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Summary: Implementations of six different Crater
Detection Algorithms (CDA) based on six different

turned off for all other CDAs, so that the original-
plementation of these operators can be properly-com

well-known gradient edge detectors are presented.pared with the Canny one.
They were analyzed and compared using the Frame- x2

work for Evaluation of CDAs (FECDA).

Introduction: CDAs’ applications range from dat-
ing planetary surfaces [1] to advanced statisacelly-
sis [2]. Overview of a large body of CDA-relatedt li
erature as well as FECDA is given in [3]. In theps
ous work [4, 5, 6], six CDAs were implemented based
on Radon/Hough transform (RH) and following gradi-
ent edge detectors: (1) Pixel-Difference; (2) Sefeat-
Pixel-Difference; (3) Roberts; (4) Prewitt; (5) Sbb
and (6) Frei-Chen. In this work, six new CDAs were

(re)implemented based on RH and following gradient DroG(x, y, o) = X(X, J)(y, J)

edge detectors: (1) Prewitt (reimplementation)1Z];
(2) Abdou (new CDA) [8, 12]; (3) Argyle (new CDA)
[9, 12]; (4) Macleod (new CDA) [10, 12];
(5) Derivative-Of-Gaussian or shortly DroG (new
CDA) [12]; and (6) Canny (new CDA) [11, 12].
Methods: As shown in Table 1, used gradient edge
detectors differ in used gradient masks. They dlo
fer in correction factof which can be computed from

the masks. Argyle, Macleod, DroG and Canny are ad-

ditionally different by using Gauss function to dyni-
cally compute masks’ elements for defined kernsl, a
given in Egs 1. to 4. It can also be noticed theda®
and Canny have identical masks. Canny is additipnal

different by using non-maximum suppression and hys-

teresis-based thresholding. These two techniques we

G(x,0)= o e 207

g

1)

X<0,s=-1
Argyle(x, y,0) =sG(x,0)G(y,a)x=0,5= 0 (2)

x>0,s=1
Macleod %, y,0) =

(G(x-0,0)-G(x+0,0)G(y,0) ®3)

(4)

Results. The analysis using F-ROC and detected
edges are shown in Fig. 1. For evaluation of tlseltg,
from FECDA [3] the following were used: (1) 1/64°
MOLA data; (2) the GT catalogue with 17582 craters
as the last official version; and (3) Topolyzer ligap
tion.

Conclusion: CDA based on Canny is significantly
better than all other CDAs presented here. Accord-
ingly, for now Canny is the most promising choioce f
future work on CDAs based on edge detection. It can
also be noticed when different masks were usethtor
same operator, that better results are obtaindd th
smaller masks. The larger masks shown their adganta
during our experimentation only when radius rangs w

Table 1: Masks of used gradient edge detectors: (1) Pre@itAbdou; (3) Argyle (fors = 0.5); (4) Macleod (for
o = 0.5, first and last 3 lines contains only 0¢5);DroG (forc = 0.5); and (6) Canny (far = 0.5).
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increased from 5~10 pixels to 40~80 pixels.

Acknowledgements: To colleague H. Novosel for
initial implementation of Prewitt and Abdou edge de
tector, and to colleagues D. GrZzgniM. Karas,
S. Katud, M. Kovat, D.Mehé, D. Prelogan,
N. Rizvanové, B. Spasi, Lj. Sare and D. Zogi for
providing computers for the cluster which was uged
achieve faster computation of optimal parameters fo
six different CDAs.

References: [1] Hartmann W. K. and Neukum G.
(2001) Space Science Reviews, 96, 165-194. [2] Sala-
muni¢car G. (2004)Adv. Space Res., 33, 2281-2287.
[3] Salamunicar G. and Logari¢ S. (in press)Adv.

1378.pdf

Joace Res, doi:10.1016/j.asr.2007.04.028. [4] Sala-
muni¢car G. and Logari¢ S. (2006)LPS XXXVII, Ab-
stract #1138. [5] Novosel H. et al. (200TPS
XXXVII, Abstract #1351. [6] Salamumgiar G. and
Loncari¢ S. (2007)7" Int. Conf. on Mars, Abstract
#3066. [7] Prewitt J. (1970) iRicture Processing and
Psychopictories (Lipkin B. and Rosenfeld A., Eds.),
75-149. [8] Abdou I. E. (1978)SCIPI Technical Re-
port 830, 95. [9] Argyle E. (1971)Proc. |IEEE, 59,
285-286. [10] Macleod I. D. G. (1972oc. |EEE, 60,
344. [11] Canny J. F. (1986), IEEE PAMI, 8 (6), 679
698. [12] Pratt W. K. (2001Dpigital Image Process-
ing, John Wiley & Sons Inc., 443-508.

| 1T: 17582x17582
| 21: 1758235164
| 5T 17582x87910

o
n;.,_o

true-detections Canny
in range from E—
0to 17582 ﬁﬁﬁ—
B Other five
CDAs

 BT&GT - part of the background
i topography (1/64° MOLA data
i and part of the GT catalogue
' with 17582 craters '
i 1 -Prewitt (3x3, g30to30)
1 2 -Abdou (5x5, g20t020)
3 -Argyle © = 0.5, g30t030)
14 -Macleod ¢ = 0.25, g20to20)
i '5 -DroG ¢ = 0.5, g30t030)
! 16 -Canny ¢ = 0.25, g30to30)

false-detectionsin range from 0 to 87910
3t 41| 5t

Figure 1: Detected edges (left and top) and F-ROC evaluafinght-bottom) for operators from Table 1.



