
Reinforcement Learning for Collective 
Motion Tuning in the Presence of Extrinsic 

Goals

Abstract

Recent work has shown the possibility for
groups of robots to self-bootstrap
collective motion behaviours in open
arenas. However, for real-world swarm
robotics missions, such as package
delivery, the environment is likely to be
cluttered with obstacles and the swarm
will have a target goal. This paper
proposes an architecture for self-
bootstrapping collective motion
behaviours in the presence of such
extrinsic goals. The architecture takes a
reinforcement learning approach and
combines a generic ‘intrinsic’ reward for
collective motion tuning, with a mission
specific ‘extrinsic’ reward. Two instances
of extrinsic goals including the target
search and obstacle avoidance have been
considered in this paper. We demonstrate
that our reinforcement learner can tune the
behaviour of randomly moving groups so
that structured collective motion emerges
while avoiding an obstacle or searching for
a target. We compare our approach to
behaviour bootstrapping in open arenas to
show that the presence of external
environmental constraints does not affect
the quality of the bootstrapped behaviours,
with respect to the number of collisions, as
well as group, and order metrics.
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Goal
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Effect of Extrinsic Goal on Collective Motion Metrics 
Comparing to Open Area Without Extrinsic Goal

RL with Extrinsic Goal of 
Obstacle Avoidance

Conclusion

• A is the action,
• S is the state,
• B is the temporal state data
• 𝐁𝐁′ is the live positioning of agents

Collective motion behaviour has been
inspired by flocks of birds. Each agent
follows three main rules of:
• Alignment: which ensures movement

with the same direction.
• Cohesion: which ensures agents move

close to each other.
• Separation: which ensures agents do not

run into each other.
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Reinforcement Learning With 
Extrinsic Goal

The reinforcement learning approach is
for bootstrapping collective motion with
mission specific as extrinsic goal.

intrinsic reward for collective motion

extrinsic reward

avoiding obstacle searching for a target 

+

Some examples of tuned motions by RL
with intrinsic goal of collective motion
and extrinsic goal of obstacle avoidance
(The small black dots are boids, the red
squares are obstacle, and the blue arrows
show the direction of boids motion)

RL with Extrinsic Goal of 
Target Search

Some examples of tuned motions by the
reinforcement learner with intrinsic goal
of collective motion and extrinsic goal of
target search (The small black dots are
boids, the green circles represent a target,
and the blue arrows show the direction of
boids motion)

This paper demonstrated that our
reinforcement learner can tune the
behaviour of randomly moving groups so
that structured collective motion emerges
in the presence of external goals.

a) Average group values over 100 tuned 
collective motions

b) Average order values over 100 tuned 
collective motions

c) Average number of collisions over 100 
tuned collective motions
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