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Introduction: Evaluation of Ground Truth (GT)
catalogue of Martian craters, assembled for evaluation
of Crater Detection Algorithms (CDA), is presented.
Based on this evaluation, estimation of possible im-
provements of catalogues of craters is given.

GT for Evaluation of CDA: CDA applications
range from dating planetary surfaces [1] to advanced
statistical analysis [2]. The GT catalogue [3] was as-
sembled as a first step in establishing the framework
for more objective evaluation of CDA [4]. Among
other requirements, each crater is aligned with MOLA
topography and confirmed by catalogues B [5] and
R [6]. It was not possible to use those two catalogues
directly as GT because: (1) they are not aligned with
MOLA data as shown in Fig. 1; and (2) there is a sig-
nificant number of craters listed in only one of those
two catalogues.

Self-Evaluation of the GT Catalogue: Before the
GT catalogue was completed, self-evaluation in two
steps had been performed. In the first step, the cata-
logue was checked to avoid duplicates (two similar
entries in the catalogue for the same crater). For small-
est f (measure of differences between craters [3]) in the
overall catalogue, there are cases of two distinct craters
and not of duplicate entries. In the second step, auto-
matic matching was run to prevent that some pairs of
craters from B and R were missed during registration
process. However, in the final stage of the registration
process, it was a real challenge to find on MOLA data
crater that both catalogues B and R referenced. This
means that some smaller number of craters from the
GT catalogues could be removed (or repositioned) in
the next reviews, regardless the fact that they were
confirmed by both catalogues B and R.

Estimation of the Number of Incorrect Entries
in the GT Catalogue: The probability that a crater
from catalogue B is not a crater is marked as pB, while
the probability that a crater from catalogue R is not a
crater is marked as pR. As given by Eq. 1, the number
of craters (with radius larger than 5 pixels on 1/64°
resolution) in catalogues B and R is marked as b and r
and the number of craters registered in the GT cata-
logue is marked as g. To estimate probabilities pB and
pR, as given by Eq. 2, we can include their product into
the computation, marked as probability pBR, which
means that some of the 17582 craters from the GT
catalogue are not craters. This can happen only when

both craters, crater from B and corresponding crater
from R, are marked incorrectly. As given by Eq. 3,
using probability pBR and the number of entries in the
GT catalogue g we can compute the number of those
entries that correspond correctly to some crater which

Figure 1: Part of the catalogue from N. G. Barlow
et al. (top) [5], part of the catalogue from J. F. Ro-
dionova et al. (middle) [6], and part of the GT cata-
logue with 17582 craters (bottom) [3].
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is marked as g’. Using this, as shown in Eqs. 4 and 5,
we can express probabilities pB and pR as functions of
g and pBR. Eqs. 4, 5 and Eq. 2 yield Eq. 6. All except
probability pBR are known values; using Eq. 6 we can
compute pBR. While for this quadratic equation we
have two possible values of pBR, only the one given in
Eq. 7 is a meaningful solution. Once we computed pBR,
using Eqs. 4, 5 and 3 we can compute estimations of
pB, pR and g’ given in Eq. 8.
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Estimation of the Number of Possible New En-

tries in the GT Catalogue: The probability that a
crater is not in catalogue B is marked as qB, while the
probability that a crater is not in catalogue R is marked
as qR. As given by Eq. 9, the number of potential cra-
ters that can be registered in the next version of GT
catalogue is marked as u. To estimate probabilities qB
and qR, as given by Eq. 10, we can include their prod-
uct into the computation, marked as probability qBR,
which means that a crater is not in the catalogue with u
craters. This can happen only if a certain crater is not
in either of catalogues B and R. As given by Eq. 11,
using probability qBR and the number of craters u we
can compute the total number of craters on the planet,
which is marked as u’, and can be found using the
same approach and the same input data-set. Using this,
as shown in Eqs. 12 and 13, we can express probabili-
ties qB and qR as functions of u and qBR. Eqs. 12, 13
and 10 yield Eq. 14. All except probability qBR are
known values; using Eq. 14 we can compute qBR.
While for this quadratic equation we have two possible
values of qBR, only the one given in Eq. 15 is a mean-
ingful solution. Once we computed qBR, using Eqs. 12,
13 and 11 we can compute estimations of qB, qR and u’
given in Eq. 16.
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Possible Improvements of Catalogues of Cra-

ters: As given in Eq. 8, in the worst case there are not
more than: (1) 23.640% incorrectly marked craters in
B; (2) 11.391% incorrectly marked craters in R; and
(3) 2.693% incorrectly marked craters in the GT cata-
logue. According to the last probability, it can be esti-
mated that no more then 474 craters could be incor-
rectly entered into the GT catalogue. As given in
Eq. 16, in the worst case there are not more than:
(1) 8.939% craters omitted by B; (2) 21.526% craters
omitted by R; and (3) 1.924% craters omitted by the
catalogue with 24131 potential candidates for future
revision of the GT catalogue. According to the last
probability, it can be estimated that no more then 474
craters could still be missing.

Conclusion: The estimation of the possible num-
ber of craters (with r > ~4.6 km) can be anywhere
between 17108 and 24605, wherein difference of 7497
craters represents 43.82% and 30.47% of lower and
upper boundaries respectively. Problem becomes even
more complicated if we additionally take into account
that a large number of quasi-circular depressions,
which are not visible in visual images and which are
most probably buried impact craters, were identified
using MOLA data [7]. The cause of that problem could
be that it is much harder and much more error-prone to
decide what is and what is not a crater, not to omit
some crater and not to label something that is not a
crater, than it was expected. The initial step to deal
with the problem is to use at least two independent
catalogues in combination with the approach which
uses the above analysis.
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