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Abstract— We introduce spatially targeted communication -
a communication method for multirobot systems. This method
allows an individual message sending robot to isolate selected
message recipient robots based on their spatial location. The
recipient robots can then be sent information targeted solely at
them, even if the sending robot uses a broadcast communication
modality. We demonstrate spatially targeted communication
using a heterogeneous multirobot system composed of flying
robots and ground-based self-assembling robots. Flying robots
use their privileged view of the environment to determine and
communicate information to groups of ground-based robots on
what morphologies to form to carry out upcoming tasks.

I. INTRODUCTION

Multirobot systems have a number of advantages over
single robot systems including the ability to execute multiple
tasks in parallel. In multirobot systems, robots also have the
potential to cooperate if a task is too difficult for a single
robot to solve alone. Self-assembly — a reversible process
by which the robots autonomously form physical connections
with one another [1] — enables tightly integrated physical
cooperation between robots. We use self-assembling robots
built as part of the EU-funded Swarmanoid project [2]that
are capable of forming a large number of morphologies of
different shapes and sizes, see Fig. 1 for examples.

The environmental perception of ground-based robots is
often limited, partly due to the limitations of the sensory
hardware and partly due to the vantage point of ground-based
robots. From the perspective of a self-assembling robot, it
can be difficult to perceive and estimate the parameters of
tasks with sufficient completeness and accuracy to deduce
which (if any) morphology could be formed to solve the
task. This is illustrated in Fig. 2(a), where a group of self-
assembling robots are approaching a hill. In Fig. 2(b), the
limited view of a self-assembling robot approaching the hill
is shown. A flying robot, on the other hand, can get a good
overview of the task and of the robots on the ground from
an elevated position. Figure 2(c) is an image captured by
a flying robot’s camera. Using the information collected
from its vantage point, the flying robot can run on-board
simulations to find a morphology that the self-assembling
robots can form to get over the hill — an essential analysis
that the self-assembling robots would have been incapable of
by themselves. The range of tasks that can be solved by self-
assembling robots can thus be extended through cooperation
with flying robots.
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Fig. 1: Example morphologies that can be formed by the
self-assembling robots used in this study.

Communication plays a key role in enabling cooperation
in heterogeneous multirobot systems composed of flying
robots and ground-based robots. In such systems, flying
robots often need to give instructions to particular groups
of robots on the ground. In this study, a flying robot that has
detected an object of interest on the other side of a steep
hill needs to communicate self-assembly instructions to the
four robots located closest to the hill — to self-assemble
into a line morphology and to cross the hill. Such selective
communication is non-trivial, as flying robots and ground
robots have such different views of the world (see Fig. 2(b)
and Fig. 2(c)) that it is hard for them to agree on a common
frame of reference.

II. COMMUNICATION AND COOPERATION

We proposed spatially targeted communication [3] as a
method to allow a single robot to establish a communication
link with one or more co-located robots using broadcast
messages. In this study, we present an experiment in which a
flying robot estimates the parameters of an upcoming task on
the ground by computing height maps of the ground based
on stereo images. These parameters are then used in on-
board simulations that are executed to find a morphology
appropriate for the task [4]. The flying robot then establishes
a communication link with an appropriate number of robots
on the ground, and sends the group instructions on how to
form the morphology [5]. Finally, the self-assembling robots
form the morphology using a recruitment and guidance-based
approach [6] and carry out the task.

It should be noted that our approach relies only on stan-
dard LEDs and cameras and does not require any specialized
hardware. Furthermore, our approach does not require a
global map of the environment, robots IDs, GPS, or any
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Fig. 2: Self-assembling robots approaching a hill as seen from different perspectives: (a) from an external video camera on
a tripod, (b) by a ground-based robot using its omni-directional camera, and (c) from a flying robot located above the hill.

Fig. 3: A schematic highlighting spatially targeted communi-
cation. The overlay shows the subgroup of robots with which
the flying robot has the intention to communicate.

external robot tracking infrastructure. Spatially targeted com-
munication is therefore ideally suited to swarms of robots
and can be used outside of a laboratory environment.

III. RESULTS

The accompanying video shows how spatially targeted
communication can be used to enable cooperation between
flying robots and ground-based robots. In particular, we show
how cooperation with flying robots can benefit ground-based
self-asembling robots in their quest to carry out tasks that are
too difficult for a single robot to solve alone. In the video,
we explain when and why cooperation is necessary (see for
example, Fig. 3 in which one of the flying robots needs to
communicate to three specific robots on the ground). We
then give details of our approach and show how it works. We
go on to demonstrate how spatially targeted communication
can enhance the capabilities of self-assembling robots in real
world task-execution scenarios.
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