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» Environmental aquatic monitoring is labor-intensive, spatially limited, and
energy-constrained
» Autonomous Surface Vessels (ASVs) can help [1], but sparse trajectory data

Hotspot Map (empgratuce () (Statonary Hotspot Hap (Rmpeptue Sl Hon Statonery) A PX4 R1 rover explores a 25x25m Gazebo domain with a synthetic Gaussian tem-

- perature field. At each step the planner maximizes mutual information penalized by
‘ ~ | travel cost.
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» Reconstruct continuous environmental fields ) E _ . _ _ YR
» Separate real spatial features (algal blooms, thermal inflows) from artifacts 2 3349 g ‘ ‘ ML
» Maximize information gain per unit energy ) 5

This work: GP regression (stationary + non-stationary) optimizes interpolation with 5 S

Kac-Rice significance testing on a sub-$2,500 ASV.
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Bathymetric survey overlaid on satellite imagery, Tempe Town Lake, Dec 2024. PX4 rover in Gazebo SITL computing the next waypoint via mutual information.
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Given observations y at locations X, the GP posteriorat x,.is: .
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Water quality has spatially varying smoothness. A local 2 x2 matrix encodes direction- ) [ 16.854
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_ _ | oo oot 16.692 » Paciorek kernel modifies local smoothness, changing which extrema reach
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e U | rongitude (scaled) produces fewer false peaks
Non-stationary GP hotspot detection (Dec 6 temperature). Red = significant hot peak » SITL results confirm feasibility of information-driven autonomous surveys
I (p<0.05). Blue = cold spot. Grey = non-significant.
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Learned lengthscale fields — blue (short) = finer spatial detail.
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