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Introduction: Mars Express’ High Resolution Stereo Ca-
mera (HRSC) provides four color channels and five panchro-
matic channels in stereo angles between ±18.9°, which are 
well suited to derive Digital Terrain Models (DTM) and color 
orthoimages [9]. Besides the systematic photogrammetric 
processing of the entire data set [11], various supplementing 
and/or alternative approaches [1,8,13] have been investigated 
and compared in the HRSC DTM Test [8]. These methods 
are based either on image matching or shape-from-shading. 

This investigation concentrates on joint derivation of two 
object models: orthoimage and DTM. HRSC data are proces-
sed by matching in object space, i.e. by Facets Stereo Vision 
[14,15]. The appraoch allows for integrated computation of 
these models and implicitly considers interconnections. First 
experiences regarding the application on Mars have been gai-
ned with simulated images, based on existing orthoimagery 
and DTM [2]. Recently, Facets Stereo Vision has been adap-
ted to process HRSC line scanner data and implemented in 
MATLAB [4,7]. Results for a crater rim are presented. 

Matching in Object Space: Facets Stereo Vision was 
developed since the 1980s [14,15,16]. This flexible approach 
enables for simultaneous derivation of orthoimage, DTM, and 
further parameters, such as reflectance. Surface properties are 
modeled with respect to spatially regular grids (facets), which 
have to be defined considering HRSC pixel size (Fig. 1). 
 

  
Fig. 1: Matching in object space with line scanner data fol-
lowing [10]. DTM, Z = f(X,Y), and orthoimage, G = f(X,Y) 
are estimated by least squares adjustment. The facets of G 
are typically finer than those of Z. 

The indirect algorithm of Facets Stereo Vision is applied 
to HRSC data [3,4,7]. This presumes an initial DTM – we 
used Mars Orbiter Laser Altimeter (MOLA) data [12] – as 
well as camera orientations, improved by prior bundle adjust-
ment [13]. Based on that, pseudo observables (orthoimages) 
are resampled from HRSC channels. The term ‘pseudo’ dis-
tinguishes preliminary data from the final orthoimage, which 
is based on the final DTM. Both object models are iteratively 
refined in a least squares adjustment. The inherent matching 
process is transferred from image space to object space: It is 
not carried out between particular features of original images 
but between all pixels of (pseudo) orthoimages. 

Application: Facets Stereo Vision was applied to the rim 
of a Martian crater, located at 313.4° east and 8.9° north. it 
has been imaged in Mars Express orbit 894. HRSC nadir and 
two stereo channels with resolutions of 15 m/pixel and 30 
m/pixel, respectively, are used as input. Fig. 2 shows a com-
bination of pseudo orthoimages as well as a difference image 
of both stereo channels, based on an initial MOLA 5 km 
DTM. Lateral displacements can be seen, e.g., at the elevated 
crater rim, since it is not resolved by MOLA (compare 
MOLA and final DTM in Fig. 4). Such height deviations of 
several 100 m are to be corrected by Facets Stereo Vision. 
 

    

    
  

Fig. 2: Comparison of initial and final orthoimage – mean 
values of pseudo observables – (top) and respective color-co-
ded grayvalue differences (bottom) of HRSC stereo channels. 

 
The derivation of orthoimage and DTM presumes the de-

finition of appropriate facets. Taking nadir and stereo channel 
resolutions into account, an intermediate value of 25 m has 
been chosen for the orthoimage. DTM facets have been de-
creased over seven subsequent calculation steps from 900 m 
to 150 m, resulting in 48x48 facets (Table 1). 
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Step Orthoimage DTM  Pix. p. 

 Facets 
(Pixels) 

Size 
[m] Facets Size 

[m] 
DTM 
Facet 

1 3242 25   92 9002 362 
2 3002 25 102 7502 302 
3 2892 25 122 6002 242 
4 2892 25 162 4502 182 
5 2892 25 242 3002 122 
6 2892 25 362 2002   82 
7 2892 25 482 1502   62 

 
Table 1: Numbers and sizes of orthoimage and DTM facets. 
(As the investigation area is a multiple of facet sizes, it slight-
ly decreases after steps 1 and 2.) 

 
Starting with the derivation of a coarse DTM – 36x36 

(pseudo) orthoimage pixels per facet – ensures that most cor-
responding pixels fall into identical DTM facets and can be 
matched [2]. The difference between the pseudo orthoimages 
initially reaches up to 17 pixels. It decreases during the cal-
culation steps – each carried out as an iterative least squares 
adjustment –, until the final orthoimage shows no visible 
distortions. Grayvalue differences between individual HRSC 
channels reduce to almost zero. Remaining discrepancies are 
more or less noise and compression effects (Fig. 2). This is 
confirmed by the accuracy of the final DTM, RMS = 17.8 m 
(median for heights with respect to the 150 m grid), which is 
below image resolution. A perspective view of this DTM, 
which was slightly smoothed, is shown in Fig. 3. The direct 
combination with initial MOLA data impressively illustrates 
the capabilities of both HRSC data and Facets Stereo Vision. 
 

  
Fig. 3: Perspective view of initial MOLA heights and final 
DTM from Facets Stereo Vision. The origin of the coordinate 
system is north-west. 
 

For comparing both results, i.e. the final orthoimage and 
DTM, these object models have been combined; Fig. 4 shows 
contour lines with an equidistance of 50 m on top of the 
orthoimage. Both data sets generally match with each other. 
Critically surveying the results, one should keep in mind that 
the final DTM consist of only 48x48 facets. Nevertheless, de-
tails of the Martian terrain are well represented by contours. 

Mars Express orbit 894 and accordingly the crater area 
have been amongst the investigation areas of the HRSC DTM 
Test [8]. In comparison, our result is in good agreement with 
the DTM rated as ‘best’ with regard to overall accuracy and 
fine detail. 

  
Fig. 4: Orthoimage with contour lines. 
 

Conclusion and Outlook: The application of the Facets 
Stereo Vision approach to HRSC on Mars Express line scan-
ner imagery has been presented. Using the MOLA 5 km 
DTM as initial height values, meaningful results for the ob-
ject properties – grayscale orthoimage and DTM featuring 
ground resolutions of 25 m and 150 m, respectively – have 
been derived by successive decrease of DTM facet sizes. 

With these experiences as well as with its application on 
other regions of Mars, Facets Stereo Vision has to be further 
investigated, especially regarding regularization aspects [4, 
16]. This may allow for smaller facet sizes and support the 
goal of very high DTM resolution. 

Facets Stereo Vision is flexible to the determination of 
further parameters, such as surface reflectance. In our calcu-
lations, linear functions have been applied to adjust contrast 
and brightness between the images. This approach is not phy-
sically motivated and does not model, e.g., directional depen-
dence. While first experiences have already been made [5], 
the inclusion of a sophisticated BRDF derived from five dif-
ferent HRSC viewing angles is subject to future work. 
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