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Abstract: In terms of pH neutralization process modeling problem with serious nonlinearity, uncertainty and
time variability in chemical process, a modeling method via kernel principal component analysis (KPCA) and
kernel partial least squares (KPLS) is proposed. This method via KPCA extracts nonlinear principal element
of input data in the high-dimensional feature space effectively, and then use the KPLS method project input
variable to the latent variables, and extract potential characteristics of the covariance information between input
and output variables to establish the pH process model. In order to validity the effectiveness of the proposed
kernel-based modeling method, KPCA-KPLS method is applied to the pH neutralization processes instances
which including weak acid-strong base process and strong acid-strong base process, and is compared with ker-
nel principal component analysis-support vector machine (KPCA-SVM), kernel extreme learning machine
(KELM), extreme learning machine (ELLM), least squares support vector machine (LSSVM) , support vector
machine (SVM) methods etc. The experimental results show that the KPCA-KPLS method has a high dynam-
ic modeling accuracy.
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Tab.1 Comparison of pH neutralization process modeling performance

55 IR kPR i AR 5 TR 5% Tk R 3o
Bk 4t 12 M) Hit) 13 T HAD ity 2 1% MSE it MSE
JIZE MSE Il MSE 1% MSE i3 MSE il MSE  {llli{ MSE

ELM 0.0274  0.140 1 0.009 6 0.1103  0.0102  0.1014  0.0109  0.1301
SVM 0.0094  0.090 1 0.005 3 0.0752  0.0057  0.0893  0.0073  0.0720
LSSVM 0.0090  0.087 2 0.003 4 0.0610  0.006 1 0.0788  0.0052  0.059 8
KPCA-SVM  0.0079  0.0730 0.003 0 0.0530  0.0051 0.0722  0.0046  0.060 4
KELM 0.0038  0.0324 0.001 1 0.0098  0.0031 0.0428  0.0033  0.0551
KPLS 0.0035  0.0121 5.564 1X10° 0.0070  0.0019  0.0258  0.0020  0.0323
KPCA-KPLS  7.006 1X10'  0.003 0  1.416 910" 9.364 010 5.789 4X10*  0.002 3  8.625 410" 0.001 7

http: // www. hdxb. hqu. edu. cn



%33 REES . % . KPCA-KPLS J7 %78 pH A Al F2 gl v 1% 197 1 405

2 L8 R AR AL Y A S e T R — e RR P AR A AOORS B v R R = A B B S P
i el
you (1) = D(Fy(t — 1), Fy (¢t — 2) sy (2 — 1)) an
FIH KPCA - KPLS X iZ M R 17 JE R  AS [R5 3 A 2 8 sk BORN A . B ORE B I 28 1, 3 ) e )
IIRZE WA 2,3 Frn. A 2,3 AT A0 5 [/l — H S .3 M AR TE T B9 SRR W a—ub, [H .18
MR A A R BETE — R LIRS A .

13 oy

I J“hit;;iﬁ“ 010+ — 2/I\$1@AKP].S$§LH_J
2 *21\@/\:3,&,’! ' —— 2/ AKPCA-KPLSHE
—— 3 A 008 p — -3/ AKPLSHE
BT ' R Y 006[ | ——3/fi AKPCA-KPLSHE
of | | [ il ’h'l [ [l 4 ”
g oLy a I | ]
% ° O O | X
sl |l ‘h ‘|| || H l||| 1l |\
! l Nl Riinr (1 ‘
7k I‘"'I‘,‘ llt |l -.'“” ¢ 1A |,‘-11_
6
5 ’ : ’ " : :
0 50 100 150 200 250 300
[ Z N
B2 g5k 1l B3 54 1 kiR 22
Fig. 2 Test output of structure 1 Fig.3 Test error of structure 1
5k 2. mEMAY L F. A 2R E B, ARG S g 0
51.5451. 5sin(2xt/25), t << 150,
F. () = (18)

51. 5+ 25. 75sin(2x2/25) + 25.75(2n2/10), ¢ > 150.

A 20 (13) ~ (15) Frfiadk A L BEAR 7R K 5 (18) , il 45 3] 600 £ 50 ds » /T 300 4 R I 2R Bl 46 - HoAx 1k
IR S AT X AR B R AR Fy M pH L HLHEREI R K (16).

KPCA - KPLS J5 i , KPCA SR FH i3 W% sR 48, A% 58 5 o = 15 KPLS SR Fl i i A% eR 40, i T8 2 0 =

15, AR EROH L = 35, KPCA - SVM 1 SVM IR IR oy — iRkl
B BEGEL P £ 0B H 35 LSSVM b g iEM LS5 ¢ = &) A

4;SVM J5 4 il Libsvm 8 PF52 1 AE ST F C = 1.e = 0. 1 ! !
ELM 773 . B 2 45 £080H 60 .
h FERORS B AR H AR (2 1) 110 KPCAS - KPLS J i gl

Ry AR BB 5 0. 7RI SR8 4 [ KPCA - KPLS,KPLS 7t
6

5

pH{E

T3 AR T g L A 4 P, TR 4 n] R AR RE A AT

HOIE B A5 5 A BT SR IO L. KPCA - KPLS 7tk 0w w0 w0 w0 20
ZER B4R b B L TR 5 TR, W — A5 2 A IR st

B4 gt 2 0GR

Fig. 4 Train output of structure 2

Bln e LA J7 A AR 22, 4P 6 FroR. i 4 ~ 6 Tl
SCH T AR R AL 2 B AR G ) R R 2

A e
13 —KPLS s — KPLS
12F Doy KPCA-KPLS o0k —— KPCA-KPLS
1§ i J i I
10}
e %
1
_ I
7 i 3 i
6f A
5 . . L L L . 020 . . . . :
0 50 100 150 200 250 300 0 30 100 150 200 250 300
K5 g5 2 Wit K6 ity 2 ko2
Fig.5 Test output of structure 2 Fig. 6 Test error of structure 2

http: // www. hdxb. hqu. edu. cn



406 LN S QNN = N D) 2018 4F

3.2 REREEAPAMERERR

HCI A1 NaOH 1) 5 B2 5 5 ik 72 00 o R o ith £ 5 18 R

wy, —w, 107 P —10PH" 1" =0, (19

FADHF w,=[Cl” ], w,=[Na' ].

BEMAYG R F, . %8 F, Q) I AR 4 AfF 51 IE , 20 (13), (14) B i i 1) B B4R A
A (19) 133 600 A 1T 300 44 I ZREHE A 1E IR . 2 50 2 800 U 1R SRR, AR
R 2L (16).

SEu 3 o 3 U IE v E Bt KPCA-KPLS, KPLS, KPCA-SVM 1 & # 6=5. KPCA-KPLS
J5 e  KPLS S 2 PEA oA B B 7E AP 55 H L=230. KPCA-SVM 1, SVM B2k M 4% ek %, v B AR 2%
PEFI0ECH Jy 30; LSSVM Hr iy IE AL 281 C* =83 SVM A& I+ C=200,e=0. 01; ELM J5 ik, &
TR REH A 80.

KPCA-KPLS #5876 M R B4 4 b 45 s th o an 16 7 BTz BT O 325 9 a2 25 B e n R 8 iy
. 7.8 AU ) I BRI A RE. S — A T ERISE A CGRE DN AR TR
AERIPEREE AR 4T L AT A KPCA-KPLS J7 1 iy @ ARG B2 X W1 i o 00 48 i — A B e ) 1.

r — KR 020 ——KPLS
——KPLS 015 ——KPCA-KPLS
2 2 o h KPCA-KPLS o0
10F .T‘ 0.65 L
6} 005
o}
41
0I5
. PR A D N B
150 200 250 300 0 350 100 150 200 250 300
PR B
B7 5 R A e B8 i R o Bk o e i R 2

Fig. 7 Test output of strong acid-strong base process Fig. 8 Test error of strong acid-strong base process
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