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     Introduction:  Terrain Mapping Camera (TMC) of 
Chandrayaan-1 is a three-line scanner which provide 
Fore, Nadir and Aft looking images from the same 
pass. TMC has the spatial resolution of 5m. which is 
the highest of all the lunar missions so far.  This paper 
explains a simple method of processing of Terrain 
Mapping Camera images and generation of relative 
Digital Elevation Models (DEMs). Aft image is 
relatively oriented with respect to Nadir using few 
conjugate points. This pair is then submitted for 
hierarchical least square matching. This process is 
repeated for Nadir-Fore and Fore-Aft pairs. Any pair 
can be used for 3D visualization or anaglyph viewing.   
A set of match points are identified through 
hierarchical matching. Digital Elevation model is 
derived from the parallax computed from the match 
points and is used for 3D visualization. DEMs, contour 
maps and 3D views generated from images of two 
different dates are presented in the paper.  
 
   Methodology:  A work flow diagram for relative 
DEM generation is shown in figure 1. Nadir  image is 
considered as master image and and Aft as slave image. 
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 Figure 1 Work Flow for Relative DEM generation 
 
   Relative Orientaion:   First step is a relative orienta-
tion of the slave image with respect to master image. 
As three images are available, we can make three dif-
ferent stereo pairs.Nadir image is considered as master 
image in case of Nadir-Aft, Nadir-Fore Images Combi-

nation. In case of Aft-Fore, Aft Image is considered as 
master one. In this step, we identify few conjugate 
points between master and slave images, which are 
called seed points. These points are used to establish an 
approximate relationship between the two images in 
the stereo pair. In our study, this relationship is de-
scribed by a affine transformation, whose coefficients 
are determined by using all the ‘seed points’ based on 
the least squares criterion. Now, with this relationship, 
second image is resampled with respect to the master. 
The images thus obtained can be used for anaglyph 
viewing.    
        
    Image Matching :   A matching methodology was 
developed to automatically generate mass 
corresponding image points. The first step will ensure 
that parallax will be in one direction only. This will 
help to reduce the window size. Intially, pyramids of 
images can be created. The matching starts with lowest 
level.  A regular grid is formed in the master image  
Grid point at 4- pixel interval on the master image is 
matched to the right image. The target window on the 
left image is chosen as 13×13 pixels, while the 
searching window on the right image is 19×19 pixels. 
Cross correlation is used for matching these images. 
The best location is the one with the maximum 
correlation coefficient.  Now, we exchange the roles of 
the master and slave images. Namely, the matching 
results on the slave image are matched back onto the 
master image by using the same matching process. The 
differences between the results obtained from the 
backward correlation and the original locations on the 
left image indicate the uncertainty of the matching 
process. 

    DEM generation:   Next step is the computation of 
the height from the parallax. Height correction can be 
computed by the formula, ∆h = ∆p × resolution of the 
image × (H/B). H/B can be computed from the 
appropriate combination of  images.    

    Results and Discussion:   Two data sets are used 
for testing. Date of pass of these sets are 23rd and 24th 
of November, 2009. Data on 23rd and 24th covers 1000 
km and 150 km in along-track direction respectively. 
Five to six good conjugate points are identified from 
Fore, Nadir and Aft Images. These points are used to 
orient relatively Fore and Aft Images with respect to 
Nadir These Images are matched at a regular interval to 
get set of match points.  The points are matched at 
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every 4 pixel interval.  After obtaining the set of match 
points, left and right images are interchanged and again 
submitted for matching. These points were used to get 
parallax between two images. The parallax was used to 
extract a Relative Digital Elevation Model.  DEM was 
extracted for long strips at a coarser interval and also 
for small portions covering such as Crater or Mountain. 
In this case, DEM of finer interval is extracted. The 
Nadir image is  drapperd over the DEM.Fly through is 
generated for long strip as well as for small strip. Few 
Results are shown in the following figures. 
 

Figure 2 View of the TMC Nadir image draped over 
the DEM with contour overlay.  
 

Figure 3 Anglyph generated from the TMC Images  
 
 
 
 
    
 
 
 
 
 

 
 
Figure  4  3-D Draping of  the image over  DEM . 
 
 
   Conclusions & Future plans:  The results clearly 
shows that high quality DEMs and 3D views can be 
generated from the images of TMC camera. We are 
planning to make use of the Ancillary Data Information 
file for the mapping of the lunar surface through strict 
photogrammetric means to derive precise horizontal 
co-ordinates and absolute DEM. This will enable to use 
sensor modeling to further improve the quality of 
DEM. Future work will be focused on this aspect. 
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