
Symmetry-Aware Robot Design with Structured Subgroups

Background and Notation

Dihedral group (containing rotation and reflection transformations):
For 𝑛 ≥ 3, Dih! = {𝜌" , 𝜋"#$|𝑘 = 1,2, … , 𝑛}. 𝜌": counterclockwise rotate by 360°/𝑘.
𝜋"#$: first 𝜌", then reflect along 𝑥-axis.

Subgroups of the Dihedral group:
𝐻% = 𝜌% , where 1 ≤ 𝑑 < 𝑛, and 𝑛 is divisible by 𝑑
𝐾& = 𝜋& , where 1 ≤ 𝑖 < 𝑛 − 1
𝐻",( = 𝜌" , 𝜋( , where 1 ≤ 𝑙 < 𝑘 ≤ 𝑛 − 1, and 𝑛 is divisible by 𝑘

Orbit:
The orbit of a point 𝑥	 ∈ 	𝑋	is the set of all its transformation under 𝐺.

Introduction

Previous work on robotic learning

Approach
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Designed Robot
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Design robot morphology by hand and then learn control policies by RL. Here we
show some commonly used robot morphologies, presented in the Mujuco
benchmark. It is hard to guarantee the effectiveness of a morphology.

Search robot morphology in the Euclidean space. For example, add a joint at some
coordinates. The search space is large, and the generated morphology is wired, not
suitable for the task.

A wired morphology in Euclidean space. Cannot move in the right direction.

idea

Search robot morphology in a non-Euclidean space: A space represented by
symmetry group.

Introduce symmetry constraints into the design space.

The simplest way is to represent morphologies in the symmetry group space.

Morphology learning phase 1: Given a symmetry 𝐺, search for a morphology.
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Key point: enforce joints in an orbit of 𝐺 to have the same action.
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Key point: enforce joints in an orbit of 𝐺 to have the same action. For
vector action 𝑐: 𝚷𝑮 𝒄 = 𝟏/|𝑮|∑ 𝑴𝒈𝒄𝑷𝒈,𝟏𝒈 .

Morphology learning phase 2: Search 𝐺 over the 
symmetry group space

Result
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Locomotion on Variable Terrain Locomotion on Flat Terrain Manipulate Box
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