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ROVER TRAVERSE PLANNING

Abstract

Lunar south pole surface missions require rover traverse plans that jointly satisfy mobility, safety,
power, and communications constraints in terrain with steep local relief, boulder fields, and illumination-
driven uncertainty. This paper presents an adaptation of the Sector Analyses Routing Platform (SARP)
to analyze and optimize rover routing for a south-pole mission scenario. SARP fuses rover-borne LiDAR
and RGB sensing with orbiter imagery and prior topographic products to generate a continuously up-
dated, high-resolution terrain representation for operational planning. The workflow follows a data-driven
traversability pipeline: (i) automated terrain characterization and hazard labeling from fused imagery, (ii)
digital elevation model generation and slope/roughness derivation, (iii) obstacle and rock-field likelihood
mapping, and (iv) multi-region-of-interest (multi-ROI) route planning on cost maps. Terrain, slope, and
hazard indicators are translated into a mobility model that predicts traversability and effective traverse
rate; beyond 3D modeling, SARP evaluates payload-dependent rover dynamics, gradeability limits, and
ground constraints parametrically, enabling mission-specific tuning of safety margins and productivity
assumptions. Al-enabled route optimization then computes distance, time, or energy-optimal paths while
enforcing keep-out zones and operational constraints, and while reducing sensitivity to local perception
noise. To support command-level decisions, we incorporate uncertainty from landing dispersion, map
registration, and incremental in-situ updates by sampling feasible start states and producing percentile-
based performance metrics (e.g., distance/time budgets required to satisfy ROI visitation with a specified
confidence). Efficient computation is achieved via sequential cost-to-go propagation (sequential Dijk-
stra), enabling rapid re-planning as new LIDAR/RGB data refine hazards and slopes. Communications
feasibility is treated as a coupled constraint: candidate routes are evaluated for terrain-masking-aware
line-of-sight and relay pass opportunities to an orbiter/satellite, and the optimizer trades traverse cost
against expected outage risk. A representative south-pole case study demonstrates that joint traversabil-
ity-communications optimization produces routes that are more operationally robust than distance-only
routing by improving the predictability of time/energy budgets, reducing expected communications black-
outs, and tightening confidence bounds on ROI reachability under mapping and localization uncertainty.
Collectively, these outputs support faster, better-informed go/no-go decisions and safer execution by
explicitly quantifying trade-offs between productivity and risk as the terrain model evolves during oper-
ations.



