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Figure 1: (a) A typical oil rig structure[[1]] which presents challenges for comprehensive inspection, (b) a
quadruped robot with magnetic feet designed for inspecting such structures, (c) snapshots of a simulation
of the full body planning for the quadruped traversing a complex 3D truss structure.

Inspection tasks require robots to traverse complicated real-world structured environments such as shown
in Fig. 1a. The robot in Fig. 1b has been developed with magnetic feet to navigate such environments, but
motion planning for the robot presents significant challenges. Gaited locomotion planners are not suitable
due to the complex manoeuvres required and hence non-gaited full-body motion planning is required. We
present a planning approach which uses a pre-computed Contact Dynamic Roadmap (CDRM) data structure
to allow for rapid foothold configuration evaluation, enabling online non-gaited motion planning in complex
3D environments.

We use a hierarchical planning approach - a Rapidly exploring Random Tree (RRT) [2] composed of robot
body poses is used to explore the environment. Once a body pose has been sampled, we use a CDRM to
rapidly evaluate foothold configurations. The CDRM is an extension of Dynamic Roadmaps (DRM) [3] which
pre-computes a mapping from the configuration space of a leg to its workspace. The CDRM enhances the
DRM by also including a mapping of foot-tip contact position information. During online planning, when the
environment is known, this mapping is used to evaluate many candidate foothold configurations for each leg
with a single collision check. This allows rapidly identifying valid footholds in a complex environment, which
is the main planning bottleneck. Individual valid foothold configurations for each leg are then combined
together to create full-body states.

We have validated the planner in simulation, with promising initial results. We evaluated both individual
features such as steps and gaps, as well as complex scenarios such as the 3D truss shown in Fig. 1c. For
the 3D truss scenario, the planning time was 77s with an 80% success rate. Across all scenarios, the motion
plans fully exploited the range of the robot’s reachability before failure rates became high. We are currently
implementing the planning algorithm on the quadruped platform shown in Fig. 1b.
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