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INTRODUCTION & MOTIVATION LONG-HORIZON EXPLORATION BEHAVIOR

« USV exploration near shore is not only about covering space; localization reliability
also matters.

« VRVM-RRT evaluates uncertainty, but its candidate paths are still generated by
random sampling.

« Random proposals can look exploratory, yet remain dispersed, redundant, and
weakly aligned with map uncertainty.

« VRVM-XIT turns VRVM uncertainty into a continuous information field to guide
tree expansion and trajectory generation.

METHOD: VRVM - XIT

VRVM-XIT Planning
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VRVM - XIT

1: Normalize VRVM uncertainty into a  3: Edges through informative regions

REPRESENTATIVE QUANTITATIVE RESULTS
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. « The comparison 1s made under the same

5|~ VRVM+XIT Error VRVM+RRT Error exploration framework and target-coverage
—— VRVM+XIT Mean: 0.73 m === VRVM+RRT Mean: 1.19 m .
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LOCAL PLANNING CONSISTENCY

B
|

« VRVM-XIT reaches comparable or higher
coverage while maintaining lower map error,
indicating a better coverage—accuracy trade-off.
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CONCLUSION & FUTURE WORK

* Planning consistency matters: over 30 repeated local trials, VRVM-XIT produced
more structured and repeatable path families than VRVM-RRT.
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 In the long-horizon run, VRVM-XIT reached higher map coverage (~0.95 vs.
~0.90) while maintaining lower map error (~1.3-1.4 m vs. ~2.1 m).
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Future work will investigate how uncertainty-guided proposal generation can

T, Aj StartPoss remain consistent under real-world sensing noise, actuation error, and GNSS-
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§91 o _ B degraded near-shore conditions.
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