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Introduction:  One of the common features be-

tween the landscapes of the Earth and Mars is the exis-
tence, in certain areas of the surface of both planets, of 
polygonal patterns. On Earth, these have well-
documented origins, and their dimensions are closely 
related to the processes that produce them, from the 
desiccation of muds and the cooling of basaltic lavas to 
the tectonic stresses that produce networks of large-
scale fractures. Our visual analysis of the surface of 
Mars is strongly dependent on the spatial resolution of 
the cameras onboard the automated probes dispatched 
to the orbit of the planet and also on the data transmis-
sion capabilities of those probes; the current presence 
of two rovers on the surface with imaging capabilities 
is tempered by the fact that these can only offer local 
vistas of the terrains they traverse. Thus, on Mars, the 
polygonal patterns identified so far present large di-
mensions, with sides measurable at least in the tens or 
hundreds of meters. Nevertheless, they are seen in 
widely different locations, and show diverse character-
istics, which have led some to attempt the establish-
ment of classification schemes based on some geomet-
rical parameters and/or on probable origins ([1], [2]). 
This requires the tiresome work of analyzing large 
numbers of images, and identifying and measuring the 
relevant characteristics. The attempts to put forward a 
quantitative approach to the investigation of this sub-
ject are scarce ([3], [4]), even though it is an issue that 
can shed light on some of the processes occurring to-
day on Mars. The application of a number of tech-
niques from the field of mathematical morphology can 
bring about the development of an automated proce-
dure for the identification of polygonal patterns on 
images of planetary surfaces, and this can, in turn, lead 
to the quantitative characterization of those patterns. 
There is an example of such an automated procedure, 
though its application was to SAR images of the sur-
face of Venus [5], which present different challenges. 

Methodology: The methodology we have pre-
sented [6] for the automated identification of polygo-
nal patterns on images of a planetary surface (though 
its application is, for the moment, restricted to Mars) is 
constituted by two main phases: a pre-processing or 
filtering phase, and a segmentation phase, where the 
dynamics of the watershed contours is employed to 
attempt a correct identification of the lines that are 
present on the image as a result of the segmentation. 
The methodology can be applied to any type of terrain 

where geometrical patterns are present, independently 
of their scale. A search through the large number of 
images of Mars currently available allowed us to con-
sider the  diversity that these features assume, in terms 
of location, regularity, type of junction, relation with 
the background and many other characteristics. Some 
examples of this diversity can be seen on Fig.1. 
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Figure 1 – Examples of polygonal patterns on the sur-
face of Mars, seen in parts of MOC/MGS narrow-
angle images [NASA/JPL/MSSS] 

 
To illustrate the application of the methodology, 

we present the successive transformations produced on 
one of the examples of polygonal patterns shown on 
Fig.1. The image chosen was part of the narrow-angle 
image R1001796, centered on the point with coordi-
nates 90.62W and 81.84S. The spatial resolution is 
5.82 m per pixel. The image shows a high latitude area 
where large polygons exist, probably related to 
periglacial processes. 

Filtering. The type of scene produced by polygonal 
patterns – generally speaking, a grid of straight or 
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slightly curved lines imposed on a contrasting back-
ground – seems, at first, an ideal candidate for a 
straight application of the watershed transform, a clas-
sical procedure to achieve the segmentation of an im-
age, or the identification of basins – closed areas – in 
an image. However, the images under scrutiny reflect 
natural landscapes, not mathematical patterns, and 
many factors influence their appearance: the irregular-
ity of the ground and the progression of the physical 
process that gives origin to the patterns, the illumina-
tion and the spatial resolution of the imaging appara-
tus, among others. Thus, the contrast between lines 
and background can assume any grade, from sharp to 
subtle; the lines can be incomplete, leaving open a 
number of regions that seem at first to be closed; and 
noise is an ever present problem in digital images. 
Some of these questions must be tackled before apply-
ing the watershed, lest we end up with a grossly over-
segmented image (with too many basins), from which 
no information about the patterns can be usefully ex-
tracted. 

The approach we followed was designed to en-
hance the edges of the polygons, extend the lines 
where they were on the verge of delimitating two adja-
cent areas, and eliminate most noise from the images. 
This was achieved through the application of a se-
quence of morphological filters by reconstruction, ca-
pable of simplifying the image while preserving the 
contours. The need for the successive application of 
the selected filters is illustrated by the results obtained 
when the images were segmented after each filtering 
step, as seen on Fig. 2, for the first and third steps. It 
becomes clear that the number of basins falls sharply 
between the first step (after just a simple closing, Fig. 
2(b) and the third (in which the closing was followed 
by a closing by reconstruction, not shown, and an 
opening by reconstruction, Fig. 2(c)). 

Segmentation. The segmentation of an image by 
watershed can be equated with the flooding of a topog-
raphic surface beginning at the lowest points of each 
depressed region – the result is a number of catchment 
basins, which correspond to the influence zones of the 
minima of the image. The morphological operation 
that produces the watershed lines WS for an image f is 
known as the skeleton by influence zones of the min-
ima, SKIZf. Thus: 

 
WS(f) = SKIZf [min(f)] 

 
A number of reviews of the watershed transform 

can be found in the literature [7]; in the case of our 
methodology, the approach followed was based on 
immersion simulations [8]. 

Of course, the result of this transformation on an 
image like the one of Fig.2(c-left) is still over-
segmented; that means that there are too many basins, 
too many closed areas, many more than seem present 
when the original image (Fig. 2(a)) is visually in-
spected. 
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Figure 2 – Results of filtering and segmentation for the 
area of image MOC/MGS R1001796 chosen to illus-
trate the methodology 

 
This results from the existence of too many minima 

in the image, a problem that can be solved with some 
improvements to the filtering phase. It is clear, how-
ever, that some lines do correspond to the edges of 
polygons, while others are less relevant. 

The way to assess the relative importance of the 
lines, and thus to identify those that most likely corre-
spond to polygon edges, is to take into account the 
dynamics of the contours [9]. This establishes a hierar-
chy among the lines. The criterion used is based on 
contrast, and requires the measurement of the grey-
level difference between a peak and its surrounding 
minima. 

Though the actual computation of a value for each 
line is easy, there are a number of steps that must be 
taken to reach that phase. First, each line C must be 
singled out; this is achieved by a removal of vertices or 
multiple points from the watershed lines. Then the 

Seventh International Conference on Mars 3139.pdf



point of each line with the smallest value (grey-level) 
is identified; it is called a saddle point, sC, with a value 
I(sC), and it corresponds, in the topographic analogy, 
to the lowest point in the divide between two adjacent 
basins. After this, the minima mi of the two basins that 
are separated by the line under scrutiny must be deter-
mined. Then, the dynamics of that line can be com-
puted, using the expression: 

 
dyn(C) = min[I(sC) – mi] 

 
The visual comparison between the results of the 

watershed transform and the same lines now classified 
according to their dynamics (Fig.3) readily demon-
strates that this is a crucial step for the selection of the 
relevant contours of the polygons in the images. 

 
Figure 3 – Watershed lines before (a) and after (b) the 
application of contour dynamics 

 
After this, a threshold is applied to the values of 

the dynamics, in order to cull the lines that have less 
significance and do not correspond to true contours of 
the polygons present.  

For the image employed to illustrate the methodol-
ogy, the results of this phase can be appreciated on 
Fig. 4. Again, visual comparison between this image 
(after the application of the threshold) and a ground-
truth image – in which the visible contours of the 
polygons were drawn by a human operator – allows us 
to assess how close the results are to what was pre-
tended, and adjust the threshold in accordance. This 
too will be done, in future, through an automated pro-
cedure. 

 

 
Figure 4 – Contours of the polygons detected by the 
methodology (a), and drawn by a human operator (b) 
 

Results:  The evaluation of the methodology re-
quired the comparison between the results obtained, 
the contours that survived the thresholding, and the 
best approximation to the physical reality of the con-
tours, in this case given by a careful visual identifica-
tion and manual drawing of the lines separating poly-
gons in images of the surface of Mars. To present a 
quantified assessment of the methodology, it was de-
cided to compute the total length (in pixels) of the 
ground-truth contours in a given image, and to com-
pare the values with those from the automatically iden-
tified contours for the same image. Thus, we have a 
global indicator of success for each of the five images 
tested, chosen among the examples presented in Fig. 1, 
and that illustrate different aspects of polygonal pat-
terns on Mars. The values obtained can be seen in Ta-
ble 1. 

 
Table 1 - Recognition rates of polygon contours. 

Image 
Visual 
(pixels) 

Auto 
(pixels) 

Auto 
(%) 

False Pos. 
(pixels) 

M1900047 12342 9973 80.80 18 
R1001796 7918 6695 84.55 440 
R0801628 11323 9294 82.08 201 
M0304331 11201 9326 83.26 272 
E0900029 12593 12572 99.83 21 

 
The values for the set of images tested indicate a 

very good rate of recognition, always over 80%. It can 
be said that these results are strongly influenced by the 
characteristics of the original images: when the con-
tours are crisp and the background is homogeneous, 
the results are excellent, approaching 100% of correct 

a 

b 

a 
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pixel assigning.  However, we must also point out that 
the methodology is still under development, and that 
some improvements in the pre-processing stage can 
lead to better results in the application of the watershed 
procedure. 

This rate of recognition is based on the assumption 
that the locations of the contours are correct, and that 
each pixel automatically assigned to a contour is truly 
a part of the contour on the original image. This can be 
confirmed, by subtracting one image from the other 
(Figs. 4(a) and 4(b)) and finding exactly where and 
how many automatically assigned pixels are mis-
placed. These false positives correspond to ‘ghost’ 
contours that come into being by a spurious subdivi-
sion of real polygons. Their numbers, for the set of 
images in which the methodology was tested, are 
small, as can be seen on Table 1. This reflects the fact 
that they correspond to short lines, normally creating 
small divisions in the periphery of larger areas. In fu-
ture, the aim is to reduce their numbers even further, 
thus achieving a more accurate identification of the 
polygons.  

Future Work:  The major goal in the development 
of this methodology is to obtain a tool that can be ap-
plied to the identification of polygonal patterns in a 
wide variety of Martian terrains, and to do it without 
the need of tuning a large set of parameters. In face of 
the results obtained so far, the path that we chose 
seems promising. Some modifications that are forth-
coming, such as the introduction of directional opera-
tors in the filtering phase, which could reinforce the 
contours, and the automated selection of the threshold-
ing level for the image with the contour dynamics, 
should lead to an improvement in the results. Further-
more, we are conducting a study of much larger scope, 
applying the methodology to images of different areas 
of the surface of Mars where diverse types of polygo-
nal patterns can be seen. This should open up new 
avenues for the development of the methodology, 
since it is predictable that new challenges will arise. 

In the end, a robust methodology that can produce 
statistically significant results can be extremely helpful 
in the characterization of the different polygonal pat-
terns present on Mars. There are a number of charac-
teristics that can be extracted and treated in an auto-
mated way, and this is also a goal for the future devel-
opments of the methodology. The possible applications 
include the establishment of a classification scheme 
based on measurable parameters, both geometric and 
topologic. 

It will also, of course, be possible to apply the 
methodolody to terrestrial patterns that can be taken as 
analogs of some of the martian examples, namely 
those that occur in high latitude areas on Earth and are 

related to periglacial processes. This should undoubt-
edly contribute to an improvement of our knowledge 
about the processes involved in the origin and evolu-
tion of this type of features on the surface of Mars.  

References: [1] Langsdorf E.L. and Britt D.T. 
(2005)  LPS XXXVI, Abstract #2140. [2] Mangold N. 
(2005) Icarus 174, 336-359. [3] Hiesinger H. and 
Head III J.W. (2000) JGR 105, 11999-12022. [4] van 
Gasselt S. et al. (2005) JGR 110, doi: 
10.1029/2004JE002385. [5] Smrekar S.E. et al. (2002) 
JGR 107, doi: 10.1029/2001JE001808. [6] Pina P. et 
al. (2006) LNCS 4142, 691-699. [7] Bleau A. and Leon 
L.J. (2000) Comp. Vis. Im. Understanding 77, 317-
370. [8] Vincent L. and Soille P. (1991) IEEE Trans. 
Pat. Anal. Mach. Intell. 13, 583-598. [9] Najman L. 
and Schmitt M. (1996) IEEE Trans. Pat. Anal. Mach. 
Intell. 18, 1163-1173  

Acknowledgments:  This work was conducted in 
the frame of project PDCTE/CTA/49724/03, funded 
by FCT, Portugal  

Seventh International Conference on Mars 3139.pdf


