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d-step-ahead predictive model based on multi-dimensional Taylor network

LI Chen-long, YAN Hong-sen'

(1. School of Automation, Southeast University, Nanjing 210096, China; 2. MOE Key Laboratory of Measurement and
Control of Complex Systems of Engineering, Southeast University, Nanjing 210096, China)

Abstract: For the accuracy of the predictive models for single input single output (SISO) and multiple input multiple output
(MIMO) nonlinear time-delay systems, the schemes of constructing predictive models based on the multi-dimensional
Taylor network (MTN) are proposed. First, the non-recursive direct d-step-ahead MTN predictive model and the recursive
d-step-ahead MTN predictive model are designed and the expressions are given respectively relying on non-recursive and
recursive technology, which can predict the range of d steps in the future and compensate the influence of time-delay.
Then the damped recursive least squares (DRLS), the BP algorithm with momentum factors, the Levenberg Marquardt
(L-M) and the extended Kalman filter (EKF) learning algorithms are used as the learning of the MTN predictive model to
conduct on-line learning, respectively. Finally, two experimental examples are given to certify the accuracy and real-time
performance of the predictive model, which are compared with those of the neural network predictive models. Results
from our experiments show that the two kinds of predictive models constuctedusing the proposed schemes have a better
accuracy and real-time performance than the neural network predictive models. Meanwhile, four kinds of different
learning algorithms have little effect on the accuracy of the MTN predictive models.

Keywords: multi-dimensional Taylor network; predictive model; recursive d-step-ahead prediction; non-recursive
d-step-ahead prediction; nonlinear time-delay system
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FAh TR ZE BB TR RE, e(k) 530(20) R 1)
B XA
332 WHEIERTFHBPE
BP B2 3 TR Z RN M B, R T 2 2
25 W 25 (1) 5 2] 0] L B A AE A S BEAE JE AN ) e
FEREAR R AP B2 X R G RN R S A ME,

(22)

HNZLREGNE. 9 1tk DL o) & 72 BP 5LV )
i I NS B ok e SR AL Sl R 13
BUETT L PLT H A5 e BOEAT I 2k
J(k) = %ez(k:). (23)

Hrb:e(k) AT R ZE, e(k) = y(k)

L = y(k),
y(k) NRG K,

g (k) I MTN TR 6 H

H 2 TR R 2. L-M BLyESRIE T 4R 1 5 v 5 Gauss-
Newton 5.y, HAUE 58T A T
L aJ

wies == () () +1] 7
Ko NFEHHe > 0,77 L2 M0 E]—MRKH

. S ¢ A0, W L-M 53248 79 Gauss-Newton 5.V,
WIER AR K, L-M B EE — N BE R T B 2, i
L-M 8% 586 B B A .
3.34 EKF33]HZE
WA R SRR N T EMDE R G, QA
(IR B AT IR AR R R Al TE. AR, 0T AR 2t
ARG, S, T B RE TR AT 2t A, Ik, TR
FIRY R 8RR S P8R AT v, RI R R = 83
(extended Kalman filter, EKF) i #2126-271 [X]lt,, EKF
YEIMTN Fse 84 i) 2 =) Bk, A
Wiy1 = f(wg) + vg.
Horog HEMER, f(-) NAEZ A L
HH EKF 535, 7] LAS 2wy, S THE . W0

» (@27

(28)

H(28) By, W UL SRSk v i, #E4T
R TT, B

f(wk) = f(wk) + Fk(wk — ’li)k) + A. 29)
Horr: AN B,

F, = M . 30)
ow lw=w,

2 I, X (29) 7] i RIE

Wit1 = Frpwyg + v + f(Wr) — Frwy,. 3
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H(k) = ([[2070, TI2%0), .,
§=1

=1
t NS ST ~
[ w). (32)
5=1
KT 2 3Ok wy.:
Wy = W1 + Kyey, (33)
K, = P.H.(R+ H]P.H;,) ™', (34)

P, =F.(P, - K.HP) 'F+Q. (35
Heep = y(k) — g(k), PAREMIHRZR T 2
FERE, R WD 75 7 ZEFE R, Q Ayt R M 75 7 2256
Wi, K ONR/R 2 I8 B
4 ELBfRE

ARG NET R G 2 AFAE T Lk AT, b anfe T
U281, LA AT IE200 R A 2 SRR A5 AR AL T AU
) pH R AT R WU T SISO AR 2R P il H 4, i 45
1 £ ) V. % (continuous stirred-tank reactor, CSTR) Ul
A LUEAE MIMO FEZE LI ¥ R 8. Wl v IR JE e
IS i S5 AR 1k R AT SN A AR AR G EE AR S BA Y
ANBUE 7 B9 5 9101, 73 59 9 SISO HE S I iy R 58
HITMIMO FE 2 I 7 58 G R 56 U 793 A g 2 000 A5 1Y
77 S HERA PR 5 ST M [ BF ) N 448 ) 285 ol A5 284
PEXFLE.

4.1 SISOIFLMATHRSE
F BN SISO AEL ML N il R 4

y(k) = (y(k — Dy(k —2) + u(k — d)—
0.2u(k — d) sin(y(k — 2) —y(k —1)))/
1+ (k= 1) +y°(k - 2)),
Hrd=5.

TEAG o, 4t 9 o ) 2 AR TR 1 7 56, 0 )
i A d 20 R ET MTN 00 A% B (DA R ] 1 A 3
MTN TR AR 2 ) A E 33 4 d 25 80 5T MTN Tl A= 2 (LA
N E I YA AE MTN BN AY), L-M A i
MTN U A% B (1 2% > 53, DRLS Bk AE R i 4
MTN TR A (1) 2 > 5503, [R]INE 51 N BP 4 48 ) 4% Fil
DA R AE T L. 3 HE MTN TR Y R 4-15-1 O &5

0, HAAERUE B0 R w(0) = 0, P(0) = 01,0 =
150,0 = 0.95,% = 0.01,PHJE R¥ N E = 0.01. BP
22 o) 2 TR ASE B S FH 4-50-1 [ 2580, B 4 DN N

BE, S )% R05.

A T AR Y (1) 45 SR A 1] 5 s Herp y AR S
brfan H, yryvrn AR B HE MTN I AL 7Y, 4 v 4K
R AR HEMTN TR, ypp A3 BP i 28 /4 2% T
B, R N3P R TR 2.
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P, TR AR A A [R]85t AT AN R 8 B BRARAE IR
RALTHA AN ER, X 5 MTN W AABUE R BUA 5%, 4
SCRFH AL HF) S5 U2 32 e A A AN HE AR ) B AL (5
o, K TIOIAERY FR HE R PE AL T~ BP A 22 0 2%,

A AR [0 B - S, A 1) 1 P ) SR Al Sz o 23
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B4 HEMTN TR A 55 BP 22 [0 2% T A5 84 3 Fi
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FONBAE R G ik Fek RMUR A
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T/ BP A2 P 2 RO, BTt 7 R AA
RS ARSI PE. 75 B T A2, MTN JRE A2 7R f) 454
M A JZ S R A R 3 8 ALk, A F N SR A
B Y2 1 RO E ST T 12 R S ) 32 EAA L Dy
AL R EOH AR RN = 5 S TR
5E. MTN [ SISO T 3 A 2 i A S5 44 UL 1. 78
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I T 2 S5, A 31, MTN 7E 4G e/ o |) 75
MR OLN BA B .

BT UL oW, AR SCHTHR H MTN (1) 79 ot J0 00 A
T A5 5 & MNHE B 14 20 BT A AL T BP #1282 1Y 4% T
DU RY, BIAE I3 7 1% 2 EoR TR =38 22 0 A K, (H A
4P HT A RS, MTN [ 4 7 R0 4T 1Y
S BE.
42 MIMOIELMRTH RS

Z e N I MIMO AL MR R 45
2y (k—Dui(k—1)

0.7ui(k —2) 4+ 0.2us(k — d) + a(k),
(k) = 2v2lk = Dug(k—1) 0.3us(k — 1 — d)+

L+y5(k—1)
0.5ug(k — 2) + 0.2uy (k — d) + b(k),
Hrh:a(k) = sin(0.5ua(k — d)),b(k) = 0.96(1 —
0.5e~02u1(k=1)) g = 3,

TEAAG) v, 28 o o g S T A 2 1) 7 R, 4
D3 HE MTTIN FI0HU A5 2R 0 3 346 4 MTN TGl A% 28, EKF
SRR yid E MTN TS L i 2 X1 505, i A 3 &
BR 7~ 1) BP S92/ g AR i MTIN U0 A5 284 1) 5 5] 5
5, AL 51N RBF 1 25 /) 4% 75300 4% 700 46 55 L. 326 HE
MTN F5 i 45 74 5% ] 6-28-2 [ 45 ¥4, BT 6 AN 1 4,
J& 3 2 {k. EKF HEAE A MTN Tl A5 284 1) 5= 2] 55
P AMER B R: P(0) = 0.951, Py,(0) = 0.91.
i HE MTN 300 A58 2 SR B 6-28-2 1) &5 #4), B 6 4™ %
AT B IF B 2%, A B & R 1 BP JVEAE R
HEJEE WAERNTHBPEIEN S IS5
WEWM T W u = (0.05,0.05)7T, ) &K1
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15AF R RBF B8 84 (1) 2% 3] 5095, BP BVE 1 5 2] RN
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xR 36 %
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{8, 5 F T HIUERAS (O HERG 1. T AR S L S 400 ik
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MTN F A5 7 2253 il 45 -G PR R AN [R) 1) 2 ) BV R
A RH X MIMO FE 28 14 I i 22 Gt i) 28 000 A 2. [
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