and pre-crop season

Agricultural area    Mangrove Water
Bare soil-weak vegetation (low biomass)
Medium vegetation (medium biomass)
Strong vegetation (high biomass)        

Gambia



Multi-temporal multi-spectral descriptors –
SAR and Optical

Sentinel-1 and Sentinel-2 
dry period

Maximum SAR coherence

Maximum SAR backscatterMaximum NDVI



Multi-temporal multi-spectral descriptors –
SAR and Optical

Maximum SAR coherence

Maximum SAR backscatterMaximum NDVI

Sentinel-1 and Sentinel-2 
wet period



Multi-temporal multi-spectral descriptors – SAR and Optical

Water Bogs LowB Vegetation HighB Vegetation Bare Soil Settlements



Yin and Yang

Thanks a lot for your attention!
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