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Fig. 2 State x, of the closed-loop system Fig. 5 State x, with communication delay

K3 P RGERAREIIE x, Bl 6 HAE A I RSP x,
Fig. 3 State x, of the closed-loop system Fig. 6  State x; with communication delay
I 2. 5L AT T80 15 I s A 190 2% 42 3 Al i e 5t i I 3. HLAT I A2 A6 100 265 T 00 42 1. 5 1A 1R

T B R B B R P WD I B g = 2. ST RT SORAMER I, - PR E RS
58, FRATTAE FH L SR R AR e g e N IR R w(n,e) = KR (n o) G i AT I M —
B 4—6 [ LLE W, REATRE, S En NS RERPRS L A 7—9 FiR. 45 %
M RGATEAE , FEAR T I PERE. FW %07 58 T LA ROt A M2 I8 5 I

00
K4 FATE 5 W RS PIL x, K7 T RS PUT X,

Fig. 4 State x, with communication delay Fig. 7 State x, under NPC scheme



358

-0.2 4
-0.4
-0.6 .

ey ) R . . .,
300 ™~ L e

20 e e 30
, 10:";“" {7)‘,/20
“Sa/" 10 n

K8 JETmh Az ARSI x,
Fig. 8 State x, under NPC scheme

BlO T mE AN ARSI x,
Fig. 9 State x, under NPC scheme

6 FELHi®

ARSCF LT T LL 4 FMOBCR AAR AY 0 A
A TR I 246 1) T 0 47 o [ AL, 7 ) P 3 — 2 R B¢
AT BT A AR b | SR — BT 9 4k R 265 0 4
il 7 AR AR TR RUE T RGN E T,
IRE] T HUY B R L BE. e o 5L R T T 4R
Tk A Rk

S 3Lk

References

[ 1] Qi H R,Iyengar S, Chakrabarty K.Multiresolution data
integration using mobile agents in distributed sensor net-
works[ J ].IEEE Transactions on Systems, Man and Cy-
bernetics,Part C ( Applications and Reviews) , 2001, 31
(3):383-391

[ 2] Aboelfotoh H M F, Iyengar S S, Chakrabarty K.
Computing reliability and message delay for cooperative
wireless distributed sensor networks subject to random
failures[ J ]. IEEE Transactions on Reliability, 2005, 54
(1):145-155

TBUY, A oA 2 T 0 45 25 T 19 245 T 475 il

DING Shufen, et al.Networked predictive control of the distributed sensor networks.

[ 3] LinZY,Han T R,Zheng R H,et al.Distributed localiza-
tion for 2-D sensor networks with bearing-only measure-
ments under switching topologies[ J ].IEEE Transactions
on Signal Processing,2016,64(23) :6345-6359

[ 4] LiangJL,WangZ D,Liu X H.Robust state estimation for
two-dimensional ~stochastic time-delay systems with
missing measurements and sensor saturation[ J ].Multidi-
mensional Systems and Signal Processing,2014,25(1):
157-177

[5] WeiY L,Peng X Y,QiuJ B,et al.H_ filtering for two-
dimensional continuous-time Markovian jump systems
with  deficient  transition  descriptions [ J ].
Neurocomputing ,2015,167 :406-417

[ 6] Duan Z X,Xiang Z R, Karimi H R.Stability and 11-gain
analysis for positive 2D T-S fuzzy state-delayed systems
in the second FM model[ J ].Neurocomputing,2014,142 .
209-215

[ 7] Rogers E,Galkowski K, Paszke W , et al.Multidimensional
control systems: case studies in design and evaluation
[ J]. Multidimensional Systems and Signal Processing,
2015,26(4) :895-939

[ 8] Sumanasena M G B, Bauer P H. Realization using the
Fornasini-Marchesini model for implementations in dis-
tributed grid sensor networks [ J].IEEE Transactions on
Circuits and Systems I:Regular Papers,2011,58(11) .
2708-2717

[ 9] Knomn S, Middleton R H. Two-dimensional analysis of
string stability of nonlinear vehicle strings [ C] // 52nd
IEEE Conference on Decision and Control, 2013, DOI.
10. 1109/CDC.2013. 6760814

[10] Paszke W,Lam J,Gatkowski K, et al.Robust stability and
stabilisation of 2D discrete state-delayed systems[ J].Sys-
tems & Control Letters,2004,51(3/4) :277-291

[11] Ahn C K,Shi P,Basin M V.Two-dimensional dissipative
control and filtering for roesser model[ J].IEEE Transac-
tions on Automatic Control,2015,60(7) :1745-1759

[12] Walsh G C,Ye H,Bushnell L. G.Stability analysis of net-
worked control systems| J | .IEEE Transactions on Control
Systems Technology,2002,10(3) :438-446

[13] Lin H, Antsaklis P J.Stability and persistent disturbance
attenuation properties for a class of networked control
systems; switched system approach [ J ]. International
Journal of Control,2005,78( 18) :1447-1458

[14] Mahmoud M S.Generalized control of switched discrete-
time systems with unknown delays [ J]. Applied Mathe-
matics and Computation,2009,211(1) :33-44

[15] Wang Y,Ding S X,Xu D M, et al.An H_ fault estimation
scheme of wireless networked control systems for
industrial real-time applications [ J].IEEE Transactions
on Control Systems Technology,2014,22(6) :2073-2086

[16] Xu H,Jagannathan S.Neural network-based finite horizon
stochastic optimal control design for nonlinear networked
control systems [ J |. IEEE Transactions on Neural
Networks and Learning Systems,2015,26(3) :472-485

[17] Ren M F,Zhang J H, Jiang M, et al. Minimum entropy
control for non-Gaussian stochastic networked control sys-
tems and its application to a networked DC motor control

system[ J].IEEE Transactions on Control Systems Tech-



B F1E 0 241 2L 20 HRBIEEI) ,2020,12(3) :353-359

Journal of Nanjing University of Information Science and Technology ( Natural Science Edition) ,2020,12(3) :353-359 359
nology,2015,23( 1) .406-411 [19] Rogers E, Galkowski K, Paszke W, et al.Multidimensional
[18] Liu G P.Predictive controller design of networked systems control systems: case studies in design and evaluation
with communication delays and data loss [ J ]. IEEE [ J]. Multidimensional Systems and Signal Processing,
Transactions on Circuits and Systems, 2010, 57 (6) ; 2015,26(4) :895-939
481-485

Networked predictive control of the distributed sensor networks

DING Shufen' LIU Kai* YANG Rongni'

1 School of Control Science and Engineering,Shandong University, Jinan 250061
2 Shandong Academy of Occupational Health and Occupational Medicine, Shandong First Medical University &
Shandong Academy of Medical Sciences,Jinan 250002

Abstract This paper is concerned with the networked predictive controller design problem for the distributed
sensor network represented by the well-known discrete-time two-dimensional (2-D) Fornasini-Marchesini ( FM)
state-space model.Particularly ,a novel networked predictive control (NPC) scheme is employed for the considered
2-D distributed sensor networks in order to compensate for the communication delay actively. Firstly, by using the
Lyapunov stability theory,sufficient conditions are established for such distributed sensor networks.Based on the sta-
bility analysis results,a new predictive controller design strategy is proposed to stabilize the addressed systems and
also achieve the desired control performance. Finally, an example is given to demonstrate the effectiveness of the
newly developed NPC strategy for the distributed sensor networks.

Key words distributed sensor networks ; Fornasini-Marchesini (FM) state-space model ; networked predictive con-

trol (NPC) ;communication delay



