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Introduction: A method for estimation of false
detections for crater detection algorithms (CDAs) is
proposed. In combination with known ground truth
(GT) and other available analyses, the proposed
method can improve evaluation of CDAs.

Evaluation of CDAs: CDA applications include
dating of a planetary surface [1], autonomous landing
to planets [2] and asteroids [3], and advanced statisti-
cal analysis [4]. The most common evaluation of
CDAs is visual comparison of detected craters with
topography. More advanced evaluations include com-
parison with craters’ catalogue(s) [5-7] and cumulative
size-frequency distribution(s) [1] provided by plane-
tary scientists, as well as the use of Receiver Operating
Characteristics (ROC) [8-12]. For those evaluations,
GT (locations and sizes of known craters as labeled by
geologists) is required.

Limitation of Known GT: For estimation of GT, a
catalogue with 17582 craters was assembled, wherein
each crater is aligned with MOLA topography and
confirmed by three independent sources: (1) catalogue
from N. G. Barlow et al. [13]; (2) catalogue from
J. F. Rodionova et al. [14]; and (3) revised version of
catalogue used in previous work [15]. The new GT

catalogue can confirm with very high accuracy that
detection of some crater by a CDA is correct - True
Positive (TP). For a crater that is not in the GT cata-
logue, the best that can be done is to consider it as in-
correct detection - False Positive (FP). However, as
shown in Fig. 1, where we have three registered craters
from the above catalogue, six Quasi-Circular-
Depressions (QSDs) marked by Frey et al. [16] are not
included in GT. Accordingly, correct detection of such
QSD by a CDA will be evaluated as FPs, which may
not be correct.

Further Classification of FPs: While classifica-
tion on TPs and FPs is required for e.g. FROC analysis
of CDAs, GT can only confirm for TPs with high ac-
curacy that they really are correct detections, as shown
above. Accordingly, contribution to future evaluations
of CDAs is expected from further classifications of
FPs (detected craters that are not part of GT) on FPs
that most probably are incorrect detections and FPs
that should be considered in further extension of the
current GT catalogue.

Similar Topography Without Craters: Artificial
topography as much as possible similar to the real one
but without any crater can be very useful. For such a
topography, ideal CDAs would not detect any crater.
However, what should be expected is that CDAs will
detect some craters, for which we know with 100%
accuracy that they are incorrect detections. It is to ex-
pect that percentage of those incorrect detections will
be smaller than percentage of FPs from real topogra-
phy. Difference are those craters that are probably cor-
rectly detected but that are not included in GT cata-
logue. Main limitation of the approach are possibilities
in creating artificial topography, and so the methodol-
ogy should not be used as replacement of e.g. FROC
analysis, but as a complimentary evaluation of CDAs.

Topography Inversion: One way to crate artificial
topography without any craters is to invert existing
topography, or, in other words, to multiply with -1
value of altitude associated to each pixel from e.g.
MOLA data in 1/64° resolution. Craters will become
hills, while hills with quasi-circular shape will become
false craters which should not be detected by CDAs.
While such an artificial topography is very similar in a
number of characteristics to the real one, it should also
be noted that there are number of disadvantages. Vol-
canoes in inverted topography will become similar to
craters, and will cause underestimation of results. On

Figure 1: Three registered craters that are part of GT
and six QSDs marked by Frey et al. that are not.
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the other hand, in inverted topography we will not
have valleys and canyons like in the real one, which
will cause overestimation of results. However, it is
known that in inverted topography CDAs should not
detect craters because there are none, and so such an
evaluation is helpful.

Evaluation of Methodology: For testing purposes,
Radon/Hough transform (RH) [17] based CDA was
implemented. Input parameters are global topography
of Mars (MOLA data) in 1/64° resolution, and defined
slope, required in order to mark some pixel as 1 or 0
before RH is performed. Detections where center is on
lower altitude than rim are marked in Table 1 as Cra-
ters (C), while others are marked as Hills (H) and actu-
ally represent “craters” detected in inverted topogra-
phy, which should not be detected by CDA. The next
column is GT, percentage of C found in GT catalogue
with 17582 craters. Percentage of estimated false de-
tections using inverted topography approach H/C is
shown in next column, in form 1 - H/C to be compara-
ble to GT. More precise computation of 1 - H/C is
shown in last column as P, where results for cra-
ters/hills are evaluated separately for different number
of votes, after which the sub-results are combined into
final proportion of correctly detected craters. With
increase of required slope, percentage of TPs first in-
creases and then decreases. Explanation is that for
small required slope, density of pixels marked as 1 is
so high, that rims of some craters can not be detected.
For large required slope, rims of craters with too small
slope can not be detected.

Conclusion: Both methodologies confirmed simi-
lar pattern regarding the RH CDA method. They both
show that best compromise for RH is inside some par-
ticular slope range as shown in Table 1. However, de-
sired behavior for CDA is not to depend on slope.
While 14134 craters from GT were correctly detected
(80.39%) for slope 4%, the number of false detections
is much higher as confirmed by both methodologies.
As shown in Table 1, there are differences between
estimations given by GT and P, which is expected be-
cause all craters that are not in GT are not necessarily
false detections. For more advanced CDAs, lower H
and higher P is expected. In order to evaluate that,
estimation of false detections should be used in com-
bination with known GT and FROC analysis.
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Table 1: Results for RH based CDA for specified
slope and required number of votes. The number of
detected craters/hills, % of C in GT, and two estima-
tions of false detection rate (1-FDT) are shown.
slope & % of
votes/votes2

craters
(C)

hills
(H)

GT
%

1-H/C
%

P
%

2, 0/0 96754 101496 14.59 0 5.93
2, 70.71/50 70899 71176 19.73 0 8.10
2, 100/100 35232 31018 31.53 11.96 11.96
4, 0/0 75869 71310 18.63 6.01 23.00
4, 70.71/50 49641 40187 27.24 19.04 28.22
4, 100/100 20245 13240 40.30 34.60 34.60
6, 0/0 63744 55314 20.54 13.22 31.85
6, 70.71/50 39053 27742 30.41 28.96 36.92
6, 100/100 12038 6526 46.68 45.79 45.79
8, 0/0 55743 44769 20.91 19.69 37.93
8, 70.71/50 30789 19793 32.02 35.71 42.03
8, 100/100 6880 3305 54.13 51.96 51.96
10, 0/0 49498 37417 20.24 24.41 41.74
10, 70.71/50 23479 14298 33.12 39.10 44.61
10, 100/100 3920 1754 60.33 55.26 55.26
12, 0/0 44049 31346 18.86 28.84 45.11
12, 70.71/50 17235 9965 34.18 42.18 45.99
12, 100/100 2202 1126 57.99 48.86 48.86
14, 0/0 38738 26562 17.32 31.43 46.72
14, 70.71/50 12094 6832 36.89 43.51 45.53
14, 100/100 1230 765 45.45 37.80 37.80
16, 0/0 33310 22556 16.19 32.28 47.06
16, 70.71/50 8243 4750 40.24 42.38 42.64
16, 100/100 690 617 27.10 10.58 10.58
18, 0/0 27963 19334 15.71 30.86 45.88
18, 70.71/50 5480 3293 42.94 39.91 39.91
18, 100/100 439 479 11.39 0 0
20, 0/0 23122 16316 14.90 29.44 43.67
20, 70.71/50 3738 2391 40.34 36.04 36.04
20, 100/100 305 391 3.93 0 0
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