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Introduction:  Since the Mars Exploration Rover 

(MER) Spirit and Opportunity arrived on Mars in 
2004, they have collected a large amount of surface 
imagery. One of the MER mission objectives is rock 
detection and observation. For geologic and planetary 
sciences, rocks are very important because they might 
hold the clues to past water activity and their shape, 
weathering, and dispersion offer important information 
about Mars environmental characteristics and proc-
esses. In addition, rock detection plays an important 
role in rover route planning. Route planning is based 
on the map showing the locations of interesting geo-
logical features and obstacles at the landing site. Rocks 
are the most significant features in this map.  

Generally, attributes and locations of rocks are 
achieved from Mars surface image through image 
analysis and photogrammetric techniques. The essen-
tial prerequisite for this task is rock segmentation. Cur-
rently, rock segmentation in MER imagery is mostly 
accomplished by manual labeling but it is extreme time 
consuming and tedious. Increasing amount of accumu-
lated data collected by the rovers leads the urgent 
needs on automatic rock segmentation. In addition to 
this demand for post-processing, automatic rock seg-
mentation is also needed as part of on-board process-
ing. The limited outer space communication bandwidth 
to transmit data volume produced by the future rover 
payloads is expected considering increase of collected 
images due to Improvement in rover mobility and life-
span. This problem can be solved by effective data 
compress schemes through prioritizing regions in an 
image based on their scientific values. Therefore, 
automatic segmentation of rocks in an image is crucial 
for designing data compress schemes.  

To fulfill the demands of automatic rock segmenta-
tion, this study presents a framework for automated 
rock segmentation based on two sequential steps: tex-
ture-based image segmentation for initial detection, 
and edge-flow driven active contours for boundary 
refinement. 

 
Rock detection using texture based image seg-

mentation:  Rock is texturally distinctive feature com-
paring with desert landscape environment of Mars and 
therefore texture plays an important role in automated 
rock segmentation. For the texture-based image seg-
mentation step, three texture analysis approaches are 
used: multi-channel approach, multi-resolution histo-
gram [1], and inter-scale decision fusion. These three 

approaches are integrated and embedded into a frame-
work of rock detection using discrete wavelet trans-
forms.  

The multi-channel approach is to transform an im-
age to a new set of features that offer condensed, clas-
sification related information for texture analysis using 
certain local transforms. This study exploits Haar 
wavelet transform to use its four coefficient channels: 
the approximation, horizontal, vertical and diagonal 
detail coefficients as the new set of feature channels. 

 From each channel, the texture features are ex-
tracted by measuring the change of histogram with 
respect to the image resolution relying on the wavelet 
decomposition level, namely multi-resolution histo-
gram method. Such histogram change reflects the 
variation of spatial information, i.e., texture measured 
by the generalized Fisher information content.  

As the result of the texture feature extraction, 
multi-scale texture feature maps are achieved. The 
texture features at different scales contained in multi-
scale texture feature maps are integrated through their 
statistical relationships for better texture classification, 
namely inter-scale decision fusion. This study accom-
plishes inter-scale decision fusion using two adopted 
k-means algorithms: hierarchical and interactive k-
means [2] [3].  

  

   
Figure 1. Detected rocks using texture. On the right are 
zoomed-in images. 

 
Rock boundary refinement by edge-flow driven ac-

tive contour based on level set method: The texture-
based image segmentation yields reliable rock segmen-
tation results but they are too rough to determine accu-
rate rock boundaries as shown in Figure 1. Hence, the 
rock boundaries are refined, by edge-flow driven ac-
tive contour based on the level set method, which 
adopt “edge flow” concept to compensate the problems 
of traditional active contours that are sensitive to noise 
and often cause the edge-leaking problem [4]. The 
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edge flow is defined by the flow direction determined 
by the first directional derivatives of the Gaussian ker-
nel and by the edge energy represented as a flow vec-
tor by assigning probabilities to its flow direction [5]. 
These edge flow forms the vector field as an external 
force to enforce the initial boundaries determined in 
the texture-based image segmentation step towards the 
pixels with high probability of rock boundary edges.  

The boundary refinement step offers not only finer 
boundaries but also topologically more accurate rock 
segmentation results as Figure 2. 

 

  
Figure 2. Rock boundary refinement by edge-flow 
driven active contour. Yellow line is rock boundaries 
before refinement and red line is after refinement. 
Green lines show boundary propagation during re-
finement procedure. Notice the boundary topology 
change in the right figure.  
 
Implementation and results: To examine its per-
formance, the suggested framework for automated 
rock segmentation is applied into Mars surface images 
(1024 by 1024 pixels with 256 gray levels) collected 
by MER PANCAM of rover Spirit around the Gusev 
crater landing site.  

Experiments present satisfactory rock segmentation 
results through a fully automated process and give 
several worthy notes. The proposed framework can 
account for rock size variations without tuning pa-
rameters through the multi-scale approach. In addition, 
the results are robust to fault edges due to shades or 
leaking edges due to sand covering. This rock segmen-
tation framework can be embedded into various image 
analysis applications such as path determination to 
avoid obstacle, rock detection for scientific studies, 
and surface data training for satellite image on Mars. 
 
 

 
 

 
Figure 3 Detected rocks in MER PANCAM images. 
(Top: Image 2P138253318EFF5300p2460, Bottom: Image 

2P127438549EFF0309P226 [NASA/JPL/Cornell]) 
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