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Abstract: Because a single model cannot represent the characteristics of the complex industrial process in varying
operating ranges, we propose an online modeling scheme for multiple models. This scheme includes the recognition
mechanism of operating range, the local models and the combination mechanism for multiple models. The recognition
mechanism analyzes the operating range according to its characteristic variables and adjusts the center of operating range
according to similarity degrees. The local model is actually a Hammerstein model which is the serial connection of a
wavelet neural network with a stable learning algorithm and an ARX model. The combination mechanism calculates the
weighted sum of the outputs of local models, and online adjusts the centers of operating range to reflect the variation
characteristics of the operating range. A stable learning algorithm of parameters improves the prediction accuracy and
the adaptation ability. This method is implemented in a wastewater treatment process to measure the concentration of the
chemical oxygen demand (COD). Experimental results show that this modeling scheme can obtain satisfactory effect in
varying operating ranges.
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Fig. 1 The structure of on-line soft sensor based on multi-model
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Fig. 2 The structure of operating regime recognition

mechanism
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wh(k) I
m(k)ent (k) —5 3 016 (k) (3 w14 (k)a; (k) — dig(k)),
11(k) j=1
(A3)
Ay () =1 () - =m (B () 22 ),
(A4)

Forf: my (k) FRRWNNIFI 22 3 ;e (k) R RWNN[F)EEAR 5%
%2, 5 X Nent (k) = a1(k) — ui(k), G1 (k)75 WNNF i,
u (k)R 7NWNNE E BEAR S, JCVER 0 DI i, D tent (k)
E@Mlﬁ%hﬁ,z: 1,2,---,H,j=1,2,---,1I.
en1 (k) e(k)Z A1 G R d e R0 ) HE

0B _ 0F 0y 0in
owy; Oy Ou1 Owy,

= X (k)bro(k)e(k)p1;(k).
(AS)

M blen (k) BERBTI SN, R 30807

oF
871)11‘

= —en1(k)o14(k). (A6)

LA LU LM I 1 2 R A 4 A 779
A (AS)FI(AG6), e(k) Flent (k) BATUITF K A:
en1(k) = A1(k)bio(k)e(k). (AT)

AT AR(AD—(AD), TELR T WL E N

W1(k+1)=W1i(k)—m (k)A1(k)bro(k)e(k)o1(k), (AS8)
Vilk+1)=
Vi (k)= (k)AL (k)bio (k)e (k)@ (k)Wi (k)2 (k), (A9)
s1i(k+1) =
s12(k) + 7 (B) A () bro(R)e(h) i)
57, (k)
P (k)( il v145(k)z; (k) — dii(k)), (A10)
=

dii(k+1) =
)+ (M (Wb (D) L2 (k). (At
HR 3 Stone-Weierstrass i& Fi, COD# I 5 £ fH AL S )y

(k) =

55— 3% ann(k — i)+ 3% by Wi Gk -

=1 i=1 j=0

NoL (V' (k= )k — 7)) — u(k), (A12)

Herp W IV, SERLD] 93 B R A HE IR R 72 (k) Boe /NI M

BORUE REFE AN 5 B B W = [wf), Vi7 = [of,), D
—dx
— [d};], &7 (x) = Ws—f“).
e(k)'5 A
e(k)z—lle ()(2 B1s(wii — wls) +
H 8yl * H 811/[ *
5 ug 1 T g T
3> (4, — gy + o(h) (A13)
=1 17

orp: o (k)RR FEAREBEE, 0(k) =
TaylorZ £ B I, Blitbens (k) W54

(k) +e(k), e(k)h

en1 (k) = 41 (k) —uy(k) =

H . H I 9wy §
_Zl P1i(wi —wiy) + >0 >0 5 ——(viij — v145) +
=

i=1j=1 Ovyij
ouy
1 0dy;

H ouy
i=1 0s1;

A N

(515 —87;) + Z (d1i — di;) + pa (k).

Wi(k)p1 + ET VA (k)W (k)2 (k) E +
Ws1 (k)S1(k) + W1 (k) D1 (k) + 61 (k),

€nl (]i:) =
(A14)

Wi(k) = Wi(k) = Wi = [wi1 —wiy -+ wig — wigl,
Vi1l — V11 -+ VIH1 — ViH1

Vi(k)=Vi(k) - Vi = : ;
V11T — Viir .- VIHI — ViHT

Si(k) = S1(k) — ST = [s11—si1 -+ sig —siu)
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Di(k) = Dy(k) — DY = [dy1 —diy - 1"
61(k) = e1(k) + pa (k).
li: EPI Wl (k)?FlJf/l(lc), 5'1(/ﬂ)%[—lbl(k)ﬁ\%Ui%%WNN*XTE%E
B RE S B0 Ak TR 225 e (k)R 7R Taylor 2k 24 i B 1L,
61 (k) RRM 1 ARSI, 11 (k)RR WNNIF R ZE.
WE B SLIEE R N

Li(k) = W1 (R)|* + [V (R)I* + 151 (k)1 + |1 D1 (k).

dig —dig

I

(A8 —(A1DAIA (A14) T 13

ALy (k) = L1(k+1) — L1 (k) =

(k) Mbrol2 @I (el + W (™ ()| +
[Ws1(B)II” + W1 (B)II*]) — 21 (k)| Aabrol|* e(k)]
W1 (k)1 + BT Vi (k) Wy (k)x" (k) E +

W1 (k)S1 (k) + Wp1 (k) D1 (k)| <

—n1 (B)l|e(R) 1P [L = m1 (k) ([ Abroda || -

IAbro Wy (k)2 (k)1 + [[A1broWs1 (k)] +
IA1b10 W1 (B)[1*)] + ma (k) |61 (k)]|* <
—mlle(®)|1* + n1(k) |61 (k)|

K

Imin(@%;) + min(5?;) + min(5%,) + min(d3;)] <

Ly (k) < Ilmax(i7,;) +max(0;;) +max(57;) +max(di;)],

I A Imin(w3;) + min(f}%ij) + min(5%;) + min(d3;)] A
I[max(@7;) + max (¥, ;) + max(57;) + max(di;) Keroc L,
1 |le(k) 1P R koo BRI, 1 (K)[|61 (k) |1>Enifi B Lo (k) fte (k)
o1 (k) B8 £, IR Ly (k)5 AL — AMISS-Lyapunovifi 41,
o1 (k)EW TN, e(k)EMORE”, T 61 (k)2H It
(1, Bl te (k) W2 AT 510, JF HLAP S BR 22 FR b A2

Jy = lim_ sup% kgijl lle(k))1? < %Sl, (A15)

Hrps = ml?x{||61(k)\|2}. PR] b 2 A 20 AR 2 FR ARG A2

J <max{J;},i=1,2,--- ,m. (A16)
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