
Accepted Manuscript

Monitoring a robot swarm using a data-driven fault detection approach

Belkacem Khaldi, Fouzi Harrou, Foudil Cherif, Ying Sun

PII: S0921-8890(17)30085-4
DOI: http://dx.doi.org/10.1016/j.robot.2017.06.002
Reference: ROBOT 2860

To appear in: Robotics and Autonomous Systems

Received date : 3 February 2017
Revised date : 1 May 2017
Accepted date : 6 June 2017

Please cite this article as: B. Khaldi, F. Harrou, F. Cherif, Y. Sun, Monitoring a robot swarm using a
data-driven fault detection approach, Robotics and Autonomous Systems (2017),
http://dx.doi.org/10.1016/j.robot.2017.06.002

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.robot.2017.06.002


Monitoring a Robot Swarm Using a Data-Driven Fault Detection Approach

Belkacem Khaldia, Fouzi Harroub, Foudil Cherifa, Ying Sunb

aLESIA Laboratory, Department of Computer Science, University of Mohamed Khider, R.P. 07000 Biskra, Algeria
bKing Abdullah University of Science and Technology (KAUST)

Computer, Electrical and Mathematical Sciences and Engineering (CEMSE) Division, Thuwal 23955-6900, Saudi Arabia
Tel: +966.12808.0602, Fax: +966.12802.1386, E-mail: fouzi.harrou@kaust.edu.sa

Abstract

Using swarm robotics system, with one or more faulty robots, to accomplish specific tasks may lead to

degradation in performances complying with the target requirements. In such circumstances, robot swarms

require continuous monitoring to detect abnormal events and to sustain normal operations. In this paper, an

innovative exogenous fault detection method for monitoring robots swarm is presented. The method merges

the flexibility of principal component analysis (PCA) models and the greater sensitivity of the exponentially-

weighted moving average (EWMA) and cumulative sum (CUSUM) control charts to insidious changes. The

method is tested and evaluated on a swarm of simulated foot-bot robots performing a circle formation

task, via the viscoelastic control model. We illustrate through simulated data collected from the ARGoS

simulator that a significant improvement in fault detection can be obtained by using the proposed method

where compared to the conventional PCA-based methods (i.e., T 2 and Q).

Keywords: Exogenous fault detection, swarm robotics, viscoelastic control model, data-driven approaches,

statistical monitoring schemes.

1. Introduction

1.1. The state of the art

Swarm intelligence techniques in multi-robotics systems are among the fast growing areas in the field

of robotics [1, 2, 3]. The philosophy behind the swarm robotics field is inspired by the societies of animals

such as birds, ants and bees. Indeed, the limited capability of a single robot to perform complex tasks can

be enhanced by using a robotic swarm [4, 5]. Furthermore, a group of robots, which is able to cooperate

to perform complex tasks is important in process industries to enhance productivity, efficiency, and safety,

and to increase the flexibility of the whole swarm system. Moreover, swarm robotics is very useful for

several applications, such as the collective detection of bombs, cooperative search and exploration, managing
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