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Objectives

v’ Develop Stochastic Programming (SP) solver for autonomy verification and

validation (V&V)

v’ Use the Endurance mission global path planning as proof of concept

v’ Develop effective system for creating and processing a probabilistic map for

lunar terrain

J Remaining work: Test the system’s feasibility as a basis for user-centered

certification methodology and evaluation tools

Traversability Prediction Model

Background

Using the Endurance mission as use case.

Satellite imagery can be used to path plan
on the moon.

Satellite imagery is a “blurred version” of the real
surface. (.5m/px max resolution)

It would be useful to predict the unknown surface
using the blurry satellite imagery.

CV Model Test Results

Multiclass classification

CV labeling technique
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Max resolution Blurred
The model is trained knowing
the true score but only seeing

the blurred image.

|

>
x
=
4]
O
O
bt
(ol

|

Standard Image Processing

Accuracy: 39.98% RMSE: 1.362

True Class
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Our CV Model
Accuracy: 80.2% | RM_SE; 0.402
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Analysis:

23.7% accuracy 2.462
: RMSE
Random Guessing:
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Cost map
Apply model over
larger areas to form
stochastic cost map
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Stochastic Programming Path Planning

Sample based decision making
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Enumerating all possible realizations is .
intractable. Instead:
* |dentify possible moves from current position .
 Sample a map from the stochastic cost grid
 Compute path cost for each move .

* Repeat until move distributions are informative | e

Path cost distributions by initial move
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Iterative decision making

— Active routes
© Branch location

- Best remaining path

If sampling limit reached before confidence
threshold - branch paths

Use stochastic branch-and-bound to prune weaker
frontier nodes

Repeat until goal is reached

Produces a graph structure of similar-confidence
paths
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* Split graph into islands (node clusters) and b_ridges

(connections)

* Solve islands using more samples than the first pass
* If confidence is still below threshold, choose by

expected value of path distributions

* Produces a single uncertainty-aware best path

Probabilistic decision analysis

* Use this framework to evaluate autonomy
decisions probabilistically
 Compare each decision to other available options
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