
Abstract
Autonomous wheeled vehicles in construction must plan motions through uneven, cluttered terrain. We propose a constraint-aware planning method 
with terrain traversability assessment (TTA) that unifies vehicle dynamics and terrain geometry into a continuous cost. A terrain-aware 
Patch-RRT* rapidly finds feasible paths, which define safety constraints. We then optimize trajectories with Bézier curves under safety, waypoint, continuity, 
and dynamic constraints while modeling vehicle–terrain coupling. Simulation and real-world tests show smoother paths, improved stability, and higher 
planning efficiency versus traditional planners. The approach offers a practical solution for reliable motion planning in complex construction scenarios. 
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Constraint-aware motion planning for vehicles with terrain travers-
ability assessment and optimization in construction scenarios
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Terrain–vehicle coupling makes feasibility hard on uneven terrain.
—TTA+VAF fuse geometry & dynamics to yield continuous costs. 
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Full-map search is slow and random sampling often ignores terrain.
—Patch-RRT* evaluates terrain on demand and speeds safe paths. 

Complex terrain demands constraint-aware trajectory optimization.
—Bézier optimization enforces terrain-aware safety and dynamics. VAF+TTA:Traversability score
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Terrain traversability. Collect IMU/GPS/LiDAR and build PointCloud via 
A-LOAM. Apply VAF to keep traversable points and convert to indexable eleva-
tion map. Extract trajectory-aligned elevation patches, assign pose-dependent 
scores, train TTA model that fuses terrain geometry with vehicle dynamics.

Patch-RRT* path search. Reconstructs RRT node/edge representation and 
introduces a terrain-traversability cost, evaluating terrain on demand over ele-
vation patches to guide sampling and rewiring for efficient, safe path search.

Constraint-aware trajectory optimization. Represent the trajectory as piece-
wise Bézier. Build a safety corridor from the Patch-RRT* path; enforce way-
point, continuity, and dynamic feasibility via Bernstein derivatives. Minimize jerk 
plus traversability cost to yield smooth, safe, executable motion.

Table: Validation of interaction of TTA with vehicle dynamics.
Table: Performance comparison of different motion planning methods.


