
  

Spatial Unmixing of Pixels for More Accurate Displacement Time-
Series Obtained with a Small Baseline Strategy:

A Case Study in France

Cheaib Aya & Doin Marie-Pierre

ISTerre, University of Grenoble Alpes, France

September 12, 2023

FRINGE 2023



  

● Additional bias not related to other known 
effects (topography, atmosphere, ..)

● Bias accumulated from short term 
interferograms

Sicily, Italy

bw=5 bw=10 Full covariance

Ansari et al., 2021

Full 
covariancebw=2

1

Ansari et al., 2021

Fading 
signal

Bias on vegetated terrains with SBAS time series
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Very simplified sketch of bias acquisition principle  

Road

Non-coherent 
croplands :

Unbiased multilooked 
or filtered phase.

Relatively coherent 
croplands:

Biased phase 

Isolated 
urbanization
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How can we limit the 
impact of the biased 
pixels on the other 

pixels ?

1- Identify the biased 
pixels

2- Integrate their 
characteristics to 
weight them down

Mixing of pixels with spatial averaging



  

Land Cover
Proxy of temporal 

coherence
Short interferograms 

velocity map

Data: Sentinel-1 time series processed with NSBAS
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Track D037 from 
Sentinel-1 data:

● August 2016 to April 2021
● 306 dates
● ~900 2-looks 

interferograms

Time series inversion:
● Non-filtered 8-looks 

interferograms
8x4 in range
8x1 in azimuth

● Only interferograms at 
date+1, 2, 3 were used
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Relate biased pixel with landcover type 1- Identification of 
biased pixels
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Relate biased pixel with landcover type 1- Identification of 
biased pixels
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Relate biased pixel with landcover type: Croplands 1- Identification of 
biased pixels



  

Assymetric vegetation cycle
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Plant 
growth

HarvestingTilling

1- Identification of 
biased pixels



  

Relate biased pixel with landcover type: Forests
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The process that triggers the phase increase during the spring period is 
partly reversible 

1- Identification of 
biased pixels



  

How to go from 2rlks to 8rlks wisely ?
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Multilooking

Identify the unbiased pixels
And

Isolate them during 
multilooking

Weighted multilooking



  

Quantitative proxy for bias: unmixing coefficient
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Choose 
factors

Compute the 
Unmixing Coefficient

(UmxC)

Replace the 2-looks
interferograms 

magnitude 
with UmxC

Multilooking, filtering, 
Unwrapping,

 time-series inversion

(1)

(2)

(3)

Proxy of 
temporal 

coherence

Coherence 
dispersion

Coherence 
ratio between 
summer and 

winter

With j=i+1
        k=i+2

With j-i < 1 month

With j=i+2

2- Weighted 
Multilooking



  

Quantitative proxy for bias: unmixing coefficient

Choose 
factors

Compute the 
Unmixing Coefficient

(UmxC)

Replace the 2-looks
interferograms 

magnitude 
with UmxC

Multilooking, filtering, 
Unwrapping,

 time-series inversion

Continuous UmxC classes differentiating land cover

Urban 
Stable non-urban terrains

Croplands, forests

101

1

UmxC
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2- Weighted 
Multilooking



  

Improving velocity maps with pixels unmixing 

10



  

Improving velocity maps with pixels unmixing 
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Improving velocity maps with pixels unmixing 
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Improving velocity maps with pixels unmixing 
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Improving velocity maps with pixels unmixing 
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Improving velocity maps with pixels unmixing 
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Crops Urban



  

Conclusions and perspectives
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● It is important to characterize pixels in a country like France (strongly vegetated areas with small roads, isolated farms, small villages) before 
multi-looking in a SBAS processing workflow

● Bias (up to 2-3 cm/yr) is acquired during the period of vegetation growth on croplands 
● Forests present small, partly reversible, bias
● This work was a first step in a larger project aimed at mitigating the cumulative bias on cropland for velocity maps produced using 

NSBAS (poster by Doin et al., this afternoon ).

Time series inversion:
● Non-filtered 8-looks interferograms

8x4 in range
8x1 in azimuth

● Interferograms at date+6, 12, 18, 
60, 365 days were used
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