<j=q $- J8;zNs $N Hs0lMM $J 79 $- Jd@5K! J? 1QFs � @PEDIRG7 � FbED @?0l y Gw9> Gn>< y � 6e=#Bg3XBg3X1! %7 %9 %F%‘>pJs2J3XI\ y 6e=#Bg3XBg3X1! %7 %9 %F %‘>pJs2J3X8&5f1! ") 812-8581 J!2,;TEl6hH":j 6-10-1 TEL:092-642-3888 E-mail: f taira, tishida, uchida, sak o e g @h uman.is.kyush u-u.ac.jp $" $i$^ $7 J8;z Ns $NG’<1 $K$* $$ $F!$ 3F9= @. J8 ;z $N79 $-Jd @5 $OG’<1@: EY 8~ >e $r?^$k >e $GI,?\5; =Q $G$"$k!% => MhK! $G$O !$J8;zNs Fb$N3F9= @.J8;z $, 0lDj$N 3QEY$G 79$$$F$$ $k$H$$ $&2>Dj$N 2<!$0lMM$J 79$- Jd@5 $r 9T$J $C $F $$$? !% $3 $l$K BP $7 !$K\O@J8 $G$O Hs0l MM $J 79$-$b Jd @52DG=$J <jK!$r Ds0F$9 $k!%K\<j K! $G$O 79$-Jd @5LdBj$r 6I =j79$-3Q$N :GE,?d DjLdBj$H $7 $F Dj <02=$9$k !%$=$N :GE,?dDj$r F0E* 7W2hK! $K 4p $E $/ %"%k %4 %j %: %‘ $K $h $j 9T $J $& !%0lMM $J 79$- Jd@5K!$H$N Hf 3S<B 83 $r 9T$J$$ !$K\<jK!$N 79$- Jd@5G= NO $, M% $l $F $$ $k$3$H$r Dj@-E*$*$h $S Dj NLE* $K <($9 !% %-!< %o!< %I 79$-Jd@5 F0E*7W2hK! <j=q$-J8;zNsG’<1 Non uniform Slan t Correction of Handwritten W ord Eiji T AIRA � , T oshiyuki ISHIDA � , Seiichi UCHIDA y , and Hiroaki SAKOE y f � Graduate Sc ho ol, y F acult y g of Information Science and Electrical Engineering, Kyush u Univ ersit y 6-10-1 Hakozaki, Higashi-ku, F ukuok a-shi, 812-8581 Japan TEL:+81-92-642-3888 E-mail: f taira, tishida, uchida, sak o e g @h uman.is.kyush u-u.ac.jp Abstract Slant correction is an indisp ensable technique to impro v e recognition accuracy for hand- written w ord recognition. In con v ensional slan t correction tec hniques, uniform slant correction w as p er- formed under the assumption that eac h word is written with a constan t slan t. In this pap er, a non uniform slan t correction technique is presented where the slant correction problem is form ulated as an optimal estimaiton problem of lo cal slan t angles at all horizon tal p ositions. The optimal estimation is p erformed b y a dynamic programming-based algorithm. Exp erimen tal results show the slan t correction ability of the present technique o v er the uniform slant correction technique. k ey words slan t correction, dynamic programming, handwritten word recognition

1 $O $8 $a$K <j=q$-J8 ;zNs$N G’ <1 $K $*$$$F !$3F9=@. J8;z$N 79$- Jd@5 $O G’ <1@: EY8~ >e$r ?^$k >e$G I, ?\5; =Q $G $" $k !%Nc $( $P !$J8;z Ns$r A4 BN O@E* (holistic) $K G’<1 $9 $k>l 9g !$ 79 $-Jd@5=hM} $O 7A$N@55,2= $H $7 $F MQ$$ $i $l $k!% $^ $?!$ 3F 9= @. J8 ;z $r@Z $j=P $7 !$ 1 J8;z $:$D8D JL $KG’<1 $9$k 2r @OE*G’ <1$N >l 9g !$79$-Jd @5 $O G’ <1@: EY $K Bg$- $/4X$o $kJ8;z $N@Z$j=P $7 $N @:EY8~>e$N$?$a $K I,MW$H$J$k !% <j=q$-J8 ;zNs$N 79$- Jd @5K! $O !$ $3 $l $^$G$K $b$$ $/ $D $+8!F$ $5 $l$F$$$k !% Bozino vic $i [1] $*$h $S Kim $i [2] $O !$ D9 $$=D%9 %H %m !<%/ $NJ?6Q3QEY $rJ8;zNs $N79$- $H$9$k <j K! $rDs0F $7 $? !% Guillevic $i [3] $d Nicc hiotti $i [4] $*$h $S Kav allieratou $i [5] $O !$Ej1F%R %9 %H%0 %i %‘ $+$i J8 ;zNs$N J?6Q 79$-$r ?d Dj$9 $k<j K!$r Ds0F $7 $? !% Simoncini $i [6] $d Ding $i [7] $*$h $S Britto $i [8] $O !$J8 ;z $NNX3T@~ $N%A%’ %$ %s%3 !< %I $+$i J8;zNs $N J?6Q79$-$r ?d Dj$9 $k<j K!$r Ds 0F $7 $? !% $3 $l$i $N => Mh K! $O$$$:$l $b !$J8;z NsA4 BN $, 0l MM$J 79$-$G =q$+ $l $F $$ $k$H$$ $&2>Dj$N 2< !$J8;zNs A4 BN $K$o $? $kJ? 6QE* J8 ;z79$-$r ?dDj $7 $F Jd @5 $7 $F $$ $k !% $7 $+ $7 !$<B:] $K$O 3F9= @.J8 ;z Kh $K 79$-$, 0[$J $k J8;z Ns$b$" $j !$0lMM $J Jd @5 $N7k 2L $rItJ, E* $K8+$k $H!$ 0M A3 $H $7 $F79 $- $, ;D $C $?$j!$ Jd@5 2a B?$N$?$a$K 5U J} 8~ $K 79$$$F $7 $^ $& $3$H $b 5/$3 $j $&$k !% $=$N$? $a !$ItJ, E*$K 0[$J $C$? 79$-$b Jd@5 $G$- $kHs0lMM$J79$-Jd@5K! $, I,MW$H$J$k !% K\O@J8 $G$O !$79$-Jd @5Ld Bj $r 6I=j 79$- 3Q$N :GE, ?d DjLdBj$H $7 $F Dj <0 2= $7 $? Hs 0lMM$J 79$- Jd @5K!$r Ds 0F $9 $k !% :G E, ?d Dj $N J} ?K $O!$ D9 $$ =D%9 %H %m!< %/ $N79 $-3Q $r 8!=P $7 !$ $=$N 79$- 3Q$r 6aK5$K 3j $i$+$K EAGE$9 $k$3 $H$H $9 $k !%:GE, ?dDj$O ?d Dj $7 $? 6I=j 79$- 3Q$N Bg6I E* $*$h $S 6I=j E*BE Ev @- $r I>2A$9 $k 4X?t$* $h $S @) Ls>r 7o $K4p $E$$ $F9T $J$& !% I> 2A 4X ?t $r:G Bg 2= $9 $k 6I =j 79 $-3Q $N 7O Ns$O F0 E* 7W2h K! (dynamic programming : DP) $K 4p $E$$$?%" %k %4 %j %:%‘ $K $h$j8zN(E* $K C5:w $G$-$k!% 0J2< $G$O !$K\<j K!$N 4pK\ 86M}$r =R$Y !$1QJ8;z Ns$r BP>] $H $7 $F 0lMM $J 79 $-Jd@5K! $H$NHf3S<B83 $r 9T $J$$!$ K\<jK! $NM-8z@-$r<($9 !% 2 Hs0lMM $J 79 $- Jd@5K! 2.1 79 $- Jd@5LdBj $N Dj<02= 2hA| A = f a ( i; j ) g $r %5 %$ %: M � N $N 2 CMJ8 ;z Ns2hA|$H $9 $k !%K\<j K!$G$O !$Hs0l MM$J 79$- Jd @5$r <B 8=$9$k$?$a$K !$6I=j79$- 3Q$N 7ONs � 1 ; . . . ; � i ; . . . ; � M $N :G E, ?dDj$r 9T$J $& ( ?^ 1) !% $3$3$G !$ � i $O Bh i Ns$N ?^ 1: Hs0lMM $J 6I=j79$-3Q$N?dDj 6I=j 79$- 3Q$r I=$9!% :GE, ?d Dj$N J} ?K $O !$F~NO 2h A|Fb $+ $i D9$$ =D %9 %H %m !< %/$N 79$- 3Q$r 8! =P $7 !$JQ7A$N :] $K J8 ;z$N 7A$r Jx$5$J$$ $?$a$K $=$N 79$- 3Q$r 6aK5$K 3j $i $+$K EA GE$9 $k$3$H$H $9 $k !% $3 $l$O D9$$ =D %9 %H %m !< %/$N 79$-$O$= $N %9 %H %m !< %/ $r 4^ $‘J8;z$N 79$-$r 6/ $/ H?1G $7 $F $$$k $H$$ $& ?dB, $K$h$k!% $3$NJ}?K $K=>$C $F !$ � 1 ; . . . ; � i ; . . . ; � M $N :G E,?d Dj LdBj$r <!$N I>2A 4X ?t$N :GBg2=LdBj $H $7 $F Dj<02=$9$k!% F ( � 1 ; . . . ; � i ; . . . ; � M ) = M X i =1 f i ( � i j � i � 1 ) (1) C" $7 !$ � i $O � = [ � � max ; � max ] $N HO0OFb$N 3QEY $H $7 !$ :GBg2= $O <! $N C1D4O"B3@->r7o $N 2< $G 9T $J $& !% j � i � � i � 1 j � � (2) $3$3$G !$ � $O @5$NDj?t $H$9 $k!% 4X?t f i ( � i j � i � 1 ) $O � i $N BEEv@-$rI> 2A$9$k 2 $D$N 4X?t $N OB $H $7 $F Dj5A$5 $l $k !% f ( � i j � i � 1 ) = s i ( � i ) + � ( � i j � i � 1 ) (3) 4X ?t s i ( � i ) $O Bh i Ns$K $* $$ $F � i 79 $$ $? D9 $$ =D %9 %H %m!< %/$NB8:_$r 3N G’ $7 !$ � i $N BE Ev@-$r I>2A$9 $k !%4X ?t � ( � i j � i � 1 ) $O � i � 1 $+ $i � i $X $N 79 $- 3Q $NJQ 2= $N3j $i $+ $5 $rI>2A $9$k!% C" $7 !$ i = 1 $N$H$- � ( � i j � i � 1 ) = 0 $H$9 $k !% I> 2A 4X ?t (1) $r:G Bg 2= $9 $k $3 $H $G!$ 4X ?t s i ( � i ) $K $h $C$F D9$$ =D %9 %H %m !< %/$N 79$- 3Q $, 8!=P$5$l !$4X ?t � ( � i j � i � 1 ) $K $h$C $F$= $N79 $-3Q $O 6aK5 $K3j $i $+$K EAGE $G$-$k !% 2.2 F0E*7W2hK! $K$h $k2rK! I>2A 4X?t (1) $r :GBg2=$9$k � 1 ; . . . ; � i ; . . . ; � M $O ?^ 2 $N DP %" %k %4 %j%: %‘$G C5 :w$G $- $k !%?^ 2 $K $* $$ $F

/* Initialization: */ 1 for all � 1 2 � do g 1 ( � 1 ) := s 1 ( � 1 ); /* DP Recursion: */ 2 for i = 2 to M do 3 for all � i 2 � do b egin 4 g i ( � i ) := max � i � 1 [ g i � 1 ( � i � 1 ) + f i ( � i j � i � 1 ) ] ; 5 b i ( � i ) := � i � 1 which giv es the maxim um at Step 4; 6 end; /* Backtrac king: */ 7 � M := argmax � M 2 � g M ( � M ); 8 for i = M down to 2 do � i � 1 := b i ( � i ); ?^ 2: DP %"%k %4 %j %: %‘ g i ( � i ) $O Bh i Ns$^ $G$N f k ( � k j � k � 1 ) $N :GBgN_ @QCM $G$" $k!% $= $N:GBgN_@QCM $r5a$a$k Step 4 $O DP A22=<0 $H 8F $P$l $k !% DP A22=<0 $K $* $1 $k:GBgCMA*Br $O>r7o (2) $rK~ $?$9 � i � 1 $K $D$$ $F9T $J $& !% � i $N:GE,CM $r � i $H I= $9 $H !$ � i $O Step 7 ; 8 $N%P%C%/ %H %i%C%/=hM} $K$h$j5a $a $i $l $k !% 2.3 79 $- 3Q $N N%;62= ?^ 2 $N DP %" %k %4 %j %:%‘ $O@) 8f JQ ?t $H $J$k 6I =j 79 $- 3Q � i $, O"B3NL $G$" $k $?$a $K %G %# %8 %? %k 7W;;5! $G$O$= $N$^$^<B9T$9$k $3$H $O$G$-$J$$ !% $= $3$G 2 E@ ( p i ; 1) ; ( q i ; N ) $r MQ$$ $F !$ � i = arctan q i � p i N � 1 (4) $K$h$j � i $r N%;62=$9$k ( ?^ 3) !% C" $7 !$ p i ; q i $O @0?tCM $G$" $j !$ j p i + q i 2 k = i (5) j p i � i j � W ; j q i � i j � W (6) $rK~ $?$9 $b $N $H$9$k ( ?^ 4) !% $3$3 $G !$ b x c $O x $r 1[ $( $J $$:G Bg $N@0 ?t $H$9 $k!% $^ $?!$ >r 7o (6) $O 5vMF $9$k 79 $- $r5,Dj$9$k>r 7o $G !$ W $O @5 $N@0?tDj?t $H$9$k!% 0J 2<!$ ( p i ; 1) ; ( q i ; N ) $r 7k$V@~J,$rJd@5@~J,$H8F$V !% 0J >e $N $h $& $J 79 $- 3Q $N N% ;6 2= $K $h $j!$ � 1 ; . . . ; � i ; . . . ; � M $N :G E, ?d Dj Ld Bj $O p 1 ; q 1 ; . . . ; p i ; q i ; . . . ; p M ; q M $N :G E, ?d Dj Ld Bj$H$7 $F B*$( $i $l $k !%$=$N >l 9g!$ C1D4 O"B3@- >r7o (2) $r p i ; q i $K $D$$ $F$N>r7o $H $7 $FI=$9$H<!$N$h $& $K$J $k !% p i � p i � 1 ; q i � q i � 1 (7) ?^ 3: 6I=j79$-3Q � i $H p i ; q i $N 4X78 ?^ 4: Bh i Ns $K $*$$$F2DG=$J p i ; q i $N AH9g$; $3$N>r 7o $OC1FH $G $OC1D4 @- >r 7o $G$" $k $, !$ >r 7o (5) $H 9g $o $; $F9M $($k $H p i $H p i � 1 $N4V 3V $O9b !9 3 $H $J $j !$ F1 ;~ $KO"B3 @- $bJ] >Z $7 $F$$$k !% $^ $?!$ I> 2A 4X ?t $OI= 8= $, JQ $o$j !$ 4X ?t f i ; s i ; � $O$= $l $> $l f ( p i ; q i j p i � 1 ; q i � 1 ) ; s ( p i ; q i ) ; � ( p i ; q i j p i � 1 ; q i � 1 ) $H $J $k !% p i ; q i $O $= $l <+ BN $, 0L CV >p Js$G $" $k$? $a !$ f ; s $N E: ;z i $O <h $j =| $$ $F$$ $k!% $5 $i$K !$ ?^ 2 $N Step 3 $N � i $N%k!< %W $O >r7o (5),(6) $N 2< $G 2D G= $J p i ; q i $N AH 9g$;$N %k !< %W $H $J $j !$ Step 4 $N DP A22=<0 $O <!$N$h $& $K =$@5$5 $l $k !% g i ( p i ; q i ) := max p i � 1 ;q i � 1 [ g i � 1 ( p i � 1 ; q i � 1 ) + f ( p i ; q i j p i � 1 ; q i � 1 )]; (8) $3$3 $G!$ :G Bg CM A* Br $O>r7o (5)-(7) $N2< $G2DG= $J p i � 1 ; q i � 1 $N AH9g$; $K$D$$$F 9T $J $& !% 2.4 I>2A4X?t 4X?t s ( p i ; q i ) $O ( p i ; 1) ; ( q i ; N ) $r7k $VJd@5 @~ J, >e $K $*$$$FD9$$=D%9 %H %m!< %/ $NB8:_ $r3NG’ $7 !$ p i ; q i $N BE Ev@- $r I> 2A$9$k !%6qBNE* $K$O Jd @5@~J, $K I} � $r ;}$? $; !$ $=$N NN 0hFb$G$N O" 7k $7 $? 9u 2hAG$N 9b$5$N :G BgCM $r 7W;;$9$k ( ?^ 5(a)) !%Jd@5@~J, $K I}$r ;}$?$;$?$N $O 6J@~ %9 %H %m !< %/ $K $b BP 1~ $G $- $k$h $& $K $9 $k$?$a$G $" $k !% $3$3$G 7W ;;$N 4JC1 2=$N$?$a !$9u2hAG$N O"@\ @- $O =DJ}8~$N$_ $G H=CG$9$k ( ?^ 5(b)) !% $H$3$m $G !$?bD>J} 8~ $K C;$$ %9 %H %m !< %/ $O 2# %9 %H %m !< %/$N 0lIt$b $7 $/ $O =D %9 %H %m !< %/ $G $" $C $F$b J8;z$N 79$-$H$O L5 4X78$G$"

?^ 5: 4X?t s ( p i ; q i ) $N 7W;; $k $H ?d B,$5 $l $k !%$^ $?$= $N $h $& $J %9 %H %m !< %/ $O J8 ;z <+BN$N 7A >u $, 6/ $/H? 1G$5 $l $F $* $j !$I>2ABP >]$H $7 $F $7 $^ $& $3$H$O $+ $( $C$F IT <+A3$J Jd @57k 2L$r @8 $8 $5$; $k!%$=$3$G $" $k og CM � $r M?$($F !$:GBg 9b$5 $, � L$ K~ $N>l9g s ( p i ; q i ) = 0 $H $9 $k ( ?^ 5(c)) !% 4X?t � ( p i ; q i j p i � 1 ; q i � 1 ) $O 79$-3Q$N JQ2=$N3j $i$+ $5 $r I>2A$9 $k%Z%J%k %F %# 4X?t $G$" $k !%6q BNE*$K$O <! $N<0 $+$i 5a$a $i $l $k !% � ( p i ; q i j p i � 1 ; q i � 1 ) = � � � 1 � � � 2 (9) $3 $3 $G!$ �; � $O @5 $N=E $_78 ?t $G $"$k !% � 1 $O � i 6 = � i � 1 !$ $9 $J $o$A p i 6 = p i � 1 + 1 $^ $? $O q i 6 = q i � 1 + 1 $N$H$- $K 2]$; $i$l $k%Z%J%k %F %# $G !$$=$N CM$O Jd @5 @~J, >e$N 9u 2hAG $N8D ?t $H$9$k!% J8 ;z $H=E $J$kJd @5@~ J, $[ $I � 1 $O Bg $-$$CM $r<($9 !% $h $C $F !$ � � � 1 $r :GBg 2=!$ $9 $J $o$A � � 1 $r :G>. 2= $9 $k$3$H $G !$ 1 J8 ;z Kh$N 6I =j 79$- 3Q$O $G $- $k$@$1 0l Dj$N 3QEY$H$J $k$h $& $K ?d Dj$5 $l !$79$- 3Q $N JQ2= $O J8;z$H J8;z$N 4V $G 5/$- $k$h $& $K$J $k !% � 2 $O NY$j 9g $&Ns $N Jd @5@~ J,$N 0l C< $, 8r$o $k$H$- !$$9 $J $o$A p i = p i � 1 $^$? $O q i = q i � 1 $N$H $- $K 2]$; $i $l $k %Z%J%k %F %# $G !$ $=$N CM$O Jd@5 @~ J, >e$N 8r$o$C$? 0l C< $N 6aK5$K$" $k 9u2h AG$N 8D?t$H $9 $k !%K\O@ J8 $G$O 6a K5 $NHO0O $r N = 4 $H $7 $F $$$k!% Jd@5 @~J, $N0lC< $, 0lE@ $K =8Cf $7 $? >l9g !$79$- Jd@5 8e$N 2h A| $, IT<+ A3$J 7A $K$J $k $3$H $,$" $k!% � 2 $O $= $l$r KI $0 $?$a$N%Z%J %k%F %# $G $"$k !% 2.5 7W;;NL 2.3 @a $NN%;62= $r9M $($?>e $G$N?^ 2 $N DP %"%k %4 %j %: %‘ $K MW$9$k 7W;; NL$r 5a$a$k !% $3$N 7W;; NL $O DP A2 2=<0$N7W ;;2s?t$H DP A2 2=<0 1 2sEv$?$j$N 7W ;;NL$N @Q $G M? $($i $l $k !% DP A22=<0$N 7W ;;2s?t$O Step 2,3 $N 7+$j JV $7 2s ?t $K Ey $7 $$ !% Step 3 $N 7+ $jJV $7 2s?t $O>r7o (5),(6) $N2< $G2D G= $J p i ; q i $NAH 9g $; $N?t $G$" $j !$ $= $N ?t $O 4 W + 1 $G$" $k!% $3 $l$H Step 2 $N 7+$jJV $7 2s?t M $N @Q$h$j !$ DP A22=<0$N7W;;2s?t $O O ( M W ) $H $J $k!% DP A22=<0 1 2sEv $?$j$N7W;;NL $O 4X?t f i ( � i j � i � 1 ) $N7W;; NL $H:G Bg CM A* Br 2s ?t $N@Q $H $J$k !% A0 <T $O O ( N ) $G $" $j !$8e<T$O >r 7o (5),(7) $h $j 9b !9 7 $H $J $k$? $a !$ DP A22=<0 1 2sEv$?$j$N7W;;NL $O O ( N ) $H$J $k!% 0J >e$h $j ?^ 2 $N DP %" %k %4 %j %: %‘ A4BN$N 7W ;;NL$O O ( M N W ) $H $J $j !$K\<jK! $O =>Mh$N 0lMM$J 79$-Jd@5 K! $H$[ $\ F1DxEY $N 7W;;NL $G :Q$‘!% 2.6 79 $- Jd@58e$N2hA| 2hA| B = f b ( i; j ) g $r 2h A| A $N 79$-Jd@5=hM} 8e$N 2hA| $H$9 $k!% $3$N B $O !$:GE,?dDj$5 $l $? p 1 ; q 1 ; . . . ; p i ; q i ; . . . ; p M ; q M $h$j !$ A $N ( p i ; 1) ; ( q i ; N ) $r7k $V Jd @5@~J,>e $N2hAG $r B $N Bh i Ns>e $K %^%C %T%s%0 $9$k$3 $H$G F@ $i$l $k !% 3 <B83 $H 7k2L K\ @a $G $O!$ 0l MM $J79 $- Jd @5 K! $HK\ <j K! $NDj @- E* $* $h $S DjNL E* Hf 3S <B 83 $K$D $$ $F=R $Y!$ $= $N7k 2L $K$h $j K\ <j K! $N79 $-Jd @5 G= NO $* $h $S$=$NM- 8z @- $r<( $9 !% $3 $3 $GHf 3S BP >] $H $7 $?0l MM $J79 $- Jd @5 K! $K $O!$ K\ <j K! $K79 $-3Q $, 2h A| A4 BN $G0l Dj $G $"$k $H $$$& @) Ls $r 2C $( $? J} K! $rMQ $$$?!% K\ <B83 $K$* $$ $F!$ W $r 63 !$ � $r 4 !$ � $r 25 !$ � $r 1 !$ � $r 2 $H $7$?!% $J $* !$ %5%$ %: 256 � 64 $N2h A| $G79 $-Jd @5 $K $+ $+$k 7W ;; ;~ 4V $O 650 msec(Pen tiumI I I,500 MHz) $G $" $C $? !% 3.1 Dj@-E*I>2A<B83 F~ NO2h A|$H $7 $F CED AR CDR OM-1 (cit y and s- tate w ords) $K 4^ $^ $l $k <j =q$- 1Q C18l 2h A|$r MQ$$$F !$ K\<j K! $K $h $k 79$- Jd@5$N 8z 2L$r Dj @-E* $K I> 2A$9 $k<B 83$r 9T$J$C$? !%3F 2hA|$K$O 0J 2<$N <j =g $G A0=h M}$r 9T $J$C $?!% 2h A| $N=D %5 %$ %: $, 64 2hAG $K$J$k$h$& $K @55,

?^ 6: 79$- Jd@5$NNc ; 3FC18l $K $D$$$F A0 =hM}8e$NF~ NO2hA| ( >e ) !$0lMM$J79$- Jd@5=hM} 8e$N2hA| ( Cf ) !$Hs0lMM $J 79 $-Jd@5=hM} 8e $N2hA| ( 2< ) $r <( $7 $F$" $k : (a) N>J} $H$bNI9% $J7k2L $r <( $7 $? Nc ; (b) Hs0lMM $J 79 $-Jd@5 $NJ} $, NI 9% $J7k2L$r<( $7 $? Nc ; (c) Hs0lMM $J 79$-Jd@5 $G Jd@52aB? $, 5/$- $? Nc 2= $7 $? !% $= $N:] !$ 2h AG $N51 EY CM $O6& 1 <!Fb A^ K! $rMQ $$ $FJd 4V $7 $? !%$5 $i$K !$ 2 CM 2==hM} $r ;\ $7 !$:81& $K W 2hAGJ, $N6uGrNs$r2C $($? !% ?^ 6 $K79 $-Jd @5 $NNc $r<( $9 !% ?^ 6(a),(b) $G $O !$ K\ <j K! $K $h$C$F !$ $I $N F~NO 2hA|$K BP $7 $F $b !$79$$$F$$ $? J8;z $, 7A$r Jx$9$3$H$J $/N) BN $K 6a$$ 7A $K Jd@5$5$l$F $$$k$N $, J, $+$k !% FC $K ?^ 6(b) $G$O !$ 0lMM $J79$-Jd@5 $G$O Jd @5 $, IT ==J,$b $7 $/$O 2a B?$H$J $C$F $7 $^ $&J8;z Ns $K BP $7 !$K\<j K! $G$O $&$^ $/Jd @5 $G $-$F $$ $k$N $, J, $+ $k!% $7 $+ $7 !$ ?^ 6(c) $N $h $& $K !$K\ <jK! $G$O "X" $N $h $& $K $b$H $b$H <P @~ $G 9=@.$5 $l $kJ8 ;z $K $D $$$F$O 2a >j $J Jd @5 $, 5/$- $k !%$5 $i$K $= $N 1F6A$G 6a K5$N J8;z $^ $G 79$$$F $7 $^ $& $3$H$b $" $k !% $3$l$O K\<j K! $K $*$1 $k LdBjE@ $G$" $k !% 3.2 DjNLE*I>2A<B83 0lMM $J 79$- Jd @5K!$H K\<j K!$N DjNL E*$J Hf3S <B83$H $7$F !$ ?M 0Y E* $K79 $1$?3h ;z 1Q C1 8l 2h A| $rMQ $$ $F!$ 3F Ns $K$* $1$k 6I =j 79 $- 3Q $N?d Dj CM $HM} O@ CM $N J? 6Q 2 >h 8m :9 $rB, Dj $9 $k<B 83 $r9T $J$C $?!% ?^ 7 $K862h A| $H $J$k 5 <o N‘$N3h ;z1Q C18l 2h A|$*$h $S $= $l $i $r 0lDj$N 79$- 3Q$G 0l MM $KJQ7A $7 $?2hA| $HNs Kh $K79 $-3Q $r@5 89 4X ?t $K=> $C $F JQ2= $5 $; $J $,$i JQ7A $7 $?2hA| $r<( $9 !% $^ $?!$ I= 1 $K B,Dj $7 $?J?6Q 2 >h8m :9!$ $9 $J $o$A P M i =1 ( � i � i ) 2 = M $N CM$r<($9 !% $3$3 $G i $O ?M0YE* $K 79 $1$? :] $NBh i Ns $N6I=j 79 $-3Q $N M} O@ CM $G$"$k !% 0l MM $K79 $1$?>l 9g !$ $I $A$i $N <jK!$H $b 8m:9$O >.$5 $/ !$E,@Z $K BP1~$G $-$F $$ $k$3$H $, J, $+ $k !% image4,5 $G K\<jK! $K B?>/$N8m:9 $, =P$F$$ $k$N$O !$A0 =R $7 $? $h $& $K <P@~$G 9=@.$5 $l $kJ8 ;z$N 1F6A$K $h $k !%Hs0l MM $K 79 $1 $? >l9g !$K\<jK!$N 79 $- Jd @5G= NO $O 0lMM$J 79$- Jd @5 K!$N 79$- Jd@5 G=NO$h $j L@ $i$+$K M% $l$F $$$k$3$H $, J, $+ $k !% $5$i$K 6I=j79$- 3Q$N M} O@CM$H K\ <jK! $K $* $1 $k?d Dj CM $rNsKh $K Hf3S $7 $? %0 %i %U $r?^ 8 $K <( $9 !% $3 $3 $G $OMQ Nc $H $7 $F image1 ("Kentuc ky") $r MQ$$$? !%?^ 8 $r 8+ $k$H K\<jK! $, M}O@CM $r DI=> $G$-$F$$$k$N $, J, $+ $k !% 4 $^$H$a K\ O@J8$G$O <j =q$- J8;z NsG’ <1 $K $*$$$F LdBj$H$J $k 3F9= @.J8 ;z$N 79$-$r Hs 0lMM$K Jd@5$9 $k J}K!$r Ds 0F $7 $? !%K\<jK!$G$O 79$- Jd @5Ld Bj$r 6I=j 79$- 3Q$N :G E,?d Dj Ld Bj$H $7 $F Dj <0 2= $7 !$F0E* 7W 2h K! (dynamic pro- gramming : DP) $K 4p $E$$ $? %" %k %4 %j %:%‘ $K$h$j 8z N(

?^ 7: ?M0YE* $K 79 $1$? 1QC18l2hA| : (a) 862hA| ; (b) 0lDj$N79$- 3Q $G 0lMM $K JQ 7A $7 $? 2hA| ; (c) NsKh $K 79$-3Q $r @5 894X?t $K =>$C$FJQ2=$5$;$J $,$i JQ7A $7 $? 2hA| I= 1: ?^ 7(b),(c) $K $* $1 $k6I=j79$-3Q$NM}O@CM $H ?dDjCM$NJ?6Q 2 >h8m:9 ( � 10 � 3 ) constan t slant sin usoidally changing slant image no. 1 2 3 4 5 1 2 3 4 5 uniform correction 0 0 0 0 0 427 537 286 185 186 nonuniform correction 0.188 0.007 0.337 8.47 6.66 18.3 169 41.5 110 152 ?^ 8: ?^ 7(c) $N image1(\Kentuc ky") $K $*$1 $k 6I =j 79 $-3Q$NM}O@CM$HHs0lMM$J79$-Jd@5 $K$h $k?dDjCM E* $J C5 :w$r <B 8= $7 $? !%0lMM$J 79$- Jd @5K!$H K\ <jK!$H $N Hf3S <B 83 $r 9T$J$$ !$K\<jK!$N 79$- Jd@5 G=NO$* $h $S $=$N M- 8z @- $r <( $7 $? !%$^$?$=$N 7k2L$h $j K\<j K! $K$O Jd@52aB? $NLdBj $, $" $k$3$H$r;XE& $7 $? !% :#8e$N2] Bj$H $7 $F !$K\<j K! $r MxMQ $7 $? J8;z NsG’ <1 %7 %9%F %‘$N :n @. $, 5s $2 $i$l $k !%:G6a$N J8 ;zNs G’<1$O Kim $i [2] $N$h$& $JG’ <1 =h M} $N2a Dx $GJ8 ;z $N@Z $j =P $7 0LCV$b F1 ;~ $K 7h Dj $7 $F $$ $/ J}K! $, 1 $D$N <g N.$H$J $C $F$$ $k !%K\ <jK!$r$= $N $h $& $J G’ <1 %7 %9%F %‘ $K MxMQ $9 $l$P !$G’<1 =hM}$*$h $S J8 ;z$N @Z$j =P $7 $H F1;~$K 79$- Jd@5=h M}$b 9T$J $&G’<1%7 %9 %F %‘ $, <B 8= $G $- $k$H 9M$( $i$l $k !%$=$N >l 9g !$J8;z <o $r 2>Dj $7 $? >e$G 79$- Jd @5 $r 9T$J $& $3$H$K $J $k$?$a !$K\<j K!$N Jd@5 2aB?$N Ld Bj $b2r7h$9$k$H4|BT$5 $l $k !% <U<- K\8&5f$N0lIt $O J8It>J2J3X8&5fHq ( 4pHW8&5f C(2), No.10680385) $K $h$C$? . ;29MJ88% [1] R.M. Bozino vic and S.N. Srihari. O�-Line cur- sive script word recognition. IEEE T rans. P AMI, V ol. 11, No. 1, pp. 68{83, Jan. 1989. [2] G. Kim and V. Govindara ju. A lexicon driven ap- proach to handwritten word recognition for real- time applications. IEEE T rans. P AMI, V ol. 19, No. 4, pp. 366-379, April 1997. [3] D. Guillevic and C.Y. Suen. Cursive script recogni- tion: a sen tence level recognition scheme. Pro c. 4th IWFHR, pp. 216{223, Dec. 1994. [4] G. Nicchiotti and C. Scagliola. Generalised pro jec- tions: a to ol for cursive handwriting normalisation. Pro c. 5th ICDAR, pp. 729-732, Sep. 1997. [5] E. Ka v allieratou, N. F ak otakis and G. Kokkinakis. A slant remo v al algorithm. P att. Recog., V ol. 33, No. 7, pp. 1261{1262, July 2000. [6] L. Simoncini and Zs.M. Ko v� acs-V. A system for reading USA census’90 hand-written �elds. Pro c. 3th ICDAR, V ol. I I, pp. 86{91, Aug. 1995. [7] Y. Ding, F. Kim ura, Y. Miyak e and M. Shridhar. Accuracy impro v emen t of slant estimation for hand- written words, Pro c. 15th ICPR, V ol. 4, pp. 527{ 530, Sep. 2000. [8] A. D. S. Britto JR., R. Sab ourin, E. Lethelier, F. Bortolozzi and C. Y. Suen. Improv emen t in handwritten numeral string recognition by slan t normalization and contextual information. Pro c. 7th IWFHR., pp. 323{332, Sep. 2000.