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The optimization of the kind and parameters of kernel function in KPLS

for quality prediction

Chen Lu,Zheng Dan,Tong Chudong
(Faculty of Electrical Engineering and Computer Science , Ningbo University , Ningbo 315211 , China)

Abstract: Kernel partial least squares(KPLS) has been widely used in industrial process monitoring and quality prediction. The choice
of kernel function and kernel parameters has an important impact on the KPLS quality prediction results. However, how to choose
the kernel function type and kernel parameters has always been the bottleneck of the application of this method. To solve the above
problems, a kernel function optimization method based on improved genetic algorithm is proposed. In this method, the kernel type
and kernel parameters are used as the optimal decision variables, and the root mean square error is targeted. It is designed in
terms of coding scheme, genetic strategy, fitness function optimization, crossover and mutation algorithms to ensure the variety of
kernel functions, and uses the 2—-fold cross—validation method to verify the training results. The Tennessee —Eastman Process(TE)
is combined with MATLAB for simulation experiments. The simulation results show that the method can find the optimal kernel
function and its kernel parameters, and has good stability and consistency.

Key words: kernel partial least squares ; genetic algorithm ; quality prediction ; k—fold cross—validation

0 o KPLS
f9-10 _
g KPLS s ) ) o
KPLS , ,
=81 , KPLS
KPLS , KPLS o
, Mercer o ,
° KPLS , ° , Huang
[
Adriano 121 Jia
# . (61773225
(LY20F030004) 5

100—www.ChinaAET.com

http://www.chinaaet.com



http://www.chinaaet.com ‘i‘l‘ﬁﬂ[‘ﬁ*_’?b_\‘zfﬂ

, B81, , Liu 2 KPLS
KPLS , 2.1
(4]
o ’ [15]0
s KPLS s
GA-KPLS-V, )
(5)
> RMSE s Yi ) yi ,n o
’ o RMSE )
, ) RMSEC , RMSET .
° RMSEC
1 o
1.1 KPLS (
KPLS ) 5
x; € R™" H, RMSE , ,
) H H
PLS o H , fitness=RMSEC (6)
, KPLS ,
) [13]
K(xisx/):<¢)(xi) ,(D(xj)> (1) fitness_t= fitness «_ 88 Xw+(1_w)xm (7)
K nxn , Sosio (k=1)g fos
; D(x;) . . ,w=e ! ,m foss
(1) : i s
eyl o
k(x,y)=e ° (2) 22
(2)Sigmoid : 2921
k(x,y)=tanh(B,{x,y)+B) (3) R
(3) : . . KPLS
k(x,y)=(1+{x,y))" (4) .
,e.d \,30 \,81 , 5 s
© o 1 b
’ ° , , o Sigmoid
Mercer s N
Sigmoid 41,
1.2
9’ b l
. 2.2.2
o 9 /U o I

) 2021 47 12 —101

http: /§www .chinaaet.com



THEIEARS A

Computer Technology and Its Applications

http://www.chinaaet.com

o gi ’
&= ; 8i (8)
g=4 9)
v
2.2.3
Pm )
2.3 k
KPLS )
KPLS
KPLS
KPLS o
k (K-Fold Cross Validation)
o ’ k
k-1 ,

9 b 2 o
pettTT L ; :bRMSEC}RMSEC:
T e ] 5 ke

2 k
k
k , k [2,10],
2 o k ’
, k

2.4 KPLS

KPLS

(1) ,

(2) °

102—www.ChinaAET.com

3) k KPLS
(4) , .
(5) , ,
(3)~(4); , o
KPLS
3 o
[t e
B T s e
EyEiioniiaid
i R R TELR
BN AR [y bl
| e
MR AR R AL TR
A Rl R B HO R TS I
l R
Kl 2 SLER B 8t | R [
R4 | |
HH
| RMSET
KPLS St T4
TN E{HRMSEC
R, L, TR
[ O b 58
[ KPLS R bt Friied ) |
3 KPLS
3
Tennessee Eastman (TE)
, Tennessee Eastman
Downs Vogel 1993 o
o 4 (A.C.D.E), (G
H), , B F,
22 12 19
5 3 min,
22 11
X, 9 G
Yo 25 h
960 , 760
. 200 o
N . Sigmoid
3 o b
(0.1,50) ; d 1~8
; Sigmoid Bo B (1,8)

http://www.chinaaet.com



http://www.chinaaet.com

TEIWBEARSMAH

8 5 24 )
, 20,
KPLS
KPLS-G, KPLS
KPLS-P, Sigmoid
KPLS KPLS-S,
KPLS GA-KPLS-G,
s KPLS-G |
KPLS-P .KPLS-S . GA-KPLS-G . GA-KPLS-V 100
s 4 5 ,
6~ 9 o
o - .r . .
|
0.095 - : g
008 |
0.085 - g
& 008 1
= T T
& oo :
007 | E Il g
H Q =
0.065 - 1
b -
0.08 . |
KPLSG K.PI_IS-F' KPLISS GA-KPLS-G GA-KII:'LS-V
5
45 (39
0.07 | —©— RMSEC it/ |
—¥— RMSEC 1 ii
0.065 b
&)
5
L oos E
=
0.055 :
0.05 k . o o oo 5
2 4 6 8 10 12 14 16 18 20
5 (35
35, 4 )
s . KPLS-G .KPLS-P
KPLS-S s
° GA-KPLS-G
s KPLS-S
GA-KPLS-G o

http:/§www .chinaaet.com

RMSE

RMSEC

P L L oY A/)

—E— i 4 o B
—A— 0 e
—&— Sigmod k A 5L

14 16 18 20
6 ( 35)
085 I 'I' I I I b
|
|
09 | 1
085 - b
0.8 b
075 b
07 r T 1
085 - B : T
| o
06 1 ‘} JI_ E = T
0585 F 1
1 ==
0.5 b
5 VoL
KPLS-G KPLS-P KPLS-S GA-KPLS-G GA-KPLS-V
5
75 ( 40)
E T T T
—&— RMSEC fe <+ i1
—#— RMSEC il
0.495
0.48 4
0.485 4
0.48 T
0475 4
o 18 20
8 ( 40)
GA-KPLS-V
o ) Sigmoid
, Bo=1.27,8,=7.81 .
6 RMSEC , “O”
, “ o . ,
, RMSEC o 7
) 2021 47 12 —1083



TEIWBEARSMAH

http://www.chinaaet.com

et P
—o— i

—A— BN
—&— Sigmod £ i3

15

10

0 PPy
2 4 6 8 10 12 14 16 18 20
9 ( 40)
) 0,
Sigmoid , o
40, 7 , GA-
KPLS-V 3 °
, Sigmoid s Bo=0.22,
Bi=3.41,
8 ; , RMSEC
° 9 )
, Sigmoid )
4
KPLS , KPLS
, RMSE
[1] ; ; :
1. ,2016,33(12) :
3713-3716.
[2] , .
[J]. ,2014,31(6) : 1740-1743.
[3] ; . -
[J]. ,2020,46(9):1770-1782.

104—www.ChinaAET.com

[4] .. K KPCA
[J]. ,2013,30(4):120-123.
[5] CHEW W,SHARRATT P.Trends in process analytical tech—
nology[J]. Analytical Methods,2010,2(10):1412-1438.

[J]- .2017 ,34(6) : 434-440.

[7] , , .

(1. L2017 ,43(3) : 349-365.
[8] , , .

[1]. ,2018,69(12) : 245-253.

[9] BENNETT K P,EMBRECHTS M J.An optimization perspec—
tive on kernel partial least squares regression[]J].Nato Science
Series Sub Series 1II Computer and Systems Sciences, 2003,
190 : 227-250.

[10] DANIEL J, HERNANDEZ A.KPLS optimization approach
using genetic algorithms[J].Procedia Computer Science ,
2020,170:1153-1160.

[11] HUANG C L,WANG C J.A GA-based feature selection
and parameters optimization for support vector machines[]].
Expert Systems with Applications , 2006, 31(2):231-240.

[12] ADRIANO L I O,PETRONIO L B,RICARDO M F L, et al.
GA —-based method for feature selection and parameters
optimization for machine learning regression applied to
software effort estimation|J].Information and Software Tech—
nology , 2010, 52(11): 1155-1166.

[13] Jia Mingxing , Xu Hengyuan, Liu Xiaofei, et al.The opti—
mization of the kind and parameters of kernel function in
KPCA for process monitoring|J].Computers and Chemical
Engineering , 2012 ,46 : 94—104.

[14] Liu Shaowei , Tang Jian, Yan Dong.Multi— Kernel partial
least squares regression based on adaptive genetic algo-
rithm[C]//2015 International Conference on Automation ,
Mechanical Control and Computational Engineering.Guilin :
Atlantis Press, 2015.

[15] Zhang Yingwei, Teng Yongdong.Process data modeling using
modified kernel partial least squares[]].Chemical Engi-
neering Science ,2010, 65(24) :6353-6361.

( :2020-12-29)

(1993-), ,

(1994-), ,

(1989-), , , ,

http://www.chinaaet.com



http://www.chinaaet.com

hRAX 7= BR

ZAEH A, KRBT FE & W EAEER BT (o THA LAY
&, LAZKRT|H @R BETIM. LARFNDATFIZE L. ILh.
FFRATIE S ML, RERTPFERZ, FE—WEFENLE TR
TG AEE A KFERB L,

AEHA, AL LEZRBE T B2 HEE (CNKL). 773K
FHifRS-F 6. F AP SR E (45 ). DOAT. £E (&5 A4&
T8N IST B AFEFARIR M SR B 52038 A LK.

st F ik BB B AT A SRR R LA . AR FAA, KT
PRI —4) ok Bk AT R IE B ARz

R

CRETFRORNHD) Jn
F E TR R REH R A R NPT

http://www.chinaaet.com





