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Abstract 

Martian topographic data have been collected by 
various exploration missions over the last decade. 
These products derived from Mars Orbiter Laser 
Altimeter (MOLA), High Resolution Stereo 
Camera (HRSC), Context Camera (CTX) and 
High Resolution Imaging Science Experiment 
(HiRISE) have provided detailed topographic 
information and are invaluable for scientists to 
interpret and understand the geological and 
climate evolution which has occurred on Mars. In 
order to fully utilise these multi-sensor, multi-
resolution and multi-scale Martian topographic 
products, a co-registration process was developed 
to co-align these multiple sets of Digital Terrain 
Models (DTMs). Surface matching is the core 
technique to implement the task and it was 
assessed to determine the parameters of a robust 
algorithm for DTM co-registration. Since this task 
was finished, the matching tool was developed 
accordingly with a decision algorithm [1]. This 
algorithm was then employed to align MOLA, 
HRSC, CTX and HiRISE DTMs. 

As the Mars MOLA data provides an accurate 
global topographic dataset [2], the MOLA DTM is 
used as the reference surface and the other DTMs 
are aligned to fit MOLA. However, considering 
the magnitude difference in resolution of various 
DTMs, it would be difficult to directly apply the 
MOLA data as a reference in the surface matching. 
Instead a hierarchical approach is introduced. The 
HRSC DTM was first employed as an intermediate 
dataset and it was matched to the MOLA DTM. 
The matched HRSC DTM was subsequently 
adopted as the reference surface in a surface 
matching with the associated CTX DTM. The 
HRSC DTM could provide more terrain features 
than MOLA and additionally it has been co-
registered with MOLA, so it was suitable to 
replace MOLA in the case of fusion with a CTX 
DTM. Following the same manner, the co-
registered CTX DTM was employed as the 
reference terrain model in a surface matching with 

HiRISE DTM. As a result, a co-registration of all 
four sets of DTMs was achieved. 

To prove the feasibility, the DTMs covering the 
Eberswalde Crater were produced [3] (Figure 1) 
and then co-registered with the MOLA DTM. 
Once the co-registration was finished, the vertical 
height differences between the reference DTM and 
the matched DTM were computed. The statistics 
are listed in Table 1. As the MOLA DTM was 
introduced in the production of HRSC DTM, also 
the HRSC and CTX datasets were respectively 
used as the ground control during the CTX and 
HiRISE DTM creation, the insignificant bias of 
the DTMs before surface matching was therefore 
expected. Even so, the implementation of surface 
matching was still capable of further minimising 
the difference between the various DTMs. 

 

  
Figure 1: DTMs of Eberswalde Crater (top: 

HRSC; bottom left: CTX; bottom right: HiRISE) 
The DTMs are overlain by transparent ortho-

imagery. 



Table 1. Statistics of height differences for 
assessing co-registered DTM in Eberswalde 

Crater. 
 Status Mean 

(m) 
Std. 

Dev. (m) 
Max 
(m) 

Min 
(m) 

Original -3.4 ±37.1 640.2 -254.2 HRSC 
to 

MOLA Matched 1.7 ±36.6 626.2 -259.2 

Original 1.7 ±38.5 166.3 -354.4 CTX   
to 

HRSC Matched 1.5 ±34.5 131.8 -252.4 

Original -1.1 ±9.2 60.7 -125.1 HiRISE 
to   

CTX Matched -0.2 ±6.5 59.6 -87.7 

 
The performance of co-registered MOLA, HRSC, 
CTX and HiRISE DTMs was assessed based on 
the profiles across the aligned DTMs. Two profiles 
crossing the four types of DTMs are extracted and 
depicted in Figure 2. Examination of these profiles 
reveals that the four DTMs were well fitted to each 
other. Differences between elevation profiles only 
occurred locally and this was due to different level 
of terrain roughness inherited from different 
DTMs. 

 

 

 
Figure 2. Alignment of the co-registered DTMs in 

Eberswalde Crater (red box: HRSC; blue box: 
CTX; green box: HiRISE). Profiles A and B across 

the topographic datasets are illustrated in the 
below. 

 
Overall, it was demonstrated that the hierarchical 
method is feasible and that the four types of DTMs 
were co-registered effectively. Due to the success, 
the surface matching tool is recommended to be 

applied to DTMs derived from multiple sources 
before these data are further used. 
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