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Abstract

Future lunar surface operations will depend on large-scale infrastructure—photovoltaic arrays, struc-
tural panels, and supporting frames—requiring periodic inspection and maintenance. Many such tasks
involve continuous surface interaction: the end-effector must remain within a prescribed standoff band rel-
ative to the surface throughout the operation. When the required surface path exceeds the manipulator’s
reachable workspace from a fixed base pose, conventional staged strategies—which freeze the base during
interaction and reposition between segments—introduce coverage gaps: uncovered arc-length accumulated
when the end-effector advances along the reference trajectory while violating the standoff band during
repositioning. Coverage gap is quantified here via a discrete nearest-point projection of the end-effector
onto the reference trajectory at each control timestep. For tasks with tight coverage requirements, staged
control is insufficient to meet the specification even where it nominally completes the task.

This paper presents a holonomic wheeled mobile manipulator and a unified, velocity-level whole-body
control framework that minimizes coverage gap on workspace-exceeding surface-interaction tasks. Build-
ing on the holistic reactive quadratic-programming (QP) mobile-manipulation framework of Haviland
et al., we extend the paradigm with: (i) a four-wheel independent steering and driving (4WIS–4WID)
holonomic base, whose lateral planar mobility reduces heading-change–induced deviations that compli-
cate maintaining tight standoff constraints on nonholonomic platforms; (ii) a posture-alignment cost term
tailored to the rear-mounted arm geometry, biasing base orientation to increase effective manipulator
workspace depth toward the infrastructure surface; and (iii) a coverage-gap evaluation protocol as a task-
level metric for comparing controllers on workspace-exceeding trajectories. The ten-degree-of-freedom
system—three holonomic base virtual joints plus a seven-degree-of-freedom manipulator—is controlled
by a QP solved at each timestep, tracking desired end-effector twist via position-based servoing while
respecting velocity limits and preserving manipulability as a secondary objective.

Experiments in an Ignition Gazebo lunar-surface simulation evaluate a serpentine surface trajectory ex-
plicitly designed to exceed the arm-only reachable workspace. Compared to a staged-hold baseline—where
the arm holds its last valid configuration while the base repositions between interaction segments—the
proposed whole-body controller achieves markedly lower coverage gap and improved coverage continuity
while maintaining the end-effector within the prescribed standoff band throughout most of the interac-
tion. Runtime profiling further indicates that the per-cycle QP solve time remains within the control-cycle
budget at real-time update rates, supporting computational suitability for extended surface operations.
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