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T UWVYXYZ\[Y]_^Y`YaYbYcYdYe\f_g\h_iYj
, kYl\mYn_oYpYqYrYsYtYuYv (KPCA) wYxYyYz\{|~}

(MSVM)
f��~�~�~�

. � �~�~�~�~�~�~� r~s~t~u~v~����� d~e~�~�~�~j~�Y�~�~� , �~�~��Y�YdYeY�Y�\f rYsYtY�Y�Y�YxYyYz\{ |Y} uY�Y�\� �YjY�\�_ \¡_¢ uY� . £Y¤Y¥\¦_§Y¨ , � �Y��Y�Y©YªY«Y¬\f_Y®\¯_°
,
¯_ªY±Y²Y³Y� q ^Y`Ya\f_�Y�Y \¡ , ´ � q ^Y`YaYµYcYdYe\f_¶Y·Y¸Y¹º\»

.

¼Y½Y¾ rYsYtYuYv ; xYyYz\{ |Y} ;
dYeY�Y�Y \¡

;
[Y]_^Y`Ya
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Monitoring model based on kernel principal component analysis and

multiple support vector machines and its application

JIANG Shao-hua1,2, GUI Wei-hua1, YANG Chun-hua1, TANG Zhao-hui1

( 1. School of Information Science and Engineering, Central South University, Changsha 410083, China; 2. School of Computer

Science, Shaoguan University, Shaoguan 512024, China)

Abstract In order to keep the imperial smelting furnace (ISF) working smoothly, a dynamical monitoring

model based on kernel principal component analysis (KPCA) and multiple support vector machine (MSVM)

is constructed. Firstly, the KPCA approach is adopted to extract the feature, and then the SVM multi-

class classifiers are used for classification with the input of the feature. The simulation research shows

that this dynamical monitoring model has the performances like, better generalization, stronger robust, and

preferable monitoring result. Now, the monitoring model is applied in the assistant decision-making system

of a imperial smelting furnace.

Keywords kernel principal component analysis; multiple support vector machine; process monitoring and

fault diagnosis; imperial smelting furnace

1 ÉËÊ
ÌYÍYÎYÏYÐYÑYÒYÓYÔYÕ

(Imperial smelting process, ÖY× ISP) Ø_ÙYÚYÛYÚYÜ ÑYÝYÞYßYà~áYâ~ãYä~åYæç\è
, éYê æYëYìYíYÑYÒYÓYîYï~ðYñ~ìYò~ó . ôYõYöY÷Yø ÒYÓYùYúYû �Yü ÌYÍ~Î~ÏYÐ Ü Ñ~û �Yý~þYÿ , ����YîYÒYÓ��������YùYú��

, 	�
����Yÿ�� ��YùYú������YÌYÍYÎ~ÏYÐ , �����Yü�������������� û����YÓ ü���YÒYî ������ , !�"�# Ò%$AÓYî Ü�&�'�(�) , )�*�+�,�- ÒYÓ ý�.�/�0 .

1325476
: 2008-07-218393:5;
: <3=5>7?3@3A3B3C3D3E (60634020); <3=5>7?3@3A3D3E (60574030); F3G3C3D3E (20050533016)H3I3J3K
: L3M3N (1966–), O , P3Q3R3S3T , F3G3U3V3W , X3Y3Z3[3\ , ]3^3U3V3_5`7a3b3c3d3egfih3j3k3[3l3mon3p3q .



154 rtstZt[vutwtxtytz �
29 �

ÒYÓYÌYÍYÎYÏYÐYíYÑYû � î ��{}|}~�� , ����� ß ô î�������� , ��������� ä ÿ�� ò ��� îYñ~ì . ØßYí /���� ÒYÓYÌYÍYÎYÏYÐ�� þ î�������� (���� Ñ�� � ÐYî�������� , �����������Y
 û ����� ò��%$ û
�����Y
�+�,��¡  ò���¢�£YÐ���¤ �� ð � ò���¥�¦ |�~ î�§�¨�© ������ª�« î���� ú�¬��®�¯�¢±°�² , ³´�µ ó�¶����Yî�·�¸�¹�¹ é�º�»�¼�½�¾ ¸YîYú}¬ ,

¤ ¼�½ ò���¿ � ä ÿ�|�~ î�À � ,
¤�Á � ´�µ ����Â�ÃYîÄ�Å�ÆYä ÿ�Ç�È , ¼�É�Ê ì�²���ËYî�Ì�Í Ç�Î ð ��Ï�Ð . Ñ�Ò�ÓY��Ô�	�Õ�Ö�� û �Y�Y��×�Ç $Ø�}���}��¢�£

��Ù�Ú ��ÛYñ�Ü  ²�Ý�Þ , ß ß ÓY��Ô�	�Õ�Ö ÛYîYÌYÍYÎYÏYÐYî�à�á}���Yñ~ì�â ��ã ©}��� [1−2] . ä à�åYñì �}æ~�}ç}Ù}�}è}é ¢}£}Þ}�}}ê~ñ}Ü}ë}ì �}(}í . �ïîñðóò}�}� î}à}á~ñ~ì é}ô ² ß ß �}#}õ}ö î Ç}÷ø�ù ñYì
[3]. ú óYñYì ö�û�ü�ý�þ�ÿ������}��� î ,

¢�£ � ¤ . ����Ì�Í � î���� ��# . � ������� ÷Yø������	
(Feature extraction) ü�Ç�÷ ø�ù ý � , �¡ Yé ��	 -�ª ¢ è Ë ø�ù î�
Yó�� Î î � � , !���É�ß�� à´ Ú����ô�ý�� î����Yð �Yÿ � .

� ����	 ñYì ��»�. , ��ò�ÿ ²Yî�� éYõ��Yÿ�� (PCA)
ñYì

. ô���#�� �����Yî Ù�� ��� , Ø�� ������ ã ©����~î õ~ö�� ��� î��� �!}Ë�"�#   ��� ü ����$�%�! ��	 õ���� � . &}³ PCA é ó .}Ù}��' ì ,(�)�*�+�,�-�. ��� ,
(  ��	 ��#�� î Ù�� ©�/ . 0�1�2���3�4�5�6�7 ��8�9�:�;�/�< , =�>�?�@�A�B�CD

[4]. E�F���G���H�I KPCA J�K�L�M�N 8�9�:�O 3�P�Q�H�I , R�S�T�U�L�V�W�X�Y�N 8�9�:�Z�[�\�]�^_�` Z�[�a K�b�c�d O 3�e�f , g ]�^ _�`�h�i�j�k N�l�G : , m�n�o�c�d�e�fqp�N Z�[�r�s�t�9�: F�u�Gv
, w�x�y a�r�s N 8�9�: F�u [5−6]. z�H�I�5�{�|�T�}qp�~ i���� N 8�9�:���� , l���� r�� . ���q� `��

(SVM) 5�������� h�iq��k N�����@�� , 5������q=�Q�y�����N���� [7], ��� KPCA � SVM ����@���G��  �¢¡£N�¤�¥ , P�c�¦�§�¨�©�ª�«�N�{ <�: , KPCA-SVC H�Iq=�����¬��T�}�¦�§�¨�© [8] . ®�¯ , °�±�²��³�´�µ N KPCA-MSVM H�I�o�¶�·�¸�¹�T�} µ�º�»�¼ . ½�¾����¿�������À�ÁqÂ , Ã�P�Ä�N�ª�«�@�Å k {Æ�Ç�È�É�Ê ¶�¶�Ë »�¼ , Ì�@�g�Í�Î�Ï ` y a�Ð�Ñ N�P�c .

2 ÒÔÓÔÕÔÖÔ×
Ø�i

n d�N l b���� r�s ® : x1, x2, · · · , xl ∈ R
n. Ù�W���K 8�9�:�Z�[ ψ(·) Ú ]�^�r�s w�Û�e�f R

n

Z�[�a c�d O 3�e�f i ψ(x) = (ϕ(x1), ϕ(x2), · · · , ϕ(xl)), m�n�5�Ü�b�c�d O 3�e�f µ�º 9�: F�u�G v .
O 3

e�fqp Z�[�r�s N�Ý�H�Þ�®àß
C =

1

l

l
∑

j=1

ϕ(xj)ϕ(xj)
T (1)

D�á�O 3�â�ã�ä :

λV = CV (2)

å p ,
O 3�â λ > 0,

O 3q� ` V ∈ ψ(·). æ (2) ç�è�é�ê ϕ(xk), l�y :

λ(ϕ(xk) · V ) = (ϕ(xk) · CV ), k = 1, · · · , l (3)

��� O 3�â λ 6= 0 o���N O 3q� ` V Jq� O 3�e�f�Nq� `�ë�ì , Ã�í�4�5
V =

l
∑

i=1

αiϕ(xi) (4)

å p αi ®�î r . ��æ (2)–(4) l�y :

λ

l
∑

i=1

αi(ϕ(xi) · ϕ(xk)) =
1

l

l
∑

i=1

αi(ϕ(xk) ·

l
∑

j=1

ϕ(xj)ϕ(xj)
Tϕ(xi)), k = 1, · · · , l (5)

ï�ð
l× l ñ�ò K:

Kij = K(xi, xj) = (ϕ(xi) · ϕ(xj)) (6)

ó æ (5) ô�¬�®
lλKα = K

2
α (7)
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D�á æ (7), ��� D�á ��æ���l
lλα = Kα,α = (α1, · · · , αl)

T (8)O 3�â λk ������N O 3q� ` αk(k = 1, · · · , l) lq����æ D�á , l�í�y a�O 3�â λ1 ≥ λ2 ≥ · · · ≥ λl � O
3q� ` α1, α2, · · · , αl.  �!�l�í���"$#�% p b O 3q� ` N�H�I�g�î�&�'�d . S�T O 3�e�fq� ` N�(�K�¬ ,  
!�l�í�g O 3q� ` α1, α2, · · · , αp )�* (�K�¬ , ��o�K�+ k = 1, · · · , p, ,

(νk · νk) = 1 (9)\
(4) - ^ (9) l�y :

l
∑

i=1

l
∑

j=1

αk
i
αk

j
(ϕ(xi) · ϕ(xj)) =

l
∑

i=1

l
∑

j=1

αk
i
αk

j
Kij = (αk,Kαk) = λk(αk · αk) = 1 (10)

.�/ � ` x N�F�u�l�S�T ϕ(x)
Z�[�a�O 3�e�f�N O 3q� ` y a , �

tk = (νk · ϕ(x)) =

l
∑

i=1

αk
i
(ϕ(xi) · ϕ(xj)) =

l
∑

i=1

αk
i
K(xi, x), k = 1, · · · , p (11)

0 F�u�G v�� I ,
r�s ��C�5 O 3�e�fqp�1�¬ . Ü�b��°�l�íq� K̃ Q�- K 2�{ Æ :

K̃ = K − LK − KL + LKL (12)

æqp , Li,j = 1/l.3 F�u�G v K�� , E�F�u�G v ) � HotellingT 2 &�4 ` � SPE &�4 ` µ�º T�} »�¼ .
å p T 2 &�4 ` ïð ® : T 2 = [t1, · · · , tp]Λ

−1[t1, · · · , tp]
T,
å p tk ��æ (11) 4 � y a , Λ J�����"$#�F�u�N O 3�â�N�o�5�ñ�ò .

T 2 &�4 ` N ¼�6�7 lq� F G�8�4 � y a : T 2
p,l,a ∼ p(l−1)

l−p Fp,l−p,a. æqp , l J�E�F�u�ª�«�N���� r , p J�"$#
N�F�u r .9 ��E�F�u�ª�«�N SPE &�4 ` ¼�6�7 lq� 0 ��H�I�y a [9]: SPE = ‖ϕ̂n(x) − ϕ̂p(x)‖

2 =
n
∑

j=1

t2j−
p
∑

j=1

t2j
å p p ®�"$#�N�F�u�b r , n ®�æ (8) p�Ã i l b O 3�âqp�N 8�:�O 3�â�N�b r ; ; j = k

<
νT

j νk = 1, <ó
νT

j νk = 0.

SPE &=4 ` N ¼=6=7 l � �=>�N=?=@�G=8=4 � y a : SPEa ∼ gx2
h. æ p , g A Z ³ SPE &=4 ` ¼=67 N=B=C , x h A Z ³ SPE &=4 ` N ¡ �DC .

0 À a � b G=E�® SPE N=F=G=H�â���H�Þ ,
ó l=?=@�y a

g = b/2a, h = 2a2/b.

3 IKJKLKMKNKOQPSR ÖQRSTSU
SVM[10−12] J�K�L���¬�@���Å�V�N�G�W�X , R�5 á�Y ������ã�ä�H�>�Á Æ Ä ³�Z�[ O i N�¤�¥ , = ì ®\�] ��ª�æ�^�E�����M�N�_�`�a�b .

o�� [ W�ª�æ�^�E�ã�ä , SVM l�S�T�ç�W�ã�ä�N ë ��2�{ Æ . S�c i ç�L�d�e : 1) “ K�o [ ” d�e , ��K
b�G�W�X \�f K�W 3�g ��Ã i W�E�h�G�i�2 ; 2) “ K�o�K ” d�e , ��K�b�G�W�X \ ç�b�W�E�o�h�G�i�2 . j�ç
L�H�I \ [ W�ã�ä�k�l�®�ç�W�ã�ä D�á�< , m�m�n�Ä Æ�o�p G�W�h , ® ³�q�r Ü�L�s�Ë , Yuan t�P�Ä “ K�oå�u

”
� I [13] .

������v “1 o å�u ”
� I�í [ r Ä Æ N�¦�§�w�x�y�z�¦�§�2�¤�W�{�|�}�~ SVM, K ï }�C������ ³ }

~��£G�W���C , ®�¯ , P�Ä�K�L ´�µ “1 o å�u ”
� I , ��� s ��W r�s Nqp�1���� , W�o�}�~ r�s µ�º�� G ,� g�� SVM

µ�º G�W , 7�7�� � ³�� � }�~ ` [14] .h�� T�} 0 � :

1) � s ��W r�s 5 O 3�e�fqp�Nqp�1���� ,
\ ��� r�s�� ���q��� a ?���� ;

2) w k Wqp�X�Ä���������N�K�W r�s °�®�����N�K�W ,
g ��N k− 1 W���°�K�W , g�� SVM

µ�º G�W .

G�W�n���K���? � {�|�Ü�����N�K�W , x���{�|�Ã���Ì�N k − 1 W ;

3) w k−1 Wqp�X�Äqp�1���������N�K�W�°�®�����N�K�W ,
� Ú g � (k−1)−1 W���°�K�W , g�� SVMµ�º G�W ;
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4) ��¯�W�� ,   a ��n�ç�W�¡ Y .

4 ¢K£ÔÒÔÓÔÕÔÖ ×S¤SPQISJSLQMSN ÖQRSOS¥§¦�¨S©QªS«S¬QS®S¯Q°
4.1 ±�²�³�´�µ�¶�·�¸ KPCA ¹�º�»�¼�½�¾

1) ¿�y�T�}�À�c � º ��N�Á�° r�s , Ì�o f b r�s�� æ (13) ��H�â���Â�Ã�Þ µ�º Â�Ã�¬�Ä�Å :

X∗

i =
Xi −E(Xi)

(Var(Xi))1/2
, i = 1, · · · , l (13)

2) o���²�Æ a N m d�T�}�À�c�Á�° r�s Xk ∈ R
m, (k = 1, · · · , l), ��æ

[K]ij = Kij = 〈ϕ(xi), ϕ(xj )〉 = [K(xi, xj)] 4 � E�ñ�ò K ∈ R
l×l;

3) � s æ (12) o�E�ñ�ò K
µ�º p�1�¬�Ä�Å ;

4)
D�á�O 3�â�ã�ä lλα =

∼

K α, Ì�o αk (�K�¬�Ä�Å , g�y 〈αk, αk〉 = 1/λk;

5) � s æ (11) o�À�c�Á�° r�s Æ , P�Q 8�9�:�O 3�u ( ��E�F�u );

6) 4 � À�c�Á�° r�s N�&�4 ` T 2 w SPE;

7) 4 � &�4 ` T 2 w SPE ����N ¼�6�7 ( o���� 99% Ç�È 7 );

4.2 ±�²�É�Ê�Ë�Ì�Í�Î�Ï�Ð�Ñ�Ò�½�¾
8) ¿�y�¦�§ r�s Æ , Ì � æ (11) 4 � ¦�§ r�s N�E�F�u�°�® [ ��� � `�� G=WÓX�N=}Ó~ r s , Ô�®

(x1, y1), · · · , (xl, yl), k ∈ R
p × {+1,−1}(l ��� r , p ®���� � `�� ]�^ � ` N�d r , Õ=��¦�§ r�s N�E�F

u r×Ö );

9) S�T�X�Y���Ø�N�E�Ù r K(xi,x) ��À�Ú�¬�� r c, Û���}�~ r�s (xi, yi) ¿�y����q� `�� ª�«�N á ;

10) S�T���>�N�Ü�Ý , ¿�y�Þ q b����q� ` G�W�X�N�ª�«�® : fq(x) = sgn

(

p
∑

i=1

aiyqiK(xi,x) + b

)

;

11)
� � Þ (9) � n ß ,   a ¿�y�Ã i n b����q� ` G�W�X ;

4.3 à�á�»�¼�â�Ï�Ð�Ñ�Ò
12) ¿�Q�M�N���� r�s Ì µ�º Â�Ã�¬�Ä�Å ;

13) o�� m d .�/ r�s xt ∈ R
m, S�T�E�H�I [kt]j = [K(xt, xj)] 4 � E _�` kt ∈ R

1×l, xj ®�À�c�Á
° r�s , xj ∈ R

m, j = 1, · · · , l;

14) � s æ (12) o .�/ E _�` kt

µ�º p�1�¬�Ä�Å ;

15) � s æ (11) o .�/ r�s Æ , P�Q 8�9�:�O 3�u ( ��E�F�u );

16) 4 � .�/ r�s N�&�4 ` T 2 w SPE;

17)
»�¼ &�4 ` T 2 w SPE J�<�ã�T ¼�6�7 , ä�ã�T ¼�6�7 ,

ó \ ¦�§ r�s N�E�F�u�å ^�a [ ���q� `� G�W�X µ�º G�W�¡�E ;

18)
] Ä�¦�§�È�æ .

5 çKèKéKê
ë b�¸�¹�T�}qp ¼�6 N�ì�Û�@��$í�¹�Í É�Ê ¶�V , í�¹�î�c�¶�ï . ;�ð���T�}�ñ�Ï�Ä h�i K ï V�C���òó�: N�ð���ô�n ,

� K ï í�õ 3�ö a�T�N�÷�ø�K�ù�ú ^ Ç�È�É�Ê ¶$û .
Ç�È�É�Ê ¶�w�?�ü�N Ê$ý ��¶$û É ^

a Ê ,
å p ¶=þ Êÿý N=a Ê�� C=x�c ,

h�i K ï a ` N�� ó=3 ÷=ø p N��=A��=ñ ì K���¬�� , Ì���Ä�7 ` N
a ,
µ K���®���¬���N�ì�Û�A���P���a ` . x�K���¬�� CO ����ì�Û���¬�Î ZnO ����¬�Í PbO

[15].

��� Ç�È�É�Ê ¶�J�K�b�� È N�e�f , 	�
�¬���A���5���>��� µ�º . ® ³ "�� Ç�È�É�Ê ¶�N�À�c�ñ�Ï , Ã
��� . r�s ) 8 c [ ,

Ö %�¸�¹�T�} i ; N�� . � r i 123 b . ¸�¹�T�}�� ;�� N�ã�ä�J�d���¶�Ë�N�� ï ,

Ì�o=;=%�¶�Ë t Ä=¡�© , � < S�T�� . r�s N���¬ , ¿�y��Ë���¬�N���¥ . õ 0 ¶ÿû �����=ù�N���¶�� Ê��
g���¿�����������u . ����²���U�	�¹� Ç�È�É�Ê ¶ (ISF) N�{ ] r�s µ�º ½�¾�! v _�` , í�"�� ��# N i$�%

.
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� s Æ�& ��_���'�(�)�" ,
Ç�È�É�Ê ¶�*�+�,�- i�. b : À�c�,�- (S0) �0/�1 (S1) � ¶�2�3�� (S2) � ¶4 ��� (S3) � ¶�5���� (S4); 6�{ ]�7 ñ�Ï ¼�6�8 }qp , Å [ � . r�s�9 ® ³�»�:�Ç�È�É�Ê ¶ 7 ñ�Ï�,�Ë 7 ,

{ ]�;  �<=A���¶�Ë 7�=�> ��?�@�A�! . � >�B�C�D�7 ñ�E�F�G�H�'�(�)�" , I�J�*�+ 7 20 K�L�M�N�O�P
G�Q�R KPCA S�T , U�V�W 1 X . Y

1 Z\[\]\^\_\`\a\b\c
Y

d\e\f\g h\i j\k d\e\l d\e\f\g h\i j\k d\e\l
TI4107 N 4.0 m\n\o k FIC3004 N 4.0 p\q\n e
PI3001 N 5.1 m\n\r\s FI3005A N 4.0 p\q\n\t\u

FI4110B N 5.2 m\n\v e FI3005B N 4.0 p\q\n\w\x
PI3002 N 5.1 y\n\r\s FI3004C N 4.0 p\q\n\t\x
FI4202 N 5.2 y\n\v e FI3004D N 4.0 p\q\n\w\u
FI3002 N 4.0 z\{\n FI3335 N 5.2 |\}\n
FI3003 N 4.0 ~\�\v e PI3001A N 5.1 |\}\n\r\s
PI3005 N 4.0 ~\�\r\s FRC3005 N 5.1 n��

FI3004A N 4.0 �\�\n\x TI3001A N 4.0 �\�\o k w
FI3004B N 4.0 �\�\n\u TI3001B N 4.0 �\�\o k

5.1 ������������������������������������������������������ P� �¡�N�¢�£ KPCA ¤�¥ . ¦�§�J�¨�©�ª�G�«�¬ 20 K��®�L�M�¬ 350 K�¯�° =>
. ±²V =�> ¯�°�³�´�  3 µ�¶ / · , ¸�¹�º�V�¯�»�¨�©�¼�R 20 K�½�¾�¬ =�> ¢�£ KPCA ¤�¥ , ¸�°�¿ ��ÀÁ ¤�¥�¬�¿�Â�Ã .Ä �Å�·�J�Æ�Ç�È , KPCA X²¬�É�Ê = ¯�Ë�ÌÎÍ²Ï�Ê = , J σ=0.10, KPCA ¿ ��Ð�Ñ�Ò�Ó ¬�Ô�Õ�H�µ�Ö×�Ø

.

±²V�Ù 6 K�Ú�Û�¬�Ü�Ý�Þ�ß�H�à�µÎá²â�V 85%, ã�J�É�Ú�Û =   K=6. ¹�ä�¬�å�æ�ç δ2T =8.5804, O�ä
V 99% ¬�è�é�ç .

«�ê � ã�ë 1(S1) ì�í� �¡�Q�R�µ�î . ï�ã�ë 1 ì�í�« , ð�ñ 150 ò�ó�Ç�ô�õ�Ë�V��®�ï�ö�÷�å ( ¯
°�¾�ø�  3 µ�¶ ).  �ù�Q�R�Oúá , PCA Ü�û�ü�ý�Ë�N�Q�R��®�÷�å , þ�Ú�Û�ô�  6, SPE ÿ�ß�M�å�æ�ç� 
16.35, O�ä�V 99% ¬�è�é�ç . ã�ë 1 ¬ SPE ÿ�ß�M������ 1 ��� , �ÎX���ö�W���å�æ�ç .

�
1 S1 � SPE 	�
\c\`\a��� �

� �ÎX²¿�� , Ï�V KPCA ¬��®�÷�å�����V���ÿ�¬ PCA Ü�û . ��ÿ�¬ PCA Ü�û������������ , ���
?���û�����ã�ë���ï�¬�F�G . ��Ï�V KPCA ¬�Ü�û�������� ,

Ð
100% ¬��� �� .!�"

, ¿ ��# Ë KPCA ¤�¥�ñ Ñ�$ Ö�¥�°�%�ô�õ�¬�ÿ�ß�M�L�&�N�÷�å ������� P�' ��( E��® . )�õ�L
& , ¿ ��*�+�,�-�.�/ ã�ë , 0�?�ã�ë , 1 # Ë�2�3ÎÍ²M�4�O�þ�Q�R�5� �µ�Ö .

5.2 6�7 SVM 8�9�:�;�<�=���>�?@ K�L�M�ï @ @�A�ì�í�« $ ð�J 30 ò�ô�õ ,
# Ë�2�3ÎÍ²M�4�O Ä É�Ú�Û�µ�î�ñ Ñ ¬ 150 ò�B�C�°�%�Q

R�B�C , 150 ò�B�C�ô�õÎX²¨�©�ì�íEDGF�HED P�I�J�KED P�L�K�MED P�N�K�M 5 A�Ö�¥�¬�°�%�ô�µ� �  30. µ
Ö�¯�Ë “1 O�þ�O ” P�û , Q�R�¢ 4 K�2�3ÎÍ²M�4 (SVM1–SVM4).

Ä �ÖÎX�S�T�U�V�µ , 5 Ö�°�%�W�T�UÎ±X Ñ�Y ¬�·�Z�  : ¨�©�ì�íED[F�HED P�I�J�KED P�L\K�M]D P\N�K\M .
!�"

, SVM1 Ë 150 K�°�%�Q�R�B�C ,
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SVM2 Ë�F�HED P�I�J�KED P�L�K�MED P�N�K�M 120 K�°�%�Q�R�B�C , SVM3 Ë�P�I�J�KED P�L�K�MED P�N�K
M 90 K�°�%�Q�R�B�C , SVM4 Ë�P�L�K�MED P�N�K�M 60 K�°�%�Q�R�B�C .

Ä Îá²O�µ�î , I�k Gauss ¥�Ê
ô�l�  SVM É�Ê�ô , J C=1, δ2 = 1.

5.3 ������8�9�����7�:�;
 �ù�Q\m\n�È Á KPCA-MSVM ¬\o × Ã ,

# Ë ������� P (ISF) pq��ã�ë�Ö\ �¬\r�È�°\%�Q�R�È Á .@ A�ì�í�I�J�ù 20 K�°�% , 5 A�ì�í�Q 100 K�°�%�µ� �Ë PCA-MSVM H KPCA-MSVM Ü�û�ó�Ç�H�Q�R
OÎá²Ç�È , K Ø ��W 2 ��� . Y

2 s�t�u�v�w�x�y�z{�| }�~ ������� e����\h������\h����
KPCA-MSVM � PCA-MSVM ��� ����� �

h\i ����� ������� �������
PCA-MSVM KPCA-MSVM

S0 20 100.0 100.0 90.0 100.0

S1 20 96.7 95.0 90.0 95.0

S2 20 93.3 85.0 75.0 85.0

S3 20 96.7 90.0 85.0 90.0

S4 20 96.7 95.0 85.0 95.0

� W 2 K Ø ¿ ����. , Å�2�3ÎÍ²M�4�¿ � o ×�� µ�U .�$ K�ã�ë .�
KPCA-MSVM ����K Ø���� PCA-MSVM ¬�OÎá�X²¿ ����. , ¹�O�V PCA-MSVM Ü�û , KPCA-

MSVM Ü�û���o Ò ��¬�ã�ë�5� \� , þ�Ã�����V PCA-MSVM Ü�û�� MSVM ¹�O�V SVM ï�5� ���Ï�%
��L�¬�F�G�« , B�C�����¿ ��� � 2−3   , ¡� , ï�ô�õ�M Ò â�¾���¢�£�¤¦¥�§ .¨ È Á ¥ , MSVM Ü�û�Ë�V�ï�ö�ã�ë�����¾ , ß�P�M�©�� ,�ª ©�â , O�ß�P�4�¬���«�ü�©���� , ¸ , !
 �â�M�¬�ß�P�H�B�C�ª�l�Ú���»ÎX²ï\U�ö��®�H�¢�¤�¬\ , ï�ö�÷�ó���� , m�K�¤�®�¯�°�¬��® . ±�²�0�ã
ë�¤�®�³ ( L�& , ´�µ�¶�·�B�C�O�ä�¬ MSVM ¸�¿ .

6 ¹»º
%�¼�½�O ������� P�' � �®�¾�V�¢�¤�¬ ¨�¿�À�Á ,

��. ù�Ï�V�É�Ú�Û�µ�î�H�Å�2�3ÎÍ²M�4�¬��®�÷�å
¤�¥ , ¤�¥���o���«�¡�Â :

1) ³�Ã�ù�É�Ú�Û�µ�î � Å�2�3ÎÍ²M�4�Ä�Å $ÇÆ ¬���¢ , ��o���µ�¢�¤�°�%�ÈEDÊÉ�Ë���Ì�Í�¬�¡�Â ;

2) Î�ó�K Ø W¦¥ , ¸�A�¢�¤�Ü�û�Ï�&���Ì Ó , Ð�Ñ�Ã�Í , ��Ò���Ó�ä�Ô�K ( E��®�¬�L�&�H�ã�ë�¬ .�/ ,

ï��®�ª�Õ�¬�÷�å�Ö�×���o¦Ø²â�¬�ä�Ë�Ù�Æ .
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