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Objectives Approach

* Develop situational awareness
algorithms that encode the
uncertainty and semantics of the
environments

Uncertainty and Semantics Representation

* Information RoadMap (IRM) e

o Generic graph representation with probabilistic Lol
* Develop perception-aware decision attributes [1]
making methods for safe exploration o Detect and encodes semantics, including y | g
of unknown environments spaciousness and traversability N
* Hierarchical Representation
o Local IRM to capture high-fidelity semantic

Background information

o Global IRM to scale up to very large
environments (~kms)

Key capabilities required for lunar concept missions
(Design Reference Mission (DRM), Decadal Survey, and Lunar Surface Semantics-Cognizant

Innovation Initiative (LSII)): PIanning under Uncertainty
* Long traverse and wide-area sampling

o For volatile and magnetic field mapping (long-duration, high speed) * Hierarchical Coverage Planners

Hierarchical Belief Hierarc hical

e Exploration into comm-denied areas (lunar pits, o Finds a path on Local/Global - -
skylights, tubes) IRI\(;IS t.ha.lt rpax:mzes mlfo gatln - X — % .
. . L . . . and minimizes traversal cos sl R R R H b
o Wide-area/multi-site sampling in the Marius Hills volcanic crater , o -1 ! — F—I
o Leveraged a multi-heuristic Tl Resimeton |
. . 1k Policy Reconciliation Planner |
dynamic programming solver [2] [ |} oot -
and an orienteering solver [A] «wmen i wine(+D
Results g solver [A]

* Semantics-based Online Adaptation
o Adjust the coverage field of view based on the spaciousness [B]
o Switch between local/global plans based on the traversability

Significance/Benefits

e Enhanced situation awareness

s -— N I - o Autonomous semantics detection and its scalable representation
R ‘ ooooo "“”;/}7/ =——— e+ Semantics-aware safe exploration capability
o jgﬂ (b;mulmdm O - o Real-time multi-resolution planning under uncertainty
- ﬁi /;;fim ol J‘;‘ PREE = o - o Hardware validation both in large and narrow spaces
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