6e=#Bg3XBg3X1! %7 %9%F%‘>pJs2J3X8&5f2JJs9p Bh 5 4, !! Bh 1 9f !! J?@. 12 G/ 3 7n Research Rep orts on Information Science and Electrical Engineering of Kyushu University V ol.5, No.1, March 2000 <j=q$-J8;zG’<1 $K $* $1 $k;z7AJQF0=hM} $K 4X$9$k0l8!F$ { %@ %C%A%m!< %k %o!< %W { @P ED IR G7 � !& Fb ED @? 0l � !& Gw 9> Gn >< � An E�cient Elastic Image Matc hing and Its Application to Handwritten Character Recognition { Dutc h Roll W arping T oshiyuki ISHIDA , Seiichi UCHID A and Hiroaki SAKOE (Received December 10, 1999) Abstract: An e�cient elastic image matching technique is inv estigated with application to o�-line hand- written character recognition. In the present technique, each column of an image is mapp ed to another by controlling the mappings of the t w o endp oints of the column and linearly interpolating b etw een them. Thus, the technique can adjust nonlinear deformation of images, with lo cal slant and translation. The dynamic programming (DP) based algorithm searches for the optimal mapping with a reasonable amount of computation. The e�ectiveness of the present technique was indicated by recognition exp eriments on handwritten English alphab ets. Keywords: Dynamic programming, Tw o-dimensional warping, Handwritten character recognition 1. $O $8 $a $K J8 ;zG’ <1$N :G$b 4p K\E*$J <j K!$G$" $k C1=c =E$M 9g$o$;$O !$ ;( 2;$K $O 6/ $$ $b $N $N !$<j=q $- OD$_ $J $I $K $h $k J8 ;z$N JQ 7A $K BP $7 $F$O 6K $a $F <e $$ !% $3 $N <e E@$r 9n I~ $9 $k $? $a F~ NO %Q %? !<%s 2h A|$r I8 =‘ %Q %? !<%s 2h A|$K :G$b 6a$E $1 $k$h $&$K JQ 7A $9 $k <L A| ( #2 <! 85%o !<%W ) $r 2p $7 $F N>%Q %? !<%s $N N‘ ;w EY $rI>2A$9$kJ}K! $, 8!F$$5 $l$F$$ $k!% #2 <! 85%o !< %W $r <B 9T $9 $k :G E, 2= K!$N #1 $D $H$7 $F !$F0E* 7W2hK! (DP) $,$" $k!% DP $rMQ$$$k$3 $H$K$h$j!$ AmEv $?$jE* $J :G E, 2=$K Hf$Y Bg I}$K >/$J $$ 7W ;; NL$G :G E,$J %o !< %W $r 5a $a$k$3$H$, $G $- $k!% DP $r MQ$$$? #2<! 85%o!< %W $N J8;z G’<1 $X $N 1~ MQ $N Nr ;K$O 8E $/ !$2;@< G’ <1$K $*$1 $k ;~ 4V <4 OD$_ 5[ <} LdBj$N DP $K$h $k 8z N( E*$J 2rK! 1) $K Cm L\ $7 $? 8& 5f<T$i$K $h $j!$ 1970 G/ Be $h $j 8! F$$, $J $5$l $F $$ $k !%$3$l $i $N => Mh K!$N B? $/$O !$ #1 <! 85 E*$J %o !<%W $r AH $_ 9g$o $; $? $b $N $G $" $j 2) 3) 4) 5) !$<j =q J8 ;z$K 4^ $^$l $k OD$_ $N 5[ <}$N $?$a $K $O 0M A3$H $7 $F 8!F$$NM>CO $, ;D$5 $l$F$$ $k!% DP $r MQ$$$? K\3JE*$J #2<! 85%o!< %W K! $K C1D4 O"B3#2 <!85 %o!< %W 6) $, $" $k !%$3$N <j K!$O DP $r ??$K #2 <!85 E*$K 3H D% $7 $F MQ $$ $F $$ $k $? $a !$%Q %? !<%s $N 0L Aj$r J] B8 $9 $k HO 0O$N OD $_$J $i$P 86 M} E*$K 5[ <}$G $- $k$H $$ $& @- <A$r $b $D !%$=$N H? LL !$7W;; NL$, 2h A| %5 %$%: $N ;X ?t%* !< %@ !< $H $J $k 7g E@$r ;} $D$N$G<BMQE* $K$O 2?$i $+$N BP:v $, I,MW$G$"$C$?!% C1 D4 O" B3 #2 <! 85 %o !< %W $N 7W ;; NL Dc 8:$K $O #2$D $N J} 8~$, J?@. 11 G/ 12 7n 10 F|<uIU � CNG= %7 %9%F%‘3X@l96=$;N2]Dx � CNG= %7 %9%F%‘3X@l96 9M$($i$l $k !%#1$D$O !$ %S !< %‘%5!<%A (b eam search) $J $I $N 2rC5:w2aDx$N8zN(2=K! 6) $NF3F~$G$"$k !% $3$N>l9g!$%o!< %W $N :G E, @-$O J] >Z $5$l $J $/$J $k !%$b $&#1 $D $N J} 8~$O !$C1 D4 O" B3 #2 <! 85 %o !<%W $N <+ M3 EY$r It J, E*$K @) 8B $9 $k$3 $H $G 2r 6u 4V $= $N $b $N $r =L >.$7 !$7W ;; NL $r Dc 8: $9 $k $b $N $G $" $k !% @) 8B$5$l $? %o !<%W $N <+ M3 EY$H BP >] 8G M-$N JQ 7A FC @-$H $r 9g CW$5 $; $k$3 $H$, $G $-$l$P !$ $3 $N J} 8~$O 6K $a $F M- K>$H 9M$( $i$l $k!% K\ O@ J8$G $O !$ $3 $N Bh #2 $N J} 8~$K =>$C$? %o !<%W K!$H$7 $F %@ %C%A %m !< %k %o !<%W y 1 $H 8F$V <j K! $r Ds 0F $7 !$$=$N J8 ;z G’ <1$X $N 1~ MQ$r 8! F$ $9 $k !%C1 D4 O" B3 #2 <! 85 %o !< %W $G $O $9 $Y $F $N 2h AG$K <+ M3 EY$r ;} $? $; $F %o !< %W $N @) 8f$r 9T $&$N$K BP $7 !$ %@ %C%A %m !< %k %o !<%W $G $O 2h A|$N Ns$r C1 0L$H$7 $F 3F Ns $N N> C<$K $N $_ <+ M3 EY$r ;}$? $; $F @) 8f$r 9T$$ !$N>C< 0J 30$N 2h AG $N A|$O @~ 7A Jd 4V$K $h $j Dj$a $k !% %@ %C%A %m !< %k %o !<%W $N <+ M3 EY$O C1 D4 O" B3 #2 <! 85%o !< %W $K Hf$Y $F Dc $/$J $k$b $N $N !$7W;;NL $r BgI} $K Dc8:$9$k$3 $H$,$G$- $k!% K\ O@ J8$G $O $5$i $K !$ %@ %C%A %m !<%k %o !< %W $K 4X $7 $F #2 <o N‘ $N 3H D% 7? $r 8! F$ $9 $k !%6q BN E* $K $O !$#1 ) %@ %C%A %m !< %k %o !<%W $r ?e J? !$?b D> =g $K C‘ <! E* $K 9T $& J} K! !$#2 ) %@ %C%A %m !< %k %o !<%W $N C1 0L $H $J $k Ns $N <4 J} 8~ $K #1 <! 85 Hs @~ 7A %o !< %W $r MQ$$ $k J} K!$N #2 <o N‘$G $" $k !% $3$l $O !$$$$:$l $b %@ %C%A %m !<%k %o !<%W $N <+ M3 EY$r $h $j 9b $/ $7 !$JQ 7A 5[ <} G= NO $r 8~>e$5$;$k$3 $H$r L\E* $H $7 $F$$ $k!% 0J >e $N%@ %C%A %m !<%k %o !< %W $* $h$S $= $N 3H D% 7?$K $D $$ $F y 1 %o!< %W $NMM;R$, %@ %C%A%m!<%k >uBV$K$"$kHt9T5!$NMc$N F0$-$r O"A[$5$;$k$3$H $+$i !$$3$N%o!< %W K!$r %@ %C%A%m!<%k%o!< %W $H 8F$s $G $$ $k!%

{ 2{ @PED!&FbED!&Gw9> Fig.1 Dutch roll warping. 1QBg J8 ;z 26 J8 ;z <o$r BP >]$H$7 $? <j =q $- J8 ;z G’ <1 <B 83$r 9T $$ !$$=$l $i $N 4p K\ E*$J FC @-$r 8! F$ $7 $? !%$^$? !$=> Mh K!$H $NHf3S$K$h$j$= $l$i$N M-8z@-$r3NG’ $7 $? !% 2. %@ %C%A%m!<%k%o!< %W 2.1 86M} I8 =‘ %Q %? !< %s 2h A| $r A = f a ( i; j ) j i; j = 1 ; . . . ; N g !$F~ NO %Q %? !< %s 2h A| $r B = f b ( x; y ) j x; y = 1 ; . . . ; N g $G I= $9 !% $3 $3 $G !$ a ( i; j ) ; b ( x; y ) $O 2h AG $N FC D’ NL $r I= $9!% $^ $? !$I8 =‘ %Q %? !< %s $N Bh i Ns $r N 8D $N :B I8 $N AH a ( i ) = [( i; 1) ; . . . ; ( i; j ) ; . . . ; ( i; N )] $G I= $9 !% %@ %C%A %m !<%k %o!<%W $O !$ a ( i ) $N N> C< $N 2h AG ( i; 1) ; ( i; N ) $r $=$l $> $l B >e $N 2h AG ( x 1 ( i ) ; 1),( x N ( i ) ; N ) $K BP 1~$E $1 !$$=$N 4V$r @~ 7A Jd 4V $9 $k $3 $H $K $h $j ;D $j $N 2h AG $r BP 1~ $E $1 $k <L A| $G $" $k ( Fig.1 ) !% $h$C $F!$%o!< %W $O x 1 ( i ) ; x N ( i ) ; ( i = 1 ; . . . ; N ) $r @)8fJQ?t $H $7 $F :GE,2=$5 $l $k!% %@ %C%A%m!<%k%o!< %W $O <!$NC1D4O"B3@->r7o $r K~$?$9 !% 0 � x 1 ( i ) � x 1 ( i � 1) � 2 0 � x N ( i ) � x N ( i � 1) � 2 ) (1) $3 $N C1 D4 O" B3 @-$K $h $j!$2hAG $N 0L CV =g$N 5U E>$d IT <+ A3 $J $H $S $r 2s Hr$9 $k$3$H$, $G $- $k !%>r7o (1) $K 2C$( <!$N 6- 3&>r 7o $rM?$($k!% x 1 (1) = x N (1) = 1 x 1 ( N ) = x N ( N ) = N ) (2) $^ $? !$6KC< $JJQ7A$rKI $0 L\E*$G<!$N@09gAk>r7o$rMQ$$$k!% j x 1 ( i ) � i j � w j x N ( i ) � i j � w ) (3) w ( � 0) $O AkH>7B$H8F $P$l $kDj?t $G$" $k!% a ( i ) $N B >e $G $N A| $r N 8D $N :B I8 $N AH b ( x 1 ( i ) ; x N ( i )) $G I= $9!% a ( i ) $N j HV L\ $N MW AG $N %o !< %W $K $h $k A| $, b ( x 1 ( i ) ; x N ( i )) $N j HV L\$N MW AG$K BP 1~$9 $k !%A0 =R$N $h $&$K b ( x 1 ( i ) ; x N ( i )) $O ( x 1 ( i ) ; 1) ; ( x N ( i ) ; N ) $N @~ 7A Jd 4V$K $h $j 5a $a $i $l $k !%N> C< $N 2h AG $N j J} 8~ $N :B I8 $O %o !<%W A0 8e $G JQ $o $i $: 1 $* $h $S N $J $N $G !$ b ( x 1 ( i ) ; x N ( i )) $N j HV L\ $N 2h AG $N y :B I8 $O %o !< %W A0 $H JQ $o $i $: j $H $J $k !%0l J} !$ b ( x 1 ( i ) ; x N ( i )) $N x :B I8$O 0l HL$K <B ?t CM$H $J $k $N$G !$$=$N E@$K $* $1 $k FC D’ NL $r 2? $i $+ $N J} K!$G M? $( $k I, MW$, $" $k !% $=$3$G K\O@J8 $G$O :G6aK5Jd4V$rMQ$$$k!%$9$J$o$A!$ x = � x N ( i ) � x 1 ( i ) N � 1 j + x 1 ( i ) + 0 : 5 � (4) $3$3$G !$5-9f b�c $O %, %& %95-9f$H$9$k!% a ( i ) $r b ( x 1 ( i ) ; x N ( i )) $K %o !< %W $7 $? ;~ $N 5w N% d ( i; x 1 ( i ) ; x N ( i )) $r d ( i; x 1 ( i ) ; x N ( i )) = N X j =1 j a ( i; j ) � b 0 ( j ) j (5) $H Dj 5A $9 $k !%$3$3 $G !$ b 0 ( j ) $O b ( x 1 ( i ) ; x N ( i )) $N j HV L\ $N MW AG$N :BI8$K $*$1 $kFC D’NL$G$" $k !%$3$N d ( i; x 1 ( i ) ; x N ( i )) $r i = 1 ; . . . ; N $G @QJ, $7 $?$b$N$r L\E*4X?t N X i =1 d ( i; x 1 ( i ) ; x N ( i )) (6) $H$7 !$$= $N :G >. CM $r %o !< %W $K $h $k #2 2h A| A , B 4V $N 5w N% D ( A ; B ) $H $9 $k !% %@ %C%A %m !< %k %o !<%W $K $h $k J8 ;z G’ <1$K $* $$ $F !$F~ NO %Q %? !<%s 2h A| B $O !$ D ( A ; B ) $r :G >.$K $9 $k I8=‘%Q%?!< %s A $N%+%F %4 %j $K G’<1$5 $l $k!% 2.2 DP %"%k %4 %j%: %‘ %@ %C%A %m !< %k %o !<%W $G $O !$ DP $r MQ $$ $F %o !<%W $N :G E, 2= !$$9$J $o $A L\ E* 4X ?t (6) $r >r 7o (1) !A (3) $N 2<$G :G >. 2=$9 $k!%$3$N$H$-!$ DP A22=<0 $O <!$N$h $& $K$J $k!% g ( i; x 1 ( i ) ; x N ( i )) = min p;q =0 ; 1 ; 2 [ g ( i � 1 ; x 1 ( i ) � p; x N ( i ) � q )] + d ( i; x 1 ( i ) ; x N ( i )) (7) $3 $3 $G !$ g ( i; x 1 ( i ) ; x N ( i )) $O a ( i ) $r b ( x 1 ( i ) ; x N ( i )) $K %o !< %W $7 $? $H $- F~ NO %Q %? !<%s 2h A| A $N Bh 1 Ns$+ $i Bh i Ns L\ $^$G $N d ( i; x 1 ( i ) ; x N ( i )) $N:G>.N_@QCM$G$"$k !% $3$3$G !$ g (1 ; 1 ; 1) = d (1 ; 1 ; 1) $H $9 $k !%2h A| 4V 5w N% D ( A , B ) $O g ( N ; N ; N ) $G M?$($i $l $k !% $J $* x 1 ( i ) ; x N ( i ) $K 4X $7 $F C1D4O" B3@->r7o (1) $rK~B-$9$k$? $a p; q = 0 ; 1 ; 2 $H $7 $F$$ $k!% 2.3 7W;;NL %@ %C%A %m !< %k %o !< %W $N 7W ;; NL $O 0J 2< $N $h $& $K 8+ @Q $b $i $l $k !%$^ $:!$ DP A2 2= <0 (7) #1 2s $" $? $j $N 7W ;; NL $O !$

<j=q$-J8;zG’<1$K$*$1$k;z7AJQF0=hM}$K4X$9$k0l8!F$ { %@ %C%A%m!<%k%o!< %W { { 3{ Fig.2 Dutch roll warping with intra-line warping. g ( i; x 1 ( i ) ; x N ( i )) $N :G >. CM A* Br 2s ?t 9 $H d ( i; x 1 ( i ) ; x N ( i )) $N 7W ;; NL O ( N ) $h $j O (9 + N ) = O ( N ) $H $J $k !%$^ $? !$ a ( i ) $, BP 1~ $9 $k 2D G= @- $N $" $k b ( x 1 ( i ) ; x N ( i )) $N ?t $O !$ x 1 ( i ) $H x N ( i ) $N AH 9g $; $N ?t $G $" $k O ( N 2 )( $h $j >\ :Y $K $O O ((2 w + 1) 2 )) $H $J $k !% DP A22= <0$O !$3F i $G$3$l $i A4$F $N >l9g$K $D$$$F 7W ;;$5 $l $k$?$a !$2hA| A4BN$N DP A2 2=<0 7W;; 2s ?t $O O ( N 2 ) !_ N = O ( N 3 ) $H $J $k !%0J >e $h $j!$ %@ %C%A %m!<%k%o !< %W $N 7W;;NL$O O ( N ) !_ O ( N 3 ) = O ( N 4 ) $H$J $k!% C1 D4 O" B3 #2 <! 85 %o !<%W $N 7W ;; NL O ( N 3 9 N ) $H Hf 3S $9 $k$H !$ 7W;;NL $, BgI} $K Dc8:$5 $l$F$$ $k$N $,$o$+ $k!% 3. %@ %C%A%m!<%k%o!< %W $N 3HD% 2.1 $G =R $Y$? $h $&$K %@ %C%A %m !<%k %o !< %W $G $O !$ x J} 8~$K BP $7 $F%@ %C%A %m !<%k %o !<%W $r 9T $&>l 9g !$ x J} 8~$N OD$_ $O 5[<}$G $- $k $, !$ y J} 8~$NOD$_$O 5[<}$G$-$J $$ !%$h$C$F !$0J 2<$G$O %@ %C%A%m!<%k %o !< %W $N y J}8~$N OD$_$r F1;~$K 5[<}$9 $k$?$a#2<oN‘$N3HD%K!$rDs0F$9$k!% 3.1 3HD% #1 ?e J? ( x ) J} 8~"* ?b D> ( y ) J} 8~ ( $b $7 $/$O ?b D> J} 8~"* ?e J? J} 8~ ) $N =g$K #2 CJ 3,$N%o !< %W $K $h $k?e J? !$?bD> N>J} 8~$N OD 5[ <}$r?^$k!% $h$j>\:Y $K$O !$ $^ $:!$ ?eJ?J}8~ $K %@ %C%A%m!< %k %o !< %W $r 9T $$ !$<!$K :G =i $N %o !<%W $K $h $j JQ 7A $5$l $? F~ NO %Q %? !<%s $r ?7 $? $J F~ NO%Q %? !<%s $H$7 $F ?b D> J} 8~$K%@ %C%A %m!<%k%o!< %W $r 9T $& !% $3 $l$K$h$j!$ ?eJ?J}8~!$ ?bD>J}8~ $N OD $_ $r =g <! 5[ <} $9 $k !%$3 $N >l 9g $b @0 9g Ak $r MQ $$ $k $, !$ %o!< %W $r 9T $&J}8~ $4 $H$K AkI}$OJQ$($F$h$$!% $3 $N 3H D% K! $N 7W ;; NL $N %* !< %@ !<$O 3H D% A0 $N%@ %C%A %m !< %k%o!< %W $N%* !< %@ !<$HF1 $8 $/ O ( N 4 ) $G$"$k !% 3.2 3HD%#2 Ns %Y %/%H %k a ( i ) $H b ( x 1 ( i ) ; x N ( i )) $H $N %^%C%A%s %0 $K $* $$$F !$ DP $K $h $k #1 <! 85 Hs @~ 7A%o !< %W $r 9T $&$3$H $G y J} 8~ $NOD$_$r 5[<}$9 $k !%6qBN E*$K$O !$ a ( i ) $H b ( x 1 ( i ) ; x N ( i )) $N %^%C%A %s %0 $N I>2A$H $7 $F (5) <0$N $+$o $j $K <!<0$rMQ$$$k!% d 0 ( i; x 1 ( i ) ; x N ( i )) = min j ( i ) N X j =1 j a ( i; j ) � b 0 ( j ( i )) j (8) $3 $3 $G !$ j ( i ) $O #1 <! 85 %o !< %W 4X ?t $G $" $j!$ j (1) = 1 ; j ( N ) = N ; 0 � j ( i ) � j ( i � 1) � 2 $r K~ $? $9 $b $N $H $9 $k !% (8) <0$N :G>. 2= LdBj$O !$2;@< G’ <1$K $*$1 $k ;~ 4VOD$_ @09g$N $?$a $N#1 <!85%o !< %W $H F1MM DP $G 8z N(E*$K$H$1!$$=$N 7W ;; NL$O O ( N 2 ) $H $J $k !%$3$l $K 1~ $8 $F !$3HD% #2 $N %" %k %4 %j%: %‘A4BN$N7W;;NL $O O ( N 5 ) $H$J$k !% 4. J8;zG’<1<B83 K\ @a$G $O !$ %@ %C%A %m !< %k %o !<%W $H $= $N 3H D% 7?$N 4p K\ FC @-$r J8 ;z G’ <1$r DL $7 $F 3N G’ $9 $k !%$^$? !$M- 8z @-$r #1 <! 85 %o !<%W $N AH $_ 9g$o $; $r 4p K\$H$7 $? => Mh K!$H $N Hf 3S$K $h $j <($9 !% K\ @a $N <B 83$K MQ $$ $? %o !<%W K!$r%@ %C%A %m !< %k %o !<%W $H => Mh K! $r J; $; $F Fig.3 $K 0l Mw $9 $k !%$$$:$l $b >e 2< - :8 1&$G BP >N$J <+ M3 EY$r ;} $? $J $$ %o !<%W K!$G $" $k$? $a !$E> CV $7 $? 7A BV $b J;$; $F 8! F$ $7 $F $" $k !% Fig.3 (a) !A (f ) $O #2 @a $N%@ %C %A %m !<%k %o !< %W $* $h$S $= $N 3H D% #1 , #2 $G $" $k !% (g) !A (n) $O => Mh ;n $_ $i $l $F $$ $k %o !< %W $r I= $9!% (g),(h) $O !$9T $^ $? $O Ns$r$R $H $^$H $^$j $H$7 $? ?b D>$b$7 $/$O ?e J? J} 8~ $N Hs @~ 7A #1 <! 85 %o !<%W $G $" $j!$#2@a $G M? $( $?%@ %C%A %m !<%k %o !<%W $K $* $$$F x 1 ( i ) = x N ( i ) $H$7 $? FC <l 7?$H 8+$J $9$3 $H $b$G $- $k !% (i),(j) $O !$ (g),(h) $r C‘ <! E* $K 9T $& J} K! 2) $G $" $k !% (k),(l) $O !$3F 9T $^ $? $O Ns$K $* $$ $F Fb It E*$K #1 <! 85 Hs @~ 7A %o !<%W $r 9T $& J} K! 4) $G $" $k !% (m),(n) $O !$$=$l $> $l (g) $H (k) !$$*$h $S (h) $H (l) $r AH$_9g $o$;$?%o!< %W 3) $G$" $k!% 4.1 <B83>r7o <B 83$K MQ $$ $? J8 ;z%G !< %?$O EE Am 8& Ds 6!$N%G !< %? %Y !< %9 ETL6 Cf $N 1Q Bg J8 ;z 26 J8 ;z <o 3F 200 %5%s%W %k $G $" $j!$3FJ8 ;z<o$K$D$- :G=i$N 100 %5%s %W %k$r I8=‘%Q%? !< %s :n@.MQ !$;D $j$N 100 %5%s %W %k $r%F %9 %H %Q %?!<%s$H $7 $? !%A4$F$N J8;z%5 %s %W %k$K BP $7 A0=hM} $H $7 $F !$ ;(2;=|5n $N8e !$ #2CM2= $r9T$C $? !%$5$i$K !$30 @\ D9 J} 7A$, 16 !_ 16 $H $J $k$h $& $K Bg$- $5$r @~ 7A @5 5, 2= $7 $? 8e !$>e 2< :8 1&$K #2 2h AG$E $D $N 6u Gr$r F~$l $? 20 !_ 20 $N #2 CM 2h A|$H$7 $? !%2h AG$N FC D’ NL$K $O 51 EY CM$r $= $N $^ $^ MQ $$ $? !%I8 =‘ %Q %? !<%s $O !$0J >e $N A0 =h M}$r 9T$C $? J8 ;z %5%s%W %k $r J8 ;z <o $4 $H $K C1 =c J? 6Q $7 !$ %R %9 %H%0 %i %‘ J? C3 2=$K $h $j :n @. $7 $? !%<B 83$K MQ $$ $? I8 =‘ %Q %? !<%s $r Fig.4 $K !$%F%9 %H %Q%?!<%s$N Nc $r Fig.5 $K <($9 !% $J $* !$0J 2<$N <B 83 $N 7k 2L$O $=$l $> $l :G E,$J Ak I} $r MQ$$ $? >l 9g $r <( $7 $F $" $k !%<B 83 $K MQ $$ $? 7W ;; 5! $N CPU $O Pen tium I I (350MHz) $G$"$k!%

{ 4{ @PED!&FbED!&Gw9> Fig.3 W arping types submitted to comparative exp eriment. Fig.4 Reference characters. Fig.5 T est character examples. Fig.6 The recognition rate by dutch roll warping and its extensions , and conv en tional metho ds. 4.2 <B837k2L$*$h $S 9M;! 3F<jK! $K$h $k<B 837k2L$r Fig.6 $K <($9!% %0 %i%U $h$j!$3H D% #1$K$h$k %@ %C%A%m!< %k%o!< %W ( Fig.3 (c)) !$3HD%#2 $K$h$k %@ %C%A%m!<%k%o!< %W ( Fig.3 (e)) $rMQ$$$?>l9g $, :G$bG’<1N( $, 9b $/ 95.1 % $H$J $C$F $$ $k !%$3$N $3 $H $+ $i !$K\ <j K! $N M- T able 1 Recognition result of rigid template matching. recognition result A B C D E F G H I J K L M N O P Q R S T U V W X Y Z A 99 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 B 0 81 0 2 5 1 1 0 0 0 0 1 0 0 6 1 0 0 0 0 1 0 0 0 0 1 C 0 0 96 0 0 0 1 0 0 0 0 1 0 0 0 0 2 0 0 0 0 0 0 0 0 0 D 0 0 2 90 0 0 1 0 0 0 0 0 0 0 0 3 0 0 0 0 4 0 0 0 0 0 E 0 2 0 0 89 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 2 F 1 0 0 0 0 89 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 6 0 0 0 0 n

G 1 0 2 0 0 0 92 0 0 0 0 0 0 0 0 0 4 0 0 0 0 1 0 0 0 0 r

H 1 0 0 0 0 0 0 98 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 e

I 0 0 0 1 0 0 0 0 96 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 t

J 0 0 0 0 0 0 0 0 0 96 0 1 0 0 0 0 2 0 0 0 0 0 0 0 1 0 t

K 0 0 1 0 1 0 0 1 0 0 97 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a

L 0 0 1 0 1 0 0 0 1 0 0 97 0 0 0 0 0 0 0 0 0 0 0 0 0 0 p

M 3 0 0 0 0 0 0 18 0 0 1 0 74 4 0 0 0 0 0 0 0 0 0 0 0 0 N 0 0 0 0 0 0 0 0 0 0 0 0 0 95 0 0 0 0 0 0 2 0 2 0 1 0 O 0 5 2 1 0 3 0 0 0 3 0 0 0 0 81 0 0 0 0 1 0 2 0 0 1 1 t

P 0 0 0 1 1 2 0 0 0 0 0 0 0 0 0 94 0 0 0 0 0 2 0 0 0 0 u

Q 2 0 3 0 0 0 4 0 0 0 0 1 0 0 0 0 89 1 0 0 0 0 0 0 0 0 p

R 1 0 0 0 1 1 0 0 0 0 3 0 0 0 0 3 0 88 0 0 0 1 0 2 0 0 n

S 0 0 2 1 2 2 0 0 0 1 0 0 0 0 2 0 1 1 88 0 0 0 0 0 0 0 i

T 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 94 0 1 0 0 3 0 U 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 97 0 0 0 0 0 V 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 89 3 0 1 0 W 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 1 0 0 0 0 2 94 0 0 0 X 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 95 3 0 Y 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 98 0 Z 0 0 0 0 1 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 92 av erage 8.2% error 8z@- $, 3NG’$5 $l $k!% $^ $? !$ %@ %C%A %m !< %k %o !< %W $K 4p $E $/ J} K! $G 8+ $k $H !$ Fig.3 (a)(c)(e) $NJ} $,$=$l$>$l (b)(d)(f ) $h$j$b 9b$$G’<1N( $H $J $C$F $$ $k !% $3$l $O !$K\ <B 83$G MQ $$ $? J8 ;z %5%s%W %k 1Q Bg J8 ;z$G $O ?b D> ( y ) J} 8~ $h $j $b ?e J? ( x ) J} 8~$N OD$_ $, Bg $- $/ !$?eJ? ( x ) J} 8~$K %o !< %W $r 9T$C$? J}$, OD$_ $N 5[<} 8z N( $, $h$$$?$a$H ;W$o $l $k!% T able 1 $K C1=c =E$M 9g$o $; $N >l 9g$N%( %i !< %^ %H %j%/ %9 !$ T able 2 $K Fig.3 (a) $N %@ %C%A %m !< %k %o !< %W $N >l 9g $N %( %i !< %^ %H %j%/ %9$r <($9!% T able1 $h$j!$C1=c=E$M 9g$o$;$G $O \B" $d \O" $N G’ <1 N($, Dc $/!$ $^$? FC $K \M" $N G’ <1 N($, Cx $7 $/ Dc $/ 74 % $H $J $C$F $$ $k !%0l J} T able 2 $r 8+ $k $H A4 BN E* $K G’ <1 N( $, 9b $/ $J $C$F $$ $k !%J8 ;z <o JL $G $O

<j=q$-J8;zG’<1$K$*$1$k;z7AJQF0=hM}$K4X$9$k0l8!F$ { %@ %C%A%m!<%k%o!< %W { { 5{ T able 2 Recognition result of basic dutch roll warping of Fig.3 (a) . recognition result A B C D E F G H I J K L M N O P Q R S T U V W X Y Z A 99 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 B 1 92 0 0 0 1 0 0 0 0 0 1 0 0 2 1 0 0 0 0 1 1 0 0 0 0 C 0 0 99 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 2 95 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 E 0 0 0 0 91 5 0 0 1 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 F 1 0 0 0 0 94 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 2 0 n

G 0 0 0 0 0 0 93 0 0 0 0 0 1 0 0 0 5 0 0 0 0 1 0 0 0 0 r

H 0 0 0 0 0 0 0 97 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 e

I 0 0 0 0 0 0 0 0 97 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 1 0 t

J 0 0 0 0 0 0 0 0 0 95 0 0 0 0 0 0 0 0 0 4 0 1 0 0 0 0 t

K 0 0 0 0 0 0 0 0 0 0 97 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 a

L 0 0 0 0 0 0 0 0 1 0 0 99 0 0 0 0 0 0 0 0 0 0 0 0 0 0 p

M 0 0 0 0 0 0 0 9 0 0 0 0 90 0 0 0 0 0 0 0 1 0 0 0 0 0 N 0 0 0 0 0 0 0 0 0 0 0 0 0 97 0 0 0 0 0 0 1 0 2 0 0 0 O 1 3 1 0 0 1 0 0 0 0 0 0 0 0 88 0 0 0 0 2 0 2 0 0 1 1 t

P 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 98 0 0 0 0 0 0 0 0 0 0 u

Q 2 0 1 0 0 0 2 0 0 0 0 1 0 0 0 0 94 0 0 0 0 0 0 0 0 0 p

R 3 0 0 0 0 2 0 0 0 0 4 1 0 0 0 4 0 86 0 0 0 0 0 0 0 0 n

S 0 1 1 0 1 1 0 0 1 0 0 0 0 0 4 0 2 1 88 0 0 0 0 0 0 0 i

T 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 95 0 0 0 0 4 0 U 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 98 1 0 0 0 0 V 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 93 4 0 1 0 W 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 2 96 0 0 0 X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 97 3 0 Y 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 Z 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 92 av erage 5.4% error Fig.7 Examples correctly recognized by dutch roll warping of Fig.3 (a). \B",\F",\M",\O",\Q" $K L\ N)$C$? 8~ >e $, 8+ $i $l !$FC $K \M" $K$D$$$F$O 2~0-%5%s %W %k ?t 1 $K BP $7 $F 2~A1%5%s %W %k ?t 17 $G $" $C$?$? $a G’ <1 N($b Ht Lv E*$K 8~ >e $7 $F $$ $k !% %@ %C%A %m !< %k %o !<%W $K $h $k 2~ A1 Nc $r Fig.7 $K <( $9!% $3 $N F~ NO %Q %?!<%s \M" $O ?e J? ( x ) J} 8~$N 79$-$r 4^ $s$G $* $j!$ $3$N 79$- $K $h $k 0L CV$: $l $, 86 0x$G C1 =c =E$M 9g$o $; $G $O \A" $K 8m G’ <1$5 $l$F$$$? !% 0lJ}!$ %@ %C%A%m!< %k%o!< %W $O !$ %9 %H %m!< %/ $N$" $k DxEY$N 79$-$r 5[ <} 2DG=$G $" $k$?$a 79$-$r Jd@5$G $- !$ 7k 2L$H$7 $F @5$7 $/ G’ <1$5$l $? !%A4 BN$H$7 $F $_ $k $H !$C1=c =E$M 9g$o $; $+ $i%@ %C%A %m !< %k %o !<%W $r MQ $$ $k$3 $H $G 2~ 0- $7 $? %5%s %W %k ?t 36 !$2~A1 $7 $? %5%s %W %k ?t 109 $G$"$C$? !% $J $* !$$3$N$H $- $N %@ %C%A %m !<%k %o !< %W $N @09g Ak I} w $O 3 $G $" $j!$ #12hA|BPEv$?$j$N7W;;;~4V$O 26.2 msec $G$"$C$?!% T able 3 $K %@ %C%A %m !< %k %o !<%W $N 3H D% 7? #1 ( Fig.3 (c)) $K $h$k 7k2L$r <($9!% $^$?!$3HD%$K$h $k2~ A1Nc$r Fig.8 $K <( $9 !% $3$NF~NO%Q%?!< %s J8;z \R" $O J8;z$N>eH>J, $K Bg$-$JOD $_$r ;}$D !% Fig.3 (a) $N %@ %C%A %m !<%k %o!< %W $O ?eJ? ( x ) J} 8~ $N OD $_$7 $+ 5[ <}$G $- $J $$ $? $a !$JQ 7A 8e$N %Q %? !<%s $r 8+ $k $H ?bD> ( y ) J}8~$N OD$_$, 0MA3$H $7 $F Bg$- $/ B8:_ $7 !$7k2L$H $7 $F \A" $H 8m G’ <1 $5$l $? !%0l J} !$ Fig.3 (c) $N %o !< %W $G $O !$ T able 3 Recognition result of extended dutch roll warping of Fig.3 (c). recognition result A B C D E F G H I J K L M N O P Q R S T U V W X Y Z A 99 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 B 0 96 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 C 0 0 98 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 D 0 0 2 94 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 2 0 0 0 0 0 E 0 0 0 0 92 5 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 F 1 0 0 0 0 95 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 1 0 n

G 0 0 1 0 0 0 94 0 0 0 0 0 1 0 0 2 2 0 0 0 0 0 0 0 0 0 r

H 0 0 0 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 e t

J 0 0 0 0 0 0 0 0 1 93 0 0 0 0 0 0 0 0 0 5 0 1 0 0 0 0 t

K 0 0 0 0 0 0 0 1 0 0 97 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 a p

M 0 0 0 0 0 0 0 11 0 0 0 0 87 1 0 0 0 0 0 0 1 0 0 0 0 0 N 0 0 0 0 0 0 0 0 0 0 0 0 0 98 0 0 0 0 0 0 1 0 1 0 0 0 O 0 1 1 0 0 1 0 0 0 0 0 0 0 0 93 0 0 0 0 3 0 0 0 0 1 0 t

P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 99 0 0 0 0 0 0 0 0 1 0 u

Q 2 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 95 1 0 0 0 0 0 0 0 0 p

R 2 0 0 0 0 2 0 0 0 0 2 1 0 0 0 2 0 90 0 0 0 1 0 0 0 0 n

S 0 0 1 0 2 3 0 0 0 1 0 0 0 0 3 0 1 1 88 0 0 0 0 0 0 0 i

T 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 98 0 0 0 0 1 0 U 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 99 0 0 0 0 0 V 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 92 4 0 0 0 W 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 2 95 0 0 0 X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 Y 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 Z 0 2 0 0 1 1 0 0 10 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 85 average 4.9% error Fig.8 Example (i) incorrectly recognized by basic dutch roll warping of Fig.3 (a) and (ii) correctly recog- nized by extended dutch roll warping of Fig.3 (c). %@ %C%A %m !<%k %o !<%W $r #2 2s 9T $&$3 $H $K $h $j ?e J? ( x ) J} 8~ !$ ?bD> ( y ) J} 8~$N N> J}8~$N OD$_ $r 5[ <}$G $- $k !%$3$N$? $a !$JQ 7A 8e$N %Q %? !<%s $r 8+ $k$H I8 =‘%Q %? !<%s $K == J, 6a$E $1 $k$3 $H $, $G $- $F $* $j!$ 7k 2L E*$K @5$7 $/ G’ <1 $5$l $? !%$3$N 3H D% $K $h $k 2~ A1 $O 48 %5 %s %W %k !$2~ 0- $O 35 %5 %s %W %k $G $" $C$? !% $3 $N $? $a !$JQ 7A DI => G= NO$N 8~ >e $N 0l J}$G 2a JQ 7A $N Ld Bj$, @8 $8 $F $$ $k$3 $H $, 9M ;! $5$l $k !% $J $* !$$3 $N$H $- $N 3H D% 7? #1 $N >r 7o$O ?e J? J} 8~$N Ak I}#3 !$?bD> J}8~$N Ak I}#1$G $" $j!$ #1 2hA|BPEv$?$j$N7W;;;~4V $O 30.4 msec $G$"$C$? !% T able 4 $K %@ %C%A %m !< %k %o !<%W $N 3H D% 7? #2 ( Fig.3 (e)) $K $h $k 7k 2L $r <( $9!%2~ A1 Nc $r Fig.9 $K <( $9 !% $3 $N F~ NO %Q %? !<%s $O A4 $F $N %9%H %m !< %/$, B@ $/ !$$^$? !$It J, E*$J 79$- $r ;} $D !%$= $N $? $a !$ $3 $N J8 ;z$r I8 =‘ %Q %? !<%s J8 ;z \O" $K 6a$E $1 $k $? $a $K $O !$79$- $r 5[ <}$7 $D $D %9 %H %m !< %/$N I}$r :Y $/ $9 $k I, MW$, $" $k !% Fig.3 (a) $N %o !<%W K!$G $O !$79$- Jd @5$O$" $k Dx EYE, @Z$K 9T$o$l $F $$ $k$, !$?bD> ( y ) J}8~$K BP $7 $F $O M- 8z$J JQ 7A$O 9T$o $l $:!$FC$K !$>e CJ $N 2# %9 %H %m !< %/ $N I}$O JQ 2=$, $J $$ $3 $H $, $o $+ $k !%0l J} !$ Fig.3 (e) $N %o !< %W $r MQ$$$?>l9g $O ?eJ? ( x ) J}8~!$ ?bD> ( y ) J}8~$N $I $A$i$K BP

{ 6{ @PED!&FbED!&Gw9> T able 4 Recognition result of extended dutch roll warping of Fig.3 (e). recognition result A B C D E F G H I J K L M N O P Q R S T U V W X Y Z A 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 B 1 93 0 0 0 0 0 1 0 0 0 0 0 0 2 1 0 0 1 0 0 0 0 0 1 0 C 0 0 99 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 D 0 0 2 94 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 0 0 0 E 0 0 0 0 90 4 1 0 3 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 F 1 0 0 0 0 91 0 0 0 0 0 0 0 0 0 2 0 0 0 4 0 1 0 0 1 0 n

G 0 0 1 0 0 0 91 0 0 0 0 0 1 0 0 1 5 0 0 0 0 0 0 0 1 0 r

H 0 0 0 0 0 0 0 99 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 e

I 0 0 0 0 0 0 0 0 98 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 t

J 0 0 0 0 0 0 0 0 1 94 0 0 0 0 0 0 0 0 0 4 0 0 0 0 1 0 t

K 0 0 0 0 0 0 0 0 0 0 98 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 a

L 0 0 0 0 0 0 0 0 0 0 0 99 0 0 0 0 0 0 0 0 0 0 0 0 0 1 p

M 0 0 0 0 0 0 0 8 0 0 0 0 90 1 0 0 0 0 0 0 1 0 0 0 0 0 N 0 0 0 0 0 0 0 0 0 0 0 0 0 96 0 0 0 0 0 0 2 0 2 0 0 0 O 0 2 1 0 0 1 0 0 0 1 0 0 0 0 92 0 0 0 0 2 0 0 0 0 1 0 t

P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 99 0 0 0 0 0 0 0 0 1 0 u

Q 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 96 0 0 0 0 0 0 0 0 0 p

R 2 0 0 0 0 3 0 0 0 0 3 0 0 0 0 1 0 91 0 0 0 0 0 0 0 0 n

S 0 1 0 1 0 4 0 0 0 0 0 0 0 0 2 0 1 0 91 0 0 0 0 0 0 0 i

T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 97 0 0 0 0 3 0 U 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 98 0 0 0 0 0 V 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 92 4 0 0 0 W 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 2 96 0 0 0 X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 Y 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 Z 0 1 0 0 2 1 0 0 3 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 1 89 av erage 4.9% error Fig.9 Example (i) incorrectly recognized by basic dutch roll warping of Fig.3 (a) and (ii) correctly recog- nized by extended dutch roll warping of Fig.3 (e). $7 $F $b M- 8z$J JQ 7A$, 9T$o $l $F $$ $k $N$, $o $+ $k !%$3$N 3H D% $K $h $k 2~ A1 %5%s%W %k ?t$O 45 !$2~ 0-%5%s%W %k ?t$O 32 $G $" $j 3HD% #1 $H F1 MM$N 79 8~$, 8+ <u$1 $i $l $k !%$J $* !$ $3 $N $H $- $N 3HD%7?#2$N>r7o $O w = 4 !$3FNsKh$N#1<!85%o!< %W $N @09gAk I} #1 $G $" $j!$ #1 2h A| BP Ev $? $j $N 7W ;; ;~ 4V $O 42.7 msec $G $"$C$?!% 4.3 3HBg<B83 %@ %C%A %m !< %k %o !< %W $* $h $S $= $N 3H D% 7? ( Fig.3 (a),(c),(e)) !$$* $h $S !$=> Mh K! $G :G $b G’ <1 N( $, 9b $+$C$? Fig.3 (n) $K $D $$ $F %F %9 %H %5 %s %W %k ?t $r 100 $+ $i 1000 $K3HBg $7 $F <B83$r9T$C$?!%DI2C $7 $? 900 !_ 26 %5 %s %W %k $b ETL6 $K4^$^$l $k$b$N$G$"$k !%I8=‘%Q%?!< %s $J $I !$B>$N <B83>r7o $O 4.1 $HF1MM $G$" $k!% $= $N 7k 2L !$ Fig.3 (a) $N %o !< %W $K $h $k G’ <1 N( $O 96.7 % !$ Fig.3 (c),(e) $N %o !< %W $K $h $k G’ <1 N( $O 6& $K 97.1 % !$ Fig.3 (n) $N %o !<%W $K $h $k G’ <1 N($O 96.8 % $H $J $j!$ %@ %C%A %m!<%k%o!< %W $N M%0L@- $K JQ2= $O$J$+ $C$?!% 5. $* $o $j $K K\ O@ J8$G$O !$%Q %?%s $N 79$- $J $I $N #2 <! 85 E*$J JQ 7A$r $" $k Dx EY 5[ <} 2D G=$H$7 $J $, $i 7W ;; NL $N Hf 3S E* >/$J $/$F :Q $‘ %o !< %W K!$H$7 $F%@ %C%A %m !<%k %o !< %W $r Ds 0F$7 $? !%$=$N J8 ;z G’ <1$K $*$1 $k M- 8z @-$r <B 83 E*$K 8! F$ $7 $? $H $3 $m !$=> Mh 8! F$ $5$l $F $$ $k#1 <! 85 %o !<%W $r AH $_ 9g$o $; $? J} K!$K Hf$Y $F 9b $$ G’ <1 N($r F@$? !%$^$? !$<+ M3 EY$r 9b $a $k$3 $H $r L\ ;X $7 $? 3H D% 7?$K $h $j 7W ;; NL$r $[ $H $s $I A}$d $5$: $K G’ <1 N($r 8~ >e$G $- $? !%1Q BgJ8 ;z 26 J8 ;z <o 3F 1000 %5%s%W %k$K BP $9 $k G’<1N( $O 97.1 % $G$"$C$? !% <U <- K\8&5f$r 9T $& $K$"$? $j!$EE;R5;=QAm9g8&5f=j$N ETL6 $r Mx MQ $5 $; $F D:$$ $? !%$3$3 $K ?< $/ 46 <U $9 $k !%$J $* !$K\ 8& 5f $N 0l It$O J8 It >J 2J 3X 8& 5f Hq ( 4p HW 8& 5f C(2),No.10680385) $K $h $C$?!% ;2 9M J8 8% 1) Gw 9> Gn>< , @i MU@. H~ : \ F0E* 7W 2hK!$r MxMQ $7 $? 2; @<$N ;~ 4V@5 5, 2= $K 4p $E $/ O" B3 C1 8l G’ <1 ," F| K\ 2; 6A 3X 2q ;o V ol.27, No.9, pp.483-490, Sep. 1971. 2) Cf Ln 9/ L@ , Cf ED OB CK , Cf Eg 98 : \ <~ JU J, I[ $H $= $N %9 %Z %/ %H %k $K $h $k 4A ;z G’ <1 $N 2~ NI ," ?. 3X O@ V ol.57-D, No.1, pp.15-22, Jan. 1974. 3) S. Kuo and O.E. Agazzi: \Keyword sp otting in p o or- ly printed do cuments using pseudo 2-D hidden Marko v mo dels," IEEE T rans. Patt. Anal. Mach. Intell., V ol. 16, No. 8, pp. 842-848, Aug. 1994. 4) ED Cf D> <y , 1v Ln =< , ?? ED 1Q I’ , <j DM 7D 0l : \ F0 E* J} 8~ @- @0 9g K! $K $h $k <j =q $- 4A ;z G’ <1 ," ?. 3X O@ V ol.J68-D, No.1, pp.56-63, Jan. 1985. 5) DE 1@ =_ : \ J} 8~%Q %?%s %^%C%A%s %0 K! $N 2~ NI$H <j =q $- 4A ;z G’ <1$X$N1~MQ ," ?.3X5;Js PRL90-20, 1990. 6) Fb ED @? 0l , Gw 9> Gn >< : \ F0 E* 7W 2h K! $K 4p $E $/ C1 D4 O" B3 #2 <! 85 %o !< %W K! $N 8! F$ ," ?. 3X O@ V ol.J81-D-II, No.6, pp.1251-1258, June 1998. � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �