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Fig.1 System structure
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Fig. 4 Cascade control system
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Fig. 5 The flow chart of model predictive control

algorithm

T A aof pRVBCAES Y R ST G 1 T A A e 5 O
SR RS T .

5 — R dme D04 AN TR) 0000 458 o A S —
A I 220 o A0 A R T B3 4, T o B SR R I 221 1
i E S M AR 2 AT L SRR iR sh A, Dotk e
TR A2 — T A BRI E] B O Tk ik B2 HDA Y iR AR
ik 220 FF 46 1) — A BR DX ] 78 B — B 20 45 31— 24
R 1) 42 i Sh A I S S AR i 2 1 45 L s A, 2
T s 2] R I Ak R B 45 B2 R R
W IE 75 T 5 1) B

B 5 HAE R FEAS AR 78 & B2, Ko N
A B 220 i A 0 B T AR

yvi=yolk+i); i=1,2,--,N (1D

TEM AFELLN Aulk) ey AuCk+M— 1)

il 15 8 1 I 2R o 4% 15 220 %) i (B

min (M. /)

(kD =yok+D+ D ar e Aulk+

i=1

i—D; i,j=1.2,,N (12)

FRAE A 2, X 52 4t 0 4R (B A O %0 2%
o A AR A ok iV R 4G RT3 550 ok A 45 o
fi t . MLBR A B SR

FEARTE R 220, OIS 206 1 M A 45 il 184
HO TR B 7 L R X G AE ROk P AN B
TAE v (k) 0] R M H2 30T 45 2 19 1 28 (E
w(k4i)vi=1,2, -, P, W4 i 75 2238 i — 4 1
FIE 48 b5 o B 2 2 1 1 A O A OF HLIX AN MR 48 b
JRUATRE B Je 22 48 R R 94T . — g ml LB F
XoF G2 1 i HH A A SR 4% A4 s 2 BR B 00 BRI 1) T 2%
e/, PERETE bR A

min J(/e)zZP‘,q,-[w</e+i>—yM(/e+i>]2+

i=1
M

> A b j—1) (13)

Fovb g My ) 1 28 R4 0 09 I R KL
WOE Y1 g Ay A FRR BB T B/ B R



% 6 1

WEFE: REREME R L ETNEHE ZHERBIE 653

Pl 3 B o e A A ) .
AR R 50 (12) SR PERE SR bR rh v 5
Au R F 23X — 5K F ] i) 88 5

You (B) = ypo (k) +GAuy (k) 14
yu(k+11k)
yeu (k) =
yu(k+PlE)
yo(k+1[R)
yro (k)=
yo(k+Plk) (15)
a; e 0
G=|ay a
ap b Ap—M+1

A3 R (A B A5 dT (R) /dAu (k) =0 3K
14
Auy (k)= (GTQG+R) 'G"QLwp (k) —ypo (k)]
(16)
CHG v i BT 425 0V PG A Co) M 8 52 B
i il

u(k)=u(k—1)+Aulk) 7
BN — B Z, E R 2L P A A oK
AuCk+1), AR sh 1.

TE B — > R AE B 2], P 3000 42 ol 8 o] LA AR B i
DA 500 A 2E AT e 3 49 B T R 22, 153 T i
56 2 2R A% TE AR Y ) T L. A 1E S5 A9 T AR AR A
A ke 115 fe AL ff L B BR B B SRR R R A AR
iF.

X EbrE o y (e + 1), B S E R
T 1 yan Co 1 k) AH HE A2, A4 1 1Y 3% 22
e(k+1D=y+1) —yu (k+11k).

KX e (k1) ALY T AE 1E X A ok 1) Fiil
P

Y+ =ym (B FHe (k1) (18)

TE k1 B 21, S0 ) A ok B a) 50K B A s (]

FeE S AT AR L k2, sk 14N,
yio (k+ D=8y k+1) (19

EEH yro b+ MMM T AT &8 F 0SS
BERRX k41 B 2T AR TR SR Aue+1).
3.3 GEmHRMEE

A SR A 1 B gy b A2 BRSO A R G5 i

AT AN, ARE N o, ENE N c WEBER R
G sl 15 R LLRR
Mx () +Cx () +Kx (1) =u, t—o)+ f() (20)

o € J&BH JE 36 B K 2 W 6 B, M2 T i A
e RS2 [ 7 N

¥y =Ay(®)+Bu, t—0+Ef(t) (2D
283k JE I R AT A 3

Y (O =Ay (D) +Bu,(O+Ef(t)  (22)

PR 5 1 R G I
A 0 0 B
0 —al, 0 0
0 al, —al, 0
A= 0 al, —al, 0 :
0 al, —al, :
. . 0
0 - 0 al, —al,
(23)

Hrpa=m/com NEHUEGT, Ry r Xr B
Wi BJg (2n+r X m) X r B R FE I MM . HB=
0 al, 0 -« 0O7.

A i TR I T2 W 48 5 i R G L A Al
ot 5 AT SE . I A 2 AR AT DL T
SR RIS T A R 18 T ST, L[] B, % i A A R i AT
TR AN TSR N 0 B ) B R 5 B X 42
(AR A 25 T AR & A T AR A

4 iy a gk

W5 T Simulink 5 805 ELREE L 0 EL A
SLH it R4y LR LA A SR EAT - 1 5 AR B
ZRFN e Fi B s 1 1 25 S50, T R SRR R
A )7 R 5 LU AR AR RS R 5 T B G4 ) 4 O il
WAk TS50 PR AR (7 FC 25 5L R B 4 4%
20 B 95 ) RO R ) g a8 B AP A
Hp ik s B K T Simulink #5809 ¥ ) 24 L 1R F
it A L SDF SC4 I K #3] dSPACE #% il #%
s B HE S R G R AT S B I AT 56 E R 4
1445 i P B

ARSI Y 0 FL B B R B 2 R AR - R A Ok
KA TR B 22K 0,001 s, $8 il 45 40 ¢
SR B AR SR Y ME 2 —. AR R GECR
MPCRQk Ry #hl g, Hop, P Al MO H S
bR, B R 2 T B A iR R AR DS 4 ) g



654 A ¥ B L kK ¥ F #® 57 %
B SR FIQ BN AL [ B0 . 50 3 A T 005
A Wi PR AN 0.03} |l
RO BB B o P R b AR ke £ oot | Il
PSEL I ey S e 2 ST
I 7 5 e B AR A (L T R S0}
Ve, 5 0 T P IR K B 7 0 T A Ll

& R G AR ME PR B35 HARIRAS. M 2R 12 ARk
P ol i B R AN B. PR AR Y B8 T T e
P R B AR P OELR G R BT B ]
S HR MR, 45 A R 2 I A o R
SBT3 FE AR AT 1Y M BB 4 bRk B 4T 3K QR
AP 5W/NGETOM BB R EARNZ. R 5]
AGRE G T B Aw (R ZLAE A, T LLE VAR
Lk g de br h — AR R 38 Y B R AT DA AR
ARG AE N IR B W T 2. QORI S A
I7i) B 20 iy 44 38 30 300 SR A ) A L

AR S8 DR A4S T R 4 S R AT S e A o
SR T E B B 3K 5 1] A B 35 AR A bt v 313k
T [R] 4 fr) 2 B % 04 IR 20 W 2 4 /0N 1) ik A 2 i
JEE B 5 Y0 B BT T )L i T B S A iR
25 AR 52 B 52 36 50 R AT A 1 43T
4.1 JoEmf

B XTI JC S B B b 1 R G kAT (5 B i
B 5 A 4ot Jo 2k & a6 R, BT LAGA R TCZE R
Bl 6 M BAs . B 7 S dSPACE i 28 3 it
Fr 92 PRSI A S5O B 3 R G RE R SR
TR G FAME N 16.5 s. ARG N 7.6 s,
FI A 4808 T 54 %0 s ¥ R GE 0L RS 3 AR A
R G AW T 33.4%. WK AT LLE L BF
T A 2 ] 4 7 I S B0 000 PR AR R
4.2 iS4y

SHEDL# 15 5 #E A dSPACE X 4% %42

— Tt

_0'050 10 20 30 40 50 60 70 80 90 100
t/s

W6 FEEmfEGRER

Fig. 6 Simulation result without delay

8530 15 20 5
K7 BERLERMLYSHER
Fig. 7 Time-history diagram of displacements of cantilever

beam without delay

A TCEAE R HEAT O HAN 5256 i i A DA SRR 7R
R A 23 ) A5 280 1) 4% 1] 45 152 B HE N, SiE IR IS ] a5
25 ms A —UE R B 8 iy ELA R 18] 9
N HT ASPACE X 288 5L ik 47 52 b D 41k (9 25 R 14
LA TR T RE R GBI 16.5 s,
ARG 9.1 s, BRI W 450 T 4500 A 15 &
G L % 207 HRAH LE O R G408 T 26. 5%,

0.04 —
0.03 filh —HE

_0'050 10 20 30 40 50 60 70 80 90 100
t/s
K8 HZH#AEMANmAEHNGTELSER
Fig. 8 Simulation result with time delay at the input

terminal of the controller

0.05
0.04r |
0.03f
0.02
0.01f ‘
0 ittt
-0.01 - |(iii
-0.02 I |
-0.03 | f|i

-0.04 1

VB0 15 20 25 30

y/m

Ho #ZHBEMAmALRNERER
Fig. 9 Experimental result with time delay at the input

terminal of the controller

4.3 PRl AR i v i B AT SEE I
I TFT 52 56 2% W 1 1 5 2R A i 180 B DO A AT



% 6 1

WEFE: REREME R L ETNEHE ZHERBIE 655

FE SE B )15 O T AT AR AT LA Ak 9 T 9 2 S 8k
A B R IR R % U IR o B A 4 T R T B G
LRMEE, AT O EURNSE 08, I 10 S ELAE . | 11
S 1 dSPACE 228 B i 47 5 Prosi 4 8O . 22
TR EIZAM T, TR R G RE R Rl 16,5 s,
ARG 10,1 s, BABE 4508 T 39% ; 4 4%
RGRI MR Y IR L C s R G 408 T 24.5%.

-0'050 10 20 30 40 50 60 70 80 90 100
t/s
K10 #ZHHBAN AdmAERNEEER
Fig. 10  Simulation result with time delay at the

input/output terminal of the controller

0.05
0.04
0.03
0.02
. 0.0(1)
=
-0.01
-0.02
-0.03
-0.04

OS50 15 20 2 3

A1l #ZHBwAN AdmAERnLhER
Fig. 11 Experimental result with time delay at the

input/output terminal of the controller

5 i ikER

(D AETCE AR A JE R B BT, 285 S IR b
f AR SCHRE B S G o B 52 B X R R 4
LALEREE I

(2) T 52 98 P A7 A B R 1 e DL L W 7 45
[ia) T, L A TR T TRT AR A2, A7 A 8 A 42 o AR
T T 2 56 X BT 4 i ROCR

(3D AR SO A H B0 42 o) 5 0 0 T 4 ol s i s 24
A S IR A T 0TS A e 1 4 o R

(ORISR IR T 5 X5 A 5256 B I 21 1 TC 26
R 4 1] 5 S IS R A7 F) B Fp b A%, 24 T 2 4 il v
HH WA A P BEAN T S A P I AR 2 o 42 o S80CR 7 A

S AT

(5) [AI A 2 I B A7 7 TR R38O L IR
oy JEl B IN | sl RS B )N, 75 WU AR AR AT B Y
PR AR — AP i /N S I I R T R R
By i il 5 2t — T

TESEBR TR 23 A7 v o 8 2 S L 5 i 2R ) ]
PRI, R 52 B T A 32 3 B4R m] L g Ak
A AL, AR SC LB B O F 9 X SR B Y
L HEAT IR, LUE A J5 (e A B A S A AN 45 M T
T R R AT L P R

2% 3K -

(1] = = Witk B TeEMKTENHNELE
RERHELI] % RE Lk KFZR, 2007,
39(2):187-190.
YU Yan, OU Jinping. Wireless sensing
experiments for structural vibration monitoring of
offshore platform [J]. Journal of Harbin Institute of
Technology, 2007, 39(2):187-190. (in Chinese)

(2] RAK.ZEW. R4 ETERTHNAEE

Rtk EHARIL KoMK G D ¥,
2009, 29(4):424-429.
ZHAO Yongchun, JI Hongli, QIU Jinhao, et al.
Semi-active vibration control of cantilever beam
using piezoelectric element [ J ]. Journal of
Vibration, Measurement & Diagnosis. 2009, 29(4) .
424-429. (in Chinese)

(3] &MF.#F#xhk FLES XATMNEHEEZR LG
A RLI] Mk T4, 2008, 25(11):101-104.
ZHU Qiugin, HUANG Yunlong. Nonlinearal general
predictive control algorithm and simulation [ ] ].
Mechanical & Electrical Engineering Magazine,
2008, 25(11):101-104. (in Chinese)

(4] #HAH.EEx. AN PIDEHE LN ERFEER

FRIVGRLI] AL E B3k, 2004, 8(6):17-
21.
SHAO Huihe, REN Zhengyun. The basic principle
and research status of predictive PID control
algorithm [ ] ]. International Instrumentation &
Automation, 2004, 8(6):17-21. (in Chinese)

(5] TEX.% H,EARMN.%. PFC-PID & % & #l #
FTAREFZEFORLAARL]] FEERNTRE
#4% . 2002, 22(12):50-55
WANG Guoyu, HAN Pu, WANG Dongfeng,

et al. Studies and applications of PFC-PID cascade



656 X % ¥ LT kK ¥ ¥ #H %57 %

control strategy in main steam temperature control application [ D]. Hangzhou: Zhejiang University,

system [ ] ]. Proceedings of the CSEE, 2002, 2001. (in Chinese)

22(12):50-55. (in Chinese) (9] F4H . £%4. T . FAEEZHNEAHL
(6] # . #REMALGLHEATALI] B 5/ EERELIL B F %W/, 2004, 32(7):

F A, 2007(2):18. 1206-1208.

SUN Xuan. Application of several typical cascade QI Weigui. ZHU Xueli, DING Bao. Model

control system [ J ]. Science & Technology simplification and prediction error correction of

Information, 2007(2):18. (in Chinese) dynamic matrix control [J]. Acta Electronica Sinica,
(7] x| 4.2 2%, EAB. PLEAMRA%EN TN & #H 2004, 32(7):1206-1208. (in Chinese)

wHE LRI WA Bk FE ¥ . 2004, [10] &= #. WM HEHELEMRUEEHFERGE L

26(2) :89-93. D], b bR A%, 2006.

LIU Gang. LI Shengyi, FAN Dapeng. Studies of QIN  Hui. Researches and simulations of

predictive  functional  control  arithmetic in aggregation optimization strategy in predictive

electromechanical servo system []J]. Journal of control [ D J]. Shanghai: Shanghai Jiao Tong

National University of Defense Technology, 2004, University, 2006. (in Chinese)

26(2):89-93. (in Chinese) [11] YU Yan, GUO Jinhe, LI Luyu, et al.
[8] 4w, Bals#AEERENABHELDL M. H Experimental study of wireless structural vibration

LA %, 2001. control considering different time delays [J]. Smart

YU Shiming. Predictive control algorithm and its Materials and Structures, 2015, 24(4) :045005.

Study and validation of cascade wireless predictive control algorithm
for cantilever beam structure

YANG Changping'> YU Yan''?, LI Luyd,
LENG Xiaozhi', ZHANG Shuaishuai', OU Jinping’

( 1. Faculty of Electronic Information and Electrical Engineering, Dalian University of Technology, Dalian 116024, China;
2.Key Laboratory of Liaoning for Integrated Circuits Technology. Dalian 116024, China;
3. School of Civil Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: The application of structure active control based on a wireless method has been studied
preliminarily and tends to replace the traditional wired control method. However, the problem of time
delay in a wireless control system is inevitable, and because of this problem, system stability and
control capability are greatly influenced. Therefore, it is indispensable to solve the problem of time
delay in a wireless control system. Based on a cantilever beam, a wireless control experimental system
is proposed and implemented, and by using a cascade control strategy with a time delay compensation
algorithm which combines PID and model predictive control, simulation and experiment are carried out
in three different conditions which are activated without delay, with time delay at the signal
acquisition terminal, with time delay at both acquisition terminal and output terminal respectively.
Simulation and experiment results demonstrate that this method can effectively compensate for time
delay and enable the wireless control system to exhibit excellent control performance that can be
favorably compared with that of wired control. It has a good reference for practical engineering

applications.

Key words: time delay compensation; wireless control; cantilever beam; predictive control



