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Abstract—One of the key challenges in the collaboration within
heterogeneous multi-robot systems is the optimization of the
amount and type of data to be shared between robots with
different sensing capabilities and computational resources. In this
paper, we present a novel approach to managing collaboration
terms in heterogeneous multi-robot systems with blockchain tech-
nology. Leveraging the extensive research of consensus algorithms
in the blockchain domain, we exploit key technologies in this
field to be integrated for consensus in robotic systems. We
propose the utilization of proof of work systems to have an online
estimation of the available computational resources at different
robots. Furthermore, we define smart contracts that integrate
information about the environment from different robots in
order to evaluate and rank the quality and accuracy of each
of the robots’ sensor data. This means that the key parameters
involved in heterogeneous robotic collaboration are integrated
within the Blockchain and estimated at all robots equally without
explicitly sharing information about the robots’ hardware or
sensors. Trustability is based on the verification of data samples
that are submitted to the blockchain within each data exchange
transaction, and validated by other robots operating in the same
environment. Initial results are reported which show the viability
of the concepts presented in this paper.
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I. INTRODUCTION

Autonomous robotic systems have significantly increased
their penetration in multiple industries and research areas
over the past decade, from healthcare [1] to self-driving cars
[2], including smart industry [3], or agriculture [4]. At the
same time, part of the research focus has shifted from the
design and development of complex robotic systems, such
as humanoid robots [5], to the design and development of
methods and algorithms for cooperation in multi-robot systems
[6], [7]. Through the interaction and collaboration in large
robotic systems or swarms of robots [8], simple individual
operations can be combined towards swarm-level coordinated
behavior and execution of higher-level tasks. In these systems,
apparently simple or limited individual robots can exhibit
complex behaviors at the swarm level [9].

Managing the collaboration in multi-robot systems presents
multiple challenges. In the Kilobot project, [9] utilize identical
robots that can produce arbitrary two-dimensional geometric
shapes through collaborative self-assembly. Therefore, the
algorithms that run on the robots can be identical as well, and

robots collaborate with any other robot in a predefined and, to
some extent, static manner. However, in heterogeneous multi-
robot systems, algorithms that require system-level consensus
such as task allocation need to take into account the variable
capabilities and resources of the different robots. [10] intro-
duced a reputation-based method to perform distributed task
allocation, which significantly increases the systems’ robust-
ness, reliability and performance. Having a consensus method
that effectively integrates the miscellaneous properties of op-
erational characteristics, computational resources and sensing
capabilities of heterogeneous robots in a swarm is therefore
essential for optimizing consensus and the overall system
performance. Figure 1 illustrates multiple autonomous vehicles
and robots operating in the same environment. Through multi-
robot collaboration, the white van is able to share data with
the pink and yellow car coming behind of the pedestrians that
are starting to cross the street. At the same time, the drone
can share its data with the other vehicles for them to adapt
their path planning algorithms when processing the images
and concluding that the road is closed. In order to optimize
collaboration in this scenario, the streaming of the drone’s
images towards the self-driving cars should be prioritized if
compared with sending dense 3D lidar point clouds to the
drone, as cars probably have enough processing power to
analyze the images in real-time and benefit the most out
of it. The drone, however, with a resource constrained on-
board computer might be unable to process lidar data. Instead,
if we provide a way for the cars to estimate the drone’s
available computational resources, then the data can be either
downsampled or, if possible, preprocessed before sharing it.

Consensus theory in multi-agent systems can be considered
for managing the collaboration in multi-robot systems [11]. In
particular, consensus algorithms and protocols in blockchain
systems are able to provide not only a decentralized and scal-
able solution to multi-robot consensus, but also raise the level
of security and trustability within the collaborative system
[12], [13]. In fact, the integration of blockchain technologies
within swarm robotic systems has been a subject of study over
the past few years with an increasing interest from the research
community [14], [15]. Not only does a blockchain provide
solutions for managing byzantine robots as in the work from
[16], but also is an effective solution to solve the consensus
problem [17]. In addition, parts of the blockchain stack can




