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$"$i $^$7 6aG/!$ %5%]!< %H%Y%/%?!< %%̂7%s(Support Vector Machine,SVM) $H8F$P$l $k%Q%?!< %s<1JL<j K!$, M%$l $?<1
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%9SVM $K$*$1$k3FSVM %b%8%e!< %k$NFHN)FCD'A*Br$N?7$7$$<j K!$rDs0F$7!$<B%G!< %?$rMQ$$$F<B83$r9T$C$?!%$=$N7k

2L!$ <1JLN($rMn$H$9$3$H$J$/ !$ FCD'<! 85?t 5Z$S%5%]!< %H%Y%/%H%k$N:o 8: $K$h$j <1JL;~ 4V$r85$N;~ 4V$h$j BgI} $K:o 8: $9

$k8z2L$rF@$?!%

%-!< %o!< %I FCD'A*Br!$ %5%]!< %H%Y%/%?!< %%̂7%s!$ B?%/%i%9SVM!$ %5%]!<%H%Y%/%H%k!$ B?%/%i%9<1JLLdBj !$ SBS

Splitting the feature subsetselectionof
multiclass support vector machines

Xin HUy, Mauricio KUGLER y, Anto Satriyo NUGROHOyy, Susumu KUROYANAGI y, and Akira

IWATAy

y The authors are with the Department of Computer Science& Engineering, Nagoya Institute of Technology,
Gokiso-cho, Showa-ku, Nagoya, 466-8555,Japan!%

yy The author is with the School of Life System Science& Technology, Chukyo University, 101 Tokodachi,
Kaizu-cho, Toyota,470-0393,Japan

E-mail: yhuxin@mars.elcom.nitech.ac.jp, yymauricio@kugler.com,yyynugroho@life.chukyo-u.ac.jp,
yyyyfbw,iwatag@nitech.ac.jp

Abstract One drawback on the use of Support Vector Machines (SVM) in real applications is its slow classi�-

cation speed, proportional to the product of number of features and number of support vectors!% Feature Subset

Selection (FSS) is one way for reducing the dimensionality, normally reducing the number of support vectors, and

consequently the recognition time!% However, for the multiclass SVM, applying FSS in the whole input spacedoes

not achieve an optimal feature subset for each independent binary classi�er!% This work proposesa new structure,

in which the FSS is performed independently for each SVM!% The experiments with real world data showed a

much higher averagedimensionality reduction, decreasingthe recognition time by several orders with a comparable

performancewith the full features set!%

Key words feature subsetselection,support vector machine,multiclass SVM, support vectors, multiclass classi�-

cation problems, SBS
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1. $O$8 $a $K

%Q%?!< %sG'<1$G07$&%G!< %?$O$=$NFCD'<! 85?t $, 2aB?$G$"$k>l

9g!$7W;; ;~ 4V$, D9$/ !$Over�tting $K$h$k@:EY$N0-2=$r>7$/ >l 9g

$, $"$k!%$3$N$h$&$J>l 9g$K$OFCD'A*Br$r9T$&$3$H$G!$ ITMW$JFC

D'$r<h$j =| $- !$ J, N`4o$N@:EY$NDc2<$rM $̂( !$ 7W;; ;~ 4V$NM @̂)$r

$9$k$3$H$, 2DG=$G$"$k!%

%Q%?!< %sG'<1<j K!$N0l $D$H$7$F%K%e!< %i%k%M%C%H%o!< %/$r

G'<1%(%s%8%s$H$7$FMQ$$$kJ} K!$, B?$/ Ds0F$5$l $F$$$k$, !$ 6a

G/!$ Hs@~7AJ, N`LdBj $N2r 7hK!$H$7$F%5%]!< %H%Y%/%?!< % %̂7%s

!J Support Vector Machine,SVM !K$, CmL\ $rMa$S$F$$$k!%SVM

$O!$ @~7A$7$- $$AG;R$rMQ$$!$ 2 %/%i%9$N%Q%?!< %s<1JL4o$r 9=@.

$9$kJ} K!$G$"$k!%3X=, %5%s%W%k$+$i %!̂< %8%s:GBg2=$H$$$&4p=`

$G@~7A$7$-$$AG;R$N%Q%i%a!< %?$r3X=, $9$k!%$^$?!$ Hs@~7A$JLd

Bj$KBP$7$F$OFCD'%Y%/%H%k$r%+!< %M%k4X?t $K$h$j 9b<! 6u4V$X<L

A|$7!$ $=$N6u4V$G@~7AJ, N%$r9T$&$3$H$K$h$j <1JL$r9T$&!%

SVM $O8=:_ CN$i $l $F$$$kB?$/ $N<j K!$NCf$G$b:G$bG'<1@-G=

$NM%$l $?3X=, %b%G%k$N0l $D$G$"$j !$ J8;z G'<1$J$I B?$/ $N<B83$G

9b$$<1JLN($, Js9p$5$l $F$$$k!%$^$?6aG/$$$/ $D$b$N<BMQE*$J1~

MQ;v Nc$, Ds0F$5$l $F$*$j !$ $3$l $i $O%P%$%*%$%s%U%)%%̂F%#%C%/

%9!J %P%$%*>pJs3X!K!$ 7W;; 8@8l 3X!$ %3%s%T%e!<%?%S%8%e%s$J$I

$NB?4t $NJ, Ln$K$o$?$k [1]!%$7$+$7!$B?%/%i%9LdBj$KSVM $r1~

MQ$9$k>l 9g!$ B??t $NSVM %b%8%e!< %k$r ;HMQ$9$k$?$a!$ <1JL%9

%T!< %I$, CY$$$H$$$&LdBj$, $"$k!%$=$3$GK\O@J8$G$O!$ B?%/%i%9

SVM $KBP$7$F3FSVM %b%8%e!< %k$NFHN)FCD'A*Br$r9T$&?7$7

$$<j K!$rDs0F$9$k!%

K\9F$N9=@.$O<! $N$h$&$K$J$C$F$$$k!%$^$: !$ 2. @a$G$O!$ %5

%]!< %H%Y%/%?!< % %̂7%s$r =R$Y$k!%<! $$$F3. @a$G$OFCD'A*Br$N

35MW$K$D$$$F=R$Y$k!%4. @a$G$O!$ Ds0F<j K!$r@bL@$9$k!%5. @a$G

$O!$ Ds0F<j K!$G<B%G!<%?$K$h$kG'<1<B83$N7k2L$H9M;! $r<($9!%

2. %5%]!<%H%Y%/%?!< %%̂7%s!J SVM !K

2. 1 Fs%/%i%9$N<1JL$r9T$&SVM

SVM $OJ, N%D6J?LL$+$i %5%s%W%k$^$G$N5wN%!J margin!K$, :G

Bg2=$9$k$h$&$KJ, N%D6J?LL$r9=C[$7%/%i%9J, N`$r9T$&!%$3$NJ,

N%D6J?LL$O%5%]!< %H%Y%/%H%k$H8F$P$l $k%/%i%96- 3&6aK5$KB8

:_ $9$k$$$/ $D$+$N%5%s%W%k$K$h$j I= 8=$5$l $k!%Hs@~7A$NLdBj$K

BP$7$F$O!$ %+!<%M%k%H%j%C%/$K$h$C$FF~NO6u4V$r$h$j 9b<! $NFC

D'6u4V$K<LA|$7!$ $=$3$G@~7AJ, N%$r9T$&$3$H$GE,MQ$, 2DG=$G$"

$k!%SVM $OE}7WE*3X=, M}O@$K4p$E$/ ?7$7$$#2%/%i%9$N%Q%?!<

%sG'<1<j K!$G$"$j !$ %K%e!< %i%k%M%C%H%o!< %/$J$I $N=>MhK!$HHf

3S$7$FHF2=G=NO$, 9b$$E@$H:GE,2r$, 5a$^$kE@$KFCD'$, $"$j !$ $=

$N$?$a3X=, $KMQ$$$F$$$J$$%G!< %?$KBP$7$F$b9b$$<1JLN($r<($9!%

SVM $, $3$N$h$&$JFCD'$r<($9$N$O!$ $=$N3X=, $KG'<18m$j $HHF

2=@-G=$NN>LL$+$i :GE,2=$, 9T$o$l $F$$$k$?$a$G$"$k!%

G'<1%5%s%W%k(L$CN$J%5%s%W%k)x $r<1JL$9$k>l 9g

SVM $N:G=*E*$JJ, N`4X?t !J <1JL4X?t !K$O

f (x ) = sgn

 
X

i 2 SV

yi � i K (x i ; x ) + b

!

(1)

$H$J$k!%

$3$3$G!$x i $O:GE,$J<1JLD6J?LL>e$Ni 8DL\ $N%5%]!< %H%Y%/%H

%k$G$"$j !$ yi $Oi 8DL\ $N%5%]!<%H%Y%/%H%k$N65;U%i%Y%k$r0UL#

$7$F$$$k!%K (x i ; x ) $O%+!< %M%k!$ � i $O%i%0%i%s%8%e>h?t $G!$b

$OogCM$G$"$k!%4X?t sgn(u) $O!$ u > 0 $N$H$- 1 $r<h$j !$ u <= 0

$N$H$- -1 $r$H$kId 9f 4X?t $G$"$k!%

%+!< %M%kK (x i ; x ) $+$i :GE,$JHs@~7A<LA|$r9=@.$G$-$k!%K\

8&5f $G$O<! $K<($9Gaussian %+!<%M%k$rMQ$$$?!%

K (x i; x ) = exp

�
�

kx i � xk
2� 2

2
�

(2)

$3$3$G!$ %5%s%W%k$NFCD'<! 85?t $r n $H$9$k$H

kx i � x k2 =
NX

n =1

(x i n � xn )2 (3)

$H$J$k!%

<0 (3) $K$h$j !$ Gaussian%+!< %M%k$r 7W;; $9$k>l 9g$K$O>h;; !$

8: ;; !$ 2C;; $N2s?t $, $=$l $>$l FCD'<! 85?t $N?t N $K$J$j !$ 7W;;

NL$OFCD'<! 85?t $HHfNc$9$k$3$H$, L@$i $+$G$" $k!%$=$7$F!$ <0

(1) <1JL4X?t $K$h$j !$ SVM $G%Q%?!< %s<1JL$9$k>l 9g!$ <1JL;~

4V$O%5%]!< %H%Y%/%H%k$N?t $HFCD' <! 85?t $N@Q$KHfNc$9$k!%N

$rFCD'<! 85?t !$ SV $r%5%]!< %H%Y%/%H%k$N?t $K$9$k$H7W;; NL$O

O(N � SV ) $G$"$k!%

8&5f $NL\ E*$OB?%/%i%9SVM $K$*$1$k3FSVM %b%8%e!< %k$N

FHN)FCD'A*Br$9$k$3$H$K$h$j !$ %5%]!< %H%Y%/%H%k$N%5%s%W%k?t

$HFCD'<! 85?t $r8: $i $7!$ $h$j B?$/ <1JL;~ 4V$N:o 8: $r?^$k!%

2. 2 SVM $NJ#?t %/%i%92=

B?%/%i%9LdBj$KBP$9$k SVM $NE,MQK!$K$D$$$F=R$Y$k!%SVM

$OFs%/%i%9<1JL4o$G$"$k$?$a!$ B?%/%i%9(Q %/%i%9) LdBj $KD>

@\E,MQ$9$k$3$H$O$G$- $J$$!%Fs%/%i%9<1JL4o$r B?%/%i%9LdBj

$KE,MQ$9$kE57?E*$JJ} K!$H$7$F$O!$ $"$k%/%i%9$H$=$NB>$N%/

%i%94V$G<1JL$r 9T$&<1JL4o$r 3X=, $7$FMQ$$$k One Versus the

Rest(1-v-r) $d!$ $9$Y$F$N%/%i%9BP$4$H$K<1JL4o$r 9=@.$7!$ $=

$l $i $r AH$_9g$o$; $F<1JL$r 9T$&One Versus One(1-v-1) $, $"

$k!%[2] [3]

1-v-r $N>l 9g$OQ %/%i%9%G!< %?$r 3X=, $9$k>l 9g!$ $9$Y$F$N

%G!< %?$r MQ$$$? SV M i ,(i = 1; 2; : : : ; Q) $r9=C[$9$kI, MW$, $"

$k!%$=$N7k2L$rE}9g$9$k$H$$$&$b$N$G$"$k (:GBg$Nf (x ) $r=PNO

$7$?%/%i%9$K<1JL$9$k)!%$3$NJ} K!$O%/%i%9?t $H%5%s%W%k?t $,

B?$$$H$-$O7W;; NL$, Hs>o$KB?$$!%

1-v-1 $N>l 9g$OQ %/%i%9%G!<%?$r3X=,$9$k$?$a$K$O!$3X=,$K2

%/%i%9J, $N%G!< %?$rMQ$$$? SV M i ,(i = 1; 2; : : : ; Q(Q � 1)=2)

8D$NSVM $, I, MW$H$J$k!%$f $( $K!$1-v-1 $O9=C[$7$J$1$l $P$J

$i $J$$SVM $N8D?t $O1-v-r $h$j B?$/ $J$k$, !$$=$l $>$l $NSVM

$r9=C[$9$k:] $KMQ$$$k%G!< %??t $O1-v-r $h$j >/ $J$$$?$a!$ 1-v-r

$h$j $b9bB.$J3X=,$, 2DG=$G$"$k$3$H$, CN$i $l $F$$$k!%

K\8&5f $G$O!$1-v-1 $N<j K!$O1-v-r $N<j K!$HHf3S$7$?>l 9g$K9b

B.$J3X=, $, 2DG=$G$"$k$3$H!$ $^$?$=$l $>$l $NSVM $OFs%/%i%9

J, N`LdBj$rC4Ev$9$k$N$G!$ LdBj$, %7%s%W%k$G$"$j !$ <! 85?t $r$h

$j B?$/ :o =| $G$-$k$H4| BT$G$-$k$?$a 1-v-1 $N9=@.K!$rMQ$$$?!%
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3. FCD' A* Br

0l HLE*$K%Q%?!<%sG'<1$KMQ$$$k%G!< %?%Y!< %9$O!$ ;v Nc$H$=$l

$r I= $9FCD'$+$i $J$k!%FCD'$N2aB?!$ 7W;; ;~ 4V$, D9$/ $J$j !$ 7W;;

%3%9%H$, 9b$$$H$$$&LdBj E@$, $"$k!%%Q%?!< %sG'<1$K$*$$$F$O!$

NI$$@-G=$r$b$D<1JL;R!J FCD'6u4V$rJ, 3d$9$k5, B' !K$r :n $k$K$O

Hs>o$KB?$/ $N3X=,%Q%?!< %s$r I, MW$H$J$k!%0l HL$K!$ FCD'<! 85?t

$, A}$($k$HI, MW$J3X=, %Q%?!< %s$N?t $O;X?t E*$KA}2C$9$k[4]!%3X

=, %Q%?!< %s$rF@$k$K$O9b$$%3%9%H$, $+$+$k$?$a!$ F@$i $l $k3X=,

%Q%?!< %s$N8D?t $O8B$i $l $k!%5U$K!$ <1JL$KM-8z$J>pJs$rF@$k$K

$O!$ FCD'?t $, B?$/ $J$k798~$, $"$k!%$3$N7k2L!$ FCD'?t $NA}2C$K

$D$l !$ <1JL;R$N@-G=$, 5U$KDc2<$9$k<! 85$N<v$$$K4Y$k!%FCD'A*

Br (FSS - Feature Subset Selection) $H$O!$ M?$($i $l $?FCD'=8

9g$+$i <1JL4o3#$K$H$C$F$h$j $h$$FCD'=89g$N8uJd$rM?$($k$b$N

$G$"$k!%85$ND 8D$NFCD'$r ;} $DFCD'=89g S $+$i <1JL$KM-8z$J

>pJs$r$b$Dd 8D$NFCD'$+$i $J$kIt J, =89g s $rC5$9=hM}$G$"$k (

$?$@$7!$ D > d $Gd $O$G$-$k$@$1>. $5$$?t )!%$3$NI> 2A4X?t $N

=PNOCMJ (�) $, 9b$$$[ $I NI$$FCD'=89g$G$"$k$H8@$( $k!%J (s) $N

:GBgLdBj$G$"$k!%I> 2A4p=`4X?t $N0l $D$H$7$F<1JLN( 1 � Pe(Pe:

8m$j N() $rMQ$$$k$3$H$, $G$-$k!%

$3$l $^$G$KMM!9$JFCD'A*Br$N<j K!$, Ds0F$5$l $F$$$k!%Doak [5]

$OFCD'A*Br$N%W%m%;%9$N;k E@$+$i 8+$k$H:GA1E*!J Exhaustiv e!K,

Mp?t E* (Randomized) $HO"B3E* (Sequential) $N;0 $D$N%+%F%4

%j$KJ, $1$i $l $?!%O"B3E*$JFCD'A*Br!$ $?$H$( $P$h$/ CN$i $l $F

$$$k SFS( Sequential Forward Selction !K$HSBS(Sequential

Backward Selection) $OHf3SE*0B2A$G!$ 1~MQ%"%W%j%1!< %7%g%s

$K$*$$$F$O$h$/ ;H$o$l $F$$$k!%SFS$OFCD'?t $, 0 $N>uBV$+$i FC

D'<! 85?t $rA}$d$7!$ Dd;_ 4p=`$KK~$?$9$^$G$h$j $h$$I> 2A4X?t $r

:GBg2=$7$F$$$/ J} K!$G$"$k!%SBS$OA4It $NFCD'$+$i FCD'?t $r8:

$i $7$F$$$/ J} K!$G$"$k!%

$3$l 0J30$KPubdil $i [6] $K$h$j Ds0F$5$l $?7QB3E* Floating

%"%k%4%j%:%`SFFS( Sequential Floating Forward Search ) $H

SFBS( Sequential Floating Backward Search ) $, $"$k!%$3$N

J} K!$OSBS $HSFS $H$$$C$?0l J} 8~$@$1$NC5:w%"%k%4%j%:%$̀h

$j 9b$$%Q!< %U%)% %̂s%9F@$i $l $k$, [7]!$ 7W;; NL$, A}2C$9$k$?$a!$

Initialize:

Subset of remaining features s = [1; 2; : : : ; n]

Train the classi�er with the remaining features s

rep eat

(a) for each of the remaining features

do compute RR ( i )

/* RR ( i ) is the recognition rate without i th feature*/

(b) Find the worst feature x

x = arg max
�

RR ( i )
�

(c) Remove the feature that maximizes RR

s = [1!$: : : !$x � 1!$x + 1!$: : : !$n]

until s is empty !%

?^ 1 <1JLN($r I> 2A4p=`$H$9$k SBS %"%k%4%j%:%`

FSS

?^ 2 %0%m!< %P%kFCD'A*Br

FC$KFCD'<! 85?t $, 100$rD6$($k$h$&$JBg5, LO$JLdBj$KBP$7$F7W

;; ;~ 4V$, KDBg$K$J$k!%

$=$3$G!$ K\8&5f $O<B8=$N4JC1$5$H7W;; ;~ 4V$rG[N8$7!$SBS$N

%"%k%4%j%:%$̀r ;HMQ$9$k$3$H$K$7$?!%SBS %"%k%4%j%:%$̀OA4It

$NFCD'$+$i 0l 8D$: $DFCD'$r<h$j =| $$$F$$$/ $3$H$G!$ :G$bNI$$FC

D'$NAH$rA*$V!%?^ 1 $OSBS $r%Y!< %9$G!$ I> 2A4p=`$r<1JLN($H

$7FCD'A*Br$r9T$&%"%k%4%j%:%$̀G$"$k!%

4. Ds0F <j K!

%Q%?!< %sG'<1$KMW$9$k7W;; %3%9%H$r:o 8: $9$kJ} K!$H$7$F$O?^

2 $K<($9$h$&$K!$ A4BN$NF~NO6u4V$GFCD'A*Br$r9T$$!$ $=$N7k2L

$r<1JL4o$KF~NO$9$kJ} K!$, B?$/ MQ$$$i $l $F$$$k!%<1JL4o$H$7$F

SVM $rMQ$$$k>l 9g$K$*$$$F$b!$ FCD'A*Br$N8e, B?%/%i%9SVM

$r MQ$$G'<1$5$; $kJ} K!$, Ds0F$5$l $F$$$k [8] [9] [10]!%$3$N<j K!

$OA4BN$NF~NO6u4V$GFCD'A*Br$r9T$&$?$a!$ $3$3$G$O%0%m!< %P%k

FCD'A*Br (Global feature selection) $H8F$V$3$H$K$9$k!%$3$N

J} K!$O<1JL4o$H$7$F3, AX7?%K%e!< %i%k%M%C%H%o!< %/$d Nearest

Neighbor K!$r MQ$$$k>l 9g$J$I $K$bHFMQE*$KE,MQ2DG=$JJ} K!$G

$"$k!%$7$+$7B?%/%i%9SVM $K4X$7$F$O!$ <1JL4o$, <B:] $K$OB?

$/ $NFs%/%i%9J, N`4o$+$i 9=@.$5$l $F$$$k$?$a!$ $3$l $i Fs%/%i%9

J, N`4o$=$l $>$l $KBP$7$FFCD'A*Br$r9T$&$3$H$K$h$j 3FIt J, 6u4V

$K:GE,2=$7$?8zN($N$h$$FCD' A*Br$, 2DG=$K$J$k$3$H$, 9M$( $i

$l $k!%

$=$3$GK\O@J8$G$O!$ B?%/%i%9SVM $N1-v-1 $N%"%k%4%j%:%`

$rMQ$$!$ 3F%/%i%9BP$4$H$K<1JL4o$r9=@.$7!$ 3FSVM %b%8%e!<

%k$K$*$$$FFCD'A*Br$r9T$&J} K!$rDs0F$9$k!%$3$l $rFHN)FCD'A*

Br (Split feature selcection) $H8F$V$3$H$K$9$k!%?^ 3 $KDs0F<j

K!$r <($9!%6u4V>e$N
 , � , 4 , } 4 <oN`$N%/%i%9$N%G!< %?$r

J, N`$9$k$3$H$r 9M$($k!%$^$: !$ B?%/%i%9SVM $O1-v-1 %"%k%4

FSS FSS FSSFSSFSS FSS

?^ 3 FHN)FCD'A*Br
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(a) for each SV M ( i )

Initialize:

Subset of remaining features si = [1; 2; : : : ; n]

Train the i th classi�er with the remaining features si

rep eat

(b) for each of the remaining features

do compute RR ( j )

/* RR ( j ) is the recognition rate without j th feature*/

(c) Find the worst feature x of the i th SVM

x = arg max
�

RR ( j )
�

(d) Remove the feature that maximizes RR ( j )

si = [1!$: : : !$x � 1!$x + 1!$: : : !$n]

until si is empty !%

?^ 4 3F SVM %b%8%e!< %k$NFCD'A*Br

%j%:%$̀G%/%i%9BP$4$H$K<1JL5! $r 9=@.$9$k!%$=$l $>$l [
 � ],

[
 4 ],[
 } ],[� 4 ],[� } ],[4 } ] $NO;$D$N<1JL4o$r 9=@.$9

$k!%9=@.$5$l $?3FSVM $G<1JLN($rI> 2A4p=`$H$7!$SBS$N%"%k

%4%j%:%$̀GFCD'A*Br$r9T$&!%3FSVM %b%8%e!< %k$K$*$1$kFCD'

A*Br$N%"%k%4%j%:%$̀r?^ 4 $K<($9!%

5. G' <1 <B83

<B83$KMQ$$$?%G!< %?%Y!< %9$O!$ UCI Machine Learning

Repository [11](Satimage,Segment,Pendigits,Vehicle) $+$i F~

<j $7$?5! 3#3X=, MQ%G!< %?%Y!< %9$r %"%$%F% =̀89g$N%H%i%s%6%/

%7%g%s$H$7$F<h$j 07$($k$h$&$KJQ49$7$?$b$N$G$"$k!%I= 1 $K3F

%G!< %?%Y!< %9$N;EMM$r<($9!%

<B83%G!<%?$r :n @.$9$k$?$a$K!$ J, N`BP>] $H$J$k%G!< %?$r 2 J,

3d$^$?$O3 J, 3d$9$k!%J, 3d$5$l $?3F%G!< %?$O!$ %b%G%k$NI> 2A$r

9T$&L\ E*$GMxMQ$5$l $k!%%G!< %?%5%s%W%k$, ==J, $J>l 9g$K$O3X=,

MQ%G!< %?(training data) !$ I> 2AMQ%G!< %?(control data) $H%F%9

%HMQ%G!< %?(test data) $N;0 $D$KJ, 3d$9$k$3$H$, $b$C$H$bE,@Z

$G$"$k [10]!%I> 2AMQ%G!< %?$O?dDj$5$l $?%b%G%k$NBEEv@-$r 3NG'

$9$k$?$a$K;HMQ$9$k!%

K\8&5f $GMQ$$$?%G!< %?%Y!< %9$O85$N%G!< %?%Y!< %9$r 3F%/%i

%9%5%s%W%k$N%P%i%s%9$r<h$k$h$&$K!$ $=$l $>$l 3X=, !$ I> 2A!$ %F

%9%H$H$$$&;0 $D$N?7$7$$%G!< %?$KJ, 3d$7$?!%Satimage %G!< %?

%Y!< %9$N3X=, %G!<%?%Y!< %9$r?7$7$/ 3X=, %G!< %?$HI> 2A%G!< %?$K

J, 3d$7$?!%Pendigits %G!< %?%Y!< %9$N%F%9%H%G!< %?$r ?7$7$/ I>

2A%G!<%?$H%F%9%H%G!< %?$KJ, 3d$7$?!%Segment %G!<%?%Y!< %9$O

85$N3X=, %G!< %?$H%F%9%H%G!< %?$r7k9g$7!$ J?6Q$K;0 $D$N%G!< %?

$r J, 3d$7$?!%Vehicle %G!< %?%Y!< %9$O3X=, %G!< %?$7$+$J$+$C$?

I= 1 85$N%G!< %?%Y!< %9

Database T raining T est Classes Features

Satimage 4435 2000 6 36

Segment 210 2100 7 18

Pendigits 7494 3498 10 16

Vehicle 846 - 4 18

I= 2 <B83$KMQ$$$?J, 3d$7$?%G!< %?%Y!< %9

Database T raining Con trol T est Classes Features

Satimage 3105 1330 2000 6 36

Segment 770 770 770 7 18

Pendigits 7494 1998 1500 10 16

Vehicle 306 270 270 4 18

$?$a!$ 85$N3X=, %G!< %?$r ;0 $D$N%G!< %?$rJ, 3d$7$?!%85$N%G!< %?

%Y!< %9$rJ, 3d$7$FF@$??7$7$$%G!< %?%Y!< %9$OI= 2 $K<($9!%

K\<B83$K$*$$$F$O!$ $^$: FCD'A*Br$r9T$o$J$$B?%/%i%9SVM

$G!$ I> 2A%G!< %?$N<1JLN($r4p=`$H$7$F<1JLN($, 0l HV9b$/ $J$k%Q

%i%a!< %?$r5a$a$k!%<! $K!$ F@$i $l $?%Q%i%a!< %?$G3F%G!< %?%Y!<

%9$NFCD'A*Br$r%0%m!< %P%kFCD'A*Br$HFHN)FCD'A*Br$G9T$&!%$=

$7$F!$ FCD'A*Br$r9T$C$?%G!< %?%Y!< %9$K$*$1$kI> 2A%G!< %?$r4p

=`$H$7!$ :F$S%Q%i%a!< %?$rD4@a$9$k!%:G8e$K!$ A4It $NFCD'$rMQ

$$$?%G!< %?%Y!< %9$H!$ %0%m!< %P%kFCD'A*Br5Z$SFHN)FCD'A*Br$r

9T$C$?%G!< %?%Y!< %9$G!$ E,@Z$J%Q%i%a!< %?!< (I>2A%G!< %?$G5a

$a$i $l $?%Q%i%a!< %?) $G%F%9%H%G!< %?$K$*$1$k<1JLN($H<1JL;~

4V$r5a$a$?!%

B?%/%i%9%5%]!< %H%Y%/%?!< %%̂7%s$K$*$1$k3FFs%/%i%9$NFHN)

FCD'A*Br$N<BNc$r5s$2$k!%$3$N<BNc$OSatimage %G!< %?$rMQ$$

9T$C$?$b$N$G$"$k!%Satimgae %G!<%?%Y!< %9$O%/%i%9?t $O6 $G!$

FCD'<! 85?t $O36 $G$"$k!%1-v-1 %"%k%4%j%:% $̀G15 8DSVM <1

JL4o$, 9=@.$9$k!%$=$NCf$N5 $D$NSVM $NFCD'A*Br$r?^ 5 $K<(

$9!%?^$N2#<4$O:o =| $7$?FCD'$N?t $G!$ =D<4$OI> 2A%G!< %?$N<1JL

N($G$"$k!%5 $D$NSVM $O$=$l $>$l SVM1,SVM2, : : :,SVM5 $G

I= <($9$k!%3FSVM %b%8%e!< %k$N:G9b<1JLN($K$*$$$F$OSVM5

$O86%$G!$SVM1 $O100%$G$"$k!%$=$7$F!$ :G9b<1JLN($rF@$i

$l $kFCD'<!85?t $OSVM3 $, 4 8D$NFCD'<!85?t $KBP$7!$SVM5 $O

22 8DFCD'<!85?t $, I, MW$K$J$k!%$3$N$3$H$+$i !$B?%/%i%9LdBj$K

$*$$$F!$ 3FSVM %b%8%e!< %k$K$h$C$FI> 2A%G!< %?$N:G9b<1JLN(

$O0[ $J$j !$ :G9b<1JLN($, F@$i $l $k$H$-$NFCD'<! 85?t $b0c$&$3$H

$, J, $+$k!%$=$7$F!$SVM1 $HSVM2 $G$O<1JLN($, 9b$/ !$FCD'<!

85?t $r:o 8: $7$F$b<1JLN($NJQ2=$O3j $i $+$G$"$k!%SVM3,SVM4

$G$OMQ$$$?%G!< %?$N<1JL$, :$ Fq$G$"$k$?$a!$ <1JLN($, Dc$/ 0l $D

$NFCD'$N<h$j =| $/ $@$1$G<1JLN($, Bg$-$/ JQ2=$7$F$$$k!%0J>e$N

$3$H$+$i !$ 3FSVM %b%8%e!< %k$NFCD'A*Br$O$^$C$?$/ 0c$&$3$H

$, L@$i $+$G$"$k!%$3$N$?$a!$ B?%/%i%9SVM $K$*$1$k3FSVM

%b%8%e!< %k$NFHN)FCD'A*Br$, I, MW$G$"$k!%

?^ 6 $H?^ 7 $O<B837k2L$r<($9!%?^ 6 $H?^ 7 $N2#<4$O$$$: $l $b

%G!< %?%Y!< %9$NL>A0$G$"$j !$ =D<4$O$=$l $>$l I> 2A%G!< %?$N<1JL

N($H%F%9%H%G!< %?$N<1JLN($G$"$k!%?^ 6 $K<($9$h$&$K%0%m!< %P

%kFCD'A*Br$HFHN)FCD'A*Br$rMQ$$$?>l 9g$G$OA4It $NFCD'<! 85?t

$rMQ$$$?>l 9g$HHf3S$9$k$H!$ %0%m!< %P%kFCD'A*Br$NI> 2A%G!< %?

$N<1JLN($OA4It $NFCD'<! 85?t $rMQ$$$?>l 9g$h$j 0.1%� 1.95%9b

$/ $J$C$?!%$^$?FHN)FCD'A*Br$NI> 2A%G!< %?$N<1JLN($OA4It $NFC

D'<!85?t $rMQ$$$?>l 9g$h$j 1%� 7.52%9b$/ $J$C$?!%$h$C$FI>2A

%G!< %?$KBP$7$F$OFHN)FCD'A*Br$r9T$C$?>l 9g!$ A4It $NFCD'$rMQ

$$$?>l 9g$H%0%m!< %P%kFCD'A*Br$r9T$C$?>l 9g$h$j 9b$$<1JLN($r

F@$i $l $k$3$H$, L@$i $+$K$J$C$?!%
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?^ 5 FHN)FCD'A*Br$N<BNc(Satimage)

?^ 7 $G$O!$ %0%m!< %P%kFCD'A*Br$HFHN)FCD'A*Br$OA4It $NFC

D'$rMQ$$$?>l 9g$h$j $=$l $>$l -1.15%� 1.85%!$ -1.9%� 4.68%9b

$$!%%0%m!< %P%kFCD'A*Br$OSatimage $HSegment %G!< %?%Y!<

%9$K$*$$$F$O!$ FCD'A*Br$r9T$o$J$$>l 9g$h$j %F%9%H%G!< %?$N<1

JLN($O$d$dDc$/ !$ Pendigits $HVehicle %G!< %?%Y!< %9$K$*$$$F!$

<1JLN($, 9b$$!%FHN)FCD'A*Br$OSatimage $HPendigits %G!< %?

%Y!< %9$K$*$$$F<1JLN($, Dc$/ $J$k798~$, 8+$i $l $?$, !$ Segment

$HVehicle %G!<%?%Y!<%9$K$*$$$F$O$h$j 9b$$<1JLN($, F@$i $l $?!%

$9$J$o$A!$ %0%m!< %P%kFCD'A*Br$HFHN)FCD'A*Br$O%F%9%H%G!< %?

$N<1JLN($KBg$-$J1F6A$rM?$($J$$$H8@$($k!%

K\8&5f $NL\ E*$OFHN)FCD'A*Br$K$h$j !$ <1JL;~ 4V$r=L>. $9$k$3

$H$G$"$k!%G'<1;~ 4V$O2. @a$KA0=R$7$?$h$&$KSVM $N7W;; NL$O

%5%]!< %H%Y%/%H%k$N?t $HFCD'<! 85?t $N@Q$HHfNc$9$k!%$=$3$G3F

%G!<%?%Y!<%9$GFCD'A*Br$r9T$o$J$$>l 9g$N<1JL;~4V(O(N �SV ))

$r 1 $H$7$F!$ %0%m!< %P%kFCD'A*Br$HFHN)FCD'A*Br$r9T$&>l 9g$N

<1JL;~ 4V$r5a$a$k!%%F%9%H%G!< %?$N<1JL;~ 4V$r?^ 8 $K<($9!%

;M$D$N%G!<%?%Y!<%9Satimage,Segment,Pendigits,Vehicle$G

%0%m!< %P%kFCD' A*Br$OA4It $NFCD'$r MQ$$$?>l 9g$NG'<1;~ 4V$N

$=$l $>$l 14%, 44%, 60%, 93%$KBP$7!$ FHN)FCD'A*Br$NG'<1;~

4V$O$=$l $>$l 6%, 18%, 9%, 67%$G$"$k!%Satimage,Segment

%G!< %?%Y!< %9$K$*$$$F!$ FHN)FCD'A*Br$O%0%m!<%P%kFCD'A*Br$h

$j H>J, 0J>e$NG'<1;~ 4V$r :o 8: $G$- $?!%Pendigits %G!< %?%Y!< %9

$K$*$$$F$OFHN)FCD'A*Br$N<j K!$rMQ$$$?>l 9g!$ A4It $NFCD'$rMQ

$$$?$H$-$HHf3S$9$k$H$o$: $+1/10 $N<1JL;~ 4V$K$J$j !$ %0%m!<

%P%kFCD'A*Br$h$j 85%$N<1JL;~ 4V$r8: $i $9$3$H$, $G$-$?!%$3$N

$3$H$+$i !$ FHN)FCD'A*Br$O%0%m!< %P%kFCD'A*Br$h$j B?$/ $NFCD'

$r :o 8: $G$- !$ <1JL;~ 4V$r=L>. $G$-$k$3$H$, L@$i $+$K$J$C$?!%

$^$?!$Satimage $HVehicle%G!<%?%Y!< %9$K$*$$$F!$%0%m!< %P

%kFCD'A*Br$HFHN)FCD'A*Br$rMQ$$$?>l 9g!$Vehicle %G!< %?%Y!<%9

$h$j Satimage %G!< %?%Y!< %9$N$[ $&$, !$ B?$/ $NFCD'$r :o 8: $7$?

$3$H$, L@$i $+$G$"$k!%$3$l $OSatimage %G!< %?%Y!<%9$OVehicle

%G!< %?%Y!< %9$h$j B?$/ $NFCD'<! 85?t $r ;} $C$F$$$k$?$a$H9M$($i

$l $k!%$5$i $K!$Pendigits %G!<%?%Y!<%9$K$*$$$F$O!$$[ $+$N%G!<

%?%Y!< %9$HHf3S$9$k$H!$ FHN)FCD'A*Br$O%0%m!<%P%kFCD'A*Br$h

$j B?$/ $NFCD'$r :o 8: $7$?$3$H$, $o$+$k!%$3$l $OPendigits %G!<

Satimage Segment Pendigits Vehicle
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?^ 6 I> 2A%G!< %?<1JLN(
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?^ 7 %F%9%H%G!<%?<1JLN(
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?^ 8 %F%9%H%G!< %?$N<1JL;~ 4V

%?%Y!< %9$O$[ $+$N%G!< %?%Y!< %9$h$j B?$/ $N%/%i%9$, $"$k$?$a!$

A4BN$, $h$j B?$/ $NSVM %b%8%e!< %k$KJ, 3d$5$l !$ FHN)FCD'A*Br

$r9T$&$3$H$GB?$/ $NFCD'$r :o 8: $G$-$?$H9M;! $G$-$k!%

0J>e$N7k2L$h$j !$ FHN)FCD'A*Br$OFCD'A*Br$r9T$o$J$$>l 9g$H

%0%m!< %P%kFCD'A*Br$r9T$&>l 9g$N$$$: $l $h$j $bB?$/ $NFCD'<! 85

?t $H%5%]!< %H%Y%/%H%k$r8: $i $7!$ %F%9%H%G!< %?$N<1JLN($rJ] $A

$J$, $i <1JL;~ 4V$rBgI} $K:o 8: $9$k$3$H$, 3NG'$G$-$?!%
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6. $^ $H $a

K\O@J8$G$O!$ B?%/%i%9%5%]!< %H%Y%/%?!< %%̂7%s$K$*$1$k3FFs

%/%i%9$NFHN)FCD'A*Br$H$$$&?7$7$$<j K!$rDs0F$7!$SBS $NFCD'

A*Br$r%Y!< %9$K<1JLN($r I> 2ACM$H$7$F;M$D$N%G!< %?%Y!< %9$rMQ

$$<B83$r9T$C$?!%FHN)FCD'A*Br$OFCD'A*Br$r9T$o$J$$>l 9g$H%0

%m!< %P%kFCD'A*Br$HHf3S$9$k$H$h$j 9b$$I> 2A%G!< %?$N<1JLN($r

F@$i $l !$ $+$D%F%9%H%G!< %?$N<1JLN($O$[ $\ JQ2=$7$J$$!%FHN)FC

D'A*Br$rMQ$$$k$3$H$G!$ I> 2A%G!< %?$N<1JLN($OA4It $NFCD'$rMQ

$$$?>l 9g$h$j 1%� 7.52%9b$/ $J$C$?!%$=$7$F%F%9%H%G!<%?$N<1

JL;~4V$K$*$$$F$OFCD'A*Br$r9T$o$J$$>l 9g$h$j 6%� 67%$K:o 8:

$G$- , %0%m!<%P%kFCD'A*Br$r9T$&>l 9g$HHf3S$7$F$b28%� 85%$K

:o 8: $5$l !$ FHN)FCD'A*Br$N8z2L$, L@$i $+$H$J$C$?!%$^$?<B837k

2L$h$j !$ $h$j B?$/ $N%/%i%9$HFCD'$rM-$9$k%G!< %?%Y!< %9$KBP$7

$F!$ FHN)FCD'A*Br$, M-8z$G$"$k$3$H$, 9M$($i $l $k!%$3$N$?$aK\

<j K!$O<j =q$-4A;z $J$I $NB?%/%i%9!$ B?<! 85$N%G!< %?%Y!< %9$X$N

1~MQ$bM-8z$G$"$m$&!%

Ds0F<j K!$O%7%s%W%k$J<j K!$G$" $k<1JLN($r I> 2A4p=`$H$7$?

$, !$ B>$NI> 2A4p=`$J$I $b9M$($i $l $k!%$^$?K\8&5f $OFCD'A*Br$O

SVM $r MQ$$$?%i%C%Q!< %b%G%k[12] $G$"$j !$ D>@\E*$K%Q%U%)!<

%%̂s%9$, :GBg$H$J$kFCD'%;%C%H$r5a$a$k$3$H$, $G$-$?$, !$ 3X=,

;~ 4V$, D9$$$H$$$&LdBjE@$, $"$k!%:# 8e$O!$ K\<j K!$rA0=hM}$H$7

$F$NFCD'A*Br$G$"$k%U%#%k%?%b%G%k$H$NAH$_9g$o$; $K3HD%$9$k

$3$H$G!$$5$i $K3X=,$KMW$9$k7W;; %3%9%H$r:o 8: $9$kM=Dj$G$"$k!%

<U <-

Bh0l Cx<T$O;d Hq309q?MN13X@83X=, >)NeHq!$ F|K\3X@8;Y1g5! 9=

$N1g=u$r<u$1$F$$$k!%$^$?BhFsCx<T$OF|K\@/I\ (J8It 2J3X>J) >)

3X6b$HKY>pJs2J3X?66=:b CD$N1g=u$r<u$1$F$$$k!%Bh;0 Cx<T$N8&

5f $N0l It $O!" J?@.17 G/EYJ8It 2J3X>J;d N)Bg3X%O%$%F%/!&%j%5!<

%A!&%;%s%?!< Jd=u6b$K$h$k!#

J8 8%
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