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Introduction
Inspection tasks require robots to traverse complicated real-world structured 
environments such as shown in Figure 1. The robot in Figure 2 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.

Figure 1. A typical oil rig structure 
which presents challenges for 
comprehensive inspection [1]

Figure 2. A quadruped robot with 
magnetic feet designed for 
inspecting such structures



Approach
• Uses Contact Dynamic Roadmaps (CDRMs), which extend Dynamic 

Roadmaps (DRMs) [2] with contact information as shown in Figure 3:
• A dense configuration-space roadmap is generated offline for each leg.
• The leg's workspace is cellularly discretised.
• For each cell, configurations which collide with the cell or create a contact with 

it are stored.
• Online planning uses a Rapidly Exploring Random Tree (RRT) planner 

[3] from OMPL [4]:
• Root body poses are sampled.
• The stored CDRM is used to identify valid foothold configurations for each leg 

(Figure 4).
• Foothold configurations are sampled to create a stable full-body configuration.
• The tree is grown until the goal is reached (Figure 5).

Figure 4. Collision-free 
footholds identified from 

the CDRM

Figure 3. CDRM with colliding and 
contact configurations

Figure 5. Full body motion plan 
generated to a goal

Cell Colliding Contacts

A1 q0, q1, q2, q3

A2 q0, q1

B1 q2, q3

C5 q0

D3 q1, q2

D3 q2 q1, q2



Results
• The approach has been validated in simulation with promising initial results.

• Tested on terrains of  varying roughness (Figure 6).

• Tested on three individually challenging features: (a) a step of  varying height, (b) a 
gap of  varying width and (c) an overhang of  varying height.

• Planner run on three challenging scenarios: (a) an obstructed pipe, (b) a 3D truss 
structure and (c) a DARPA-style rubble scenario taken from [5].

• Across all test cases, the full reachability of  the robot was used before failure rates 
became high.

• We compared our planner to the RB-PRM planner by Tonneau et al [5]. Our 
planner was able to produce plans for the truss scenario where [5] failed, but was 
4x slower than [5] for the rubble scenario.

Scenario Planning Time (s) Success Rate (s)

Pipe 86.3 90

Truss 76.9 80

Rubble 77 100Figure 6. Terrain with roughness of ± 0.45m Figure 7. Planning times and success 
rate vs. terrain roughness for 4m path

Table 1. Planning times and success rates



Conclusion and Future Work
• CDRMs extend DRMs with contact information. These are generated 

offline and stored.
• During online planning, valid foothold configurations are identified from a 

single collision check and CDRM query.
• A sampling-based planner uses this to generate full-body plans in complex 

3D environments.
• Approach demonstrated in simulation for single features and complex 

scenarios.
• The planner is most applicable for highly complex environments. 

Limitations include:
• For more open, planar and continuous environments a decoupled planner such as [5] 

or a gait-based planner may produce better results
• The generated footholds are limited to by the resolution and quality of  the CDRM.

• Our current focus is on implementing the planner on a physical platform.
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