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Leader-Follower Consensus for a Class of Nonlinear Multi-Agent Systems

Xing-Hu Wang and Hai-Bo Ji

Abstract: This paper deals with the leader-follower consensus problem for a class of nonlinear multi-
agent systems. All agents have identical nonlinear dynamics in the strict feedback form with Lipschitz
growth condition. Both full state consensus protocol and dynamic output consensus protocol are pro-
vided. It is shown that under a connected undirected information communication topology, the pro-
posed protocols can solve the leader-follower consensus problem. Two consensus protocol design pro-
cedures are presented and a numerical example is given to illustrate the proposed protocols.

Keywords: Leader-follower consensus, Lipschitz growth condition, multi-agent systems, nonlinear

dynamics.

1. INTRODUCTION

Multi-agent systems have been received extensive
study in last decade (see [5,10,11,14]), due to their broad
applications in many real systems, such as satellite
formation flying, unmanned air vehicles cooperating and
air traffic control. In multi-agent systems, the control
protocols are designed for each agent based on the local
information obtained from its neighbors.

Consensus problem is one of the most important
problems in multi-agent systems, which involves the
convergence of all agents to a common value in state
space. [14] proposes a general framework of average
consensus problem for first order multi-agent systems
with fixed or switching communication topology and
communication time-delays by a Lyapunov-based
approach. [15,18] study the consensus of second order
multi-agent systems, and give necessary and sufficient
conditions for consensus with undirected information
exchange topologies.

Recently, consensus problem has been studied for
multi-agent systems in general forms. In [23], a
consensus protocol is proposed based on the relative
state between neighbors and the consensus is achievable
on condition that the linear dynamic models are
completely controllable and the communication topology
is frequently connected. [12] studies consensusability for
linear time-invariant multi-agent systems with fixed
topology by a static output feedback consensus protocol.
[19] constructs a dynamic output feedback that achieves
synchronization with uniformly connected communica-
tion graph. A dynamic output feedback compensator
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with a low gain is designed in [20], while a reduced-
order consensus control is given in [21]. [2,10] propose a
unified way to deal with the consensus of multi-agent
systems, which transforms the consensus problem into
the stability problem of a set of matrices.

In the consensus problem, leader-follower consensus,
which has been studied by several researchers, is an
important topic. For example, [4,5] consider consensus
problem with an active leader and propose a neighbor-
based controller together with a neighbor-based state-
estimation rule for each autonomous agent. In [11], a
distributed observer-type consensus protocol based on
relative output measurements is proposed for a linear
time-invariant multi-agent system on the assumption that
the communication topology has a direct spanning tree
and the root agent of such tree has access to the leader.

It should be pointed out that almost all physical
systems are nonlinear in nature. Due to the complexity of
the nonlinear systems, there is no particular control
procedure which can be applied to all nonlinear systems.
There are several effective ways to design controllers for
some nonlinear systems that can be transformed to
specific nonlinear forms. One of the most important
forms is the strict feedback form, which represents many
physical systems, such as two-link planar robot, aircraft
wing rock control system and induction motor system [8].
Therefore, it is meaningful to study the consensus of
nonlinear multi-agent systems in the strict feedback form.

In this paper, we consider the leader-follower
consensus problem for a class of nonlinear multi-agent
systems in the strict feedback form. Here, each
individual agent including the leader has identical
nonlinear dynamics, and each follower can get the
measurement information from the leader if there exists
an edge between them in the communication topology.
We also assume that the leader’s input information is
known to all follower agents. When the full state is
available, we construct a local state consensus protocol;
while the full state is not available and only the
measurement output can be used, we provide an
observer-based dynamic output consensus protocol. To
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better illustrate our protocols, we present the design

procedures of consensus protocols step by step.

Compared with the existing results, our main
contributions are composed of two aspects.

1) Motivated by the consensus problem for general
linear system in [10,11,23], and the output feedback
stabilization for a class of nonlinear systems with
linear growth condition in [1,9,16], we study the
leader-follower consensus problem for the nonlinear
systems in the strict feedback form with Lipschitz
growth condition. Both full state and dynamic output
consensus protocols are studied in this paper. To the
authors’ knowledge, there is no related result about
the consensus problem for nonlinear systems in strict
feedback form.

2) Due to the existence of nonlinear term in agent
dynamics, the existing consensus protocols are not
applicable to our system. By introducing a gain
parameter in consensus protocols, we transform our
consensus problem of nonlinear multi-agent systems
into a stabilization problem, which can be seen as a
nonlinear extension of the method in [2,10,11]. The
design of our protocols is a combination of
stabilization technique of nonlinear systems and
consensus protocol of multi-agent systems.

The rest of the paper is organized as follows. In
Section 2, some preliminaries, including basic algebraic
graph theory and useful lemmas, are provided. In Section
3, the formulation of leader-follower consensus problem
and some basic assumptions are given. Full state
consensus protocol and dynamic output consensus
protocol designs are given in Sections 4 and 5. In Section
6, an illustrative numerical example is given to illustrate
our protocols. Conclusions are given in Section 7.

2. PRELIMINARIES

Firstly, we provide some basic graph theory that is
used in our paper.
An undirected graph G consists of a vertex set

V={,2,---,N} and a set of unordered pair &=
{(i,j):i,j €V}, which are called the edges of G. Two

vertices are called adjacent, if there exists an edge
between them. A graph is simple if there is no self-loops
or repeated edges. A path on G between i; and i; is a

sequence of edges of the form (i,i,), k=1,---,/-1.
If there exists a path between any two vertices of G,
then G is said to be connected, otherwise disconnected.
The weighted adjacent matrix of G is denoted by

NxN
A=[a;]e R™™", where a;=0 and a;=a;20,
and a; >0 if and only if there exists an edge between

vertex i and j. The degree of G is a diagonal matrix
. N

D = diag(d,, **,dy ), where d; = Z_/:l a;

N. The Laplacian of G is defined as £ =D —.A, which

is symmetric. A subgraph H of G ia an induced
subgraph if two vertices of H are adjacentin H only

for i=1,-,

if they are adjacent in G. An induced subgraph H of
G is called a component of G if it is maximal,
subjected to be connected.

Consider a graph G associated with the system

consisting of N agents and a leader. Regarding the N
agents as the vertices in V), the relationships between

agents can be described by a simple and undirected graph
G. (i,j)is an edge of G ifand only if agents i and j are
neighbors. G contains ¢ and a leader with edges
between some agents and leader. The connection weight
matrix is denoted by B =diag(h,,---,by), and b, 20.
b; >0 if and only if agent 7 is connected to the leader.

G is connected if at least one agent in each component
is connected with the leader. Denote L£=L+B. A
useful lemma about £ is given as follows.

Lemma 1 [4]: If graph G is connected, then the
symmetric matrix L associated with G is positive

definite.

The following lemmas are useful for our protocol
design.

Lemma 2 [23]: Consider a finite set of linear systems

where x, e R”, u, e R™, (4,B) is completely controlla-
ble, rank(B)=m, and 4, >0, k=1,---,N. Then, there

exists a feedback gain matrix K which simultaneously
assigns the poles of N systems as negative as possible.
Precisely, for any M > 0, there exists a feedback gain
matrix K satisfying

Reo(A+ 4 BK)<-M, k=1,--,N.

By the duality principle, we have
Lemma 3: Consider a finite set of linear systems

xi=Ax;, ¥y =Cxy,

where x, e R”, y e R",(C, 4) is completely observable,
rank(C)=m, and 4, >0, k=1---,N. Then, for any
M> 0, there exists a matrix F satisfying

Reo(A+ 4, FC)<-M, k=1,--N.

3. PROBLEM FORMULATION

Consider a group of N +1 agents with identical single-
input single-output nonlinear dynamics, which are
indexed by 0,1,---,N. In our multi-agent system, the

agent indexed by 0 is referred as the leader and agents
indexed by 1,---,N are called the followers. The

dynamics of agent £ is described by
2k =F(z)+G(zp uy,

1
Ve = H(zy), M

where z, :[zk’l,---,zkn]T eR" is the state of agent &,
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is the

measurement output, £ =0,1,---,N. The functions F, G

and H are assumed to be sufficiently smooth of their
arguments satisfying

F(0)=0,H(0) = 0.

u, € R is the control input, and y, eR

The communication topology of N follower agents and
one leader agent is denoted by G. Assume that graph

G is connected, that is, at least one agent in each
component of G is connected with the leader. The
agents that are connected to the leader can receive the
information from the leader agent. It is assumed that all
the followers know the input of the leader agent, and the
leader agent receives no information from any follower
agent.

Definition 1: The leader-follower consensus problem
of the nonlinear multi-agent system (1) can be solved by
a consensus protocol u; if, and only if under the protocol
u, for any initial condition z(0), £=0,1,---,N, the
state z(f) of the follower agent k asymptotically
approaches the state zy(f) of the leader agent, as 7 — oo.
That is,

lim ||z, (1)—z,(®) ||=0, k=1,---,N.
—©
Due to the complexity of nonlinear systems, we

suppose that there exists a global diffeomorphism
x =¢(z) such that nonlinear dynamics of agent k in (1)

is transformed into the following strict feedback form

Xk =X (X 0)s

Xk2 =Xk H (XX 0)s

2
Xk = U F S (X155 X )5
Vi = Xk 15
where f,---,f, are sufficiently smooth of their

arguments.

Geometric conditions under which agent dynamics (1)
can be transformed into strict feedback form (2) can be
found in [8]. For simplicity, we study the leader-follower
consensus problem of strict feedback system (2) directly.
We rewrite system (2) as

Xk = Ax; + f(x;)+ Buy,

3
k=0,1,---,N, 3)

Ve =Cxy,

where A4, B, C are given as

0 17, U
Az[o o}’ B{ R e Ly

and f=[f, %1

We also need the following assumption.
Assumption 1: It is assumed that the functions
Sfios f, satisfy the following Lipschitz growth

condition

| S g X )= Fi (K5 X k) |

SL(xpy —Xpal+ X, = Xril)

for all Xy, X, Xg x5, €R, where L is some

known positive real constant, i=1,---,n, and k=0,1,
- N.

Remark 1: Note that in (2), the nonlinear term
depends not only on the measurement output, but also on
unmeasurable states. In [13], counterexamples were
given indicating that it is usually impossible to globally
stabilize system (2) via output feedback without
introducing extra growth conditions on the unmeasurable
states. Since then, much research work has been focused
on the output feedback control of system (2) under
various linear growth conditions. [3,7] studied the high-
gain observer design. [22] provided a linear state feedback
control law achieving globally exponential stabilization.
When the constant L is unknown, different dynamic
output feedback controls were constructed in [1,9,16]. So
it is reasonable and meaningful for us to introduce the
Lipschitz growth condition in Assumption 1.

In the following sections, we construct two consensus
protocols for our leader-follower consensus problem.

First, we design a full state consensus protocol for
follower agent k based on the relative state of other
agents with respect to agent &, which can be described by

N
szzalg'(xk_xj)+bk(xk_x0)' 4
j=1

Then, we design an observer-based dynamic output
consensus protocol for follower agent £ based on the
relative measurement of other agents with respect to
agent k, which can be described by

N
V=2 ay (Ve =¥+ b (v = 3o). (5)
j=l

4. THE DESIGN OF FULL STATE CONSENSUS
PROTOCOL

In this section, we consider the design of full state
consensus protocol. Based on the relative states (4) for
agent k, we propose the following full state protocol for
agent k

N

wp = K| D ay; (e —x ) + b, (x; —xp) |+,
Jj=1

k=1,--,N,

(6)

where K =x""'K,D_', D, = diag(x,---,x") with x>
1 being a gain parameter, and K, is a gain matrix to be
determined.

Let ¢, =x, —x,, and e=[¢l,---,el]". Then, the

consensus error dynamics can be written in the compact
form
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é=(Iy ® A+ L®BK)e+A, (7)

where £ is the matrix associated to G , which has
been defined in Section 2, and

J )= f(x0)
A= : .
Sxey)=f(xp)
It is easy to see that the leader-follower consensus

problem is solved if and only if the state of (7) converges
to zero.

Theorem 1: Suppose that Assumption 1 holds and the
communication topology G is connected. Then, there
exits a sufficiently large k" >1, and a matrix K,, such
that, for x >«", the consensus protocol (6) solves the
leader-follower consensus problem of nonlinear multi-
agent system (2).

Proof: Define g, =D;1ek, k=1,---,N, and 8=[81T,
- en]". A simple calculation gives

é=k(Iy®A+L®BK,)e+(Iy ® D;)A. (8)

A

From Lemma 1 and the fact that G is connected, £

is a positive definite matrix. Then there exists an
orthogonal matrix 7 such that

T™'LT =U = diag(4,,++, Ay),
where A,,--,4y are the eigenvalues of L.
Let T=T®]I,, wehave
T Uy ®A+L®BK)T =1, ® A+U ® BK,.

Since all 4 are positive, from Lemma 2, there exists a
matrix K, such that A+4BK,k=1--,N are

simultaneous Hurwitz. Therefore, I, ® A+ L ® BK, is

Hurwitz. By Lyapunov Theorem for linear system, there
exists a positive definite matrix P satisfying

P(Iy®A+L®BKy)+(Iy ® A+L®BK,)" P=-2I.

Consider a Lyapunov function
V(e)=¢" Pe,
and its derivative along system (8) is given as

V==2ke"e+2e" P(I, ® D.")A. 9)

Since (note that x >1)

Iy ® DHAIR= 3 11D (f ()= £ o) I
<Y D Ll ey [+ + e DF
<SS Pl |+t le, D <ntleTe,

we have

V<-2ke'e+2nL||P|le"e=—-(2k-2nL|| P|)e’ €.

If we choose x*=max{l,2n|| P|| L}, then, for x>«",
we get

V<-xele.

Thus, the state ¢ exponentially converges to the origin,
that is, consensus errors e, also converge to the origin,
for all k=1,---,N. So full state consensus protocol (6)
solves the leader-follower consensus problem. 0

From the proof, a full state leader-follower consensus
protocol in the form (6) can be constructed in the
following steps.

Algorithm 1 (Design of State Consensus Protocol):

1) Solve the eigenvalues 4, k=1---,N of L
associated to g_ . The positiveness of all 4,’s can be

guaranteed by Lemma 1 on the assumption that G is
connected.

2) Construct a feedback control gain K, such that
A+ A, BK, are simultaneous Hurwitz for k=1,---,N.

The existence of K| is guaranteed by Lemma 2.
3) Find a positive definite matrix P, such that

P(Iy ® A+ L®BK,)+(Iy ® A+ L®BK,)" P=-2I

4) Choose x >x", where x* =max{l,2n| P|| L}
5) Let D, = diag(x, --,x"), and K = «""'K,D;'. Th
en the consensus protocol (6) is obtained.

5. THE DESIGN OF DYNAMIC OUTPUT
CONSENSUS PROTOCOL

In this section, we consider the consensus problem
when the full state is not available. A high-gain observer
is constructed for each agent to estimate the state.

Consider the nonlinear multi-agent system (2) and the
relative measurement (5), we construct the following
high-gain observer based consensus protocol

$x = AR+ Buy + (%)

y (10)
+G Za}g‘C(JACk_)ACj)'FCbk(JACk_JACo)_Vk s
=l

N
uk:K|:Za]g'(32'k_J%j)+bk(32k_3%0):|+u07 (11)

J=1

for k=1,--,N, where G=D.G,, K=x""K,D.",

D, =diag(x, --,k") with x>1
parameter, and G, K are gain matrices to be determined.

being a gain

The term Z?/:l aij (Zp— =% ) denotes the information

exchanges between neighbors, and %, is the state of the
observer for the leader, which is defined as

%0 = Axo+ Bug + f(29) + G(Czo—yp)- (12)

Let %, =%x—x;, for k=0,---,N. Then, for k=1,
+,N,
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b= Ax+ L Go= S ()]
+GC| XY ay G5+ b —50) |,
and when k=0
o= Axo+ GCxo+ [/ (R0) =/ (%))}

Let ;=D 5 k=1N, y =[xyl and
Zo =D:'%, then, the observer error dynamics can be
rewritten in the following compact form

7=k(Iy®A+L®G,C)y+A, +A,, (13)
F0=K(A+G,CO) 20+ D' Lf Go) = £ ()], (14)
where

kb,GoC 7, D'[f(z) - f(x)]

AI: , A2=

Kby GoC 2o D' Gw)— f(xa)]

Lemma 4: Suppose that Assumption 1 holds and the
communication topology G is connected. Then, there
exist a gain matrix Gy, and a positive real number
x =1, such that, for any x>k, the observer error

dynamics composed of (13) and (14) is exponentially
stable. Precisely, there exists a Lyapunov function

Vilx, x0) = ;(TP1 7+ K}[OT P, o, such that the derivative
of Vi(x,x,) along dynamics composed of (13) and
(14) satisfies

Vil 20) < 5" 2=k 26 xo-

Proof: Following the same way in the proof of
Theorem 1, the stability of matrix I, ® 4+ £L®G,C is
equivalent to the simultaneous stability of 4+ 4,G,C,
k=1---,N. Due to the positiveness of all 4, ’s and
Lemma 3, there exists a matrix G, such that 4+ G,C
and A+4,G,C, k=1,---,N are simultaneous Hurwitz.

By Lyapunov Theorem for linear system, there exist
positive definite matrices P, P, satisfying

By ®A+LOG,C)+(Iy ® A+LOG,C) R =-31,
Py (A+G,C)+(4+G,C)' P, =-2I.

Let Vi(x,x0) = ;(TPI;( + K}(OTPZZO, and the derivative
of Vi(x,x,) alongsystems (13) and (14) is given by

Vi x0) ==3xx" 126" x5 20+ 22 B(A +A)
+2x10 DS Go) = £ (xp)])
Since

20"PA <xx" x+ b | BRI Gy C I 2o Xos
22"BA, <211 2 B A, 1),

where b =b7 +---+by, and (note that x >1)

N - n
1A, 1P=, 1D (f G- S ) I
N n
<D o L L Fa o 24 DY
N n
< Zk:l zi:] L iy | ++ 1 X D
SnzLZ;(T;(.
260 DS f (o) = £ (%)]
<21l 2o 1 Py I DEMLf (Ro) = £ (o]
<2l 20 M B DX, G L Foa |+ + ] 2o, )T
<2\l 2 N IV L( Xy [0+ | X D)
<2xnL || B, | x4 o>
we get
Vit 20) < =2nL | B 1Dy 2
-xQ2x=b || B I G,C IP
=2nL || P, )7 %o
If we choose & =max{1,2nL || B, |5 || B ||l G,C |I* +
2nL|| P, ||}, then
Vi 20) <—xx" =710 2o

holds for x>« 0

To study the leader-follower consensus error, let
e, =X, —X,, then

e = Aep +[1(x) = f(xp)]
+BK(Z§Y:1 ai; (e —ej)+bkek)

+BK (X ay (5= %)+ by Ga—50)).

Letting e:[elT ,---,eﬁ]T, the above consensus error

dynamics can be rewritten in the following compact form

é=(y ®A+LRBK)e +(L®BKD, )y + A, +A,,(15)

where
S ()= 7 (x) BKb, D, x,
A = : , Ay=-— : .
S(xy)=f(x0) BKby D, xo
Letting &, =D_'e,, and &=[g/ ,-,en]", we get
é=x(Iy ®A+L®BK,)e
Iy 0) (16)

+(Iy ®DY(L®BKD, )y +As +A,).

Lemma 5: Suppose that Assumption 1 holds and the
communication topology G is connected. Then, there
exist a positive matrix P, a gain matrix K,, and a real
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number x5 >1, such that, the derivative of Lyapunov
function Vy(e)=¢’ Pe along consensus error dynamics
(16) satisfying

vae) < —xe'e+ &2 1+ 1o 2o) (17)

for x>x, and some positive number A > 0.

Proof: From the proof of Theorem 1, there exist a
positive definite matrix P and a gain matrix K| satisfying

P(Iy ® A+L® BK,)+(Iy ® A+ LR BK,)" P=-21I.

Consider a Lyapunov function V,(&) = &' Pe, then,
the derivative of V;(¢) along system (16) is given as
Va(e)= ke’ e
+26" P(Iy ® D.Y(L®BKD, )y + Ay +A,)
<-(2x-2nL|| P||-2)e" e
+&? WP LI+D) 1| BKy I (2" 2+ 70 %0).

(18)
Choosing x5 =2nL||P||+2 and ﬂ:||P||(||ﬁ||+l;)

| BK, II* gives

Vaoe)<—xele+xP A" 1+ 10 40)

holding for x> x;. 0

Combining Lemmas 4 and 5 gives the following result.

Theorem 2: Suppose that Assumption 1 holds and the
communication topology G is connected. Then, there

exist a positive real number x* >1, gain matrices G,
and K, such that the observer-type consensus protocol
composed of (10), (11), and (12) solves the leader-
follower consensus problem of nonlinear multi-agent
system (2). Moreover, for each agent k, where & =0,1,
---,N, thestate %, ofthe observer will converge to the
state x.

Proof: Let V =V,(g)+2xAV,(x, 7,), and & =max

{x{,x,}, then combining Lemmas 4 and 5, we have
V<-iee—* 203" 1+ 28 20) (19)

Therefore, &, y, y, will asymptotically converge to
zero, i.e., will asymptotically converge to zero. So, for
k=1--- N, x; will asymptotically converge to x,, and
% Wwill asymptotically converge to x;. The conclusion is
obtained. 0

Similarly, a dynamic output leader-follower consensus
protocol composed of (10), (11) and (12) can be
constructed in the following steps.

Algorithm 2 (Design of Dynamic Output Consensus
Protocol):

Aok=1- N of L

associated to G. The positiveness of all 4, ’s can be

1) Solve the -eigenvalues

guaranteed by Lemma 1 on the assumption that G is

connected.

2) Construct a simultaneous feedback control gain X,
such that A4+ A,BK, are simultaneous Hurwitz for
k=1,---,N. The existence of K, is guaranteed by
Lemma 2.

3) Construct a simultaneous observer gain Gy, such
that 4+G,C, A+ 1,G,C are simultaneous Hurwitz for
k=1,---,N. The existence of K, is guaranteed by
Lemma 3.

4) Find positive definite matrices P, Py, P,, such that

P(Iy ® A+ L®BKy)+(Iy ® A+ L® BK,)" P=-2I,
Py ®A+LRG,C)+(Iy ®A+L®G,C) B =-31,
P, (A+G,C)+(A+G,C)' P, =-2I.
5) Choose x >x", with
Xk
k" =max{2nL || P||+2,2nL|| P, ||,

b1 B IPIGyCIP =2nL || Py I}

where b =b% +---+b3.

6) Let D, =diag(x, --,x"), K=x""K,D.', and
G =D,G,. Then the observer-based consensus protocol
composed of (10), (11) and (12) is obtained.

Remark 2: In our design of full state and dynamic
output consensus protocols, we assume that the
information exchange topology is a fixed undirected
graph. However our consensus protocols can also be
applied to the case of switching information exchange
topologies, as formulated in [18]. That is, there is a
piecewise constant switching signal function o(¢):

[0,00) > {1,2,---,M}= U with switching times ¢ <t,
<..., where M €7 denotes the total number of all
possible interaction undirected graphs. Then o(¢)=
o(t;) for telt;,t,,), and the interaction graph at time
telt;,t;,) is denoted by Q_G(ti). On the assumption
that the switching graph g_g(,) is always connected for

o(t)el and f,, —t; 27y, where 7y is some positive
constant, we can prove that our protocols can solve the
leader-follower consensus problem with switching
information exchange by combining a basic result from
switching systems. The switching topologies, which does
not change the results of the paper, adds a complexity in
the derivation of the equations, and therefore, it has been
omitted. The interested reader is referred to [18] for
details.

6. NUMERICAL EXAMPLES

To illustrate the design protocols, we consider a group
of 6+1 agents with identical single-input single-output
nonlinear dynamics, which are indexed by 0,1,---, 6. In
this multi-agent system, the agent indexed by 0 is
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referred as the leader and agents indexed by 1,---, 6 are

called the followers. The dynamics of agent k is
described by

Xk, = X +tanh(x ),

Xk =X +In(l+ x/%,z) g, (20)
Vi = Xk 1o

where k=0,1,--,6, x;;,x,, € R are the states, u; e

R is the control input, y, € R is the measurement

output of agent k.

The communication topology graphs are shown by Fig.

1. When controls in all agents equal zero, i.e., the system
is unforced, the profiles of system states and consensus
errors between each follower agent and the leader agent
are shown in Fig. 2. It can be seen that the state of each
follower agent does not asymptotically tend to the state
of the leader agent.
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Fig. 6. Profiles of states and consensus errors with dy-
namic output protocol under switching topology.

First, we design the consensus protocol for the fixed
communication topology §,. According to our design
procedure, we can choose the following gain parameters

Ko =[-2-5], Gy =[-10-10]", &*=5.5.

Figs. 3 and 4 depict the profiles of the states and
consensus errors of the multi-agent system with full state
consensus protocol and dynamic output consensus
protocol, respectively. Figures show that our consensus
protocols can solve the consensus problem of multi-agent
system (20).

Then, we design the consensus protocol under the
switching communication topologies with switching
signal

1 te[mm+1/2)
o(t)=
2 te[m+1/2,m+1),

where m=0,1,2,---. We can still use the above
consensus parameters K, Gy, K. Figs. 5 and 6 depict the
profiles of the states and consensus errors of the multi-
agent system with full state consensus protocol and
dynamic output consensus protocol. Figures show that
our consensus protocols can also be applied to the time
varying topology case.

7. CONCLUSIONS

In this paper, we study the leader-follower consensus
problem for a class of nonlinear multi-agent systems.
Each agent has identical nonlinear dynamics and is
coupled by an undirected communication topology. We
construct two consensus protocols, full state consensus
protocol and dynamic output consensus protocol. On
condition that the undirected communication topology is
connected, our consensus protocols solve the leader-
follower consensus problem for a class of nonlinear
multi-agent systems.
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