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Goal: Content-based search for 

planetary images

PDS: 27.5 million

Cassini: 575,000
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http://places.csail.mit.edu/demo.html B. Zhou et al. NIPS 2014 - 2016

Content-based search for Earth images

http://places.csail.mit.edu/demo.html


Convolutional neural networks 

for image classification

 State of the art for image classification

 Provides posterior probability (confidence) for each prediction

 Transfer learning to quickly adapt existing model instead of 
training from scratch
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CNN architecture

pixel >  motif > part > object

[Krizhevsky et al., 2012]



Pre-trained on GPUs for weeks 

Using >15,000,000 labeled high res images

with ~22,000 categories

ImageNet

[Sutskever et al., 2012]



What about images from other planets?

http://demo.caffe.berkeleyvision.org/

http://demo.caffe.berkeleyvision.org/


What about images from other planets?

http://demo.caffe.berkeleyvision.org/

http://demo.caffe.berkeleyvision.org/


Refined the ImageNet classifier 

using Caffe [Jia et al., 2014]

on GPUs for hours 

with ~10,000 Cassini images

with 19 categories

Cassini ImageNet



craters     clouds     horizon     rings     plume sky view     starfield surface 

body types camera distance     multiple objects     phases

artifact     eclipse haze noise     over exposure      transients     ripple

19 categories

Vocabulary for planetary images



Cassini ImageNet predictions
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Example predictions: Rings



Example predictions: Crater



Planetary Image Atlas



Summary
 Goal: use state-of-the-art image classification to enable 

content-based search for planetary images
 Transforms how we interact with mission archives

 Next step: refine image categories – e.g., propellers

 Try it yourself: 
http://pds-imaging.jpl.nasa.gov/search/

 Easy to augment with new classes or new instruments
 Similar results with MSL rover parts and HiRISE Mars surface features

Thank you: MGSS (AMMOS) and PDS Imaging Node

http://pds-imaging.jpl.nasa.gov/search/
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