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Introduction:  The  Terrain  Mapping  Camera 
(TMC)  of  Chandrayaan-1 has  three  CCD arrays  ac-
quiring  stereo  triplets  from Fore  (F),  Nadir  (N) and 
Aft (A) views with a spatial resolution of 5m. In this 
paper,  we compare  the  TMC DEM with LOLA 256 
pixels per degree (PPD) interpolated DEM. The quali-
ty of these  DEMs is quite  visible  when features  are 
compared with LOLA DEMs. The vertical accuracy is 
of the order of 100 to 200mts.  The results  presented 
here are generated from the software package  called 
Lunar  Mapping  System  (LMS),  which  will  handle 
full-pass data for operational generation of Digital El-
evation  Models  (DEM)  and  Ortho  products  from 
TMC images of CH-1.

Methods:  The main objective of LMS is the gen-
eration of accurate  DEMs and orthos from TMC im-
ages. The orbit attitude model is based on the viewing 
geometry of the satellite,  combining the principles of 
photogrammetric  collinearity  equations.  Clementine 
UVVIS ortho images and LOLA DEM are the refer-
ences used from which Lunar Control Points for cor-
recting the EO parameters are identified.  Area based 
image  matching  using  cross  correlation  is  used  for 
DEM generation.  Hierarchical approach for matching 
is  performed  at  different  levels  from  coarse-to-fine 
images.  For each level,  the mismatches are removed 
using a spike removal algorithm and automatic quali-
ty  control  algorithms  are  also  incorporated.  Least 
square matching  methods is implemented  to achieve 
sub-pixel accuracy at the final level  pyramid.  As the 
results  of  image  matching   between  Fore  and  Aft 
combination is poor, matching is done between Nadir-
Aft  and  Nadir-Fore  combinations  for  DEM  genera-
tion. Full strip data with approximately 3,00,000 lines 
are processed and long strips of DEMs are generated. 
The  sensor  viewing  geometry  and  process  of  DEM 
generation from TMC is given in [1], [2], [3].

Data  Description:  Two  data  sets  are  used  for 
testing namely 1174 and 440 orbits whose lengths are 
900km  and  960km  respectively.  The  minimum  and 
maximum heights over the area of 1174 are -2052m 
and 656m and that  of  orbit  no 440 are  -2724m and 
2202m.

Results  and Discussion: A comparative  study  is 
also made to select  a reference DEM between avail-
able  64,  256,  and  1024  PPD  LOLA  interpolated 
DEMs. The difference in heights between LMS-DEM 
and LOLA-DEM is calculated for every pixel. The re-

sult obtained for 256 PPD LOLA DEM and for orbit 
1174 and 440 of LMS DEMs is shown in Table-1. 

Table 1 Height error range and corresponding %
Orbit no: 1174

Total points
compared: 617818

Orbit no: 440
Total points

compared: 1819817
Error 

Range (m)
% of 

points
Error 

Range (m)
% of 

points
0 to 34 29 0 to 78 26
34 to 102 37 78 to 156 33
102 to 170 17 156 to 235 18
170 to 238 7 235 to 313 7

Table 1 describes the total number of points com-
pared and the % of points that  resulted in the corre-
sponding error range.  it is clear that that 83% of the 
points  are  within  the  height  error  of  170m for  orbit 
1174 and 77% of the points are within 235 m for orbit 
440.  Around  15% of  the  points  have  errors  beyond 
250 m.

The histograms of full profile of 1174 and the cor-
responding  area  extracted  from LOLA are shown in 
figures (2a) and (2b).  Perfect  similarity  in histogram 
of heights between these two can be observed. 

Figure(2a)  Histogram  of DEM of orbit  No.  1174 of 
TMC generated through LMS.
Figures  (3a)  and  (3b)  shows  the  profile  considered 
over a single scan line (a particular latitude) of LOLA 
and LMS DEM respectively.   Figures  (4a)  and (4b) 
shows a portion of DEMs generated from TMC and 
LOLA.  More  features  are  clearly  visible  in  LMS-
DEM compared to LOLA
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Figure(2b) Histogram of DEM of an equivalent  area 
of  Orbit  No.  1174  extracted  from  LOLA  with  256 
PPD.

      

Figure (3a) Profile showing for LOLA DEM

Figure (3b) Profile showing for LMS DEM

Figure(5)  shows the  3D model  generated  with ortho 
overlaid  onto DEM near  “Roberston”  crater  at  21.8° 
lat and 105.2° lon.

               
Figure (4a) TMC DEM      (4b) LOLA DEM

Figure (5) 3D model generated from orbit 1174
Conclusions:  These results clearly show that the 

TMC DEMs are of high quality  and accurate  which 
also enables to construct 3D models.  They are repre-
sentative  of the stability  of the platform and the po-
tential  of  CH-1  for  accurate  lunar  referencing.The 
data products generated from LMS are made available 
in public domain through Indian Space Science Data 
Centre (ISSDC) which is designed to host the science 
data  archives  from  the  Indian  science  missions. 
(www.issdc.gov.in). 
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