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Mobility permits fast reconnaissance 
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Multiple scales for a smart camera 

Priority locations for approach, 
followup measurements 

2. Adaptive sampling – automatic classification for single-command sampling of many representative 
outcrop surfaces 
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Navigation imagery to 20m 



Classify geologic surfaces 
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Navigation imagery to 20m 



Multiple scales for a smart camera 

Priority locations for approach, 
followup measurements 

2. Adaptive sampling – automatic classification for single-command sampling of many representative 
outcrop surfaces 
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Multiple scales for a smart camera 
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Context images to 10m 

Priority locations for approach, 
followup measurements 
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Maps of stratigraphy, weathering 
and exposure 

Multiple scales for a smart camera 
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Context images to 10m 

Priority locations for approach, 
followup measurements 
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Multiple scales for a smart camera 

X 1 

X 2 

Selective sampling by remote 
and arm-mounted instruments 
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How it works 
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Original image: NASA/JPL/Caltech/Cornell 
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Input channels 
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Original image: NASA/JPL/Caltech/Cornell 
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Random Forest Pixel Classifier  
[Shotton et al., 2008] 
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Uses attributes based on pixels in a local window around the test point 
• values 
• differences 
• sums 
• ratios 
• absolute differences 

Image Credit: Caltech / NASA / JPL 
 



Training procedure 
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• ID3 rule: choose the splitting criterion minimizing expected 
posterior entropy of texture classes 

 
 
 
 

 
• Search over all pixel comparisons and thresholds 
• Grow the tree recursively from the root  

 
 

 
 
• Average class distributions at the appropriate leaf nodes  

Posterior class probabilities 

Entropy of right branch Entropy of left branch 



Evaluation: MER rock detection  
• A clean test case because rocks are discrete objects  
• Valuable for instrument target selection 
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Legacy panorama 

Mission success panorama 



Evaluation: MER rock detection  
• Used 1000s of labeled rocks in each panorama 
• Trained on Mission Success panorama 
• Tested on Legacy panorama 
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Typica
l result 
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Original image: 
NASA/JPL/Caltech/Corn
ell 

NASA ASTID / Caltech / JPL / Instrument Software and Science Data Systems 



Probability maps 
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Performance: pixel classification 
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Classification based on pixel 
intensity data only 
 
Classification incorporating 
stereo data (most important for 
large protruding rocks) 

ROC Performance for Legacy panorama 



Performance: target selection 
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Mojave field test – range invariance 
[Foil et al., in preparation] 
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Mars Images: Caltech / NASA / JPL  
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Other applications: layer detection 
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Stratigraphy probability  
[Thompson et al., LPSC 2012] 
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Mars Images: Caltech / NASA / JPL  
 

Stromatolite  
Western Australia 



Other applications: exposure index 
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Mars Images: Cornell / Caltech / NASA / JPL  
 

[Thompson et al., AbSciCon 2012] 



Other applications: plume detection 
 
• Volcanic Plume detection [McLaren et al., SPIE 2012] 
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Image Credit: Worldview  
 

Plume detection for height analysis, Eyjafjallajökull volcano  



Other applications: sedimentology 
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Mars Images: Cornell / Caltech / NASA / JPL  
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MASAT Test images  
 
Extrapolation from 4 training examples 
32 trees, 128 expansions, window size 64, HSV color space  
10x subsampling shown (for 300-340ms/image on a modern laptop) 

Images courtesy MASAT-1 mission 

Other applications: 
selective downlink for 
cubesats 
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Other applications: primitive bodies 
exploration 
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Crater 
erosion 
features at 
Phoebe 



Flight hardware options 
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Flight computer  
Analyze specific images  

Dedicated FPGA 
Analyze all images 

• Single-command instrument 
placement by identifying 
contiguous exposure, stratigraphy 
 

• Selective targeting at specified 
sites by classifying exposed 
outcrop and float rocks 

• Continuous mapping during long 
traverse (e.g. find meteorites) 
 

• Trivial CPU cost to operate 
alongside computer-intensive 
actions 
 

• Trivial time cost 



Next steps 

Virtex-5 FPGA 
development 
in progress 

Goal: 1 Hz or 
better at full 
resolution 

Retrainable 
for different 
mission 
requirements 
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Mars Images: Cornell / Caltech / NASA / JPL  
 



Questions? 
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