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Introduction: Procedures have been developed to 

derive digital terrain models (DTMs) from stereo im-
ages obtained by the MESSENGER narrow-angle 
camera. A DTM with an effective spatial resolution of 
1km was produced from 208 stereo images covering 
Caloris, the largest well-preserved impact basin on 
Mercury.  

Initial data: The Mercury Dual Imaging System 
(MDIS) [1,2] consists of wide and narrow angle cam-
eras, coaligned on a pivot platform. Both cameras are 
equipped with identical 1024x1024-pixel charge-
coupled devices.  The narrow-angle camera (NAC), 
the current principal tool for stereo data analysis con-
sists of a compact off-axis optical system that has been 
geometrically calibrated with laboratory as well as in-
flight stellar observations (to be reported separately, S. 
Turner, APL, pers. comm., 2009).   Image mosaics are 
obtained by scanning the pivot platform in combina-
tion with turning the spacecraft. This powerful capabil-
ity was used to acquire several contiguous image mo-
saics during MESSENGER’s first Mercury flyby on 
14 January 2008 [3,4]. The DTM displayed here was 
produced from 208 NAC stereo images, which formed 
three separate image mosaics.  The stereo processing 
followed algorithms and software realizations that 
have been used extensively on previous planetary im-
age data sets [5,6]. The processing involves several 
stages, involving sophisticated pointing correction, 
digital image matching, and DTM interpolation. The 
DTM is computed purely on the basis of image dispar-
ity effects and does not rely on assumptions regarding 
surface photometric properties. 

Results: All object points were interpolated to 
form a contiguous DTM grid at a size of 16.4 million 
pixels and a spatial resolution of 1km (Fig. 1). The 
DTM covers 17% (12.8x106 km²) of Mercury surface. 
The spatial resolution of the DTM was chosen to 
match its effective resolution, which is estimated to be 
a factor of three larger than the mean resolution of the 
images.  No adjustments for absolute height or trend 
and no lateral shifts were applied. Through the point-
ing correction, the DTM is correctly referenced to a 
Mercury-fixed coordinate system. Heights of the DTM 
are given with respect to a Mercury standard sphere of 

2440 km radius. The total range in heights is approx. 8 
km.  

A variety of DTM representations will be shown at 
the meeting, including the raw-grey-scale and color-
coded DTM, as well as shaded relief maps produced 
from DTMs that have been merged with the image 
data. In addition, slope and roughness maps were pro-
duced. The DTM is a rich source of information on 
many aspects of Caloris geology, including the basin’s 
rim, its ring structure, as well as its interior and exte-
rior volcanic plains. 

Discussion: Because the flybys permitted only 
oblique viewing and (partially) very small stereo an-
gles, image data were far from perfect for stereo work.  
In particular, small errors in image matching intro-
duced large height errors and noise in the terrain 
model. On the other hand, the illumination condition 
were uniform; therefore image matching performance 
was excellent, and the number of blunders was small. 
With some remaining errors in spacecraft navigation or 
camera calibration data, we cannot rule out small off-
sets in absolute height and errors in absolute trend of 
the model. However, owing to the large number of 
interlinked images and the wide range of involved ste-
reo and viewing angles, we expect that the relative 
orientations of images within the block is rather stable. 
Indeed, the analysis of residuals of control point coor-
dinates does not show evidence of any “stresses” in the 
image block, i.e. displacements or vertical offsets of 
the individual DTM segments. Consequently, any sys-
tematic errors within the model should be small. 

Nevertheless, confirmation of the long-wavelength 
topography of the DTM must await altimetry and ste-
reo data from MESSENGER’s orbital mission phase. 
Stereo sequences with global coverage from closer 
range and under suitable lighting and viewing condi-
tions are being planned. These will result in topog-
raphic models that exceed the spatial resolution of the 
current Caloris model by a factor of four. With a more 
favorable viewing geometry, the noise in the terrain 
models will be very much reduced. Laser topographic 
profiles with their superior height precision obtained 
during the MESSENGER orbit phase will be used to 
provide “ground truth” and calibration data to remove 



ambiguities regarding absolute elevations and possible 
trends in long-wavelength topography.  
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Fig. 1:  Digital Terrain Model of the Mercury Caloris area, produced from MESSENGER stereo images 


