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Introduction: During the Martian winters, clouds 

form over the poles. Under the southern clouds, CO2 

falls to the ground as snow or frost and accumu-

lates[1]. During the summer months, this seasonal lay-

er is sublimated back into the CO2 rich atmosphere [2]. 

This process creates pits into the South Polar Residual 

Cap (SPRC). Swiss Cheese Terrain/Feature (SCF) is 

the common name for the region of Planum Australe 

that is home to these CO2 sublimation pits (Figure 1) 

[3]. These pits are known to increase over time, how-

ever, that rate changes relative to the SCF location. 

SCF sitting at a higher latitude were presented with 

slower growth rates compared to those below 89S. [4] 

These pits have been studied individually by hand 

for a few decades [2]. Growth rates of the pits in terms 

of the location and geographic attributes have not been 

studied collectively over the This is due to the sheer 

number of the pits per image and large number of im-

ages to analyze. This problem can be fixed with Object 

Based Image Analysis (OBIA).  

 

 
Figure 1. CO2 sublimation pits, also referred to as Swiss 

Cheese Features. A portion of HiRISE image 

esp_023570_0930. 

 

Successful work in the past using OBIA consists of 

crater detecting, volcanic geomorphology, and sand 

dune classification [5-7]. These studies looked for an 

end result of correct visual interpretation and veracity. 

OBIA is a land change technique that uses high-

resolution image segmentation to identify similar re-

gions of an image to classify objects into like catego-

ries. Pixel-based imaging analysis has been used for 

determining differences in spectral characteristics and 

classifying as such. However, pixel-based is unreliable 

to our study. The technique would separate classifica-

tion of the pits into shadowed areas and non-shadowed 

areas without the ability to join the two detached cate-

gories (Figure 1) [5]. Alternatively, OBIA uses multi-

ple tasks such as homogeneity, aspect, texture, and 

shape of objects for classification. This technique is 

able to simultaneously calculate spectral differences 

between images taken at different solar longitudes (Ls) 

or Martian year. The spectral differences will give way 

to growth rates to every area classified as a pit. Here 

we present the preliminary results of the OBIA testing. 

 

Methods: The image used was collected from the 

High Resolution Imager and Science Experiment 

(HiRISE) on the Mars Reconnaissance Orbiter (MRO) 

[6]. The initial image used was portioned down from 

the complete esp_023570_0930 image taken on Au-

gust 7th, 2011. This study is aimed at analyzing the 

growth evolution of  CO2 sublimation pits as a function 

of geographical constraints. This question will be an-

swered by order of the following objectives: 

1: Survey an arbitrary SPRC image taken by the 

HiRISE camera, by developing a rule-set that uses 

(OBIA) to identify, classify, and measures pit growth 

in terms of areal size. This information and the pit pol-

ygons will be extracted. 

2: Extracted files will be in shape file format for in-

put into a Geographic Information System. The shape 

files will include at a minimum: the original HiRISE 

image, a polygon of original pit shapes hand drawn, 

and OBIA extracted polygon layer. These layers will 

hold multiple attributed categories including Ls, zen-

ith, and area. These will be used for geographic analy-

sis comparison.  

3: The quantification will be done using GIS tools 

based on the OBIA selected area to understand the 

growth evolution as a factor of the geographic con-

straints.  The qualitative  conclusion will be wrapped 

up by the time-lapse affect to conclude a life-cycle of 

the SCF. 

 

Preliminary Results:  

Object-Base Image Analysis 

The software eCognition by Trimble is the chosen tool 

to perform the OBIA ruleset. eCognition utilizes a hi-

erarchical approach that allows each process to be re-

used in a non-linear way. Other OBIA software’s use a 

one directional approach starting only at the pixel level 

and working its way up the workflow. Our chosen 
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software uses segmentation, classification, merging, 

and morphological algorithms to identify and measure 

image objects. These tools are held in a rule-set that 

can be reran over any selected image. The hand-picked 

rule-set identified the three varieties of pits in this im-

age portion and simultaneously measured their area. 

Image 1 shows the results from the segmentation por-

tion of the rule-set. Image 2 shows the outcomes from 

the classification section. Image 3 is the product of 

merging the segmented classes together. Image 4 

shows how morphology can clean up the edges and 

bring the shape of the pit to the shape of the polygon 

(Figure 2) 

 

 

 
Figure 2.  Results from each portion of the OBIA ruleset.  

 

Geographic Information Systems 

Geographic Information Systems is the integration 

of manipulating and compiling of spatial data into a 

single forum for spatial analysis to be done. Digitizing 

objects in an image is the current working to under-

standing geological processes. This requires the user to 

go in and hand pick the vertices to form the polygons 

around the objects and add them to the shapefile. 

These polygons are over-laid on-top of the base image 

(Figure 1), the areas are calculated using the pixel size 

and the number of pixels in the polygon. The software 

ArcMap by ESRI was used for this task. This was done 

as a verification system against the OBIA ruleset.  

 

Pit OBIA Hand % Diff.

Left 41798 41388 0.9809

Center 37582 37492 0.2395

Right 43228 42796 0.9994

Pit Area in Meters Squared

 
Table 1: This table displays the calculated areas of each 

pit with the OBIA and the hand digitized in ArcMap in me-

ters squares. The percent of difference between the polygons 

was calculated in Microsoft Excel.  

The simultaneous measurement of the three select-

ed pits was successful. The left pit was 410 meters 

squared area difference between the OBIA polygon 

and the hand-drawn polygon, the center pit was 90 

meters squared area difference, and the right pit was 

432 meters squared area difference. Compared to hand 

measurements done in ArcMap, eCognition separated 

by less than 1% margin of error (Table 1). This small 

margin can be attributed to human error, precision of 

pixel-segmentation selection and will be re-evaluated 

for future work. The success of this preliminary work 

leads to a positive outlook towards the further work of 

this study using OBIA.  

 

Future Work: This eCognition rule set and 

ArcMap model is the preliminary step in what will 

become a multi-run process. OBIA is the next step in 

image analysis for planetary science and will be help-

ful in lander missions and future human cultivation on 

the lunar surface.  

The current ruleset will be ran against the entire 

HiRISE image esp_023570_0930 for complete testing 

and debugging. Post success of the first image, we will 

continue this process with batch-images located in the 

SPRC for Swiss Cheese Terrain with multiple dates. 

This will result in a comprehensive growth rate analy-

sis of the SCF region and further the available infor-

mation related to the life cycle of the pits and CO2 on 

the south pole of Mars. Possible discrepancies in the 

ruleset that will need to be addressed is the presence of 

merged pits. These pits could create a problem with the 

segmentation and morphology of the area. This ex-

tracted information will be layered against geograph-

ical constraints such as albedo, seasonal variations, 

cloud coverage, dust storm coverage, and radar data. 

Spatial analysis will be done in ArcMap to look for 

correlations that will lead us to causation to the pit 

evolutions.  
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