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Introduction:  Terrain Mapping Camera 1 and 2 

(TMC 1 and 2) are panchromatic cameras   with nearly 

identical specifications and have 5m spatial resolution 

with  stereo imaging capability, i.e., images in three views 

of Fore, Nadir and Aft (+25◦, 0◦, -25◦), and thus provides 

“multi-view  angle” radiance measurements. TMC-2 ac-

quired low sun elevation angles’ images which when 

combined with TMC-1 data (high sun elevation angle)  

provided an opportunity to study Lunar surface at vari-

ety of phase angles for crater-ejecta characteristics [1] 

& photometric properties of the Lunar surface [2][3][4]. 

This study aims at understanding the effects of high & 

low sun elevation angles for mapping proximal & distal 

ejecta, its orientation and distribution pattern to under-

stand impact dynamics as well as the variation in topo-

graphically corrected radiance factor (RADF) with re-

spect to phase angles assuming the material to be similar 

in region. 

Data:  TMC-1 and TMC-2 images acquired on 5 

January, 2009 and 15 October, 2019 respectively have 

been used in this study. Data set contains radiance/count 

images for all three views along with ortho-rectified Na-

dir image, Digital Elevation Model (DEM) image and 

files containing latitude-longitude and sun parameters 

information. Selective  areas  of  interest from TMC-1 

and TMC-2 images with varying sun elevation angle 

have been extracted. Figure 1 showing Region 1 (crater 

centered around   of 53.52° E and 1.40° S) has been ac-

quired by TMC-1 and TMC-2 at sun elevation angles of 

70.46° and 15.03° respectively. Figure 2 showing Region 

2 (crater centered around 53.69° E and 0.326° S) has 

been acquired by TMC-1 and TMC-2 at sun elevation 

angles of 70.79° and 15.13° respectively.   

Methodology:  TMC-1 and TMC-2 radiance images 

(Region 1) were seleno-referenced and co-registered 

with respect to TMC-2 ortho-rectified image. Topo-

graphically corrected incidence and viewing zenith and 

azimuth angles along with phase angles were generated 

on each pixel. Subsequently, RADF corrected using 

Lommel-Seeliger (LS) was computed and plotted 

against phase angles assuming material to have similar 

properties (Figure 2) in order to see the variations. As 

the study was carried out over a very small region 

providing an incomplete range of phase angles, fitting 

of photometric models was avoided. A marked differ-

ence is seen between the two images due to the differ-

ences in illumination setting over the area. TMC-1 im-

age (Region 2) was used to map the crater ejecta (prox-

imal and distal) and crater rim because of better contrast  

between ejecta materials and its surroundings. Simi-

larly, boulders around the crater (Figure 3 & 4a) were 

mapped using their long shadows due to low sun eleva-

tion angles. A rose diagram for boulder distribution is 

plotted (Figure 4b).  

Results and Discussion: The low sun elevation an-

gle image (TMC-2) has long object-shadows thus aiding 

in additional feature identification in comparison to high 

sun elevation angles images with no object-shadows.  

The plot (Figure 2) between LS corrected RADF with 

respect to phase angles also shows a large surge in in-

tensity at low phase angles (due to the opposition ef-

fects) thus increasing the dynamic range of count caus-

ing the high intensity value areas to appear extremely 

bright in contrast to its surrounding and as a result di-

minishing the distinguishability of other features (TMC-

1 image).  The crater’s rim and other units are delineated 

from both the images (Figure 3) which is more or less 

circular in shape. The diameter of crater is 0.5 km and 

high reflectance of this small crater suggests a young 

age. Two types of crater’s ejecta are delineated i.e., 1) 

Proximal ejecta (< 5 times of crater radius) surrounding 

the crater with very high reflectance and loose agglom-

eration and  2) Distal ejecta (> 5 times of the crater ra-

dius)  (Figure 3 & 4a). It is observed that the proximal 

ejecta has a “forbidden zone” (minimal ejecta spread)  

towards west/south-west of the crater suggesting it to be 

the uprange direction & north/north east side as down-

range. The skewness of ejecta distribution suggests that 

the crater is a result of an oblique impact. The distal 

ejecta is mostly distributed uniformly with a faint pref-

erence along the Northwest & South west of the crater.  

The low sun-angle in TMC-2 image formed longer 

shadows thus highlighting the boulders. Total 51 boul-

ders are mapped shown by red boxes in Figure 3 & 4a.  

These boulders are not visible in TMC-1 image due to 

high sun-angle and virtually no shadows. The rose dia-

gram (Figure 4b) shows the trend of boulders distribu-

tion around the crater. Although boulders are distributed 

all around the crater but most of them are oriented along 

NNE and SSE of the crater. The exact shape of boulders 

is not clearly discernible but some bigger boulders show 
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sub-rounded to rounded shape. The biggest size of the 

boulder is 72 m and the smallest boulder is 35 m. Simi-

larly, the area of biggest boulder is 302 m2 and smallest 

boulder is 80 m2 . 

Conclusion: The multi sun-elevation angles images 

have proved useful  to understand the crater formation 

characteristics such as ejecta & boulder distribution,  

projectile direction, Crater’s uprange and downrange di-

rections and angle of impact.  In this study, the crater’s 

west /south west region is suggested as uprange direc-

tion & north / north east side as downrange. The projec-

tile direction is suggested from the south west direction 

and angle of impact could be 45-60° [1]. The detail 

study of other geological characteristics like impact 

melt distribution and detail morphometric analysis of 

crater could be significant value addition in understand-

ing crater /ejecta characteristics. The surge in intensity 

at low phase angles degrades the quality of image ac-

quired at high sun elevation angles. In future, large area 

multiple images at various phase angles would be re-

quired to have a complete  photometric models for un-

derstanding the Lunar photometric properties and create 

seamless mosaic of images . The present effort provides 

initial observations which will be further refined. 
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Figure 2: Figure showing the plot of Lommel-Seeliger 

corrected RADF with respect to Phase angles corre-

sponding to region shown in Figure 1. A surge in inten-

sity is seen at lower phase angles. 

 

 

 

 

 

 

 

Figure. 3. Ejecta delineated from TMC-1 (right) & 

boulders/ejecta delineated from TMC-2 image (left). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. (a) Overlay of crater’s units derived from 

TMC-1 and TMC-2 (b) Rose diagram showing boulder 

distribution trend. 

  
Figure 1: Region1, TMC-1(left) and TMC-2 (right). 
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