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- Satellites are subject to high-frequency attitude perturbations.

- Effects on images are difficult to correct with classical bundle adjustment method.

- Compressive Sampling recovers sparse signal from incomplete measurements.

The Framework of the experiment relies on : 
- the simulation of a remote-sensing satellite with pushbroom sensor
- the simulation of a set of GCPs using the true rigorous sensor model. 

Consequently the perturbations that affect satellite attitude and distortions 
measurements with some noise are known and controlled. 
The performance of the geometric correction is evaluated by : 
- computing the location accuracy thanks to the true original location. 
- resampling images and comparing to the image with no perturbations, to 

qualitatively assess the corrections

- Very promising results for compressive sampling methods in order to correct 

high-frequency attitude jitter in physical-based geometric models.

- Requires only the signals to be sparse in a transformation basis instead of 

specifying a mathematical model. 

- To go further: 

→ study effect of using  other transform basis.

→ retrieve attitude error from image shift signals.
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- The impact of the number of GCPs (left figure) as well as their precision (right figure) 
was evaluated for both methods.

The CS method clearly 
outperforms the classical 
approach on high frequencies 
while showing similar robustness 
concerning the amount of GCPs 
needed. Besides, CS precisely 
retrieves distortion signals, 
although it is therefore sensitive 
to the measurement precision if a 
regularization method is not 
included.
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Compressive sampling efficiently and precisely retrieves 
perturbation signal with high frequencies, whereas bundle 
adjustment fails to achieve satisfying performance.

Simulation of perturbations and geometric correction using compressive sampling, compared to classical  bundle adjustment method.

Replacing step (ii), compressive sampling (CS) was used to retrieve an error signal between the image location 
corresponding to the distortion measurements. This signal is composed of two independent components, a 
row-shift and a column-shift.  The measurements are made sparse using the Fourier transform and the CS 
associated problem is solved by Orthogonal Matching Pursuit (OMP) algorithm. Then using the inverse Fourier 
transform, the distortion signal can be reconstructed. The image location can thus be corrected and then 
provided to the rigorous sensor model designed with the geometric library LibGeo.

Satellite image geometry usually relies on a rigorous sensor model which consists in modelling the path of the light from the sensor to the Earth. To ensure the most 
accurate geolocation of the pixels in an image, this model requires the best knowledge of the satellite’s physical parameters (position, orientation...) but also those of the 
sensor (acquisition time, detectors line of sight, optics mechanisms…). However these are always measured with some noise impacting their precision. Therefore, further 
geometric correction making use of exogenous data is needed in order to meet absolute location requirements as well as to ensure geometric coherence inside the 
images. In particular, the satellites are subject to the effect of high-frequency attitude jitter which poses a challenging problem.

The overall process relies on several steps :  
(i) image correlation in order to identify points in 
the acquisition and their correspondent in a 
reference with high location precision (GCP or 
high resolution ortho-image). 
(ii) Optimisation of the physical parameters and 
those of functions modeling the expected 
perturbations in order to minimize the residuals 
of ground and image locations between the 
GCPs and their estimations by the geometric 
model (bundle-adjustment). 
(iii) Orthorectification to account for terrain 
deformations.

Compressive Sampling (new method)

- Apply sparse transform on GCPs measured shifts
- Reconstruct sparse signal using orthogonal Matching Pursuit 

(OMP)
- Use inverse sparse transform to recover the image shift signals

Sparse basis: Discrete Fourier Transform (DFT) 
Correction: Apply image shifts before geometric model. 
Improves absolute location.
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- Compressive sampling performs consistently better than bundle adjustment with high 
frequency perturbations.
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Bundle Adjustement

Use measured shifts to simultaneously optimize 
geometric models parameters and points position. 
Improves coregistration and absolute location.

Performance evaluation

- Compute location accuracy with 
the true geometrical model 

- Compare resampled image

Reference image

Distorted image


