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Semiglobal Leader-Following Output Consensus of Discrete-Time
Heterogeneous Linear Systems Subject to Actuator

Position and Rate Saturation
Panpan Zhou , Member, IEEE, and Ben M. Chen , Fellow, IEEE

Abstract—Motivated by the fact that physical systems are usu-
ally subject to actuator position and rate saturation, we consider
in this article the semiglobal leader-following output consensus
problem of a group of discrete-time heterogeneous linear systems
with position and rate-limited actuators by output feedback control
law. Distributed observers are designed for followers to estimate
the state of the leader and the follower itself, based on which a
novel distributed control law is proposed. We show that, via the
low gain feedback design technique and output regulation theory,
the semiglobal leader-following output consensus of discrete-time
heterogeneous linear systems can be achieved by the consensus
protocol if each follower is reachable from the leader in a directed
communication topology.

Index Terms—Actuator position and rate saturation, low gain
feedback, multiagent systems, output regulation.

I. INTRODUCTION

Consensus or leader-following consensus, a fundamental coordina-
tion control problem for a group of multiagent systems, has gained
much attention in the academic community. Many efforts have been
made to tackle such a problem for the groups of linear systems [1], [2],
[3], Euler–Lagrange systems [4], and other nonlinear systems [5], [6].
Moreover, consensus-based methods can be extended to solve more
practical problems, such as formation control [7], [8] and economic
dispatch control [9]. The majority of this literature, however, does not
take into consideration of actuator limitations.

In the case of position-limited actuators for multiagent systems, a
few results on the global consensus were obtained, see, for example,
[10] for continuous-time systems and [11] for discrete-time systems. In
both results, state feedback and output feedback nonlinear control laws
were established for general linear systems, whereas Meng et al. [12]
established linear local feedback laws for neutrally stable systems
and double integrator systems. Several global consensus control laws
were constructed in [13] and [14] by event-triggered approach. In the
work of Zhou and Chen [15] where formation-containment control of
Euler–Lagrange systems was studied, the leaders are subject to position-
limited actuators, while the followers are not. Zhu et al. [16] achieved

Manuscript received 9 August 2021; revised 12 November 2021;
accepted 5 February 2022. Date of publication 25 October 2022; date
of current version 30 January 2023. This work was supported by the
Research Grants Council of Hong Kong SAR under Grant 14209020
and Grant 14206821. Recommended by Associate Editor G. Hu. (Cor-
responding author: Panpan Zhou.)

The authors are with the Department of Mechanical and Automation
Engineering, The Chinese University of Hong Kong, Hong Kong (e-mail:
ppzhou@link.cuhk.edu.hk; bmchen@ieee.org).

Color versions of one or more figures in this article are available at
https://doi.org/10.1109/TAC.2022.3216977.

Digital Object Identifier 10.1109/TAC.2022.3216977

consensus tracking of multiple second-order systems by bounded non-
linear controllers. A crucial issue related to the global consensus of
general systems with position-limited actuators is that, in general, linear
feedback control laws cannot achieve global convergence. In view of
this situation, a semiglobal consensus was achieved by the low-gain
feedback design technique (see Lin [17]) for both continuous-time and
discrete-time linear systems subject to actuator position saturation. The
low-gain feedback design technique was originally constructed to solve
the semiglobal asymptotically stabilization problem for a linear system,
see, for example, [18] and [19]. In recent years, the technique has been
applied to the coordination control of a group of multiagent systems
(see [20] and [21]). The low gain feedback design technique is of great
significance in guaranteeing the control input to remain unsaturated by
tuning the low gain parameter small enough, given any arbitrarily large
and bounded set of initial conditions.

On the other hand, rate saturation is an inevitable part of actuators.
For instance, rate saturation has been identified as a contributing factor
to the mishaps of YF-22 [22] and Gripen [23]. Further discussions of
destabilizing effects of actuator rate saturation were given in [24]. It can
be seen that rate-limited actuators may lead to more severe cases when
they are also subject to position saturation. The position and rate-limited
case were first studied by Lin [25] to solve the semiglobal stabilization
problem of a linear system with the open-loop system being stabilizable
and all its poles located at the closed left-half complex plane. In [26], the
discrete-time counterpart of [25], semiglobal stabilization was achieved
by a linear feedback control law if a discrete-time linear system is
asymptotically null controllable. Recently, the results were extended
to solve the semiglobal leader-following consensus [27] and contain-
ment problem [28] of linear systems in the continuous-time domain.
However, the systems in [27] and [28] are homogeneous multiagent
systems in the continuous-time domain, whereas in this article, we
consider heterogeneous systems in the discrete-time setting.

Inspired by our recent work [29] for the continuous-time systems, we
investigate in this article its discrete-time counterpart, that is, discrete-
time semiglobal leader-following output consensus problem of a class
of heterogeneous linear systems in the presence of actuator position
and rate saturation. We should note that the control laws in [29] are
constructed based on singular perturbation theory, in which a low gain
feedback law of the dynamics induces a slow subsystem, and a high
gain feedback law with the actuator state and the leader’s state induces a
fast subsystem. These laws cannot be directly extended to discrete-time
systems as the largest gain one can push in the discrete-time setting is
that of deadbeat control. We focus in this article to construct an output
feedback consensus protocol, in which a set of distributed observers are
designed for each follower to estimate the state of the leader and that
of the follower itself. It allows the actuator rate to converge to the value
it should be when the consensus problem is achieved. Via the low gain
approach and output regulation theory, the problem is solved if each
follower is reachable from the leader in a directed topology.
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The rest of this article is organized as follows. Section II gives
the designed distributed observers and the definition of semiglobal
output feedback-based leader-following output consensus problem for
discrete-time heterogeneous linear systems with position and rate-
limited actuators. The main result is shown in Section III. An illustrative
example is given in Section IV. Finally, Section V concludes this article
with some remarks.

Notations: For a time constant T ≥ 0 and a signal x(t) :R+→Rs,
x(t)=[x1(t), x2(t), . . ., xs(t)]

T is a column vector, |x(t)| denotes the
Euclidean norm at time t, ‖x(t)‖∞ = maxi |xi(t)|, and ‖x(t)‖T,∞ =
supt≥T |x(t)|. Throughout this article, we denote x(t), t ∈ Z+, by a
shorthand notation xwhen no confusion will occur. For integersM and
N , I[M,N ] = {M,M + 1,M + 2, . . . , N}. λmax(X) represents the
maximum eigenvalue of the symmetric matrixX .Re(λ) is the real parts
of the constant λ. 1N ∈ RN denotes a vector with all elements being
1. IN ∈ RN×N is the identity matrix. Kronecker product is denoted by
⊗. XT stands for the transpose of the vector or matrix X . 0 represents
a vector or matrix of zero with appropriate dimension.

II. PRELIMINARIES AND PROBLEM FORMULATION

Consider a group of N + 1 discrete-time heterogeneous systems
consisting of a leader and N followers. The leader, labeled as 0, is
described as {

w(t+ 1) = Sw
y0(t) = −Qw

(1)

where w ∈ Rs and y0 ∈ Rm are the state and output, respectively.
Similar to the system in [26], the dynamics of the ith follower, i ∈
I[1, N ], subject to actuator position and rate saturation, is described by
the following equation:

⎧⎪⎪⎨
⎪⎪⎩

xi(t+ 1) = Aixi +Biσp(vi) +Wiw
vi(t+ 1) = vi + σr ((αi − 1)vi + ui) , |αi| < 1
yi(t) = Cixi

ei(t) = Cixi +Qw

(2)

where xi ∈ Rni , yi ∈ Rm, and ui ∈ Rqi are, respectively, the plant
state, output, and control input of the ith follower. The second equation
denotes the actuator dynamics with state vi ∈ Rqi . αi denotes the time
constant of the actuator. ei ∈ Rm denotes output tracking error between
the ith follower and the leader. The leader generates both the output to be
tracked y0 and the disturbances to be rejectedWiw. Here,σp(·), σr(·) :
Rqi → Rqi represent vector valued saturation functions. For vi =
[vi,1, vi,2, . . . , vi,qi ]

T, σp(vi) = [σp(vi,1), σp(vi,2), . . . , σp(vi,qi)]
T.

For each j = 1, 2, . . . , qi, σp(vi,j) = sgn(vi,j)min{|vi,j |, p} is the
standard saturation function.

We define a graph (see [30] for a summary of digraph) G = (V, E)
with V = {0, 1, . . . , N} and E = V × V . For i, j ∈ V , (j, i) ∈ E if
and only if node i has access to the information of node j. We use
Ni := {j : (j, i) ∈ E} to represent the set of neighbors of node i. As
in [20], depending on whether or not the followers have access to the
information of the leader, the followers are divided into two classes.
The informed ones (the first l followers) can obtain the information
of the leader, whereas the uninformed ones (the left N − l followers)
cannot. The Laplacian matrix L = [lij ] ∈ R(N+1)×(N+1) is defined as
lij = −aij if i �= j, and lii =

∑N
j=0 aij . According to the classifica-

tion of the leader, the informed followers and the uninformed followers,
L can be partitioned as

L =

[
0 0
Lfl Lff

]
=

⎡
⎣ 0 0 0
L1 L2 L3

0 L4 L5

⎤
⎦ (3)

where Lfl ∈ RN×1, Lff ∈ RN×N , L1 ∈ Rl×1, L2 ∈ Rl×l, L3 ∈
Rl×(N−l), L4 ∈ R(N−l)×l, and L5 ∈ R(N−l)×(N−l).

Assumption 1: The graph G contains a spanning tree with node 0 as
the root.

Assumption 2: All eigenvalues of S are located inside or on the unit
circle, and those eigenvalues on the unit circle are semisimple.

Assumption 3: For i ∈ I[1, N ], (Ai, Bi) is stabilizable, and all
eigenvalues of Ai are located inside or on the unit circle.

Assumption 4: For i ∈ I[1, N ], the following regulator Equation

ΠiS = AiΠi +BiΓi +Wi

CiΠi +Q = 0 (4)

have a pair of solutions Πi ∈ Rni×s and Γi ∈ Rqi×s.
Assumption 5: (S,Q) is detectable, and for i ∈ I[1, N ], (Ai, Ci) is

detectable.
Assumption 6: For each i ∈ I[1, N ], there exists a time T ≥ 0 such

that ‖Γiw‖T,∞ < p and ‖ΓiSw‖T,∞ < r.
Remark 1: By Assumption 1, all eigenvalues of Lff and L5 have

positive real parts (see [31, Lemma 4] and [32, Lemma 4], respectively.)
Under Assumption 2, ‖w‖ is bounded. Γiw and ΓiSw can be viewed
as the generalized actuator position and rate of the leader. If the actuator
position or rate of each follower is less than the actuator position or rate
of the leader, it is impossible for the followers to catch up the leader
when it moves at its maximal pace. Note that Γiw(t+ 1) = ΓiSw(t);
therefore, ‖Γiw‖T,∞ = ‖ΓiSw‖T,∞ for a time T ≥ 0. For simplicity,
we denote δ = min{p, r}.

Lemma 1: (See Saberi et al. [33].) Let Assumption 3 hold. Then, for
any ε > 0, for i ∈ I[1, N ], there exists a unique positive definite matrix
Pi(ε) ∈ Rni×ni , i ∈ I[1, N ], of the following parameteric algebraic
Riccati equation:

Pi = AT
i PiAi −AT

i PiBi(B
T
i PiBi + I)−1BT

i PiAi + εI (5)

and Ai −Bi(B
T
i PiBi + I)−1BT

i PiAi is Schur. Moreover, limε→0

Pi(ε) = 0.
For convenience, we denote Pi := Pi(ε) hereafter. Define

Ki = (BT
i PiBi + I)−1BT

i PiAi. (6)

Since limε→0 Pi(ε) = 0, it is obvious that limε→0 Ki(ε) = 0. More-
over, by (5), it can be verified that

(Ai −BiKi)
TPi(Ai −BiKi)− Pi = εI −KT

i Ki. (7)

For real systems, the states of the leader w and followers xi may not
be measured and only the outputs yi are available. In such a situation,
an output feedback-based consensus problem is formulated instead.
To estimate the state of the leader agent, we construct the following
observers for the informed followers and uninformed followers:

ŵi(t+ 1)=Sŵi+LS(y0 +Qŵi), i ∈ I[1, l] (8)

ŵi(t+ 1)=Sŵi+μS
N∑

j=1

aij(ŵj−ŵi), i ∈ I[l + 1, N ] (9)

where LS is a matrix such that S + LSQ is Schur, and μ satisfies

0 < μ <
2

ρ∗(L5)
(10)

where L5 is defined in (3) and ρ∗(L5) = maxλ∈χ(L5){ |λ2 |
Re(λ)

}, χ(L5)
denotes the spectrum of the square matrix L5.
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We also construct the following dynamic compensator for each
follower to estimate the state of its own:

x̂i(t+ 1) = Aix̂i + LA,i(Cix̂i − yi) +Bvi +Wiŵi, i = 1, . . . , N
(11)

where LA,i is a matrix such that Ai + LA,iCi is Schur. Such a LA,i

exists due to Assumption 5.
Problem 1: Consider a multiagent system consisting of the leader (1)

and the followers (2). Assume that Assumptions 1–6 hold. For a priori
given bounded sets Xi,0 ⊂ Rni , Vi,0 ⊂ Rqi , W0 ⊂ Rs, X̂i,0 ⊂ Rni ,
and Ŵi,0 ⊂ Rs, construct an output feedback consensus protocol ui =
fi(x̂i, vi, ŵi) for each follower, based on the distributed state observers
(8)–(11), such that for [xT

i (0), v
T
i (0), w

T(0), x̂T
i (0), ŵ

T
i (0)]

T ∈
Xi,0 × Vi,0 ×W0 × X̂i,0 × Ŵi,0, the leader-following output consen-
sus is achieved, that is, for any i ∈ I[1, N ], limt→∞ ei = 0.

It is noted that the control law is not fully distributed because the
parameter μ in the observer (9) is dependent of the communication
topology, as showed in (10). Nonfully distributed control laws are also
constructed in, for instance, [34] and [35].

III. MAIN RESULTS

In this section, we propose the following output feedback consensus
protocol for Problem 1. For i ∈ I[1, N ]

ui = −KiAi(x̂i −Πiŵi)−KiBi(vi − Γiŵi) + ΓiSŵi − αivi
(12)

where ŵi is the state of the observers (8) and (9), x̂i is the state of the
observer (11), Πi and Γi are a pair of solutions of the regulator (4), and
Ki is defined in (6).

Then, we have the following theorem.
Theorem 1: Consider a multiagent system consisting of the

leader (1) and the followers (2). Assume that Assumptions 1–6
hold. Then, the consensus protocol (12) solves Problem 1. That
is, for any a priori given bounded sets Xi,0, Vi,0, W0, Ŵi,0, and
X̂i,0, there exists an ε∗ ∈ (0, 1] such that for any ε ∈ (0, ε∗] and
for all [xT

i (0), v
T
i (0), w

T(0), ŵT
i (0), x̂

T
i (0)]

T ∈ Xi,0 × Vi,0 ×W0 ×
Ŵi,0 × X̂i,0, the output consensus error satisfies limt→∞ ei = 0.

Proof: For i ∈ I[1, N ], let w̃i = ŵi − w, i ∈ I[1, N ], represent
the leader state estimation error for the ith follower. Denote w̃a =
[w̃T

1 , w̃
T
2 , . . . , w̃

T
l ]

T and w̃b = [w̃T
l+1, w̃

T
l+2, . . . , w̃

T
N ]T. It follows

from (8) and (9) that

w̃a(t+ 1) = (Il ⊗ (S + LSQ)) w̃a

w̃b(t+ 1) = (IN−l ⊗ S − μL5 ⊗ Is)w̃b − μ(L4 ⊗ Is)w̃a. (13)

SinceS + LSQ is Schur and 0 < μ < 2
ρ∗(L5)

, we have limt→∞ w̃i = 0

for any w̃i(0) and all i ∈ I[1, N ].
Let x̄i = x̂i − xi, i ∈ I[1, N ], be the state estimation error of the

i-th follower itself. By (2) and (11), we have

x̄i(t+ 1) = (Ai + LA,iCi)x̄i +Bi[vi − σp(vi)] +Wiw̃i. (14)

Because Ai + LA,iCi is Schur, for any positive definite matrix Ni ∈
Rni×ni , there exists a unique positive definite solution Mi ∈ Rni×ni

of the following equation:

(Ai + LA,iCi)
TMi(Ai + LA,iCi)−Mi = −Ni.

Denoting x̃i = xi −Πiw, it follows that:

x̃i(t+ 1) = Aixi +Biσp(vi) +Wiw −ΠiSw

= Aix̃i +Biσp(vi)−BiΓiw (15)

where the last equality holds due to Assumption 4.

For each follower, we define the following Lyapunov function can-
didate. For i ∈ I[1, N ]:

Vi = x̃T
i Pix̃i + λmax(Pi)x̄

T
i Mix̄i

+ 4 (Kix̃i + vi − Γiw)T (Kix̃i + vi − Γiw) . (16)

Along the trajectories of systems (1), (2), and (13)–(15), we have

ΔVi = Vi(t+ 1)− Vi(t)

= x̃T
i (t+ 1)Pix̃i(t+ 1)− x̃T

i Pix̃i

+ λmax(Pi)x̄
T
i (t+ 1)Mix̄i(t+ 1)−λmax(Pi)x̄

T
i Mix̄i

+ 4 [Kix̃i(t+ 1) + vi(t+ 1)− Γiw(t+ 1)]T

× [Kix̃i(t+ 1) + vi(t+ 1)− Γiw(t+ 1)]

− 4(Kix̃i + vi−Γiw)T(Kix̃i + vi−Γiw). (17)

Denote

Θi,1 = x̃T
i (t+ 1)Pix̃i(t+ 1)− x̃T

i Pix̃i

Θi,2 = [Kix̃i(t+ 1) + vi(t+ 1)− Γiw(t+ 1)]T

× [Kix̃i(t+ 1) + vi(t+ 1)− Γiw(t+ 1)]

− (Kix̃i + vi − Γiw)T(Kix̃i + vi − Γiw)

Θi,3 = λmax(Pi)x̄
T
i (t+ 1)Mix̄i(t+ 1)− λmax(Pi)x̄

T
i Mix̄i.

(18)

Thus,

ΔVi = Θi,1 + 4Θi,2 +Θi,3.

More specifically,

Θi,1 = x̃T
i A

T
i Pix̃i − x̃T

i Pix̃i + x̃T
i A

T
i PiBi[σp(vi)− Γiw]

+ [Biσp(vi)−BiΓiw]TPi[Aix̃i +Biσp(vi)−BiΓiw]

= x̃T
i

[−εI −KT
i Ki +AT

i PiBiKi +KT
i B

T
i PiAi

−KT
i B

T
i PiBiKi

]
x̃i + x̃T

i A
T
i PiBi[σp(vi)− Γiw]

+ [Biσp(vi)−BiΓiw]TPi[Aix̃i +Biσp(vi)−BiΓiw]
(19)

= −εx̃T
i x̃i − x̃T

i K
T
i Kix̃i

+ [σp(vi)−Γiw+Kix̃i]
TBT

i PiBi[σp(vi)−Γiw+Kix̃i]

+ 2x̃T
i (Ai −BiKi)

TPiBi[σp(vi)− Γiw +Kix̃i]

= −εx̃T
i x̃i − x̃T

i K
T
i Kix̃i

+ [σp(vi)−Γiw+Kix̃i]
TBT

i PiBi[σp(vi)−Γiw+Kix̃i]

+ 2x̃T
i K

T
i [σp(vi)− Γiw +Kix̃i] (20)

where (19) and (20) hold because of (7) and the definition of Ki in (6),
respectively.

Θi,2 = (KiAix̃i +KiBiσp(vi)−KiBiΓiw + vi

+σr(ui + αivi − vi)− ΓiSw)T

× (KiAix̃i +KiBiσp(vi)−KiBiΓiw + vi

+σr(ui + αivi − vi)− ΓiSw)

− (Kix̃i + vi − Γiw)T(Kix̃i + vi − Γiw) (21)
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where

σr(ui + αivi − vi)

= σr (−KiAix̃i −KiBi(vi − Γiw) + ΓiSw − vi −KiAix̄i

+Ki(AiΠi +BiΓi)w̃i + ΓiSw̃i) .

In addition,

Θi,3 = − x̄T
i Nix̄i + 2λmax(Pi)x̄

T
i (Ai + LA,iCi)

TMi

× (Bi(vi − σp(vi)) +Wiw̃i)

+ λmax(Pi) (Bi(vi − σp(vi)) +Wiw̃i)
T Mi

× (Bi(vi − σp(vi)) +Wiw̃i) . (22)

Let ci > 0 be a constant such that

sup
[x̃i(0),vi(0),w(0),x̄i(0)]T∈X̃i,0×Vi,0×W0×X̄i,0

Vi ≤ ci. (23)

The existence of such a ci > 0 is because of the boundedness of X̃i,0,
Vi,0, W0, and X̄i,0. Define

LVi
(ci) :=

{
[x̃T

i , v
T
i , w

T, x̄T
i ]

T ∈ R2ni+qi+s : Vi ≤ ci
}
.

Let ε∗ ∈ (0, 1] be such that, for all ε ∈ (0, ε∗], [x̃T
i , v

T
i , w

T, x̄T
i ]

T ∈
LVi

(ci) implies that

‖Kix̃i‖ ≤ 1

60
δ, ‖KiAix̃i‖ ≤ 1

60
δ

‖KiBivi‖ ≤ 1

60
δ, ‖KiBiσp(vi)‖ ≤ 1

60
δ

‖KiAix̄i‖ ≤ 1

60
δ, ‖BT

i PiBi‖ ≤ 12

23
, ‖KiBiΓiw‖ ≤ 1

60
δ

‖Ki(AiΠi +BiΓi)w̃i‖ ≤ 1

60
δ, ‖ΓiSw̃i‖ ≤ 1

60
δ

∥∥∥λmax(Pi)x̄
T
i (Ai + LA,iCi)

TMi [Bi(vi − σp(vi)) +Wiw̃i]
∥∥∥

≤ 1

10
δ2

∥∥∥λmax(Pi) [Bi(vi − σp(vi)) +Wiw̃i]
T Mi

× [Bi(vi − σp(vi)) +Wiw̃i]
∥∥∥ ≤ 1

10
δ2. (24)

Let ki := Kix̃i, hi := KiAix̃i, ri := KiBivi, ti := KiBiσp(vi),
mi := KiBiΓiw, ni := Ki(AiΠiw̃i +BiΓiw̃i), and di := ΓiSw̃i.
We further define

ai := 2λmax(Pi)x̄
T
i (Ai + LA,iCi)

TMiWiw̃i

+ λmax(Pi)w̃
T
i W

T
i MiWiw̃i

bi := KiAix̄i.

Substituting (20)–(22) into (17), we obtain

ΔVi ≤ − εx̃T
i x̃i +

12

23
[σp(vi)− Γiw + ki]

2 − k2
i

+ 2ki[σp(vi)− Γiw + ki]

+ 4 ([hi + ti −mi + vi − ΓiSw

+ σr(−hi − ri +mi + ΓiSw − vi + ni + di − bi)]
2

−(vi − Γiw + ki)
2
)

+
(−x̃T

i Nix̃i + 2λmax(Pi)x̄
T
i (Ai + LA,iCi)

TMi

× [Bivi −Biσp(vi) +Wiw̃i]

+ λmax(Pi)[Bivi −Biσp(vi) +Wiw̃i]
TMi

×[Bivi −Biσp(vi) +Wiw̃i]) . (25)

1) If ‖vi − ΓiSw‖ ≤ 9
10
δ and ‖vi‖ ≤ δ, we have

− k2
i + 2ki[σp(vi)− Γiw+ ki] +

12

23
[σp(vi)− Γiw+ ki]

2

+ 4 ([hi + ti −mi + vi − ΓiSw

+σr(−hi − ri+mi + ΓiSw − vi + ni + di − bi)]
2

−(vi − Γiw + ki)
2
)

= − (vi − Γiw)2 − 57

23
(vi − Γiw + ki)

2

+ 4x̄T
i A

T
i K

T
i KiAix̄i + 4(ni + di)

4 − 8bi(ni + di)

which implies

ΔVi ≤ − εx̃T
i x̃i − x̃T

i (Ni − 4AT
i K

T
i KiAi)x̃i

− (vi − Γiw)2 − 57

23
(vi − Γiw + ki)

2

+ 4(ni + di)
4 − 8bi(ni + di) + ai. (26)

Because Ni is any positive definite matrix, there exists an Ni

such that Ni − 4AT
i K

T
i KiAi > 0. Then, since limt→∞ ni = 0,

limt→∞ di = 0 and limt→∞ ai = 0, according to the com-
parison lemma (see [36, Lemma 3.4]), it concludes that
∀[x̃T

i , v
T
i , w

T, x̄T
i ]

T ∈ LVi
(ci)\{0}
ΔVi < 0. (27)

2) Otherwise,

ΔVi ≤ −εx̃T
i x̃i − x̄T

i Nix̄i +
3

10
δ2

+
[
k2
i + 2ki(σp(vi)− Γiw)

+
12

23
(σp(vi)− Γiw+ ki)

2 − 4(vi − Γiw + ki)
2

+4(vi − ΓiSw + hi + ti −mi − δ)2
]

≤ −εx̃T
i x̃i +−x̄T

i Nix̄i +
3

10
δ2 +

[
1

602
δ2

+2 · 1

60
δ · 1.9δ + 12

23

(
1 + 0.9 +

1

60

)
δ2

+4

(
2× 9

10
+

1

20
− 1 +

1

60

)(
−1 +

1

20
+

1

60

)
δ2
]

≤ −εx̃T
i x̃i − x̄T

i Nix̄i − δ2 (28)

which implies (27) also holds.
Therefore, we can conclude from (26) and (28) that limt→∞ x̃i =

0, limt→∞ x̄i = 0 and limt→∞(vi − Γiw) = 0. It means limt→∞ ei =
limt→∞(Ci(x̃i +Πiw) +Qw) = 0.

It is noted from (26) and (28) that the value of ε will affect the
convergence rate of ei. The smaller ε, the lower the convergence rate.

Remark 2: Compared with [26], this article deals with the problem
of heterogeneous multiagent systems. The nontrivial control law is
obtained by combining the control law in [26] and the output regulation
theory, with the distributed observer approach. It is rather involved to
prove the effectiveness of our control law due to some additional terms
caused by heterogeneous systems.
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Fig. 1. Communication graph.

IV. ILLUSTRATIVE EXAMPLE

The group of multiagent system consists of one leader and five
followers. The communication graph G is shown in Fig. 1. The leader
is described by (1) with

S =

[
0.8 −0.6
0.6 0.8

]
, Q =

[−1 0
0 −1

]
.

The followers are described by (2) with

Ai =

⎡
⎣ 1 0.1 0
0 1 0.1
0 0 1

⎤
⎦ , Bi =

⎡
⎣ 0

0
0.1

⎤
⎦

Wi =

⎡
⎣−0.2 −0.7

0.6 −0.2
0 −0.1

⎤
⎦ , Ci =

[
1 0 0
0 1 0

]
, i = 1, 2

Ai =

⎡
⎣ 0.5 0 0

0 1 0.1
0 0 1

⎤
⎦ , Bi =

⎡
⎣ 0.1

0
0.1

⎤
⎦

Wi =

⎡
⎣ 0.3 −0.7
−0.7 0.2
−0.2 −0.7

⎤
⎦ , Ci =

[−1 0 2
0 −1 0

]
, i = 3, 4, 5.

We assume in this example that each follower has the same actuator
“time constants,” that is, for i = 1, 2, 3, 4, 5, αi = 0.5. We also assume
δ = 8. Given the matrices of agents, it is easy to obtain the solutions
of the regulator equation (4). One can verify that Assumptions 1–6 are
satisfied.

The initial state of the leader is set as w(0) = [3 3]T. The initial
system states, actuator positions of the followers, and initial states of
the observers (8)–(11) are chosen as

[
x1(0) x2(0) x3(0) x4(0) x5(0)

]
=

⎡
⎣ 2 2 0 −2 0
3 2 −1 0 2
4 0 3 −1 1

⎤
⎦

[
v1(0) v2(0) v3(0) v4(0) v5(0)

]
=

[
0 −1 2 −2 0

]
[
ŵ2(0) ŵ3(0) ŵ4(0) ŵ5(0)

]
=

[
2 −1 2 −1 0
2 1 −1 −2 0

]

[
x̂1(0) x̂2(0) x̂3(0) x̂4(0) x̂5(0)

]
=

⎡
⎣ 1 3 0 0 −1
−2 2 0 2 0
3 −1 0 −2 2

⎤
⎦.

For the informed follower 1, i.e., i = 1, the gain matrixLS in distributed

observer (8) is set as LS =

[
0.2 0
0.6 0.4

]
. The parameter μ defined

in (9) is chosen as μ = 1, and the gain matrices LA,i in distributed
observers (11) are set as

LA,(1,2) =

⎡
⎣ −1 0

−2 −1
−18 −0.9

⎤
⎦ , LA,(3,4,5) =

⎡
⎣ 0.5 0.5

0.3 1
−0.5 1.725

⎤
⎦ .

Fig. 2. Simulation results. (a) Components of estimation errors ŵi −
w. (b) Components of estimation errors x̂i − xi. (c) Output consensus
errors ei under the output feedback consensus protocols (12) with ε =
0.1, for i = 1, 2, 3, 4, and 5.

We consider the low gain parameter ε = 0.1. One can conclude from
Fig. 2 that estimation errors ŵi − w, x̂i − xi and output consensus
errors ei all converge to zero asymptotically.

V. CONCLUSION

In this article, we have investigated the semiglobal output consensus
problem for discrete-time heterogeneous systems with actuator position
and rate saturation. We have constructed the output feedback consensus
protocol for each follower. It has been proved that given any bounded
initial conditions, the problem can be solved by our consensus proto-
col, provided that the communication graph contains a spanning tree.
Moreover, it is worth considering a switching communication topology
for the problem, because this condition is milder.

REFERENCES

[1] L. Dal Col, I. Queinnec, S. Tarbouriech, and L. Zaccarian, “Regional
H∞ synchronization of identical linear multiagent systems under input
saturation,” IEEE Trans. Control Netw. Syst., vol. 6, no. 2, pp. 789–799,
Jun. 2019.

[2] Y. Zhang, N. Zhao, D. Zhao, X. Yan, and S. K. Spurgeon, “Leader-
following consensus control of a distributed linear multi-agent system
using a sliding mode strategy,” in Proc. Eur. Control Conf., 2020, pp. 1695–
1700.

[3] R. Yang, L. Liu, and G. Feng, “An overview of recent advances in
distributed coordination of multi-agent systems,” Unmanned Syst., vol. 10,
pp. 307–325, 2021, doi: 10.1142/S2301385021500199.

Authorized licensed use limited to: Chinese University of Hong Kong. Downloaded on January 31,2023 at 07:44:33 UTC from IEEE Xplore.  Restrictions apply. 

https://dx.doi.org/10.1142/S2301385021500199


1236 IEEE TRANSACTIONS ON AUTOMATIC CONTROL, VOL. 68, NO. 2, FEBRUARY 2023

[4] H. Cai and G. Hu, “Dynamic consensus tracking of uncertain Lagrangian
systems with a switched command generator,” IEEE Trans. Autom. Con-
trol, vol. 64, no. 10, pp. 4260–4267, Oct. 2019.

[5] G. Casadei and D. Astolfi, “Multipattern output consensus in networks of
heterogeneous nonlinear agents with uncertain leader: A nonlinear regres-
sion approach,” IEEE Trans. Autom. Control, vol. 63, no. 8, pp. 2581–2587,
Aug. 2018.

[6] M. Rehan, C. K. Ahn, and M. Chadli, “Consensus of one-sided Lipschitz
multi-agents under input saturation,” IEEE Trans. Circuits Syst. II: Exp.
Briefs, vol. 67, no. 4, pp. 745–749, Apr. 2020.

[7] Y. Zhang, L. Sun, and G. Hu, “Distributed consensus-based multitarget fil-
tering and its application in formation-containment control,” IEEE Trans.
Control Netw. Syst., vol. 7, no. 1, pp. 503–515, Mar. 2020.

[8] X. Chai, J. Liu, Y. Yu, J. Xi, and C. Sun, “Practical fixed-time event-
triggered time-varying formation tracking control for disturbed multi-
agent systems with continuous communication free,” Unmanned Syst.,
vol. 9, no. 01, pp. 23–34, 2021.

[9] L. Bai, M. Ye, C. Sun, and G. Hu, “Distributed economic dispatch control
via saddle point dynamics and consensus algorithms,” IEEE Trans. Control
Syst. Technol., vol. 27, no. 2, pp. 898–905, Mar. 2019.

[10] Z. Zhao and Z. Lin, “Global leader-following consensus of a group of
general linear systems using bounded controls,” Automatica, vol. 68,
pp. 294–304, 2016.

[11] Z. Zhao and Z. Lin, “Discrete-time global leader-following consensus of
a group of general linear systems using bounded controls,” Int. J. Robust
Nonlinear Control, vol. 27, no. 17, pp. 3433–3465, 2017.

[12] Z. Meng, Z. Zhao, and Z. Lin, “On global leader-following consensus
of identical linear dynamic systems subject to actuator saturation,” Syst.
Control Lett., vol. 62, no. 2, pp. 132–142, 2013.

[13] X. Yi, T. Yang, J. Wu, and K. H. Johansson, “Distributed event-triggered
control for global consensus of multi-agent systems with input saturation,”
Automatica, vol. 100, pp. 1–9, 2019.

[14] X. Yin, D. Yue, and S. Hu, “Adaptive periodic event-triggered consensus
for multi-agent systems subject to input saturation,” Int. J. Control, vol. 89,
no. 4, pp. 653–667, 2016.

[15] P. Zhou and B. M. Chen, “Formation-containment control of Euler–
Lagrange systems of leaders with bounded unknown inputs,” IEEE Trans.
Cybern., vol. 52, no. 7, pp. 6342–6353, Jul. 2022, doi: 10.1109/TCYB.
2020.3034931.

[16] B. Zhu, C. Meng, and G. Hu, “Robust consensus tracking of double-
integrator dynamics by bounded distributed control,” Int. J. Robust Non-
linear Control, vol. 26, no. 7, pp. 1489–1511, 2016.

[17] Z. Lin, Low Gain Feedback. Berlin, Germany: Springer, 1999.
[18] Z. Lin, A. A. Stoorvogel, and A. Saberi, “Output regulation for linear

systems subject to input saturation,” Automatica, vol. 32, no. 1, pp. 29–47,
1996.

[19] R. Mantri, A. Saberi, Z. Lin, and A. A. Stoorvogel, “Output regulation
for linear discrete-time systems subject to input saturation,” Int. J. Robust
Nonlinear Control, vol. 7, no. 11, pp. 1003–1021, 1997.

[20] L. Shi, Y. Li, and Z. Lin, “Semi-global leader-following output consensus
of heterogeneous multi-agent systems with input saturation,” Int. J. Robust
Nonlinear Control, vol. 28, no. 16, pp. 4916–4930, 2018.

[21] P. Zhou and B. M. Chen, “Semi-global leader-following consensus-based
formation flight of unmanned aerial vehicles,” Chin. J. Aeronaut., vol. 35,
pp. 31–43, Jan. 2022.

[22] M. Dornhein, “Report pinpoints factors leading to YF-22 crash,” Aviation
Week Space Technol., vol. 9, pp. 53–54, 1992.

[23] J. Lenorovitz, “Gripen control problems resolved through in-flight, ground
simulations,” Aviation Week Space Technol., vol. 18, pp. 74–75, 1990.

[24] J. M. Berg, K. D. Hammett, C. A. Schwartz, and S. S. Banda, “An analysis
of the destabilizing effect of daisy chained rate-limited actuators,” IEEE
Trans. Control Syst. Technol., vol. 4, no. 2, pp. 171–176, Mar. 1996.

[25] Z. Lin, “Semi-global stabilization of linear systems with position and rate-
limited actuators,” Syst. Control Lett., vol. 30, no. 1, pp. 1–11, 1997.

[26] Z. Lin, “Semi-global stabilization of discrete-time linear systems with
position and rate-limited actuators,” Syst. Control Lett., vol. 34, no. 5,
pp. 313–322, 1998.

[27] Z. Zhao and Z. Lin, “Semi-global leader-following consensus of multiple
linear systems with position and rate limited actuators,” Int. J. Robust
Nonlinear Control, vol. 25, no. 13, pp. 2083–2100, 2015.

[28] Z. Zhao and H. Shi, “Semi-global containment control for linear systems
in the presence of actuator position and rate saturation,” Int. J. Robust
Nonlinear Control, vol. 29, no. 1, pp. 1–18, 2019.

[29] P. Zhou and B. M. Chen, “Semi-global leader-following output consensus
of heterogeneous systems subject to actuator position and rate saturation,”
Auton. Intell. Syst., vol. 1, 2021, Art. no. 8.

[30] C. Godsil and G. F. Royle, Algebraic Graph Theory, Berlin, Germany:
Springer, 2013.

[31] J. Hu and Y. Hong, “Leader-following coordination of multi-agent systems
with coupling time delays,” Physica A, Stat. Mechanics Appl., vol. 374,
no. 2, pp. 853–863, 2007.

[32] Z. Meng, W. Ren, and Z. You, “Distributed finite-time attitude contain-
ment control for multiple rigid bodies,” Automatica, vol. 46, no. 12,
pp. 2092–2099, 2010.

[33] A. Saberi, P. Sannuti, and B. M. Chen, H2 Optimal Control. Englewood
Cliffs, NJ, USA: Prentice-Hal, 1995.

[34] J. Huang, “The cooperative output regulation problem of discrete-time
linear multi-agent systems by the adaptive distributed observer,” IEEE
Trans. Autom. Control, vol. 62, no. 4, pp. 1979–1984, Apr. 2017.

[35] T. Liu and J. Huang, “Adaptive cooperative output regulation of discrete-
time linear multi-agent systems by a distributed feedback control law,”
IEEE Trans. Autom. Control, vol. 63, no. 12, pp. 4383–4390, Dec. 2018.

[36] H. K. Khalil, Nonlinear Systems. Hoboken, NJ, USA: Prientice Hall, 2002.

Authorized licensed use limited to: Chinese University of Hong Kong. Downloaded on January 31,2023 at 07:44:33 UTC from IEEE Xplore.  Restrictions apply. 

https://dx.doi.org/10.1109/TCYB.2020.3034931
https://dx.doi.org/10.1109/TCYB.2020.3034931


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


