Hierarchically Accelerated Coverage Path Planning

for Redundant Manipulators
Yeping Wang and Michael Gleicher

Synopsis: we present a motion planner that enables a robotic arm to cover a surface with its end-eftector,
while exploiting the manipulator's redundancy and task tolerances to minimize joint space costs.

Motivation

In tasks like sanding, polishing, wiping, or scanning, a robot must move its end-effector to cover a surface.
With redundancy or task tolerances, multiple inverse kinematics (IK) solutions exist. A coverage path plan-
ner should exploit this flexibility to generate joint motions that achieve full surface coverage while mini-
mizing joint movement.

Proposed Method

1. Formulate as Generalized Traveling Salesman Problems (GTSP)
2. Use a strategy to accelerate the computation by solving a sequence of smaller GTSP. It identifies guide
paths that roughly cover the surface and samples IK solutions near them.

In this mock wok polishing example, the task has rotational redundancy around the tool’s principal axis
and translational tolerance tangential to the wok surface, as the finishing disk can have multiple contact
points with the wok.

Problem Formulation
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) Guide Path: a path that Greedily propagate to nearby Resultin a simpler graph com-
Traveling Salesman Problem (TSP) seeks the Generalized Traveling Salesman Problem (GTSP) ZELE?E?E:?;T roughly non-exemplars using RangediK”  pared to Baseline 2: Joint-GTSP
shortest route visiting each city once and return- seeks the shortest route that visits exactly one city
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route that visits the capital of the 48 contiguous point. This example shows the shortest route that visits .
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We compare our approach with the two baseline approaches in simulation

Baseline 1: Cart-TSP-IKLink Baseline 2: Joint-GTSP

C. Clean toilet bowl D. Scan floor
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B. Polish wok

A. Vacuum stairs

This approach constructs a graph in Cartesian
space, uses a Traveling Salesman Problem (TSP)
solver to find paths that visit each node exactly
once, and generates joint motions to track the
paths using IKLink.

This approach samples multiple inverse kinematics (IK)
solutions for each end-effector target, builds a graph in
joint space, and finds paths using a Generalized Travel-
ing Salesman Problem (GTSP) solver.
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