
Distributed Adaptive Consensus

for Multi-Agent Systems Subject

to Uncertainties

Imil Hamda Imran

A thesis submitted in fulfilment of the

requirements for the degree of

Doctor of Philosophy in Electrical Engineering

School of Electrical Engineering and Computing

The University of Newcastle

Australia

February 2020

mailto:imilhamda.imran@uon.edu.au
https://www.newcastle.edu.au/


ii



Statement of Originality

I hereby certify that the work embodied in the thesis is my own work, con-

ducted under normal supervision. The thesis contains no material which

has been accepted, or is being examined, for the award of any other degree

or diploma in any university or other tertiary institution and, to the best

of my knowledge and belief, contains no material previously published or

written by another person, except where due reference has been made. I

give consent to the final version of my thesis being made available world-

wide when deposited in the University’s Digital Repository, subject to the

provisions of the Copyright Act 1968 and any approved embargo.

Imil Hamda Imran



Acknowledgement of Authorship

I hereby certify that the work embodied in this thesis contains submitted

papers of which I am a joint author. I have included as part of the thesis

a written declaration endorsed in writing by my supervisors, Prof. Minyue

Fu and Prof. Zhiyong Chen, attesting to my contribution to the joint pub-

lications.

By signing below I confirm that Imil Hamda Imran contributed towards idea

generation, theoretical development and other works for the publications as

listed in Section 6.3.

Prof. Minyue Fu

Prof. Zhiyong Chen



Acknowledgements

First and foremost, I would like to express my greatest gratitude to the

supreme almighty Allah for giving life and for the wisdom he bestowed

upon me. Blessings and peace upon the Prophet Muhammad Sallallahu

Alayhi wa Sallam.

I would like to express my gratitude to my supervisor Prof. Minyue Fu

for his continuous support and guidance towards the accomplishment of my

PhD thesis. Also, I would like to thank my co-supervisor, Prof. Zhiyong

Chen, for his continuous guidance and motivation for my research work and

thesis. Without their exceptional advice and patience, it would not have

been possible for me to complete this thesis.

I would like to thank Dr. Lijun Zhu and Dr. Yamin Yan for their contri-

butions to my research papers. My thanks also go to my fellow colleagues

and friends for their encouragement and support. I would like to especially

thank Gulam, Uzair, Umar, Tanko and Abdulmanan for their kind help and

friendship.

My hearty gratitude goes to my father, Ali Imran Danin Rahimahullah

and my mother, Ilfayeti, for their abundant love, countless sacrifices, vast

patience and prayers throughout my life, without which I could not have

reached this stage. My sincere gratitude also goes to my parents-in-law,

Syarwan and Novia Erlinda, for their help and prayers. I would like to

express my gratitude to my beloved brothers, Irsal and Ad, and sister,

Uni, for their unfailing support and continuous encouragement. I would

like to thank my wife, Rahmi, for her continuous support, patience, love,

motivation and prayers.



iv



Contents

List of Figures vii

1 Introduction 1

1.1 Background and Motivation . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1.1 Multi-Agent Systems . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1.2 Cooperative Control of MASs . . . . . . . . . . . . . . . . . . . . 4

1.1.3 Adaptive Control . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

1.2 Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.2.1 Consensus of Linear MASs . . . . . . . . . . . . . . . . . . . . . 6

1.2.2 Consensus of MASs with Nonlinear Dynamics . . . . . . . . . . . 10

1.3 Main Work of the Thesis . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

1.4 Thesis Outline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2 Preliminary Knowledge 17

2.1 Algebraic Graph Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.1.1 Basic Concepts . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.1.2 Graph Matrices . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

2.2 Adaptive Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

3 Centralized Adaptive Consensus of Multi-Agent Systems 23

3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

3.2 Problem Formulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

3.3 A Centralized Adaptive Scheme . . . . . . . . . . . . . . . . . . . . . . . 26

3.4 Application to A Network of Second-Order Uncertain Dynamics . . . . . 27

3.5 Numerical Simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

3.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

v



CONTENTS

4 Distributed Adaptive Consensus of Multi-Agent Systems with Lin-

early Parameterized Dynamics 43

4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

4.2 Preliminaries and Motivating Examples . . . . . . . . . . . . . . . . . . 45

4.3 A Distributed Adaptive Scheme . . . . . . . . . . . . . . . . . . . . . . . 49

4.4 Application to A Network of Second-Order Uncertain Dynamics . . . . . 53

4.5 Numerical Simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

4.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

5 Distributed Adaptive Consensus of Multi-Agent Systems with Non-

linearly Parameterized Dynamics 69

5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

5.2 Problem Formulation and Preliminaries . . . . . . . . . . . . . . . . . . 70

5.3 A Distributed Adaptive Scheme . . . . . . . . . . . . . . . . . . . . . . . 72

5.4 Application to A Network of Second-Order Uncertain Dynamics . . . . . 76

5.5 Numerical Simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

5.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

6 Conclusion 89

6.1 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

6.2 Outlook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

6.3 Publications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

Bibliography 93

vi



List of Figures

1.1 A group of birds flying in V-formation . . . . . . . . . . . . . . . . . . . 2

1.2 A school of fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.3 A herd of horses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2.1 Two balanced graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.2 An undirected graph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.3 A directed graph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.4 A spanning tree . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

3.1 An undirected network topology of six agents . . . . . . . . . . . . . . . 34

3.2 Profile of state trajectories of six agents without controller . . . . . . . . 35

3.3 Profile of state trajectories of six agents under ideal situation . . . . . . 36

3.4 Profile of state trajectories of six agents without adaptive controller . . 37

3.5 Profile of state trajectories of six agents with adaptive controller . . . . 38
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Abstract

Research on cooperative control of multi-agent systems has drawn increased

attention from control engineers in recent decades. Inspired by natural phe-

nomena, this research has been developed to become more practical and

reliable in implementation. Consensus is one of the most active and very

crucial research topics in cooperative control of multi-agent systems. One

of the unavoidable problems in developing consensus control for multi-agent

systems is the presence of uncertainties in the dynamic models. Adaptive

control is a research line applied to solve consensus problems for multi-agent

systems subject to uncertainties. In this thesis, we establish a distributed

adaptive consensus framework for multi-agent systems with uncertain dy-

namics.

There are two main problems in designing distributed adaptive consensus

control for general multi-agent systems. First, the adaptive law cannot al-

ways be implemented in a distributed fashion because it depends on the

gradient of a (centrally constructed) Lyapunov function. Consequently, dis-

tributed adaptive consensus can only be applied for limited cases. In this

thesis, we establish a distributed adaptive consensus framework to over-

come this problem by proposing a novel distributed adaptive scheme that

does not rely on the gradient of a Lyapunov function. An application of

our framework is presented to solve the consensus problem in second-order

multi-agent systems under a directed topology.

The second problem is the presence of nonlinearly parameterized dynamics

in multi-agent systems. It is always difficult to handle nonlinearly parame-

terized uncertainties in adaptive control. Some results have been obtained

for special cases. In addition, none of the existing results are applicable to



networked systems with nonlinearly parameterized dynamics. In this the-

sis, we develop a distributed adaptive framework for multi-agent systems

subject to nonlinearly parameterized uncertainties. The linear parameter-

ization assumption is removed by proposing a novel distributed adaptive

update law. Therefore, our scheme is more applicable to general nonlinear

multi-agent systems. A specific implementation of our framework is pre-

sented for nonlinear second-order multi-agent systems. To illustrate our

approaches, we present some numerical examples and simulations with var-

ious settings.




