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Abstract— Model predictive control (MPC) is one of the most
promising and significant control approaches because of its abil-
ity to handle control problems for constrained systems. In this
paper, we propose a robust decentralized MPC algorithm for
dynamically interconnected large-scale constrained uncertain
systems with disturbances. Each decentralized MPC controller
determines the control sequence, satisfying input and state
constraints in the presence of uncertainties and disturbances,
based only on the nominal model of its own subsystem and
information broadcasted from other controllers. This controller
uses the information on the reachable state bound of its
own subsystem and dynamically interconnected subsystems
which is predicted one-step before. This algorithm guarantees
robust stability in the presence of model uncertainties and
disturbances.

I. INTRODUCTION

Model predictive control (MPC) is one of the most promis-

ing and significant control approaches because of its ability

to handle control problems for the systems having input,

state and output constraints. In general, it determines the

control sequence by solving on-line a constrained finite hori-

zon centralized optimization problem at each time instance

and subsequently only the first control in this sequence is

implemented [14][16][18]. This type of MPC scheme has

been vigorously studied for many years, with many research

results concerning not only constraint satisfaction but also

feasibility, stability and robustness [2][3][11][13][15][19]. In

this line of research, a single MPC controller determines

all the control inputs of system based on the information

about overall system. However, when we consider that large-

scale dynamically interconnected systems with constraints,

the complexity of on-line optimal control problem of such

systems could cause practical difficulties; i.e., it requires a

significant computation burden. Therefore, for such systems,

ordinary MPC techniques based on centralized optimization

problem may not be so useful.

One way to cope with computation issues is to use

decentralized control schemes. In the field of MPC, the

development of decentralized control schemes combined

with various MPC approaches attracts a lot of attention

recently. The standard features of decentralized MPC are

as follows; there are distinct MPC controllers, one for each

subsystem. To each controller, the optimal control problem

is assigned only for its subsystem. Then, it is solved to
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determine its own control sequence based on information

about itself and interconnected subsystems. In the MPC lit-

erature, several decentralized control approaches using MPC

techniques for dynamically interconnected systems have been

proposed [1][6][7][17]. However, there exists a drawback

such that the constraints of input, states and output of each

subsystem are not considered. In general, it is considerably

difficult to guarantee stability and feasibility of decentralized

MPC algorithms for constrained subsystems, especially when

uncertainties and disturbances exist [8]. Therefore, the main

research issue in this field is to develop a robust decentralized

MPC algorithm for constrained subsystems that is globally

feasible and stabilize the overall interconnected subsystems.

The purpose of this paper is to develop a robust decen-

tralized MPC algorithm for a class of dynamically intercon-

nected constrained systems, illustrated in Fig. 1, with model

uncertainties and disturbances. It is formulated based on the

framework in [5], [9] and [10] where the comparison models

are introduced to predict the future reachable bound of sys-

tem states in the presence of uncertainties and disturbances.

We first describe each subsystem as linear time-invariant

discrete-time local model with uncertainties, disturbances

and also the terms which denote the influences from other

interconnected subsystems. Next, we describe a framework

for designing decentralized MPC scheme to control each

local subsystem. In order to formulate it, we introduce the

comparison models for each subsystem to predict the future

reachable bounds of its state and state prediction error. Then,

in a similar manner in [5], [9] and [10], the given constraints

are modified based on these bounds to guarantee the robust

stability and moreover the original robust MPC problem can

be transformed into a nominal one without uncertain terms

using these comparison models.

The key feature is that each decentralized MPC con-

troller can determine the control sequence, satisfying given

input/state constraints in the presence of uncertainties and

disturbances, based only on the nominal model of its own

local subsystem and information on reachable state bounds

of other subsystems. Therefore, the proposed decentralized

MPC controller not only solve the optimal control problem

of its own subsystem, but also predict the reachable future

bound of it local state variables and communicate it to the

other controllers to modify the constraints in their control

schemes at each time instant.

Notation and Preliminaries: The symbol xi
l denotes the lth

element of vector xi. The notation ‖x‖ and ‖x‖p denote

the Euclidean and p-norms of a vector x; when x is a
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Fig. 1. Composition of decentralized MPC controllers and subsystems

scalar |x| denotes its absolute value. We denote the largest

singular value of a matrix M as Let σ(M) denotes the

largest singular value of a matrix M . The maximum and

minimum eigenvalues of a matrix M are denoted by λ(M)
and λ(M), respectively. The notation M � 0 means that

M is a symmetric positive definite; M
1

2 denotes the unique

positive definite square root of M � 0.

II. PROBLEM STATEMENT

A. System Description

In this paper, we consider the problem of controlling

M dynamically interconnected subsystems. Each subsystem,

denoted by superscript i ∈ Z, Z = {1, 2, · · · , M}, is

described by linear time-invariant discretized dynamics as

follows:

xi(t+1) = Aiixi(t)+Biui(t)+Bi
dd

i(t)+

M∑
j=1,j �=i

Aijxj(t) (1)

where xi ∈ R
n, ui ∈ R

m, di(t) ∈ R
p are the state, the

control signal and the disturbance of the ith subsystem,

respectively, and Aii ∈ R
n×n, Aij ∈ R

n×n, Bi ∈ R
n×m,

Bi
d ∈ R

n×p. Let xi
0 := xi(0) denotes a given initial state of

the ith subsystem. Moreover, we assume that the disturbance

di(t) ∈ R
p consists of a state-dependent uncertainty di

1 ∈
R

p1 and a bounded disturbance di
2 ∈ R

p2 similarly to [5].

These satisfy

di(t) := [(di
1(t))

T , (di
2(t))

T ]T ∈ Di(xi(t)), ∀t ≥ 0,

Di(xi(t)) := Di
1(x

i(t)) × Di
2

where

Di
1(x

i(t)) := {di
1(t) ∈ R

p1 : ‖di
1(t)‖ ≤ ‖xi(t)‖},

Di
2 := {di

2 ∈ R
p2 : ‖di

2‖ ≤ 1}

for ∀i ∈ Z. Then, the matrices Bi
d in (1) can be defined as

Bi
d := [Bi

d1
, Bi

d2
] where Bi

d1
∈ R

n×p1 and Bi
d2

∈ R
n×p2

which correspond to di
1(t) and di

2, respectively.

B. Constraints

It is assumed that each subsystem is subjected to the

following constraints both on the fully measurable state xi

and the control input ui of the ith subsystem, which must

be fulfilled at all time instant t ≥ 0.

xi(t) ∈ X i, X i := {xi(t) ∈ R
n : |xi

l(t)| ≤ ψi
l , ∀l},

ui(t) ∈ U i, U i := {ui(t) ∈ R
m : |ui

l(t)| ≤ ηi
l , ∀l}

(2)
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Fig. 2. Information flow at time instant t

where ψi
l > 0 and ηi

l > 0 denote state and input constraint

levels of each subsystem, respectively, and ∀i ∈ Z. We then

define the terminal constraint set X i
f for ith subsystem as

X i
f := {xi(t) ∈ R

n : V (xi) ≤ 1}, V (xi) :=
√

(xi)T P ixi

for P i � 0 which satisfies the following assumption similar

to those used in [5], [9] and [10].

Assumption 1 A given feedback gain K i ∈ R
m×n and P i �

0 for ith subsystem where i ∈ Z satisfy

1 ≤
√

λ(P i)min
l

ψi
l , ‖Ki‖ ≤

√
λ(P i)min

l
ηi

l (3)

αi < 1, 0 ≤
βi

1 − αi
< 1, (4)

where

αi := ai
1 + ai

2, βi := ai
3 +

M∑
j=1,j �=i

aij
4√

λ(P j)
,

Qi := P i − (F ii)T P iF ii, F ii := Aii + BiKi

and

ai
1 :=

√
1 −

λ(Qi)

λ(P i)
, ai

2 :=
σ((P i)

1

2 Bi
d1

)√
λ(P i)

,

ai
3 := σ((P i)

1

2 Bi
d2

), aij
4 := σ((P i)

1

2 Aij).

Remark 1: In the above assumption, (3) and (4) guarantee

ui(t) = Kixi(t) ∈ U i is hold for all xi ∈ X i
f . Then, by

this feedback control, X i
f is a robustly invariant set for (1)

(Refer to [4], [5], [9], [10]).

III. ROBUST DECENTRALIZED MPC ALGORITHM

The goal of this section is to develop a robust decentralized

MPC algorithm which guarantees the ultimate boundedness

of the closed-loop system of each subsystem while satisfying

control and state constraints (2) for any disturbances. Figure

2 illustrates the information flow into and from the ith
MPC controller at time instant t in the proposed robust

decentralized MPC method. ∆i
I|t denotes the information

broadcasted by all other MPC controllers and ∆i
O|t denotes

the information broadcasted by the ith MPC controller to all

other MPC controllers at time instant t. The information ex-

changed between ith controller and all other MPC controllers
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is as follows:

∆i
I|t := {wj

·|t−1, νj

·|t−1, x̂j

·|t−1}, ∀j ∈ Z\j �= i,

∆i
O|t := {wi

·|t−1, νi
·|t−1, x̂i

·|t−1}
(5)

where wi
·|t and νi

·|t denote the upper bounds predicted at

time instant t; wi
·|t is on the future state trajectory of the

ith subsystem and νi
·|t is on the future state prediction error,

which are described in detail in the follows. x̂i
·|t denotes

the predicted future value of xi(·). Note that the exchanged

ones are the information predicted at one-step before. It is

also important that the ith MPC controller needs to receive

information only from other MPC controllers that directly

influence the dynamics of the ith subsystem. At time instant

t, the ith MPC controller determines the control input ui(t)
which satisfies the given constraints (2) and predicts the

future bounds wi
·|t and νi

·|t its subsystem over the prediction

horizon N based on the information ∆i
I|t obtained through

communication and the measured state. Then, it transmits the

information ∆i
O|t to all other controllers of the dynamically

interconnected subsystems.

Next, we define the finite horizon constrained optimal con-

trol problem for the proposed robust decentralized MPC

method for the ith subsystem. In this method, the fol-

lowing control which consists of a state feedback control

with a gain Ki ∈ R
m×n and an open-loop control ũi ∈

R
m is adopted to regulate the state of the ith subsystem

subsystem[3][5][9][10][12].

ui(t) = Kixi(t) + ũi(t). (6)

Consider the ith subsystem (1) at time instant t and let x̂i
t|t

be the measured state xi(t) of this subsystem. Then, the

optimization problem of the ith MPC controller to determine

the optimal open-loop control ũi(t) of (6) which guarantees

the constraint fulfillment is described as follows:

Optimization problem for decentralized MPC

min
ũi

Jd(x
i(t), ũi

t+k|t) :=
N−1∑
k=0

(ũi
t+k|t)

T Riũi
t+k|t (7)

where Ri � 0 is a given diagonal matrix and subject to

(a) Prediction model: The future state xi(t + k) of (1) is

predicted based on the control input (6) and the following

model

x̂i
t+k+1|t = F iix̂i

t+k|t + Biũi
t+k|t +

M∑
j=1,j �=i

Aij x̂j

t+k|t−1 (8)

where x̂i
t|t := xi(t) and k = 0, 1, · · · , N − 1.

(b) Comparison models: Since the future state is predicted

based on (8), the prediction error will inevitably occur. Thus,

it is necessary to evaluate the prediction error of x̂i
·|t due to

the system uncertainties, the disturbances and the effects of

dynamically interconnected subsystems and then modify the

given constraint (2) based on it. Note that the disturbance

depends on the future state xi(t + k) of the ith real sub-

system and furthermore the future state xj(t + k) of other

subsystems, which are dynamically interconnected to the ith
subsystem, as shown in (1). To that aim, we introduce the

following two scalar systems into the optimization problem:

wi
t+k+1|t = αiwi

t+k|t +ai
3 +

m∑
l=1

bi
l|ũ

i
l,t+k|t|+

M∑
j=1,j �=i

cijwj

t+k|t−1

(9)

νi
t+k+1|t = ai

1ν
i
t+k|t + ai

2w
i
t+k|t + ai

3 +

M∑
j=1,j �=i

cijν
j

t+k|t (10)

where bi
l := σ((P i)

1

2 Bi
l ), cij := aij

4 /
√

λ(P j) and Bi
l

denotes the lth column of Bi. The initial states of (9) and

(10) are wi
t|t = V (xi(t)) and νi

t|t = 0, respectively. These

are derived in a similar way to the method described in [5],

[9], [10]. To ensure the robust stability and the constraint

fulfillment, the open-loop control ũi
·|t should be determined

so that the following constraint is satisfied.

wi
t+k+1|t ∈ W i(t + k + 1, wi

·|t, w
i
·|t−1)

W i := {wi ∈ R : wi
t+k+1|t ≤ wi

t+k+1|t−1}
(11)

(c) Modification of constraints: As mentioned above, there

exists a prediction error between xi(t + k) and x̂i
t+k|t.

Therefore, the constraints on the predicted state x̂i
·|t and the

predicted control input ûi
·|t should be modified based on (2),

(9) and (10) in order to guarantee the robust stability and the

fulfillment of the given constraints (2) as follows:

X̂ i(t + k + 1, wi
·|t, ν

j

·|t−1) :=

{x̂i ∈ R
n : |x̂i

l,t+k+1|t| ≤ ψi
l − ψi

l (t + k + 1, wi
·|t, ν

j

·|t−1)}

Û i(t + k, wi
·|t, ν

j

·|t−1) :=

{ûi ∈ R
m : |ûi

l,t+k|t| ≤ ηi
l − ηi

l (t + k, wi
·|t, ν

j

·|t−1)}
(12)

where

ψi
l (t + k + 1, wi

·|t, ν
j

·|t−1) :=

k∑
s=0

‖ζi
1,l(s)‖

wi
t+k+1−s|t√

λ(P i)

+

k∑
s=0

‖ζi
2,l(s)‖ +

k∑
s=0

M∑
j=1,j �=i

‖ζij
3,l(s)‖

νj

t+k+1−s|t−1√
λ(P j)

ηi
l (t + k, wi

·|t, ν
j

·|t−1) :=

k∑
s=0

‖ξi
1,l(s)‖

wi
t+k−s|t√
λ(P i)

+

k∑
s=0

‖ξi
2,l(s)‖ +

k∑
s=0

M∑
j=1,j �=i

‖ξij
3,l(s)‖

νj

t+k−s|t−1√
λ(P j)

ζi
�(s) := (F ii)sBi

d�
, ζij

3 (s) := (F ii)sAij ,

ξi
�(s) :=

{
Ki(F ii)s−1Bi

d�
for s �= 0

0 for s = 0
,
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ξij
3 (s) :=

{
Ki(F ii)s−1Aij for s �= 0

0 for s = 0
,

and ζ�,l(s) and ξ�,l(s) denote the lth rows of ζ�(s) and ξ�(s),
respectively. Therefore, the optimal open-loop control in (7)

should be determined so that

x̂i
t+k+1|t ∈ X̂ i(t + k + 1, wi

·|t, ν
j

·|t−1),

Kix̂i
t+k|t + ũi

t+k|t ∈ Û i(t + k, wi
·|t, ν

j

·|t−1)
(13)

is hold.

(d) Constraint on wi
·|t: Similarly to [5], [9], [10], the fol-

lowing constraints on wi
·|t in (9) and (10) are introduced in

order to guarantee the feasibility at each time instant of the

optimization problem.

wi
t+k|t ≤ ωi where ωi ≥ max{V (xi

0), 1}, (14)

wi
t+N |t ≤ 1 (15)

where k = 0, 1, · · · , N −1. Note that ωi should be bounded

to ensure the the feasibility at all time instants in a similar

way to [5], [9], [10], but it remains as a future research work.

Also note that (15) guarantees xi(k + N) ∈ X i
f which can

be easily verified in the following Lemma 1.

In the above optimization, the finite horizon constrained

optimal control problem (7)-(15) without disturbance terms

is solved using only the measured state xi of each subsystem

at the current time t and the information obtained through the

communication with dynamically interconnected subsystems.

Several comments on the proposed optimization problem are

in order:

• The states wi
·|t and νi

·|t in (9) and (10) enable us to obtain

the future upper bounds both on V (xi) and V (zi) where

zi := xi − x̂i, which is described in the following lemma.

Lemma 1 For any ũi
t+k|t satisfying (11), the states wi

·|t and

νi
·|t in (9), (10) and the state xi(·) of the ith subsystem in

(1) satisfy

V (xi(t + k)) ≤ wi
t+k|t and V (zi(t + k)) ≤ νi

t+k|t (16)

where ∀i ∈ Z and k = 0, 1, · · · , N .

• The constraint sets X̂ i and Û i in (12) modified based on

(9) and (10) and the constraint set W i on wi
·|t in (11) satisfy

the following property.

Theorem 1 For a given xi(t) ∈ R
n, any open-loop trajectory

ũi
t+k|t, k = 0, 1, · · · , N − 1 which satisfies (8)-(13) also

satisfies the constraints for the real subsystem in (1) such as

xi(t + k + 1) ∈ X i,

Kixi(t + k) + ũi
t+k|t ∈ U i

(17)

for all possible di(t + k) ∈ Di(xi(t + k)).

• At the first time instant t = 0, we determine the control

inputs ũi(0), ∀i ∈ Z, for all subsystems by solving the opti-

mization problem of the centralized MPC method proposed

in [5], [9], [10]. In this case, M dynamically interconnected

subsystems can be described as follows:

x(t + 1) = Ax(t) + Bu(t) + Bdd(t) (18)

where x(t) ∈ R
(n×M), u(t) ∈ R

(m×M) and d(t) ∈ R
(p×M)

defined as

x(t) :=
[
(x1(t))T (x2(t))T · · · (xM (t))T

]T

u(t) :=
[
(u1(t))T (u2(t))T · · · (uM (t))T

]T

d(t) :=
[
(d1(t))T (d2(t))T · · · (dM (t))T

]T

and

A :=

⎡
⎢⎢⎢⎣

A11 A12 · · · A1M

A21 A22 · · · A2M

...
...

. . .
...

AM1 AM2 · · · AMM

⎤
⎥⎥⎥⎦ ∈ R

(n×M)×(n×M)

B :=

⎡
⎢⎢⎢⎢⎣

B1
0 · · · 0

0 B2 . . .
...

...
. . .

. . . 0

0 · · · 0 BM

⎤
⎥⎥⎥⎥⎦ ∈ R

(n×M)×(m×M)

Bd :=

⎡
⎢⎢⎢⎢⎣

B1
d 0 · · · 0

0 B2
d

. . .
...

...
. . .

. . . 0

0 · · · 0 BM
d

⎤
⎥⎥⎥⎥⎦ ∈ R

(n×M)×(p×M)

(19)

For the systems described as (18) and the control defined

such as

u(t) = Kx(t) + ũ(t) (20)

where

ũ(t) :=
[
(ũ1(t))T (ũ2(t))T · · · (ũM (t))T

]T

K :=

⎡
⎢⎢⎢⎢⎣

K1
0 · · · 0

0 K2 . . .
...

...
. . .

. . . 0

0 · · · 0 KM

⎤
⎥⎥⎥⎥⎦ ∈ R

(m×M)×(n×M)

(21)

based on (6), we can derive easily various constraints similar

to (9), (12), (13), (14) and (15) (Refer to [5], [9], [10]). Then,

by solving the following finite horizon constrained optimal

control problem

min
ũ

Jc(x(t), ũt+k|t) :=

N−1∑
k=0

ũ
T
t+k|tRũt+k|t (22)

where R := diag(R1, R2, · · · , RM ), we can determine

the optimal open-loop control ũ(0). For t ≥ 1, we apply

the proposed decentralized MPC method to determine the

control input for each subsystem. Note that if the solution of

the above centralized optimization problem (22) cannot be
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found, it means that the problem is infeasible and thus the

proposed decentralized optimization problem also cannot be

solved. The above MPC controller (22) developed based on

the centralized manner needs the knowledge of the overall

subsystems and computes all the control sequences at the

same time. Thus, the practical implementation of such MPC

technique in large-scale dynamically interconnected systems

requires a significant computation burden. In order to avoid

such problem, we have developed the above decentralized

MPC scheme.

• The comparison model (9) is a nonlinear equation of

ũi
t+k|t. Similarly to [5], [9], [10], we modify it by replacing

ũi
t+k|t ∈ R

m with χi
t+k|t ∈ R

m as

wi
t+k+1|t = αiwi

t+k|t + ai
3 +

m∑
l=1

bi
lχ

i
l,t+k|t +

M∑
j=1,j �=i

cijwj

t+k|t

(23)

with an additional constraint such as

|ũi
t+k|t| ≤ χi

t+k|t, k = 0, 1, · · · , N − 1. (24)

Then, the cost function Jd(x
i(t), ũi

·|t) can be rewritten as

Jd(x
i(t), χi

·|t) :=

N−1∑
k=0

(χi
t+k|t)

T Riχi
t+k|t. (25)

Therefore, the modified problems have only the linear con-

straints and can be solved by a standard quadratic program-

ming (QP) method with free variables ũi
·|t and χi

·|t.

• When we implement this algorithm, it is not necessary for

each MPC controller to communicate with all other MPC

controllers. The ith MPC controller needs the information to

receive from and send to jth MPC controller only if Aij in

(1) is nonzero. If the system is loosely interconnected, the

amount of communication will not be large.

IV. STABILITY OF DECENTRALIZED MPC ALGORITHM

In this section, it is presented that the proposed decentral-

ized MPC algorithm guarantees the robust stability of the

overall subsystems in (1). We first assume that the following

assumption on the feasibility for the optimization in (7) is

satisfied.

Assumption 2 Assume the optimization problem in (7) is

feasible at the current time instant t for ωi which satisfies

Assumption 1. Then, at the next time instant t + 1,

ũi
t+k|t+1 =

{
ũi∗

t+k|t, k = 1, 2, · · · , N − 1

0, k = N
(26)

could be a feasible (but not necessarily optimal) control

sequence, where ũi∗
t+k|t denotes the optimal control sequence

determined at time instant t.

The above assumption means that if a feasible solution to

the initial optimization problem in (7) is found, then all

subsequent optimization problem will be feasible and the

given constraints (2) will be satisfied at every time instants

for any disturbance di(t + k) ∈ Di(xi(t + k)). Based on

the above assumption, we get the following Theorem 2

describing the property of stability of the proposed robust

decentralized MPC method.

Theorem 2 Assume the optimization problem for the

centralized MPC method in (18) is feasible at t = 0. Then,

this optimal control sequence ũi∗
k|t=0 could be one of the

feasible control sequences at the next time instant t = 1.

Furthermore, the proposed MPC method has the following

properties.

(i) The optimization in (7) is feasible at time t ≥ 1.

(ii) There exists tic satisfying

‖xi(t)‖ ≤

ai
3 +

M∑
j=i,j �=i

cijwj

tc|tc−1√
λ(P i) (1 − αi)

, ∀t ≥ tc (27)

Proof: We show (i) by induction. The optimization problem

is feasible at t = 0 by assumption. Assume now it is feasible

at each t = δ (δ = 1, 2, · · · , k). Then, since Assumption 2

means that the control in (26) is feasible at t = δ + 1, (i) is

proved.

In order to prove (ii), we next show that the optimal cost

Jd(x
i(t), ũi∗

·|t) is nonincreasing. At the time instant t+1, the

feasible solution in (26) satisfies

Jd(x
i(t + 1), ũi

t+k|t+1) ≤ Jd(x
i(t), ũi∗

t+k|t) (28)

since

Jd(x
i(t + 1), ũi

t+k|t+1) − Jd(x
i(t), ũi∗

t+k|t)

=

N∑
k=1

(ũi
t+k|t+1)

T Riũi
t+k|t+1 −

N−1∑
k=0

(ũi∗
t+k|t)

T Riũi∗
t+k|t

= −(ũi∗
t|t)

T Riũi∗
t|t ≤ 0.

(29)

From the optimality of Jd(x
i(t + 1), ũi∗

t+k|t+1), it is also

satisfied that

Jd(x
i(t + 1), ũi∗

t+k|t+1) ≤ Jd(x
i(t + 1), ũi

t+k|t+1) (30)

Thus, from (28) and (30), the optimal cost is nonincreasing,

i.e.,

Jd(x
i(t + 1), ũi∗

t+k|t+1) ≤ Jd(x
i(t), ũi∗

t+k|t). (31)

is hold. Since the optimal cost is nonincreasing and bounded

by 0 from below, it is satisfied that Jd(x
i(t), ũi∗

t+k|t) → c as

t → ∞ for a constant c ≥ 0. This implies that, for each

εi > 0, there exists ti1 > 0 such that

0 ≤ Jd(x
i(t), ũi∗

t+k|t) − Jd(x
i(t + 1), ũi∗

t+k|t+1) < εi (32)
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where ∀t ≥ ti1. But, from (28), (29) and (30), we have

(ũi∗
t|t)

T Riũi∗
t|t

= Jd(x
i(t), ũi∗

t+k|t) − Jd(x
i(t + 1), ũi

t+k|t+1)

≤ Jd(x
i(t), ũi∗

t+k|t) − Jd(x
i(t + 1), ũi∗

t+k|t+1).

(33)

Thus, (32) and (33) imply

ũi∗
t|t → 0 as t → ∞. (34)

From (34), we can choose ti
1 such that

‖ũi∗
t|t‖∞ ≤ εi

1, ∀t ≥ ti1. (35)

From (9), (16) and (35), it follows that

V (xi(t + 1))

≤ αiV (xi(t)) + ai
3 +

m∑
l=1

bi
l |ũ

i∗
l (t)| +

M∑
j=i,j �=i

cijwj

t|t−1

≤ αiV (xi(t)) + ai
3 + γi

1 + γi
2(t

i
1)

(36)

where

γi
1 := εi

1

m∑
l=1

bi
l , γi

2(t
i
1) :=

M∑
j=i,j �=i

cijwj

ti

1
|ti

1
−1

(37)

and ∀t ≥ ti1. Note that Assumption 1 assures that wi
·|t is

nonincreasing. Therefore,

V (xi(t1 + k))

≤ (αi)kV (xi(ti1)) +
k−1∑
s=0

(αi)k(ai
3 + γi

1 + γi
2(t

i
1))

= (αi)kV (xi(ti1)) +
(1 − (αi)k)(ai

3 + γi
1 + γi

2(t
i
1))

1 − αi

(38)

and the right-hand side of (38) converges to

ai
3 + γi

1 + γi
2(t

i
1)

1 − αi
as k → ∞. (39)

Since γi
1 can be chosen arbitrarily, there exists a finite time

tic (≥ ti1) which satisfies

V (xi(t)) <
ai
3 + γi

1 + γi
2(t

i
c)

1 − αi
, ∀t ≥ tic (40)

Thus, (27) follows form (40). �

V. CONCLUSION

In this paper, we have proposed a robust decentralized

MCP algorithm for a class of dynamically interconnected

large-scale systems having both input and state constraints

and model uncertainties and disturbances. This method is

developed basically based on the comparison models which

enables us to predict the future reachable bounds of states of

each subsystem and difference between the real and predicted

states. The developed MPC controller determines the input

sequence and predicts the future reachable state bound based

on the information exchanged between only dynamically

interconnected subsystems. The determined control input

satisfies the given constraints in the presence of uncertainties

and disturbances, and also the robust stability of overall

subsystems is guaranteed. As a future research works, we

will make investigation into the decentralized MPC method

which guarantees the feasibility at all time instants. Also

we will show the effectiveness of the proposed algorithm by

numerical examples.

REFERENCES

[1] L. Acar, “Boundaries of the receding horizon control for intercon-
nected systems,” Journal of Optimization and Theory and Application,
vol. 84, no. 2, 1995.

[2] T. A. Badgwell, “Robust model predictive control of stable linear
systems,” International Journal of Control, vol. 68, no. 4, pp. 797–818,
1997.

[3] A. Bemporad, “Reducing conservativeness in predictive control of
constrained systems with disturbances,” in Proc. 37th IEEE Conf.
Decision and Control, Florida, USA, 1998, pp. 1384–1391.

[4] F. Blanchini, “Set invariance in control,” Automatica, vol. 35, no. 11,
pp. 1747–1767, 1999.

[5] H. Fukushima and R. R. Bitmead, “Robust constrined predictive
control using comparison model,” Automatica, vol. 41, no. 1, pp. 97–
106, 2005.

[6] D. Jia and B. H. Krogh, “Distributed model predictive control,” in
Proc. American Control Conf., Arlington, Virginia, USA, 2001, pp.
2767–2772.

[7] ——, “Min-max feedback model predictive control for distributed
control with communication,” in Proc. American Control Conf., An-
chorage, Alaska, USA, 2002, pp. 4507–4512.

[8] F. B. K. Tamas and G. J. Balas, “Hierarchical design of decentralized
receding horizon controller for decoupled systems,” in Proc. 43rd
IEEE Conf. Decision and Control, Atlantis Paradise Island, Bahamas,
2004, pp. 1592–1597.

[9] T. H. Kim, H. Fukushima, and T. Sugie, “Robust adaptive model
predictive control based on comparison model,” in Proc. 43rd IEEE
Conf. Decision and Control, Atlantis Paradise Island, Bahamas, 2004,
pp. 2041–2046.

[10] T. H. Kim and T. Sugie, “Discrete-time adaptive model predictive con-
trol based on comparison model,” in The 16th IFAC World Congress,
Prague, Czech Republic, 2005.

[11] M. V. Kothare, V. Balakrishnan, and M. Morari, “Robust constrained
model predictive control using linear matrix inequalities,” Automatica,
vol. 32, no. 10, pp. 1361–1379, 1996.

[12] Y. I. Lee and B. Kouvaritakis, “Constrained receding horizon predic-
tive control for systems with disturbances,” International Journal of
Control, vol. 72, no. 11, pp. 1027–1032, 1999.

[13] ——, “Robust receding horizon predictive control for systems with
uncertain dynamics and input saturation,” Automatica, vol. 36, no. 10,
pp. 1497–1504, 2000.

[14] D. Q. Mayne, J. B. Rawlings, C. V. Rao, and P. O. M. Scokaert,
“Constrained model predictive control: stability and optimality,” Au-
tomatica, vol. 36, no. 6, pp. 789–814, 2000.

[15] H. Michalska and D. Q. Mayne, “Robust receding horizon control of
constrained nonlinear systems,” IEEE Trans. Auto. Control, vol. 38,
no. 11, pp. 1623–1632, 1993.

[16] M. Morari and J. H. Lee, “Model predictive control: past, present and
future,” Computers and Chemical Engineering, vol. 23, pp. 667–682,
1999.

[17] M. Motee and B. Sayyar-Rodsari, “Optimal partitioning in distributed
model predictive control,” in Proc. American Control Conf., Denver,
Colorado, USA, 2003, pp. 5300–5305.

[18] J. B. Rawlings, “Tutorial overview of model predictive control,” IEEE
Control System Magazine, vol. 20, no. 3, pp. 38–52, 2000.

[19] P. O. M. Scokaert and D. Q. Mayne, “Min-max feedback model
predictive control for constrined linear systems,” IEEE Trans. Auto.
Control, vol. 43, no. 8, pp. 1136–1142, 1998.

295


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




