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ABSTRACT: Decentralized control architectures for multi-storey buildings using wireless sensors and distributed embed-

ding systems have been attracting more research recently. The designs for this application are however limited by the com-

putational capacity embedded in each subsystem, the communication bandwidth and range of wireless channels, as well as 

the temporal constraints for real-time seismic protections. This paper presents a novel decentralized predictive control (DPC) 

strategy which can meet these design constraints. The control design takes into account the guaranteed closed-loop stability 

for the large-scale structure which is established from the dissipative systems theory. The proposed DPC strategy features 

two offline control laws to be switched-over online to minimize the computational and communication demands. By emu-

lating the energy dissipation rate with a stabilizing constraint for the DPC optimization, the seismic protection performance 

of structural networked controls can be improved. The approach is designated with energy-dissipation DPC for structures 

using semiactive dampers. The approximated polynomial models of magneto-rheological (MR) dampers are adopted for 

linear systems in decentralized control designs. A numerical example is provided to illustrate the analytical developments. 
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1. INTRODUCTION 

Whilst becoming the most wide-spread used strategy in the 

process control field model predictive control (MPC) [1], 

with a finite horizon cost function and rolling (or receding 

horizon) computation for constrained problems, has failed 

to grow in structural control applications, notwithstanding 

its early considerations, see, e.g., [2] and references therein. 

A recent revisit of the MPC technique with offline calcula-

tions has, however, shown some promising results, espe-

cially in a decentralized scheme [3]. Decentralized control 

of large-scale structures, implemented with wireless sen-

sors and distributed embedding systems, has attracted 

much research recently [4-6]. In this paper, we present an 

MPC strategy for large civil structures that is suitable for 

wireless applications using optimal control laws and online 

monitoring. We follow the definition of decentralized con-

trol in [8], which implies the non-communication version 

of non-centralized control strategies. The unconstrained 

control problem of structures is formulated with stability 

constraints to guarantee the closed-loop stability in a fully 

decentralized manner regardless of the length of predictive 

horizons and variations of interactive signals. This strategy 

eliminates the needs of exchanging data online at every 

updating time instant as in many other strategies [9], yet 

guarantees the stability of the large-scale structure. The 

stability constraint that emulates the energy dissipation is 

of a quadratic form developed from the dissipative system 

theory [10]. The dissipativity constraint was a major obsta-

cle when combining with classical control methods due to 

BMI (bilinear matrix inequality) problems, as analyzed in 

[11]. We have presented an LMI-based (linear matrix ine-

quality) constructive method for this type of dissipativity 

constraint for used with quadratic cost functions in MPC 

for systems with constraints [12]. Here, the performance of 

decentralized MPC is obtained by synthesizing the coeffi-

cients of the extended supply rate to satisfy energy dissipa-

tion conditions. By employing the energy dissipation rate 

as stability constraints in the interconnection stability con-

dition, the closed-loop stability and control performance 

are achieved simultaneously. The two offline control laws 

are subsequently derived from the unconstrained optimality 

condition and the energy dissipation constraint. These off-

line control laws will be switched over on-the-fly based on 

the positively bounded condition of energy dissipation. 
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Albeit using nonlinear MR-damper, we employ a linear 

model (polynomial approximation) in our approach by us-

ing the results provided in [14]. From dissipativity theory 

perspective, it would be tempting to apply the mature re-

sults of port-controlled Hamiltonian systems for the 

nonlinear process of structures, such as the one in [18]. We, 

nonetheless, use linear system models here, as they are 

preferable in a decentralized control scheme that is limited 

by computation and communication capability of embed-

ded systems and wireless sensors. The approach is, yet, 

extendable to nonlinear models without substantial modifi-

cations due to the maturity of the dissipative systems the-

ory, especially for Hamiltonian processes [10]. Given a 

number of system models for decentralized (and distributed) 

structural control designs in the literature [4-6, 15, 16], we 

have chosen the decomposed model used in [6] which is 

closest to our developments. As a result, the interaction-

oriented model for the large-scale structure is introduced in 

this paper for decentralized control designs. This type of 

model is standardized in the field of large-scale systems 

[17] and well-suited to the input and out property of inter-

connections in decentralized architectures. This choice of 

models is also viable for the clustered installations of 

dampers around the structure [16, 18]. 

Decentralized control has been one of the most popular 

design methods in the control engineering field since the 

70’s, see, e.g., [19, 20] and references therein. In such de-

centralized control schemes, a large diagonal controller 

provides a set of disparate local controllers for the associ-

ated subsystems which interact with each other. The draw-

backs around the classical design methods such as static 

H2 or H∞ optimal control when applied to decentralized 

controllers lie with the non-convexity they may face, or the 

conservativeness of decoupled controllers. Different re-

search has paid attention to the issues, such as the compu-

tations for achieving the highest decentralized H∞ per-

formance based on the finite-horizon optimization [21], or 

the sufficient conditions upon which decentralized H2 op-

timal control problems become convex [22]. The improved 

solutions cannot still, however, avoid the conservative is-

sues in static feedback designs if additional performance 

measures are not considered. The present DPC scheme 

offers an effective solution of incorporating the energy 

dissipation rate into the controller design using finite-

horizon objective functions to eliminate such conservative-

ness.  

This paper is organized as follows. The system and control 

models are given in Section 2. The stability condition for 

decentralized structural control is addressed in Section 3. 

The MPC problem formulations and offline control laws 

are outlined in Section 4.  A numerical example is provided 

in Section 5 to illustrate the analytical developments. Sec-

tion 6 concludes our paper. 

The notation in this paper is fairly standard. Matrix and 

vector variables are represented by bold typefaces where 

appropriate. ்ࡹ  is the transpose of the matrix ࡹ ௡ࡵ .  is 

identity matrix of dimension ݊. ૙௡ is zero matrix of dimen-

sion ݊. In symmetric block matrices or long matrix expres-

sions, we use ሺכሻ as an ellipsis for terms that are induced 

by symmetry, e.g., 

ࡷ ൬
ࡾ ൅ ሺכሻ ࡿ

כ ൰ࡽ ሺכሻ ൌ ࡷ ൬ࡾ ൅ ்ࡾ ࡿ
்ࡿ ࡽ

൰  ்ࡷ

The block-diagonal matrix ࡹ  consisting of ܰ  identical 

block-element matrices ࡹ௜, ݅ ൌ 1 … ܰ  is written as 

ࡹ ൌ ሾࡹ௜ሿଵ
ே. 

 

2. SYSTEM AND CONTROL MODELS 

Decomposed subsystem models of the following form [6] 

are used in this paper: 

ሷ࢞௜ࡹ ௜ሺݐሻ ൅ ሶ࢞௜࡯ ௜ሺݐሻ ൅ ሻݐ௜ሺ࢞௜ࡷ ൌ  ,ሻݐ௜ሺ࣎
ሻݐ௜ሺ࣎ ൌ ሻݐ௜ሺ࢛௢௜࡮ ൅ ࣘ௜ሺ࢞௝ሺݐሻ, ሻሻݐሶ௝ሺ࢞ ൅  ,ሻݐ௜ሺࢊ

݅ ൌ 1 … ܰ, ݆ ് ݅  

(1)

where ࡹ௜, ௜࡯  and ࡷ௜  are the mass, damping, and stiffness 

matrices of the decomposed subsystem ݅, respectively, ࢞௜ is 

the local floor displacement, ࡮௢௜ is the decomposed control 

force location matrix, ࢛௜  is the local control force, ࢊ௜ 

represents the seismic force, ቀࢊ௜ሺݐሻ ൌ ሷ࢞௜ࡹ ௚ሺݐሻቁ,  and  

ࣘ௜ሺ࢞௝ሺݐሻ,  ሻሻ is the interactive vectors, representing theݐሶ௝ሺ࢞

couplings (interconnections) among subsystems (࢞௝ are the 

states of all neighbour subsystems). For a two story subsys-

tem, the mass, damping, and stiffness matrices have the 

following forms: 

௜ࡹ ൌ ൬
݉௜ଵ 0

0 ݉௜ଶ
൰ , ௜࡯ ൌ ቀ

ܿ௜ଵ ൅ ܿ௜ଶെܿ௜ଶ
െܿ௜ଶ    ܿ௜ଶ

ቁ , ௜ࡷ ൌ ൬
݇௜ଵ ൅ ݇௜ଶെ݇௜ଶ

െ݇௜ଶ   ݇௜ଶ
൰.  

By employing the empirical polynomial model of MR-

damper developed in [14], the above system model remains 

unchanged. Once the force ࢛௜ is calculated from the control 

law, the required current feeding to the MR-damper will be 

determined from the polynomial model and the measured 

piston velocity (࣏௜). The linearly-approximated relationship 

between the exerting force (࢛௜) and supply current (ࡵ௜) of 
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the MR-damper (of order ߪ) is represented by 

௜࢛ ൌ ෍ ௜࣏ఏߙ
ఏ

ఙ

ఏୀ଴

ൌ ෍ሺߚఏ ൅ ௜࣏௜ሻࡵఏߛ
ఏ

ఙ

ఏୀ଴

, (2)

where the empirical coefficient ߙఏ is determined from the 

experimental data and curve fitting techniques, and ߚఏ and 

ఏߛ  can be determined from the least-square optimization 

method [14].  

The state space model of a subsystem is thus obtained as 

follows: 

ሶࢠ  ௜ሺݐሻ ൌ ሻݐ௜ሺࢠ௜࡭ ൅ ሻݐ௜ሺ࢛௜࡮ ൅ ሻݐ௜ሺ࢜௜ࡱ ൅ ,ሻݐ௜ሺ࢝ௗ௜࡮ (3)

௜ࢠ ൌ ቀ
௜࢞
ሶ࢞ ௜

ቁ , ௜࡭ ൌ ቆ
૙௡೔

௡೔ࡵ

െࡹ௜
ି૚ࡷ௜  െࡹ௜

ି૚࡯௜
ቇ,  

௜࡮ ൌ ௜࡮ ൌ ቆ
૙௡೔

െࡹ௜
ି૚࡮௢௜

ቇ , ௗ௜࡮ ൌ ቆ
૙௡೔

௡೔ࡰ

ቇ , ௜ࡱ ൌ ൬
૙௡೔

௜ࡳ
൰,  

ሻݐ௜ሺ࢜ ൌ ሻݐ௜ࣘ௜ሺࡳ  is the normalized interactive vector, 

 ௜. Inࢊ ሻ is the normalized vector of the seismic forceݐ௜ሺ࢝

this paper, the models are discretized for implementing 

with computerized control systems. For conciseness, we 

use the same notations for discrete-time models here. The 

time index ݇ א Ժ  is thus used instead of the continuous 

time variable ݐ. Without loss of generality, it is assumed 

that the normalized vector ࢝௜  is finite-horizon norm 

bounded: 

෍ ԡ࢝௜ሺ݇ሻԡଶ

௞బାே೔

௞ୀ௞బ

൑ 1, (4)

where ௜ܰ is the predictive horizon of the DPC. 

The upper bounds of interactive vector ࣘ௜ሺݐሻ are assumed 

to be known [6], and the controller designs are based on 

those bounds. In this paper, the upper bounds are implicitly 

described via the realization matrix ࡱ௜ and the normalized 

interactive vector ࢜௜ሺݐሻ instead. This normalized vector 

-ሻ is a function with respect to the state vectors of releݐ௜ሺ࢜

vant neighbour subsystems. The interactions between all 

neighbours within the building are described via the global 
interconnection matrix ۶ that contains ૙௡ೕ

 or ߜ௜௝ࡵ௡ೕ
 as its 

block elements. The constant ߜ௜௝  represents the intercon-

nection effects of subsystem ݅ to other subsystems ݆ in the 

building, ݆ ൌ 1 … ܰ, ݆ ് ݅. 

࢜ ൌ (5) ,ࢠ۶

where ்࢜ ൌ ሾ࢜ଵ
ே࢜  … ்

் ሿ   and   ்ࢠ ൌ ሾࢠଵ
ேࢠ  … ்

் ሿ  are the 

global vectors. 

By using uncertain realization matrices of the polytopic 

form   ሺ࡭௜, ,௜࡮ ௜ሻࡱ א   Ω ൌ  Coሼ ሺ࡭௜, ,௜࡮ ௜∆ࡱ ൅  ,   …   ,௜ଵሻࡱ∆
ሺ࡭௜, ,௜࡮ ௜∆ࡱ ൅  ,௜௅ሻ ሽ, where Co denotes the convex hullࡱ∆

similarly to a robust control formulation, the dissipativity 

constraints defined in later sections of the paper will guar-

antee the stability of the global system without conserva-

tively restricting damping actuations from the assumed 

upper bounds. 

3.  STABILITY CONDITION FOR STRUCTURES 

The stability condition for the large-scale structure is given 

in this Section. Let us first introduce the dissipativity for 

the stand-alone subsystem ݅ (3), where the interactive in-

puts ࢜௜ vanish. The stand-alone subsystem (3) is said to be 

quadratically dissipative with respect to the quadratic 

supply rate ࣈ௜ሺࢠ௜,  ,௜ሻ defined as࢛

,௜ࢠ௜ሺࣈ ௜ሻ࢛ ؜ ௜ࢠ
௜ࢠ௜ࡽ் ൅ ௜ࢠ2

௜࢛௜ࡿ் ൅ ௜࢛
,௜࢛௜ࡾ் (6)

where ࡽ௜, ,௜ࡿ ௜ࡾ  are multiplier matrices, with ࡽ௜  and ࡾ௜ 

symmetric, if there exists a nonnegative storage function 

௜ܸሺࢠ௜ሺ݇ሻሻ such that for all ࢛௜ሺ݇ሻ and all ݇ א Ժା , the fol-

lowing dissipation inequality is satisfied: 

௜ܸ൫ࢠ௜ሺ݇ ൅ 1ሻ൯ െ ௜ܸ൫ࢠ௜ሺ݇ሻ൯ ൑ ,௜ሺ݇ሻࢠ௜൫ࣈ ௜ሺ݇ሻ൯. (7)࢛

In this paper, the square storage function of the form 

௜ܸ൫ࢠ௜ሺ݇ሻ൯ ൌ ,௜ሺ݇ሻࢠ௜ࡼ௜ሺ݇ሻ்ࢠ ௜ࡼ
் ൌ ௜ࡼ ൐ 0  is considered. 

The stability condition is based on a combination of the 

structure being quadratically dissipative, and the control-

lers bounded by the dissipativity-based constraint. Defining 

a quadratic function ࣈ௜௖ by 

,௜࢛௜௖ሺࣈ ௜ሻࢠ ؜ ቀ
࢏࢟
௜࢛

ቁ
்

൬
௜௖ࡾ ௜௖ࡿ
כ ௜௖ࡽ

൰ ቀ
࢏࢟
௜࢛

ቁ, (8)

the controller ࣝ௜  is then said to satisfy the dissipativity-

based constraint with respect to ࣈ௜௖ሺ࢛௜, -௜ሻ (8) if the accuࢠ

mulation of ࣈ௜௖ሺ࢛௜ሺ݇ሻ,  ௜ሺ݇ሻሻ starting from a certain initialࢠ

time, denoted as બ௜௖ሺ݇ሻ, is positive, i.e. 

બ௜௖ሺ݇ሻ ؜ ෍ ,௜ሺ݇ሻ࢛௜௖ሺࣈ  ௜ሺ݇ሻሻࢠ

௞

௜ୀ௞బ

൐ ݇׊  0 ൒ ݇଴. (9)

This dissipativity-based constraint represents the extended 

energy dissipation of the system as described in [11]. For 

the exact energy dissipation, the multipliers will be such 

that ࡿ௜௖ ൌ െࡽ ,ࡵ௜௖ ൌ ௜௖ࡾ ൌ ૙, i.e. only passive terms in the 

supply rate is considered. The choices of these matrices are 

crucial to the control performance as they will directly af-

fect the transient responses and the actual energy dissipa-

tions. According to our previous work, the exact energy 

dissipation rate may become conservative for decentralized 

architectures [23]. Moreover, in the discrete-time domain, 

such passive systems do not exist [24]. A less conservative 

choice of ࡿ௜௖ ൌ െࡽ,ࡵ௜௖ ൌ െ߳௜ࡵ, ௜௖ࡾ ൌ ૙, with small posi-

tive scalar ߳௜, is more realistic and desirable. Further details 

on these multiplier matrices are provided the next section. 
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By imposing this constraint on every local controller, the 

energy dissipation processes are incorporated into the con-

troller designs. 

In decentralized architectures, each local controller is re-

quired to be constrained by the energy dissipation process 

(8) in association with the dissipativity of the large-scale 

diagonal system with respect to the supply rate of  

,ࢠሺࣈ ௗሻ࢛ ؜ ࢠࡽ்ࢠ ൅ ௗ࢛ࡿ்ࢠ2 ൅ ௗ࢛ 
 ,ௗ࢛ࡾ்

where ࢛ௗ
் ൌ ሾ்࢜ ்ࢊ ்࢛ሿ is the combined input vector, and 

the dissipativity matrices ࡽ, ,ࡿ ࡾ  are block-structured 

diagonal of the form 

ࡾ ൌ ൭
൬

భభೠࡾ 0
0 భభ೏ࡾ

൰ 0

0 మమࡾ

൱ ࡿ  , ൌ ൬
భభࡿ 0
0 మమࡿ

൰, (10)

in which each block-element is, in turn, a block-diagonal 

matrix formed by ܰ corresponding subsystem matrices 

ࡽ ൌ ሾࡽ௜ሿଵ
ே, ଶଶࡿ ൌ ሾࡿ௜ଶଶሿ௜ୀଵ

ே , ଶଶࡾ ൌ ሾࡾ௜ଶଶሿ௜ୀଵ
ே , ଵଵࡿ ൌ ሾࡿ௜ଵଵሿ௜ୀଵ

ே ,  

ଵଵ௨ࡾ ൌ ሾࡾ௜ଵଵ௨ሿ௜ୀଵ
ே , ଵଵௗࡾ ൌ ሾࡾ௜ଵଵௗሿ௜ୀଵ

ே ்࢛   , ൌ ሾ࢛ଵ
ே࢛ …்

் ሿ. 

Now, by defining ࡭ ൌ ሾ࡭௜ሿଵ
ே, ࡮ ൌ ሾ࡮௜  ࡮ௗ௜ሿ௜ୀଵ

ே , ࡱ ൌ ሾࡱ௜ሿଵ
ே, 

ࡼ ൌ ሾࡼ௜ሿଵ
ே, ௖ࡽ ൌ ሾࡽ௜௖ሿ௜ୀଵ

ே ௖ࡿ   ,  ൌ ሾࡿ௜௖ሿଵ
ே, ௖ࡾ ൌ ሾࡾ௜௖ሿଵ

ே,  the 

stability condition is stated in the following Proposition: 

Proposition 1 [12] – If the following LMIs are feasible in 

,ࡼ ,ࡽ ,భభೠࡾ ,భభ೏ࡾ ,భభࡿ ,మమࡿ ,మమࡾ ,೎ࡾ ,೎ࡿ  :೎ࡽ

                   ൬
భభࡹ భమࡹ

כ మమࡹ
൰ ൑ 0,                (11a) 

    ൬
ࡽ ൅ ೎ࡾ భభࡿ ൅ ೎ࡿ

כ భభࡾ ൅ ௖ࡽ
൰ ൏ 0, ௅ࡽ ൏ 0, ೎ࡽ ൏ 0,         (11b)        

భభࡹ ൌ ࡭ࡼ்࡭ െ ࡼ ൅ ۶்ሺࡱࡼ்ࡱ െ మమሻ۶ࡾ ൅2ሺࡱࡼ்࡭ െ  మమሻ۶ࡿ

భమࡹ ൌ ࡮ࡼ்࡭ െ ଵଵࡿ ൅ మమࡹ ,࡮ࡼ்ࡱ۶் ൌ ࡮ࡼ்࡮ െ   ,భభࡾ

௅ࡽ ൌ మమ۶ࡿ ൅ మమࡿ۶்
் ൅ ଵଵࡾ   ,మమ۶ࡾ۶் ൌ ൬

భభೠࡾ 0
0 భభ೏ࡾ

൰ ; 

Then closed-loop large-scale structure is stabilized pro-

vided that the extended energy-dissipation condition (9) is 

satisfied. 11 

5.  UNCONSTRAINED PREDICTIVE CONTROL 

SYNTHESIZED WITH ENERGY DISSIPATION 

BOUNDS 

The quadratic objective function of predictive states and 

controls in association with adequately chosen weighting 

matrices ज௜, छ௜ and a predictive horizon ௜ܰ, is considered 

for every subsystem: 

௜ࣤሺ݇ሻ ൌ ෍ ௜ሺ݇ࢠ ൅ ݆ሻT

ே೔ାଵ

௝ୀଵ

ज௜ࢠ௜ሺ݇ ൅ ݆ሻ ൅ ෍ ௜ሺ࢛݇ ൅ ݆ሻTछ௜࢛௜ሺ݇ ൅ ݆ሻ

ே೔

௝ୀ଴

. 

 (12)

The problem of minimizing ௜ࣤሺ݇ሻ subject to the equality 

constraint of the system model (3) and the extended en-

ergy-dissipation constraint (9) up until the end of the hori-

zon ௜ܰ can be expressed as follows [12]:  
min
ෝ೔࢛

ෝ௜࢛
ෝ௜࢛௜ߔ் ൅ ௜ߓ2 ෝ௜࢛ ൅ ௜ߜ  

subject to    ࢛ෝ௜
ෝ௜࢛௜ߖ் ൅ ௜௖ߓ2 ෝ௜࢛ ൅ ௜௖ߜ ൐ 0, 

(13)

where 

௜ߔ ൌ ௜߁
்ज௜ே߁௜ ൅ छ௜ே, ௜ߓ ൌ ௜߉

்ज௜ே߁௜, ௜߉ ൌ  ,௜ሺ݇ሻࢠ௜߆

௜ߜ ൌ ௜߉
்ज௜ே߉௜, ௜ߖ ൌ ௜߁

௜߁௜௖ேࡾ் ൅ ௜߁2
௜௖ேࡿ் ൅  ,௜௖ேࡽ

छ௜ே ൌ ሾछ௜ሿଵ
ே೔, ज௜ே ൌ ሾज௜ሿଵ

ே೔, ௜௖ߓ ൌ ௜߉
்ሺࡾ௜௖ே߁௜ ൅   ,௜௖ேሻࡿ

௜௖ߜ ൌ ௜߉
௜߉௜௖ேࡾ் ൅ ௜௖ሺ݇ࢮ െ 1ሻ െ ԡࡾభభ೏ԡ, 

௜௖ேࡽ ൌ ሾࡽ௜௖ሿଵ
ே೔, ௜௖ேࡾ ൌ ሾࡾ௜௖ሿଵ

ே೔, ௜௖ேࡿ ൌ ሾࡾ௜௖ሿଵ
ே೔, 

௜߁ ؜ ቌ

௜࡮ 0 … 0
௜࡮௜࡭ ௜࡮ … 0
… … … …
௜࡭

ே೔࡮௜ … ௜࡮௜࡭ ௜࡮

ቍ , ௜߆ ؜ ൮

…௜࡭
௜࡭

ே೔

௜࡭
ே೔ାଵ

൲. 

Albeit a constrained problem, it is possible not to apply the 

KKT (Karush-Kuhn-Tucker) optimality condition [13] for 

the control laws here. From our analysis in previous sec-

tions, the purpose of having the inequality constraint is to 

ensure that subsystems actually dissipate energy. With the 

extended supply rate (8), the problem can be turned into a 

synthesis problem of finding the multiplier matrices 

,௜௖ࡾ ௜௖ࡿ  and ࡽ௜௖  in the supply rate such that the energy 

dissipation is positively bounded in the worst case scenario. 

A second control law will be employed if the dissipation 

condition cannot be met. The problem (13) then becomes 

unconstrained optimization. Applying the unconstrained 

optimality condition, the control law is obtained in the se-

quel: 

ෝ௜࢛
o ൌ ௜ሺ݇ሻࢠ௜ܩ ൌ െߔ௜

ିଵ߁௜
்࣬௜ே߆௜ࢠ௜ሺ݇ሻ. (14)

Only the first vector element ࢛௜
oሺ݇ሻ of the finite-horizon 

optimal control sequence ࢛ෝ௜
o is applied to the MR-damper 

model equation (2) to find the control current needs to be 

exerted at time step ݇.  

Substituting this control law into the inequality constraint, 

it follows that the condition of energy dissipation is ful-

filled by the feasibility of the following LMI in ࡽ௜௖,  ௜௖, ifࡿ

௜௖ࡾ ൌ 0 and ࢮ௜௖ሺ݇ െ 1ሻ െ ԡࡾభభ೏ԡ ൒ 0: 
௜߆

்࣬௜ே߁௜ߔ௜
௜߁்ି

்൫ࡽ௜௖ே ൅ ௜߁2
௜ߔ௜௖ே൯ࡿ்

ିଵ߁௜
்࣬௜ே߆௜ 

െ2߆௜
௜ߔ௜௖ேࡿ்

ିଵ߁௜
்࣬௜ே߆௜ ظ 0.

(15)

To emulate the actual energy dissipation rate, which is de-

termined by െ࢞ሶ ௜࢛௜ ൌ ௜ࢠ ቀ0  0
0െࡵቁ ௜࢛ , due to ࢠ௜ ൌ ቀ

௜࢞
ሶ࢞ ௜

ቁ, the 

multiplier matrices should have the form of ࡿ௜௖ ൌ

ቀെߤ௜ࡵ 0
0 െࡵ

ቁ , ௜௖ࡽ ൌ  െ߳௜ࡵ, ߳௜ ൐ 0, ௜ߤ ൐ 0. By using the re-

sulting ߤ௜ and ߳௜ coefficients from feasible solutions to the 

offline LMIs (15) for ݅ ൌ 1 … ܰ and (11) (Proposition 1) in 
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the control law (14), the energy dissipation bounds will 

always be positively bounded provided that the subsystem 

dissipates energy at initial time steps. To guarantee 

௜௖ሺ݇ࢮ െ 1ሻ െ ԡࡾభభ೏ԡ ൒ 0 at those initial steps, it is neces-

sary that the instant values of the supply rate  ࣈ௜௖ሺ݇ሻ ൌ

௜ࢠ
்ሺ݇ሻࡽ௜௖ࢠ௜ሺ݇ሻ ൅ ௜ࢠ2

்ሺ݇ሻࡿ௜௖࢛௜ሺ݇ሻ  ( ௜௖ࡾ ൌ ૙  is considered 

here) at some initial steps are positive. A second control 

law is derived here to assure the occurrences. By rewriting 

,௜࢛௜௖ሺࣈ ௜ሻࢠ  ൌ  ሺ࢛௜ െ ࡽ௜௖
ିଵࡿ௜௖ࢠ௜ሻ்ࡽ௜௖ሺ࢛௜ െ ࡽ௜௖

ିଵࡿ௜௖ࢠ௜ሻ  െ   

௜ࢠ
௜௖ࡿ்

் ௜௖ࡽ
ିଵࡿ௜௖ࢠ௜,  ࡽ௜௖ ൏ 0, it is obviously to see that, if 

௜ሺ݇ሻ࢛ ൌ  ܳ௜௖
ିଵ

௜ܵ௖ࢠ௜ሺ݇ሻ, (16)

we always have ࣈ௜௖ሺ࢛௜, ௜ሻࢠ ൒ 0. From the two offline con-

trol laws (14) and (16), the control algorithm is summa-

rized as follows: 

 

- The multiplier matrices ࡽ௜௖, ,௜௖ࡿ ௜௖ࡾ  and dissipativity 

matrices ࡽ, ,ࡿ  are determined offline from LMIs (11) ࡾ

and (15). 

- The control law (16) is applied to control the structure 

in the first ௜ܰ  steps, or until ࢮ௜௖ሺ݇ሻ െ ԡࡾభభ೏ԡ ൒ 0, to 

ensure that the energy dissipation condition is initially 

delivered. 

- The optimal control law (14) is then applied to control 

the structure whilst calculating and monitoring the ac-

cumulation ࢮ௜௖ሺ݇ሻ    online. Whenever ࢮ௜௖ሺ݇ሻ െ
ԡࡾభభ೏ԡ ൏ 0, switch over to the control law (16), or re-

tain (14) otherwise.  

 

 

 
Fig. 1 – The Time Responses of Control Forces and Dis-

placements of Subsystem 2. 

6.  NUMERICAL EXAMPLE 

Decomposed models for two storey subsystems from a six-

storey building are used in this numerical example. The 

mass, stiffness, and the damping coefficient of each floor 

are 345,600kg, 340,400kN/m, and 100,000kg/s, respec-

tively [25]. The weighting coefficients of the cost function 

are chosen as  ࣬௜ ൌ ሾ1.0  1.0  1.0  1.0ሿ, ࣫௜ ൌ ሾ0.5  0.5ሿ . 

The predictive horizons are chosen as ௜ܰ ൌ 10. The sam-

pling time is ௦ܶ ൌ 20ms. It is assumed that the couplings 

between three floors are evenly distributed. A random sig-

nal is generated by a Matlab function to simulate the dis-

turbance force input. The output and control trends of sub-

system 2 produced by the online control algorithm in Sec-

tion 5 are provided in Fig. 1. 

 

7.  CONCLUSION 

The extended energy-dissipation condition is proposed for 

the synthesis problem of decentralized predictive control 

(DPC) in this paper. The control laws are derived from the 

unstrained optimality condition of given finite-horizon cost 

functions and the energy dissipation bounds. Theoretical 

developments and illustrative simulations are presented. A 

benchmark test is underway to verify the efficacy of the 

proposed DPC strategy. 
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