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Current PDS Data Set Collections




How to Find What You Want?
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Machine Learning Solution
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Data Set

MERNet data: http://doi.org/10.5281/zen0d0.4302760
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Classes:

Rover Tracks
Soil Trench
Clasts

Bright Soil
Spherules
Nearby Surface

Figure: multi-label example for MERNet
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Classifier Chain

VVGG-16 Model Architecture’ Classifier Chain?

Rover Deck

RAT Hole
Rock (Linear Features)

Rock Outcrop

Astronomy

Features

Convolutional layers Pooling and Fully Connected Layer  Scaling & Sigmoid

The classes placed later in the chain tend to benefit more

1Simonyan, Karen, and Andrew Zisserman. "Very deep convolutional networks for large-scale image
recognition." arXiv preprint arXiv:1409.1556 (2014).
°Read, Jesse, et al. "Classifier chains for multi-label classification." Machine learning 85.3 (2011): 333.



Final classification results

images

Combine outputs from individual classifiers

ining

Tra

Deep Ensemble MERNet




Deep Ensemble MERNet

Individual classifiers

» Classifier 1
« Single classifier chain (specific to general order)
« Binary cross entropy loss with mean reducing method
» Classifiers 2 -4
« Single classifier chain (general to specific order)
* Binary cross entropy loss with mean/sum reducing method
« Dropout operation
« Classifier 5
» 10 classifier chains (using hierarchical clustering algorithm)

Distance

L=

Close-up Rock

RAT Brushed Target
Sky

Rocks (misc)
Soil

Nearby Surface
Clasts

RAT Hole
Artifacts
Rover Tracks . '

Dunes/Ripples

Pancam Calibration Target
Float Rocks

Bright Soil
Rock (Round Features)'

Rover Deck

Soil Trench
Close-up Spherules

Arm Hardware
Rover Parts

Astronomy
Rock Outcrops

Distant Spherules
Distant Vista

Other Hardware
Rock (Linear Features)

Class Names

Figure: Dendrogram of 10 classifier chains



Combine Outputs from Individual

Deep Ensemble MERNet

Rover Deck (80)

ClaSSifiers Pancam Calibration Target (3)

Arm Hardware (1)
Other Hardware (43)

Ave rag e Rover Tracks (104)

Soil Trench (2)

Maijority vote AT e T Hole (5)
Weight by F1 score " Foat Rodks (215)
Weight by best performance

Clasts (407)

Rocks {mlsc} (59

Bright Soil (38
Dunes/Ripples (230)

Rock (Linear Features) (221)
Rock (Round Features} (38)
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Distant Vista (22 3;

Evaluation metrics: precision, recall, and F1 score Close-up Rock (3)

Nearby Sunlace (496)

Average F1 score is 61.7% (9.7% improvement Rover Parts (94)

Artifacts (6)

comparing to MERNet v1 classifier) Average
Zero F1 score classes were reduced from 7 to 3
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PDS Image Atlas’
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Summary You.Lu@jpl.caltech.edu
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