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The SRC or Super Resolution Channel is the framing 

imaging subsystem of the HRSC experiment on the ESA 
Mars Express spacecraft, designed to show high-resolution 
detail within the broad swath of the HRSC push-broom 
camera. It has a separate optical system (focal length 980 
mm, f/11) and a 1024x1024 CCD detector, achieving a 
ground pixel size of 2.3 m from an altitude of 250 km [1]. 
By December 2008, it had obtained about 8500 images. 

 
The quality of the SRC images proved lower than the 

design expectation: the thermal conditions of the camera in 
space caused a distortion of the optics, seen in images as 
blurring and ghosting. Analysis of star images demonstrat-
ed that the point-spread function (PSF) was asymmetrical 
with offset secondary intensity peaks. 

 
The size and mass (2 kg) constraints on the SRC cam-

era design determined that it could not be a high signal-to-
noise ratio (SNR) instrument. Close to pericentre, where 
the spacecraft ground track velocity is around 3.5 km/s, an 
exposure time of 0.6 ms is needed to avoid motion-smear in 
the image. Operation of the camera has shown that the 
optimal trade-off between motion-smear and an acceptable 
SNR is found at considerably higher exposure times, 
around 5 ms [2]. Consequently, the Mars-pointing SRC 
images are typically smeared by 5-10 pixels along the flight 
direction axis. 

 
Trials at improving the images were made using the 

Richardson-Lucy algorithm [3,4]. The algorithm is an itera-
tive procedure for recovering an image blurred by a known 
point spread function. The PSF for the optics of the SRC 
was  derived from a series of star observations made using 
the camera [5]. In the first case, the algorithm was applied 
to images of Phobos, since these have a higher SNR and 
less or no motion-smear. The results show more recovered 
detail and sharpness than we have been able to achieve by 
standard image sharpening techniques [6]. 

 
The method has subsequently also been applied to 

Mars-pointing images. A motion-smeared image is equiva-
lent to an image blurred by a PSF in the form of a short line 
segment corresponding to the motion during the exposure. 
Thus, the motion-smear is accounted for by smearing the 

PSF of the SRC optics by the required amount in the along-
flight direction before applying the algorithm. 

 
A side effect of the image improvement procedure is to 

enhance positive noise in the image. Some pre-processing 
is carried out to remove salt and pepper noise, but the trade-
off between enhanced detail and increased noise determines 
how far the improvement can be taken. Caution is also 
needed in very low dynamic range areas, where steps be-
tween regions with adjacent DN values cause the appear-
ance of artefacts. 

 
For several Mars surface SRC observations we have 

been able to demonstrate a distinct improvement over the 
raw images, and a marked resolution advantage over the 
equivalent region seen through the HRSC nadir channel. A 
sample is shown in Figure 1. 

 
A systematic processing chain for the entire SRC data-

set is being considered. 
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Figure 1 (following page). SRC images h4199_0007 and 
h4199_0006 (left to right): raw, corrected for PSF and mo-
tion-smear, and the equivalent region from the HRSC nadir 
channel (h4199_0000). [Note: compressed jpeg image for 
abstract submission] 
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