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Summary: Implementations of six different Crater 

Detection Algorithms (CDA) based on six different 
well-known gradient edge detectors are presented. 
They were analyzed and compared using the Frame-
work for Evaluation of CDAs (FECDA). 

Introduction: CDAs’ applications range from dat-
ing planetary surfaces [1] to advanced statistical analy-
sis [2]. Overview of a large body of CDA-related lit-
erature as well as FECDA is given in [3]. In the previ-
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) Separated-
Pixel-Difference; (3) Roberts; (4) Prewitt; (5) Sobel; 
and (6) Frei-Chen. In this work, six new CDAs were 
(re)implemented based on RH and following gradient 
edge detectors: (1) Prewitt (reimplementation) [7, 12]; 
(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 also dif-
fer in correction factor f which can be computed from 
the masks. Argyle, Macleod, DroG and Canny are ad-
ditionally different by using Gauss function to dynami-
cally compute masks’ elements for defined kernel, as 
given in Eqs 1. to 4. It can also be noticed that DroG 
and Canny have identical masks. Canny is additionally 
different by using non-maximum suppression and hys-
teresis-based thresholding. These two techniques were 

turned off for all other CDAs, so that the original im-
plementation of these operators can be properly com-
pared with the Canny one. 
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Results: The analysis using F-ROC and detected 
edges are shown in Fig. 1. For evaluation of the results, 
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 applica-
tion. 

Conclusion: CDA based on Canny is significantly 
better than all other CDAs presented here. Accord-
ingly, for now Canny is the most promising choice for 
future work on CDAs based on edge detection. It can 
also be noticed when different masks were used for the 
same operator, that better results are obtained with the 
smaller masks. The larger masks shown their advantage 
during our experimentation only when radius range was 

Table 1: Masks of used gradient edge detectors: (1) Prewitt; (2) Abdou; (3) Argyle (for σ = 0.5); (4) Macleod (for 
σ = 0.5, first and last 3 lines contains only 0-s); (5) DroG (for σ = 0.5); and (6) Canny (for σ = 0.5). 

1) -1 0 1  … 0 1 1  … 0 1 1 1  … 0 1 1 1 1  2) -1 -1 0 1 1  … 0 1 1 1  … 0 1 1 1 1 
 -1 0 1  … 0 1 1  … 0 1 1 1  … 0 1 1 1 1   -1 -2 0 2 1  … 0 2 2 1  … 0 2 2 2 1 
 -1 0 1  … 0 1 1  … 0 1 1 1  … 0 1 1 1 1   -1 -2 0 2 1  … 0 3 2 1  … 0 3 3 2 1 
     … 0 1 1  … 0 1 1 1  … 0 1 1 1 1   -1 -2 0 2 1  … 0 3 2 1  … 0 4 3 2 1 
     … 0 1 1  … 0 1 1 1  … 0 1 1 1 1   -1 -1 0 1 1  … 0 3 2 1  … 0 4 3 2 1 
          … 0 1 1 1  … 0 1 1 1 1         … 0 2 2 1  … 0 4 3 2 1 
          … 0 1 1 1  … 0 1 1 1 1         … 0 1 1 1  … 0 3 3 2 1 
                … 0 1 1 1 1               … 0 2 2 2 1 
                … 0 1 1 1 1               … 0 1 1 1 1 

 

3) … 0000 0003 0000  4) … 0000 0003 0002 0001 0000 0000  5) … 0000 0003 0000 
 … 0000 1353 0003   … 0000 1353 0932 0211 0017 0001  6) … 0000 1353 0007 
 … 0000 9999 0025   … 0000 9999 6885 1561 0128 0004   … 0000 9999 0050 
 … 0000 1353 0003   … 0000 1353 0932 0211 0017 0001   … 0000 1353 0007 
 … 0000 0003 0000   … 0000 0003 0002 0001 0000 0000   … 0000 0003 0000 
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increased from 5~10 pixels to 40~80 pixels. 
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Figure 1: Detected edges (left and top) and F-ROC evaluations (right-bottom) for operators from Table 1. 
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6 - Canny (σ = 0.25, g30to30) 
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