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Dynamic Output Feedback Control for Consensus of Multi-Agent
Systems: An H., Approach

Yang Liu, Yingmin Jia, Junping Du and Shiying Yuan

Abstract— This paper deals with the consensus control of a
multi-agent system with state and measurement disturbances,
and proposes a distributed dynamic output feedback protocol.
By defining an appropriate controlled output, the consensus
control problem is reformulated as an H. control problem.
Using H.. techniques, a sufficient condition in terms of linear
matrix inequalities (LMIs) is given to ensure consensus with
the prescribed H.. performance, and the undetermined system
matrix of the proposed protocol is obtained. Simulation results
show that a multi-agent system under the proposed protocol
with system matrix solved by the LMI (linear matrix inequality)
approach possesses the desired H.. consensus performance.

Index Terms— Consensus, Multi-agent systems, Dynamic H.
control, External disturbances

I. INTRODUCTION

The multi-agent system has received considerable attention
due to its applications in many areas, such as formation
control of unmanned air and underwater vehicles, flocking of
mobile vehicles, distributed optimization of multiple mobile
robotic systems, and scheduling of automated highway sys-
tems. In the literature, consensus control generally means
to design a distributed protocol based on communication
networks such that the states of all agents are asymptotically
driven to a common value, which is well accepted as one of
the most important and fundamental issues in the cooperative
control of multi-agent systems.

During the past decade, large numbers of interesting
results have been obtained for the consensus of multi-
agent systems [1]-[20]. In reality, agents are usually under
uncertain environments with external disturbances and sub-
ject to communication noises arising from the information
interaction. Thus recently, consensus of such a multi-agent
system has attracted the attention of some researchers [13]-
[20]. In [17], a stochastic model was considered for the
average consensus of discrete-time multi-agent systems, in
which each new updated value was corrupted by an additive
noise with zero mean, and the optimal weighted adjacency
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matrix was designed to minimize the static mean square
consensus error by convex optimization. In [18], Li et
al. considered the disturbance rejection problem arising in
the coordination control of multi-agent systems subject to
external disturbances, and they proved that the disturbance
rejection problem of an agent network could be solved by
analyzing the H. control problem of a set of independent
systems whose dimensions were all equal to that of a single
agent. In [19], Lin et al. studied the consensus problem
of first-order multi-agent systems with external disturbances
and model uncertainties for directed networks with zero and
nonzero time delays, and they showed that this problem could
be transformed into a robust H. control problem.

In this paper, we study the consensus control problem for
a network of autonomous agents with high-dimension linear
coupling dynamics and state and measurement disturbances.
To this end, a controlled output is firstly defined to measure
the state disagreements among agents, and the consensus
control problem of multi-agent systems is reformulated as
an H., control problem. Then, a distributed dynamic output
feedback protocol is proposed with an undetermined sys-
tem matrix, and a closed-loop system is obtained with an
uncontrollable subblock in the state matrix. To solve this
uncontrollable problem, we conduct a model transformation
by two steps, and derive an equivalent reduced-order system
regarding the H., performance, based on which a sufficient
condition in terms of LMIs is given to ensure consensus
with the desired H. performance, and the system matrix
of the proposed protocol is further determined by solving
two LMIs. Finally, a simulation example is included to
demonstrate the effectiveness of the proposed protocol and
the correctness of the theoretical results.

Throughout this paper, 1 and 0 denote the column vectors
with appropriate dimensions whose elements are all ones
and all zeros, respectively, while 1, and 0, denote the
corresponding n x 1 column vectors; I, and 0, (0,,x,,) denote
the n x n identity matrix and the n x n (n X m) null matrix;
notations X < 0 and X > 0 represent that the symmetric
matrix X is negative and positive definite, respectively;
in symmetric block matrices, * is used as an ellipsis for
terms induced by symmetry; diag{M;,---,M,} denotes a
block diagonal matrix whose diagonal blocks are given by
My,--- ,M,; the notation ® denotes the Kronecker product;
superscripts “T” and “-1” stand for matrix transposition and
matrix inverse, respectively; the space of square-integrable
vector functions over [0,o0) is denoted by #[0,c), and
for v(r) € £[0,), its normalized energy is defined by
(@)l = (J~ [Iv(0)|[Pdr)' /2, where [[v(r)|[> = v (e)v(z).
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II. PRELIMINARIES AND PROBLEM REFORMULATION
A. Preliminaries

Let 4 = (¥,8,A) be a weighted undirected graph of
order n with the set of nodes ¥ = {vi,---,v,}, the set of
undirected edges & C ¥ x ¥, and a symmetric adjacency
matrix A = [a;;] with nonnegative adjacency weights a;;. The
adjacency elements associated with edges are positive, i.e.,
(vi,vj) or (vj,vi) € & < ajj =aj; > 0. In graph ¢, node v
represents the ith agent, and edge (v;,v;) represents that
information flows between agents i and j. Then the set
of neighbors of v; is denoted by A = {v; € ¥ : (vi,v}) €
&}. The Laplacian of a weighted graph ¢ is defined as
L =D —A, where diagonal matrix D = diag{d,---,d,} is
named the degree matrix of ¢, whose diagonal elements are
di= Z;le a;jj. An undirected path is a sequence of ordered
edges of the form (v;;,vi,), (Viy,viy), ==+, (vii_,,v;) in an
undirected graph, where vi; € VY, j=1,--- L If there is a
path from every node to every other node, the undirected
graph is said to be connected.

Lemma 1: [2] Let L be the Laplacian of an undirected
graph ¢. Then L has at least one zero eigenvalue and
all of the nonzero eigenvalues are positive. Furthermore,
matrix L has exactly one zero eigenvalue if and only if (iff)
the undirected graph ¢ is connected, and the eigenvector
associated with zero is 1.

Lemma 2: [11] Let L. = [Lcij] be a symmetric matrix with

e
Le, { R (1)
Then the following statements hold:

(1) The eigenvalues of L. are 1 with multiplicity n— 1
and 0 with multiplicity 1. The vectors 12 and 1, are the
left and the right eigenvectors of L. associated with the zero
eigenvalue, respectively.

(2) There exists an orthogonal matrix U € R"*" such that

T I B IS
ULCU—[ RS

and the last column of U is 1,,/1/n. Furthermore, let L € R"*"
be the Laplacian of any undirected graph, then

UTLU — Ly 0,4
* 0 ’

where L; € RO=1)x("=1) is positive definite iff the graph is
connected.
B. Problem statement and reformulation

Consider the multi-agent system consisting of n identical
agents with the ith one modeled by the following linear
dynamic system with external disturbances:

Xi(l‘) = Ax,-(t) + B (J)i(l) +Bzu,’(t)
yi(t) = Cx;(t) + Day(2),
where x;(t) € R™, u;(t) € R™ and y;(r) € R? are the state,

the protocol and the measured output of agent i, respectively,
and @;(r) € R™ is the external disturbance that belongs

2)

i=1,--,n,

to .£[0,e0). It is assumed that (A,B;) is stabilizable, and
without loss of generality, B, is of full column rank. The
objective is to design a distributed output feedback protocol
such that the multi-agent system (2) asymptotically reaches
consensus on the states that is expressed by

lim (xi(1) —x;(1)) =0, Vi, j € {1, n} SN 3

Under the influence of external disturbances, the accurate
consensus may be hard to achieve. In view of this, we
attempt to design a protocol to attenuate the interference
of external disturbances to the consensus performance. In
order to quantitatively analyze the effect of disturbances to
the consensus, define a controlled output function

1 n
Zi(t):xi(t)_ﬁzxj(t)a izl,"-,l’l (4)
J=1

to measure the disagreement of x;(f) to the average state
of all agents. Note that if z;(t) = 0 for all i € .4, then
xi(t) = xj(t) for Vi,j € .4, that is, the consensus is
achieved. Denote x(¢) = [x] () --- xf(1)]T € R™, o(t) =
[y (1) - oy (O] € R™M™, u(t) = [uf (r) - uy (1)]" € R™",
V(1) =[yi() -+ yy (O] €RP" and 2(t) =[] (¢) -+ 7, (1)]" €
R™. Then combining the dynamic equation (2) with the
controlled output (4) yields the following system written in
matrix form
x(t) = (L @A)x(r) +
¥(t) = (L ® C)x(t) +
2(1) = (Le @I )x(0),
where L. is defined in (1).

Since z(r) = 0 implies x;(t) = x;(¢t) for Vi,j € 4, the
attenuating ability of the multi-agent system on consensus
against external disturbances can be quantitatively measured
by the H., norm of the closed-loop transfer function matrix
T;o(s) from the external disturbance ®(¢) to the controlled
output z(¢) that is defined by

(I, @B1)o(t) + (I, @ By)u(t)

)=
1) = (I @ D)o (1) (5)

To(s)lo = sup 6(Tafiv) = sup 22
veR 0020 |0()]]2
where G denotes the largest singular value. Thus, the ob-
jective changes into designing an output feedback protocol
ui(t) (i € A) such that | T30 (s)|| < 7, or equivalently, the
closed-loop system satisfies the dissipation inequality

| I=0Par <7 [ o@lPar, Vo e 200.)
0 0

where ¥ > 0 is a given H., index. In this way, the consensus
control problem of the multi-agent system with external dis-
turbances is reformulated as the above H.. control problem.

III. H., CONSENSUS CONTROL
A. Protocol design and model transformation

Using the neighbors’ measured outputs, a distributed dy-
namic output feedback protocol is designed as
vi(t)=Agvi(t)+Bk Y aij(yi(r) —y;(1))
jeM

ui(t)=Cgvi(t+Dk Y, aij(yi(t) —y;(t)), i=1,--- ,n,
jeN;

)
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where v;(t) € R™K (mg is a preassigned dimension) is the
state of the dynamic output feedback controller, and a;; are
the adjacency weights of the interaction graph ¢. Define the
system matrix of protocol (7) as

- A[( Bk
K_[CK DK] ®)

Substituting protocol (7) into the system (5) results in the
following closed-loop system

[x(r) ]{ 1,®A+L®B,DkC 1,RB,Ck ] {x(t) }

V(I) LRBgC I,®Ak V(l)
I, ® B1+L®ByDkD
e e

W)= Le®ln 04 @ Opamg | [):8 }

where v(t) = [v{ () --- vi(¢)]T € R™K", and L is the Laplacian
of graph ¢.

Since the symmetric matrix L is singular, it can be proved
that the state matrix of the system (9) is unstable if the given
matrix A is unstable, which means that the state matrix of the
closed-loop system is uncontrollable. To solve this problem,
we conduct a model transformation by two steps.

Step 1: Let

) =x(0) = 310 (L 5(0) = (L@ x()
£
900 =)= 2 0 (Y v1(1) = (Le @ g 0).

By (9), it is derived that

x(1)

=(Le ®1y) (1)

=(Lc®1Iy)[(Iy@A+LRByDgC)x(t)+ (1, @B2Ck )v(t)
+ (I, ® By + L® ByDkD) 0o(1)]

=(L. QA+ L.LRB,DkC)x(t) + (L. @ BoCk )v(t)
+(Le ® By + L.L ® ByDg D) oo(t)

=(L-®A+L.L&B2DgC) [)Z(t)—l-l;"@(ZjZIx ()]
(L@ BCO(0) + @ (L) vi0))]
+(L.®B1+L.L®ByDgD)w(t)

=(L. ® A+ L.L®ByDgC)x(t) + (L. ® B2Ck)v(t)
+(L,®B) 4+ L. LR B,DgD) (1),

(10)

where the facts L.1, =0, and L1, = 0, have been used.
Similarly, we have

V(t)=(L.LOBkC)x(t)+H(L@Ak)v(t)+(L.LOBxk D)oo (t) (11)
and

Z(l) = (Lc ®Im)f(t) + (O" ® Omx’"’()ﬁ(t)' 2)

Combining equations (10) (11) and (12), we obatin the
following system written in matrix form

x(t)] | Le®A+L.L&B,DkC L.®BCk | | X(1)
v(r) | L.L®BgC L.®Ag (1)
L.®B1+L.L&®ByDgkD

- [ LcL® BgD ] o)

} +Bo(t) (13)

C® m On®0m><mK :I {
x(t)
v) |

Step 2: By Lemma 2, there exists an orthogonal matrix
U = [U; U] € R with U, =1,,/+/n such that

Li1 0, -
UTLCU:|: ﬂ*l nol :|éLC

and

UTLU — Ly 0, a7
* 0 ’

where L; € RO=1x(=1) 5 positive definite iff the graph ¢
is connected. Perform the orthogonal transformation:

2(t) = (UT@1,)x(1), 9(t) = (UT @Iy, )9(t)

A1) = U@Ly, )0(t), 2(t) = (UT @ 1,)z(2).
Then according to (13), we have

[)E(t) ] _{L@A%J@Bzmc LC®BZCK} {)?(t) ]

(1) L.L®BgC L-®Ak e
[ o
24 ’v‘g; +Ba(7) (14)
)= Le®ln 0p®@0mxmy | [ )58 }

Note that the last rows of symmetric matrices L. and L.L are
both zeros. Then by (14), we derive an reduced-order system

[)é‘ (t)} _ [Inl DA+L I ©BDKC T, ®BZCK} [)?‘ (t)]

V)| L ®BgC Li1®Ak |9 (1)
[ I,y ®By+Li®BDkD |
+ _ L & BxD } @' (1)
-
azrt| ®(1) 5l Al
24 5 +B'o' (1) (15)

On—1 @ Oy [ )vﬂgg }

1
L' (0)

that is equivalent to (14) considering the H., performance
from the external disturbance to the controlled output, where

4472



“(t) (U1T®Im) ©(r) e R, () = (U1 @y )5(1) €
R7&0=1 @Y (1) = (U] @ Ly, )@(t) € RM=D and 2'(r) =
(U ®@1,)z(r) € R0,

From (13) and (14), we get T,p(s) = C(sI —A)~'B and
T:(s) = C(sI —A)~'B. It can be easily verified that

(U @1,)[C(sI—A) 'BI(U®1,,) =C(sI—A) "B,

which leads 10 [| 726 (5)||o = | Z26(s) |l = | 72151 ()]l by the
definition of H., norm as given in (6). On the other hand, if
#1() = 0, then %(t) =1 yields from £'(t) = (UT ® 1,)%(t),
which implies x(7) = ¢l (c is a constant), i.e., the consensus
on x;(2) is achieved. Thus, by designing a distributed protocol
such that the reduced-order system (15) is asymptotically
stable and || ;141 (s)|| < ¥, we can ensure consensus of the
multi-agent system (2) with the H., performance index 7.

B. Conditions on H. consensus problem

Lemma 3: [24] Let G(s) = C(sI —A)~'B. Then A is a
stable matrix and ||G(s)||» < 7, iff there exists a positive
definite matrix P to the following Riccati inequality

ATP+PA+y2PBB"P+C'C < 0.
Lemma 4: (Schur Complement) For a given symmetric
matrix S of the form S = [S;;], S11 € R™", Sy € R (1),
Sap € RU=1X(17r) then § < 0 iff

S <0, Sp—5187'S12<0
or equivalently

S2 <0, Si1 751252_21521 < 0.

Theorem 1: Consider the network with an undirected in-
teraction graph ¢ that is connected. For a given index y > 0,
the system (15) is asymptotically stable and ||T51 41 (s) | < 7,
if there exist a dynamic output feedback u(¢) with the system
matrix K defined in (8) and positive definite matrices P; €
ROm+mg)<(m+mg) (j =1 ... n—1), such that the following

matrix inequalities are satisfied for i=1,--- ,n—1:
Al"P+PA + v ?PB{B]"P+Cy'Cy <0, (16)
where
Al = A+ ABDkC B>yCk
! l,'BKC AK
5= a7)

1

B, +A;B,DgD
AiBgD

Co=1[1In Omxme |,

and A; > 0 is the ith eigenvalue of the symmetric matrix L.
Proof: Since the interaction graph ¢ is connected, the matrix
L; is positive definite by Lemma 2, and there exists an
orthogonal matrix F € R~ 1*(=1) guch that

FTLiF = diag{A1,-- , A1} 2 A,
where 0 <A <--- < A,_1.
Let &'(1) = (FT @ L,)2' (1), 9'(t) = (FT @ L)' (1),
@'(t) = (FT®1y,)0' (1) and z'(t) = (FT ®1,,)2' (). Then

the system (15) can be restated in terms of ! (¢), ¥ (¢), @' (z)
and 7' (¢) as follows

()] _[li-1®A+A®BDkC I,_1®BCk | [%(1)
=GN A®BkC Li1®Ak | [91(2)
I,_1®B1+A®B,DkD | 4
[ A@BgD }“’ ®)
=1
241 { % (1) }+1§1(Z)1(t)

') 1%

2O =] h1®In 001 @O0pxmg | [ Vl(f; }
2¢! [ (1) } :

v (1)
ol

By the property of orthogonal transformations, £ () = 0
iff ¥!(t) =0, and [|T:141(s)|[w = [|Te1g1 ()]l holds. Thus,
combining with Lemma 3, we have that the system (15) is
asymptotically stable and ||T}1 41 (s)|| < 7, iff there exists a
matrix P > 0 such that

AP+ PA' +y2PB'BTP+ C'TC! < 0. (19)

On the other hand, by rearranging elements of the state
vector in the system (18), we can obtain an equivalent system
of (18) with the state matrix A!, the input matrix B! and the
output matrix C! as

Al = diag{A],--- A} }
B' = diag{B{, - ,B)_;}
C' = diag{Cy, - ,Cy},

where Ail, Bl-1 and Cé are defined in (17), i=1,---,n— 1.
Then there exists a matrix 2 > 0 such that (19) holds, iff
there is a matrix P > 0 to satisfy
ATp4+pAl +y2PB'B' TP C'TC! < 0. (20)

Considering the diagonal block structure of matrices A',
B! and C', let P be a diagonal block definite matrix
that is denoted by P = diag{P;,---,P,—1}, where 0 < P, €
R(mtmg)x(mtmg) i — 1 ... np—1. In this case, if there exist
positive definite matrices P; to satisfy (16) fori=1,--- ,n—1,
then the matrix inequality (20) holds, from which it is
derived that the system (15) is asymptotically stable and
| 2141 (s)||e < y. This completes the proof. O

To proceed, the system matrix of the dynamic output
feedback protocol u(t) is further solved in Theorem 2.

Theorem 2: Consider the network with an undirected in-
teraction graph ¢ that is connected. For a given index y > 0,
the system (15) is asymptotically stable and ||T;1 41 (5) | < 7,
if there exist a positive definite matrix

p— l Pl 0(m2+mK_)><(m*m2) c R(m+mk)x(m+mk) (21)
* P2
and a matrix
0= [ 0 " ] e ROmtme)x(pme) - (29)
(m—my)x(p+mg)
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such that LMIs
AT s pxl L AT ATLAAL SITAL ppl 1 ARl
[ ()yPHPA() A ) @ 041G Co P B(1>+2QBi<2>] <0,
* _}/ Il1'l|
(23)
are simultaneously satisfied for i = 1 and n — 1, where
i1 _wal -1 11 _ 41 y—1 Al _~ly—1 gl _yrpl
I _ A Om><mK 1 _ OmKXm ImK
A(l)_|: * OmK ’ Ai(2) N A’lc OpxmK ’

- T
By 1 Oy xm 1 Ly
Bl = Bl =| mxxm | ol
(1) |:Om;(><ml:| i) L 2fiD ] o Omem ’
and V € RUm+mk)x(mtmk) i a nonsingular matrix such that

(24)

E—vE=| _  Teiw ]
L O(m—my)x (my+my)

with

ImK OmK Xmy

E— |: Om><m/< B2 :| )

Further, if (23) hold for i =1 and n— 1, then the system
matrix of the distributed protocol is given by

K=P"0;.
Proof: Note that the system matrix K of u(f) can be
decompounded from matrices A} and B} as follows

A0 0 By 0 I

Alz mxmg + mxmg K mg Xm mg

! |:* OmK :l |: ImK OmK><m2 }\,,'C 0p><mK

__ 7l 1

7A(l)+EKAi(2)

Bl 0 X B2 0 X

Blz + mxmg K mg Xm|

! |:0m1<><m1:| |: ImK OmKsz A‘ZD

_pl 1
= B{,)+EKBj,,.

(25)

To solve the system matrix K, we impose the qualification
P=P (i=1,---,n—1) on the sufficient condition of
Theorem 1. Then combining with Lemma 4, we know that
the system (15) is asymptotically stable and ||T;1 41 (s)[|e < ¥
if there exists a common matrix Py > 0 such that

ARy +PRAl+CiTc) PyB!
* —Y Ly,

| <o

hold for i =1,---,n— 1. Substituting (25) into the above
inequality leads to
. 1 1
[ ®; PoB(l)-i-foEKBi(z) ] <0,
* Y1,
@i =A [\ Po+PoA AL KET PR EK A5 +Cy " C.

(26)

Since B, is of full column rank, there exists an nonsingular
matrix V such that (24) holds. Pre- and post-multiplying the
inequality (26) with V = diag{V~",1,,} and V7T yields the
matrix inequality (23) with

P=v TRV~ O=PEK.

Correspondingly, the system (15) is asymptotically stable and
| T2 41 (5) |0 < 7, if there exist a positive definite matrix P €

R(mtmk)x(mimg) and a matrix Q € R tm)* (P+mK) gych that
matrix inequalities (23) are simultaneously satisfied for i =
1,---,n—1.

The above condition can be further predigested. Note
that for a fixed subscript i, (23) is an LMI with respect to
variables P and Q, thus has the convex property. Therefore,
only two LMIs in (23) associated with the largest eigenvalue
An—1 and the smallest eigenvalue A; need to be verified, as
stated in the theorem.

Furthermore, if (23) hold for i = 1 and n — 1, the unde-
termined system matrix of the proposed protocol can be
solved. Substituting (21) (22) and (24) into Q = PEK yields
K=PFP '0,. This completes the proof. |

Corollary 1: If the input-space dimension is equal to the
state-space dimension, i.e., my = m, then the input matrix
B5 is reversible from the condition that B, is of full column
rank. In this case, the system (15) is asymptotically stable
and [|T141 (s)]| < 7 if there exist 0 < P € RUmmx)x(m+mg)
and Q € ROmtmk)x(p+mk) guch that the following LMIs are
satisfied for i=1andn—1:

1T 1 1T HT 1 1T 1 1 1
[A<1>P TP Hi @A TG TCo PB( T ?Biw] <0.
* =Y my

Further, the system matrix K is obtained by K = E~'P~1Q.

IV. SIMULATION EXAMPLE

We conduct the numerical simulation on a network of four
agents with each one modeled by

xi(t)z{g 11]x,~(t)+[(1)]w,~(t)+[(l) Hui(t)
=] o 1 5w+ § Jaw

Then the controlled output function z;(¢) is defined as

1 4
zi(t) = xi(t) — 7 ;xj(f)

i=1,2,3,4.

i=1,2,3,4.

The undirected interaction graph is given in Fig. 1, and
the H. index 7y is chosen as 1. The external disturbance
is o(t) = [0 (t) @ (t) 03(t) @4 (t)]T = [0.5w(t) 0.8w(t) w(t)
—0.6w(t)]T, where w(t) is the energy-limited white noise that
is supposed to disturb the system only during the initial two
seconds for simplicity of simulation.

Fig. 1. Undirected interaction graph ¢.

Under the assumption that all nonzero weighting factors
a;; are 1, the Laplacian of the graph ¢ is

3 -1 -1 -1

11 0 0
L=l _1 0o 1 o |
10 0 1
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whose largest and smallest nonzero eigenvalues are A3 = 4
and A; = 1, respectively. Then by solving two LMISs related to
A3 and A1, we obtain the dynamic output feedback protocol
(7) with v;(t) € R? and the system matrix

—0.5000 0 0 0

K— 0 —0.5000 0 0
0 0 —3.5181 0.1907
0 0 59000 —1.1708

With the above protocol, Figs. 2 and 3 depict the state
error trajectories and the corresponding energy under the
zero-valued initial condition, respectively. Obviously, it can
be seen that the consensus is asymptotically achieved with
IT:0(s)|le < 1, which validates the effectiveness of the
proposed output feedback protocol and demonstrates the
correctness of the theoretical results.

— 7,0
0081 cezyt) g
‘- 23(t)

2()

Fig. 2. State error trajectories of the four agents.
25
Energy of the external disturbance (t)
ot i
1.5 1
>
<
()
2
w
ik i
Energy of the controlled output z(t)
05 1
0 ‘ ‘ ‘
o 1 2 B . 5 0 7 s ERNTY
t
Fig. 3. Energy trajectories of @(r) and z(¢).

V. CONCLUSIONS

In this paper, the consensus control problem has been
addressed for networks of autonomous agents with high-
dimension linear coupling dynamics and external distur-
bances. By transforming the original problem into an H.
control problem, a distributed dynamic output feedback
protocol is proposed, and conditions in terms of LMIs
are derived to ensure consensus with the prescribed H.
performance. Meanwhile, the system matrix of the proposed
protocol is determined by solving two LMIs. It deserves
pointing out that the method introduced in this paper can
be applied to networks of agents with switching topology.
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