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Abstract

Cooperative Localisation (CL) is a robust technique used to improve localisation .ccuracv in multi-robot systems. However, there
is a lack of research on how CL performs under different conditions. It is unclear sher _L i: worthwhile, and how CL performance
is affected if the system changes. This information is particularly important for systems v ith robots that have limited power and
processing, which cannot afford to constantly perform CL. This paper investig. ‘s Cr under varying sensor qualities (position
accuracy, yaw accuracy, sample rate), communication rates, and number of robots for oth homogeneous and heterogeneous multi-
robot systems. Trends are found in MATLAB simulations using the UTIA> ‘~taset,  1d then validated on Kobuki robots using an
OptiTrack-based system. We find that yaw accuracy has a substantial el ** on po..ormance, a communication rate that is too fast

can be detrimental, and heterogeneous systems are greater candidates for coop. tive localisation than homogeneous systems.
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1. Introduction

A fundamental challenge for mobile robotics is calculating
the position and orientation (pose) of robots within their envi-
ronment, known as localisation. This is necessary for 1. ~ots
to accurately interact with their environment, as well as for in-
teracting with one another. In many industries, multiple robots
operate within the same environment, known as mt .i-rov. * sys-
tems. Industries such as agriculture [1], warehor .e automa on
[2], search and rescue [3], environment monitoring , *1. he .th-
care assistance [5], mining [6], transport [7]. .nd assemu.y [8],
are beginning to use mobile robots in ever' Jay ¢ perati ns. To
address the localisation problem, robots ~re v, ‘ally .quipped
with two types of sensors. The internal .ate of rou. s are mea-
sured by interoceptive sensors, such a gy. <copes, accelerom-
eters, and wheel encoders. Interoceptive sens. - reliably pro-
vide data, but have pose errors *.at :cumulates over time.
Exteroceptive sensors interact v ¢h th environment, such as
GPS, cameras, and LIDARs. Exteic otive sensors do not suf-
fer from error accumulation. sut they ai. sensitive to environ-
ment conditions. For examr .e, lo alisat’on using GPS requires
satellite signals, LIDARSs req. "~ : stat’ . terrain or recognisable
features, and cameras re-__.. e certa. .ighting conditions. There
exists a lot of research n creatin,, systems that are robust to ex-
teroceptive sensor out: ves [9, 1C . In multi-robot systems, the
environment can be mea,. =~ _y multiple robots. The robots
can then share tF ir infor nation to improve localisation. This
is known as Coo, erative Li -alisation (CL).

There are two 1.. *or ar- is of research for CL, one is known
as Coopera * - Simultaneous Localisation and Mapping (C-
SLAM), whe ~ ro’” ots :ndependently produce maps of the en-
vironment and . :n share and combine those maps. C-SLAM
was a key contribu Hor for the winning team of the MAGIC 2010
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7 apetition [11], where robots had to autonomously survey and
me. > a500m x 500m dynamic urban environment. Communica-
~~n was not always available, so individual mapping and map
fusion was necessary to continue surveillance during communi-
.ation down-times. C-SLAM has also been used for tasks such
as mapping a large area with aerial vehicles [12], localising un-
derwater vehicles to reduce the need for surfacing [13], and to
identify and track dynamic targets [14].

C-SLAM can be powerful, but it has requirements that make
it unsuitable in certain systems. Firstly, each robot must have
SLAM capabilities. This can inflate the cost of multi-robot
systems, as effective SLAM often makes use of high quality
sensors such as 3D LIDARs. Each robot must also be capa-
ble of processing data quickly, either through on-board process-
ing or communication, and is therefore not suitable for systems
with inexpensive processors or unreliable communication. Sec-
ondly, SLAM performance is dependent on the type and num-
ber of landmarks in the environment [15]. For example, SLAM
does not operate well in open areas where there are few recog-
nisable features.

The other major area for CL research involves measuring and
communicating inter-robot observations. This differs from C-
SLAM in that no map sharing occurs. Robots observe one an-
other, estimate each others position, and communicate their es-
timates to the observed robots. There are no requirements for
how robots localise and perform inter-robot measurements, al-
lowing individual robots to have different sensors, processing
capabilities, and internal representations of the environment.
There is also less dependence on the environment, as it is able
to operate provided robots are able to detect one another. This
method is the focus of this paper.

Communicating and processing inter-robot measurements
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