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Abstract. An automated crater detection algorithm based
on Martian DEM data is developed and applied to the test site
located around the Herschel crater. The results are compared
to the image-based catalog of Martian craters compiled by
Barlow. An algorithm finds many small craters not listed
in the Barlow catalog, but it fails to detect heavily degraded
craters. A detailed quality assessment of the algorithm is
presented. The DEM-based crater detection algorithm offers
a relatively simple and ready-to-use tool for identification and
characterization of Martian craters large enough to show in the
topographic data.

Introduction. Impact craters are among the most studied
features on Martian surface. Their importance stems from the
worth of information that a detailed analysis of their number
and morphology can bring forth. Because building manu-
ally a comprehensive dataset of craters is a laborious process,
there have been many previous attempts to develop an au-
tomatic, image-based crater detection algorithm (see [1] and
references within). However, identifying craters from imagery
data proved to be a tough problem resulting in algorithms that
are not ready-to-use by the Mars science community. We
have developed an algorithm based on digital elevation model
(DEM) data instead of imagery data. DEMs are much more
fundamental descriptors of planetary surfaces than images.
They are well-suited for automated detection of craters us-
ing geomorphic terrain parameters. A DEM-based algorithm
offers a seamless integration of detection and full characteriza-
tion of craters. Our fully autonomous (no training) DEM-based
algorithm takes an arbitrarily large Martian site as an input and
produces a catalog of craters as an output.

Martian DEMs are constructed from the MOLA Mission
Experiment Gridded Data Record (MEGDR) [2] and have res-
olution of of 1/128 degree, or ∼ 500 m at the equator. The
coarse resolution of presently available topographic data lim-
its the size of craters that can be detected by our algorithm to
∼ 3− 5 km in diameter. This is on par with the lowest size of
craters in the manually compiled Barlow catalog [3], the most
complete dataset of Martian craters.

Methods. Our algorithm consists of two parallel modules,
the curvature module and the segmentation module. Both mod-
ules takes the DEM of the site of interest as an initial input.
The curvature module calculates a topographic profile curva-
ture (TPC) and subjects it to tresholding. A binary image of
thresholded TPC outlines the craters. The TPC is a curvature
in the direction of gradient and it reflects the change in slope
angle. The pixels located on crater’s walls tend to have posi-
tive values of TPC whereas the pixels located on crater’s rim
tend to have negative values of TPC. We calculate a TPC map
and use a treshold value to isolate most convex pixels (having
most negative value of TPC) corresponding to craters’ rims.
Detecting craters directly from the TPC binary image is im-
practical because of its large size and the presence of noise.

The segmentation module uses the “flood" algorithm [4] to
divide a site into a large number of small fragments without
cutting through the craters. Applying bounding boxes of these
fragments as masks on the TPC image produces an array of
smaller images that are used separately to detect craters. Each
small image is subjected to thinning and closing operators to
reduce noise before we calculate its circular Hough transform
(HT)[5] that identifies circles in an image and assigns a rank-
ing value to each circle candidate. Because of an existence
of non-circular features in an image, the HT is an insufficient
crater identifier. We use the top ranking “crater candidates"
identified by the HT and examine them further using a verifi-
cation algorithm. Craters that passes the verification are added
to the catalog.

Application to the test site. The selected test site is
located around the Herschel crater. The site is bounded by
the following coordinates (lon. E, lat. N) clockwise starting
from the lower-right corner (114.00, -18.42), (114.60, -7.58),
(141.40, -7.58), and (142.00, -18.42). It extends 1571.5 km
west to east and 641 km south to north. This is a heavily
cratered Noachian site, the Barlow catalog lists 476 craters
within its bounds.

Our segmentation module has divided the test site into
1099 separate segments, from these segments 603 distinct
craters have been identified. Although each fragment con-
tains topographic depression, not all depressions are craters.
This explains why a number of craters is smaller than a number
of fragments. Fig.1 shows a Viking-based, MDIM 2.1 image
of the test site with detected craters overploted as circles of dif-
ferent colors. The red circles denote craters that our algorithm
has detected and that are present in the Barlow catalog; there
are 307 such craters. Thus, we have detected 64% of all craters
in the Barlow catalog. The blue circles denote craters in the
Barlow catalog that our algorithm failed to detect; there are
169 such craters. The majority (112) of these missed craters
are heavily degraded, showing no sharp rims; such craters
cannot be detected using our present method. Additional 12
craters are only partially within the bounds of the site and are
not detected because they are not full circles. The remaining
45 craters should be detected but weren’t. Thus, only 9% of
craters in the Barlow catalog, capable of being identifying by
our algorithm, were not detected. The yellow circles denote
craters that has been identified by our algorithm but are absent
from the Barlow catalog; there are 157 such craters. These
are predominantly (but not exclusively) small craters that are
easy to miss by manual survey. Interestingly, we have also de-
tected 2 craters with diameter > 50 km that are missing (!) in
the Barlow catalog. The green circles denote false positives,
features identified as craters that aren’t; there are 135 such
features. They are mostly small features located on the rims
of large craters. Their number could be reduced by further
development of the verification algorithm.
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Figure 1: Detected craters shown on top of Viking mosaic
image of the test site. Red - detected craters present in the
Barlow catalog, yellow - detected craters absent in the Barlow
catalog, blue - missed craters, green - false detections. The
north is to the left.

Quality assessment. In order to compare different crater
detection techniques it is important to use standard quantitative
quality assessment factors. Following [1] we use factors devel-
oped in [6]: detection percentage, D = 100TP/(TP +FN),
branching factor, B = FP/TP , and quality percentage,
Q = 100TP/(TP + FP + FN). Here, TP stands for
true positive (detected crater is an actual crater), FP stands
for false positive (detected crater is not a real crater), and FN
stands for false negative (nondetection of a real crater). D
can be treated as a measure of crater detection performance,
B can be treated as a measure of delineation performance, and
Q can be treated as the overall measure of algorithm perfor-
mance. Calculation of these factors require an existance of
“ground true" reference catalog. In our case there is no such
reference catalog, so we assume that the union of Barlow cat-
alog and all true craters in our catalog (633 craters altogether)
constitutes the “ground true" catalog. With such assumption
the factors for our algorithm are: D = 0.74, B = 0.29, and
Q = 0.61. If we exclude the craters that our method is not ca-
pable of detecting (heavily degraded and located on the edge)
than D = 0.92, B = 0.29, and Q = 0.73. The factors for
the Barlow catalog are: D = 0.75, B = 0, Q = 0.75. These
factors indicate that detection performance of our algorithm
is on par with the performance of manually compiled Barlow
catalog, although the manual catalog has a definitive edge in
delineating craters from non-craters. Our algorithm signifi-
cantly outperforms manual detection of nondegraded craters
but fails to detect heavily degraded craters.
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