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Introduction: Impact craters are the dominant fea-
ture on any planetary surface and this dominance is
used for the estimation of age of planets by crater count
[1]. Such dominance gathered attention to detect them
automatically in DTM [2] and panchromatic [3] im-
ages. Most of the crater detection algorithm (CDA)
fall short to classify the crater and extract contextual
information (presence/absence of ejecta) from it. The
algorithm proposed in this paper aims to automatically
detect, and extract contextual information from the
simple lunar craters from the Selen Terrain Camera
images. Apart from detection, the ability of our algo-
rithm is to classify the simple lunar craters into round-
and flat-floor type, indicate the presence of ejecta and
associate it with the corresponding crater. This algo-
rithm was designed to detect craters of considerable
size and diameter to avoid small craters from where no
morphological information can be obtained.

Methodology: The crater detection algorithm
shown in Figure 1 involved thresholding technique to
delineate the bright and shadow parts of the craters.
The demarcated bright and shadow part are matched
using the minimum distance technique. The occurrence
of ejecta is a random process and this represents the
contextual information adjoining the crater. This adja-
cency property handled using the Markov Random
Field theory, was used to delineat the ejcta and associ-
ate with the corresponding crater.

The structural pattern recognition approach is util-
ized to classify the round- and flat-floor craters. The
panchromatic image derived 2-dimensional crater pro-
file depicts the variation in the round- and flat-floor
craters. The round floor craters have no distinct floor at
the bottom, while the flat floor craters have a distinct
floor and wall [4]. The difference in the structural pat-
tern of the round- and flat-floor craters along with their
derivative is used to classify it. Moreover, the image
derived from the Getis-Ord process is utilized to cross
validate the crater classification. The panchromatic
profile and the Getis-Ord profile are taken derivative
and the peaks are analysed to classify the lunar craters.
The CDA output image is co-registered with the Selene
DTM data to extract the crater-depth details.

Results: We have applied our CDA to sixteen im-
ages acquired by Selene Terrain Camera. The chosen
images include highly cratered area, low/high illumina-
tion angle, terrain with non-crater features (rilles), etc.
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Figure 1. Schematic framework and processing steps
of the crater detection algorithm.

Each image is of the size ~20kmX30km and the
CDA processes each image individually. The craters
detected and classified by our CDA are shown in Fig-
ure 2. It also shows that each detected crater is bound
by a circle, with their edges marked, classified either as
round- or flat-floor, assigned an unique number, the
presence of ejecta is indicated and its association with
the corresponding crater is also indicated. Manual veri-
fication of each image was performed as the ground
truth for the qualitative assessment. The total number
of craters detected from this CDA is 16,304. The de-
tected number of round-floor craters is 15,566 and the
remaining 738 are classified as flat-floor craters. More-
over, from the test images the craters with diameter
<250m tend to be ~11,000. On the other hand, the cra-
ters with depth <50m tend to be ~15,000. Table 1
shows the evaluation parameters for the algorithm.
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Table 1. Algorithm evaluation parameters for crater
detection, classification and ejecta identification.

Q |P B TPR | FPR

Crater 79 1090 | 0.11
detection

0.86 | 0.09

Round-floor 84 1092 | 0.07 | 090 | 0.07
classification

Flat-Floor 58 | 0.67 | 049 | 0.80 | 0.32
classification

Ejecta - 0.79 | 055 | - 0.44
detection

Conclusions: Most of the previous CDA perform
crater detection, mark their boundary and give their
count. The proposed CDA is not only to detect the
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craters, but is also capable of classifying the round- and
flat-floor craters and identify and associate the ejecta
with the corresponding crater. The algorithm achieved
qualitative factor for detection and classification are
~79% and ~71% respectively. For ejecta detection, the
algorithm achieved a precision of ~0.79 and branching
factor of ~0.55. The high precision achieved indicates
that the algorithm has returned the relevant informa-
tion. The CDA results reveals that the lunar surface is
dominant with sub kilometer craters of lesser depths.
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Figure 2. Results of the crater detection algorithm to Selene image (DTMTCO_03_05231N015E3165SC) showing
the detected craters. The detected round floor (Rf) craters show an absence of the floor, whereas the detected flat-

floor (Ff) craters show floor at their bottom.



