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Considerations

 Importance of terrain in navigation
» Relate to self-driving car or robotic vacuum cleaner

 Spirit, Opportunity, Curiosity getting stuck in sand
» Spirit ended mission thus
« Purgatory Dune, Hidden Valley, etc

 Limited mission duration in terms of Sols — Mars days
« Earth/Mars data bandwidth limitations — 60 MB/Sol

» Perseverance’s earth weight is 2260 Ib-wt

« SPOC-Lite & VeeGer



ESP_039370_1520_RED_D_01_ORTHO

NASA/JPL/University of Arizona MRO/HiIRISE




Terrain 1

Terrain 2 Terrain 4 Background




: o e
s SREECS SN bt o = — -
Sy oRRERe . @ = e
e
T e
~

Average 0.62405 Ao

S et

Original image Our label

L
Predicted label




Original image Our label Predicted label

#

e §

Original image Our label Predicted label




Challenges

 Lack of labelled data
« ML and DL is fairly new

« Bad judgements

* DeeplLabV3+

» Lack of documentation
« Difficult to tailor it precisely to our needs

« Setup was a challenge
* |nstallation instructions are outdated

« Xception65 backbone involves huge computation
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eights Associated with Paths
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References

http://www.esa.int/Science Exploration/Space Science/Mars Express/The

first_hiking maps of Mars



https://www.msss.com/http/ps/dtm/marsterrain.html
https://videos.space.com/m/AW2uzBeR/future-rovers-may-walk-too-see-a-prototype?list=9wzCTV4g

Algorithms

e Searches
* Informed v/s Uninformed search

 Deliberative v/s Reactive control
 Heuristic Search: A*, LPA*, D*-lite, etc
«f=g+h
* h - Manhattan, Eucledian, Diagonal
« Comparison of A* vs D* lite operations
« D* lite more efficient for more obstacles

* Visits lesser states, optimal generalization
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Reference
https://www.youtube.com/watch?v=skK-3UfcXWO0
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Algorithms

« Lifelong planning A*
* Incremental version of A* with changing weights of edges
« Static start and end nodes

« D*-lite
« 2002 article by Koenig and Likhachev - AAAI

« Similar to LPA* except start position = current position
« Search direction from goal to start — thus impacting g calculation
* Priority Queue reordering 2 0 < h(s, s’) < c*(s, s’) and h(s, s”) < h(s, s’) + h(s’, s”)

» Calculated information not thrown away like A*

Reference

https://github.com/samdjstephens/pydstarlite/wiki/Understanding-the-differences-between-LPA*-and-D*-Lite
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Conclusion

» Overall, we've achieved our goals

 Terrain classification was successful from onboard cameras
« Should add satellite image-based terrain classification
» A* algorithm logic works successfully of with global planning

« Working on improving D*-lite for more local planning

 Entirely different Al technologies can be combined to obtain useful
results

 Just an exploration of Al techniques we think are implementable
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THANK YOU
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