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Abstract: A n identification method of nonlinear systans using least squares support vector machine (L S-SVM ) is
proposed The constraintsof inequalities in the classical SYM gpproach are replaced by equality-type constraints in

LS-SYM. The LSSYM wolution follow s directly from wlving a set of linear eguations instead of quadratic
progranming A kind of nonlinear predictive control schene based on theL S-SYM model ispresented Smulation
results for a CSTR process show that L S-SYM can be trained fastly. Thel S-SYM has good ability of modeling
nonlinear process and good generalization under snall data set available The nonlinear predictive control strategy

based on L S-SYM model show s satisfactory performance

Key words L S"SYM ; nonlinear modeling; predictive control; nonlinear control

[1 3]

: 2003-04-11; : 2003-06-12
863 (AA 413130).
(1970—), , , ,

; (1958—),

1



384 19
QLT) '
f(x)= w,®(x) + b= ij<l>(x>+ b, (3)
(451 X W .
KM
— (svm). |
min —'2L|| wiPecy (g4 §),
st yi- f(xi) € e+ &,j=1, I,
-yt f(xi)< €+ &§,j=1, I,
=208 =20j=1, ,LI
(4)
:C & &
(4)
(LS'S\/M)[G] max - GZl((Xj-'- 0(l)+ ZlYi(OG' 0(1)'
QP e (. o) (o o N
’ N 2iZl(oc- o) (06 - o) P(xi), P(x;)
[5],LS'S\/|V| | .
¢ st Zl(oc-oq):o,
L S-SVM %, & [0Cl.i= 1, L
L S SVM (5)
CSTR o Lagrange
(5 L agrange 0,
2 w
21 Vapnik f(x) = w,®d(x) + b=
{Xj,yj},j = ]_7 Zl (O(l' 0(1*) CD(XJ')ch(X) + b (6)
f w, @(x)
Rmo@) = Ty Lluf 6iw)), (D)
Xy A (xow)} 1141 K
W [5]"‘ M ercer
K(x,y) = K(X)K (y). (7)
(SRM). f(x)= Zl (0 - o )K (xj,x) + b,
SRM I
(51 b= ZS(OG- o ) [K (xr,x5) + K (xs,%7) 1, (8)
y - f(X;W)le: Xr  Xs )
0 y- flxw)|< € 2 22 LSSW)
ly- f(x;w)|- €othewise V apnik , SRM
€= 0, € tel.



4 : L S-SVYM 385
1 1c 1
: _ T, 2 J
mips = Ju s Y3y o
st yk=w HAx) + b+ e, k=1, I (9) NAMW. .
L agrange F(Cn, - Cn)
| dﬁd;m: - (ko + ki )CmPo+ ,
. t m Y
L=2J- Z axk[w HAxk) + b+ e- y«],
1 dc, QiCi,. - FC,
=- kC + ,
(10 dt Vv
ac L agrange KTT ‘%’(0 Bkr, + kr,)P3+ ki, CnPo- %"
| t c m 1
Q/v=0-w-= aHxx) ,
Zl %: Mm(kp+ kfm)CmPO' m;L,
I t \V
@/a):o_,zak: 0, u= Qi,y= DiDHa (17)
=1

a/é(: 0> a= 3’&,
ai/aik: 0—>WTQ:(Xk)+ b+ - y«= 0,

(11)
k=1, ,I, w e
o | B
= , 12
["1 zz"+ Y Y. (12
Ax1)
1= oarzs N (13)
Hxi) "
Y=[y: yil,a= [aa a]
a b,
|
y(x) = Z adlx) "Hxi) + b (14)
-1
K (x,xi) = Hx) " Hxu), (15)
I
y(x) = Z aK (x,xx) + b (16)
-1
L SSW
(3]
oT
Solvent
On (M1 T,
Monomer;
O.T.
Cooling fluid o.T1f
Cooling fluid
conuoller
OIM T [ Setpoints |
Effluent

| 2fkey |0
Po= Kr, + kr

X1= Cm= 5§ 506 774 kmol/m?,
x2= Ci= Q 132 906 kmol/m?,
x3= Do= Q 001 975 2 kmol/m?,
x4= D1= 49 381 82 kmol/m?,
Q= 0 016 783 m°/h,
D1/Ho= 25000 5kg/kmol

u=

y =
Runge-Kutta
200 ,
; 24% ,
Q 03 h
, 100 ,
100 RM S
1c -
RM S = «/ » (yf== -yt (19)
RBF K(x,y) =
exp(- I x- yll ?/20).
: (
), 100
31
100
CrossV alidation
C = 80, o= 14Q



386

19

W
L%

NAMW/10" (kg/kmol)
9]
w

1 ~ /A
5 ‘ \\ \
\.__ [ _""ll -\._f/ ~ -
L35 25 50 75 100
k
(a) (KM S= 251)
~ 3.5
Qo
% [\
i
= \ N A
—’o 2 5 ‘F’{i ! ! uk
= tl. 4 ‘\c. ’f \\.
% “-_u-' -’T'_-\: _Tfﬂ »Y \.
< 15 . p
0 25 50 75 100
k
(b) (RM S= 610)
2
32
100 ,

CrossV alidation

C = 88§,

o= 180

et
[

NAMW/10"(kg/kmol)
N
L

—
[V}

g
()

NAMW/10"(kg/kmol)
[\
h

LA

o 25 50 75 100

k

(@ (RM S= 659)

| L
S ”ﬂ\*“‘/\

0 25 50 75 100
k
(b) (RM S= 1267)

33 BP
BP ,
L SSSYM
BP ,

BP
BP

100

NAMW/10'(kg/kmol)

100
(a) (RM S= 932)
~ 3.5
=]
s |
S 25¢
%
Z s A . N
0 25 50 75 100
k
(b) (RM S= 1 765)
4 BP
34
L S-SVM
3 4 ,L S-SVM
BP ,L S-SVYM
RM S BP RM S,
,L S-SVYM BP
L S-SVM RM S
RMS ,



5 LSSw

4 : L SSSVYM 387
, 1
: «C )
1 (
L S-SYM , ). ,
Qi NAMW.
4 P= 12, M = 1,
R=040Q=1 5
, L S-SYM
5
L SSSVYM
) , LSSVM
k
M
min le Au(k+ j- 1|kl &+ ’
Au(k), ,Au(k+L- 1) 4 . L S—S‘/M
P ~
I yS(k+ i) - y(k+ ilk) - ’
Yyl i) -y |k) | op |
y( + yklk- P- DIE
S t Umin < uc< Umax , )
Aumin € AU £ Umax (19) y L S-SYM
P M ,Q R ) L S-SVM
JAu(k), ,Auk+ M - 1) ) k ,
, LS
Auk), ,Auk+ M - 1), Auk) VM
k
L S-SVM (References):
E 3.5 [1] Bequette B W. Nonlinear control of chemical process
3 A e \ A reviev [J] Ind Eng Chan Res, 1991, 30 (4): 1391-
vy A -
] 2.5h ‘,j ey 1413
%\ 'U'l A [2] Evelio H, Yaman A. Control of nonlinear systems
using polynomial ARM A models[J] A IChE J I,
= 501 35 55 15 9 poly 3] ourna
t’h 1993, 39(3): 446-46Q
[3]M aner R B, Doyle FJ Polymerization reactor control
@ NAMW using autoregressive-plus volterra-based M PC [J ]
0.04 A IChE Journal, 1997, 43(7): 1763-1784
= h‘ [4] Cortes C, V gnik V. Support vector machine [J]
£ 0.02 L ,\,_[\-‘Jh;ﬁ[ M achineL earning, 1995, 20: 273-297
> r\. “a [5]V ladimir N V apnik M ]
0006 13 35 55 7.5 o 2000
t“h [6] SuykensJ A K, Vandevallel L east squares support
vector machine classifiers [J] N eural P rocessing
(b) Qi L etters, 1999, 9(3): 293-300



