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Unsupervised Quality-Diversity

Adaptive & Intelligent Robotics Lab

IMPERIAL

Luca Grillotti Lisa Coiffard Oscar Pang

We introduce Unsupervised Reset-free Skill Acquisition (URSA), a Quality-Diversity framework that discovers a
diverse repertoire covering the reachable skill space in real-world environments, without any simulation.
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URSA discovers a wide range of forward motions, covering diverse average joint angles across all legs.

Reward ~ forward velocity

Feature = Unsupervised
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In simulation, URSA discovers significantly more diverse locomotion patterns than baselines,
achieving greater average joint angle coverage.

URSA DayDreamer DOMINIC Percentage of grid cells filled
0.8 0.8 0.8
0 25% -
A . I Return ° C
2o 03 0.3 0.3 20% - v
o9 £ O
o 15% A (0] =
= L 400 v =
) O
T, 03 0.3 0.3 10% - ) >
c =~ O
© 5% - 8 D.
4-dimensional -0.8 . -0.8 -0.8 0% -
discretization -0.8 0.3 0.3 0.8 0.8 0.3 0.3 0.8 0.8 -0.3 0.3 0.8 500
y S 4.2 4.2 4.2
(@))
3 & 2 5& 15% - o
— 94 S0 24 2.4 2.4 - O
[ oL —/ Q 0 O
) = s> 10% - O <
] B L =
Al v 5 a >3
4 i Q= 07 0.7 0.7 4 o
c 3 » =R 5% - © A
O o | Rear Right Leg © a i
|
LL | -1.0 -1.0 -1.0 —200 0% -
: > 1.0 0.7 2.4 4.2 -1.0 0.7 2.4 4.2 1.0 0.7 2.4 4.2
Front Right Leg 0.9 0.9 0.9
4 10% -
o & ~400 o
S g -1.5 -1.5 -1.5 8% A = ®,
5 © H 6% - © 2
29 54 2.1 a =
9o ™~ 2.1 - 4% >, o
c - )
© . 2% A 0
-2.7 2.7 -2.7 0% -
2.7 21 -1.5 0.9 2.7 2.1 1.5 0.9 2.7 2.1 -1.5 0.9
This diversity of skills enables greater adaptation under joint failures.
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URSA can also learn to control the robot across a broad range of target forward and angular velocities.
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