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Acoustic signals play a signicant role in swarm coordination among animals,
enabling individuals to interact and organise collectively. Many acoustically
mediated animal collectives (bat swarms, bird ocks, frog and insect choruses)
are naturally tolerant, and even robust, to temporal and spectral overlap [2].
In contrast, mobile robotics has mainly relied on specialised hardware such as
cameras or radio transceivers that are simultaneously computationally and data
intensive.

The SonoRo swarm robotics platform is focussed on developing sound-based
coordination without the need for explicit spectral or temporal partitioning and
investigates how agents can interpret the complex sounds in groups to show
collective behaviour. We designed and implemented SonoRo by combining o-
the-shelf, low-cost hardware components and open-source lightweight software,
suitable for onboard applications on small, mobile robots. We use the Thymio II
robot as a mobile base equipped with a Raspberry Pi 4B, an array of micro-
phones, and a speaker. This setup allows compatibility with Python and enables
SonoRo to interact with other agents by alternating the emission of a chirp with
a listening phase. During the listening phase, the robot records the incoming
audio, which is used to calculate the Direction of Arrival (DoA) using the Delay-
And-Sum algorithm. The DoA algorithm returns an egocentric distribution of
the sound source directions over the azimuth.

We showcase SonoRo’s basic capabilities in environmental awareness, neigh-
bour detection, and spatial target localisation through experiments in four dis-
tinct scenarios: collision avoidance with static sound sources, goal nding in a
static environment, multirobot aggregation, and multirobot dispersion. Results
are discussed in Fig. 1. Videos of all experiments are available at [3]. Our
results with three robots demonstrate reliable collective behaviours in aggre-
gation and dispersion tasks, indicating that SonoRo is a promising platform
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Fig. 1. (a) The SonoRo robot. (b) Results from a single SonoRo performing sound 
obstacle avoidance. The violin plots quantify performance as the distance to the near-
est loudspeaker, showing with the mean value as a black dot and the 10th and 90th 
percentiles as whiskers. (c) Results from a single SonoRo reaching a loudspeaker goal 
are shown as the distance between the centre of the robot and the loudspeaker. (d-e) 
Results from three robots dispersing (panel d) and aggregating (panel e) in space are 
shown as the perimeter of the convex polygon connecting the three robots. 

for swarm robotics research. Unlike other previous sound-based approaches to
swarm robotics [1, 4], our novel contribution lies in demonstrating attraction and
repulsion using acoustic signals without any form of temporal or spectral parti-
tioning. The robustness to temporal overlap caused by the homogeneous nature
of the swarm is a novel feature that allows on-the-y scaling of group size. Our
study indicates that acoustic signalling provides a fast and low-cost coordination
modality for robot swarms, particularly useful in challenging conditions such as
GPS-denied, low-light, or visually cluttered environments.
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