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&AL 1% 1T 5 Laplacian 1E M4k B9 WNN B 3E 2 14 T 32 5

EHE S IRl FHE BAZ RETD

LT HRIRIE R LR SR B RN, 2211165 2. Wi VLR ol 45 il B 48 1 5 S2 80 %8, AT . 3100275 3.
WO L KA P TR AR, TR, 221114)

W OE.RETHETRKEFERZIE Laplacian JE R L6 § & 5 /) sk 4F 2 M %4 (Wavelet neural network,
WNN) egE Rz Fik, ZHh EF % RN WNNBAET S B ERREADEAYZT, F14A
¥ B F R 2%k (Extended Kalman filter, EKF) 5 k@ 3z F S 4%k, A THEH WNN g F & B, 328
F A Laplacian 1E 0 4L fo 5% 48 £ 3% i B F 245 WNN &4 % &4 8 %D 4% ¥ B (Minimum de-
scription length, MDL) /&M s £ % &% %, 8 £ L X T Gustafson-kesscl(GK)# M H E R £ H
i & WNN @uﬁé}i&{ﬁﬁaﬁxﬁi%ﬁ“%,iﬁﬁi% ﬁﬁ% P B E L, RJE A B AT WNN &AL
BEAD GG TR B R AE R k. A T BALE BB L AR 4/7;1,/0%7&%7;;;&—%%%

KR . DAY E W % J)’%f‘/b FR ks TR 45 ) Iap acian iE R 4L ; i AL R &

RESES. TP273 NHEIRERG A

Nonlinear Predictive Control of WNN Using Optimal Experimental Design and Lapla-

cian Regularization

Ren Shijin'?, Wang Gaofeng', Li Xinyu’, Yang Maoyun'®, Xu Guiyun’

(1. College of Computer Science®. Technology, Jiangsu Normal University, Xuzhou, 221116, China; 2. National Laboratory of In-
dustrial Control Technology. Zhejiang University, Hangzhou, 310027, China; 3. School of Mechatronic Engineering, China Uni-
versity of Mining and Technology, Xuzhou, 221114, China)

Abstract: A nonlinear predictive control algorithm based on wavelet neural network (WNN) integrating
optimal experimental design with manifold regularization is presented for the complex processes. Firstly,
the wavelet hidden nodes are recursively selected from candidate node set to be added into WNN and the
optimal parameters of selected nodes are obtained through extended Kalman filter (EKF). The optimum
experimental design and Laplacian regularization are then integrated to select salient WNN hidden nodes,
and minimum description length (MDL) is utilized to determine the number of hidden nodes. Initial
WNN parameters and associated weight updating scheme are provided via an online Gustafson-kesscl
(GK) based fuzzy satisfactory clustering algorithm with intuitive interpretation and physic meaning. Fi-
nally, a predictive functional control law is given by linearizing WNN. The simulation of industrial coking
equipment shows the efficiency of the proposed algorithm.

Key words: wavelet neural networks (WNN) ; extended Kalman filter; predictive control; Laplacian reg-
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51

il

T H E 20 e 70 FACLIR . B &R R B F R SR )Tz BB 0 2 R oy S TE R R
1 R B R s HLE R & R 1 T R B4 il (Predictive function control, PFC) HAG #£
RN WIS 7 AR e ey SR UKW SN A 2T R R E TN ESR PR G TN SRERUNOE /BTy
SCE B Tl B IR A R AL R R SO SOk R G R R R B £ T AR Gt R 3h 2 B AR
R S AR HE ST B TR B 0 e BRI T T 4 I R R 19 gl 4 o B R R R R 4R
PR T30 B o A S 49 R R T T s BRI Y R AL SR 2 T M TR AR Ak R R T R 4R
1R 7 i BT R AR R A R B A AR BT B AR F . H AT ME B R s C A RN R A 5 A
B 8 M R 2 R AR T P S ™ R I O 4 a0k 8 L B X 22 T 00 A0 IR 2R M I A ) X G2 9 Al S T 4
il A AR TR E A

AT I S 30000 4 1 B30k KB AN R 3 AN 5 1T = (1) 3% I 2R 1 A5 7R A T AR A5 1 Ak i 00 2 1
Tik o 2T VR S M R AR Gt A I R R B L SR e RS Al M AR TR 0 AT 2k Ak Ol R T
B ELMAEL T RGN 2 4% (Wavelet neural network, WNN) ™7 55 15 i 28 B 4% | 455
0t 22 R 2410 SR ) AL B A AR RS () Winer BOED Y B FARL R AR, (D RTER
TS ASE Y ) FOUI 45 A Bk o iR T ik AR S RS 0 b Bk B SR I R AR AR L s E] R 43S 24 SR R
LT =M B R IE R BIR B— B TR . R — R B3 ) 4 5 B T-S AR A 55 vk 5
B A28 Pk 2 40 00 T 45 L B AR SR T R R R RN (3) T AR M R A A AL ok R
B Al 2 T 4 1 7 1 o IS N AR R PR AL B B A PR TR Y L o R Al 4 Pk 24 AR Ak TR A S B
T A A T L N ) 6 e v R PR R Tl o R AR G D R IR AE R A L R AR T 2R
oA Il UK AR 3 A . — S B IR 4 Y 2o 2 T 48 o) B30 S BT s ) A Ol Al S T 4 ) 43
TR R Z Ty kR B S BR N IR AR 2 R g 2 R AT 0GR 2k 0k T B ) 25 R 2 0 Sk
[1,5,17,20,217,

LA 1 Zo A58 30 T 42 1]y 3 AR AR RO L S0 B0 O TR A Oy o0 A 1 ok R S g U L AR SRR g
TRMEWE Bz . 3 Fb 5 B A8 Lk TR 38 PR B 50 IR Tl A3 #2328 47 A7 A8 R T HE Fn ik 45 S BR8]
RO LA DR TR A2 T X G2 (0 PR AT o 2 30 Al L M 0 42 ) 78 B A0 S B T AE AR B )R M T WNIN R
B 149 Jd 3 22 % DA B I AT: 70KG J 38 30 AT 2 ok BRCRE 90 AR SCHR ) — Rl R I 92 36 31 (Optimal experi-
mental design) A-optimum F Laplacian 1E WfbL45 & M FEZ WNN 39 PFC B i m L2 T s S48 T
W B R ERe . Z A AW FEE BRI T (D 7EL A WNN AT, %5 5 E A AR BE i ah i
F A QR 43 5530 3 2k 5 0 de B AR AR I 8% 25 e SRR A 19 7 15 A WNIN B o 3 4 b 3 0T 2 iy B
Z0 S BR X G A R S TR T Bl 25 M AN B DR 3R ORE 4R R RE 9 5 R 5 (2) WININ B3 3y 1 I R 2 80
3o TR AR 25 R d KHE TN B R 1 WININ B 35 050 SR 5 25 T 8 R /R 2 U8 1 55 1 (Extended
Kalman filter, EKF) P8 85 38 B & 1 sl 805 1 i g 7 3 000 0 42 1 00 78 Ak S SO9F B ARDRS Ji2 [
AR P ) R, o JR YR A 35 4R v /N T 8 0 2 B0 BT M 1Y ) A5 (3) WNIN B 3k 5, 5 T iRt B 2 )
Flfz /N —.3f 7 # [1] 1 HJL (Least square support vector machine, LSSVM) ¥ £, $& #f Laplacian 1F N 1k
LSSVM 5 A-optimum SEH iR 1145 & A EE# WNN 2 & 35 8 07 % I A &/ i K (Minimum de-
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