6e=#Bg3XBg3X1! %7 %9 %F%‘>pJs2J3X5*MW Bh 6 4, !! Bh 1 9f !! J?@. 13 G/ 3 7n Research Rep orts on Information Science and Electrical Engineering of Kyushu Univ ersit y V ol.6, No.1, Marc h 2001 <j=q$-J8;zNsG’<1 $r L\E* $H $7 $? %o!< %W $K $h $kJ8;z79$-$NJd@5K! J? 1Q Fs � !& @P ED IR G7 � !& Fb ED @? 0l � !& Gw 9> Gn >< � Slan t Correction of Handwritten W ord Using Tw o-Dimensional W arping Eiji T AIRA , T oshiyuki ISHID A , Seiic hi UCHIDA and Hiroaki SAKOE (Received December 15, 2000) Abstract: Slan t correction of c haracters is necessary in the segmen tation of a handwritten word in- to comp onent characters. Conv en tional slant correction techniques estimate the a v erage slan t angle of comp onent c haracters and correct only uniform slan t resulting residual error for eac h character. In this pap er, a slant correction technique which can well correct nonuniform slant is prop osed. In the presen t technique, the slant correction problem is formulated as a non-linear mapping problem of slan ted strokes onto vertical straight lines. Then a dynamic programming-based tw o-dimen tional w arping algorithm is applied to optimize the mapping. The e�ectiveness of the present technique was shown by exp erimen ts. Keyw ords: Slan t correction, Two-dimensional warping, Dynamic programming, W ord recognition, Seg- mentation 1. $O $8 $a $K J8 ;z C1 0L $N I8 =‘ %Q %? !<%s $K 4p$E $/ J8 ;z Ns $N G’ <1 $G $O !$ A0 =h M}$H$7 $F $b $7 $/$O G’ <1 =h M} $H JB 9T $7 $F J8 ;z $N %;%0 %a %s %F !<%7 %g %s $, I, MW$H $J $k !%3h ;z Ns$N >l 9g$O C1 =c$K J8 ;z 4V $N ?b D> %9%Z !< %9$r C5 :w $9 $k $3 $H $G %;%0 %a %s %F !<%7 %g %s $, 2D G=$G $" $k !% $7 $+$7 !$<j =q$- J8 ;z Ns$N >l 9g$O J8 ;z $N 79 $-$d B3$1 =q$- $K $h $j $= $N $h $&$J ?b D> %9%Z !< %9 $, B8 :_ $7 $J $$ >l 9g$, B? $$ !% $= $3 $G K\ O@ J8$G $O !$79 $$ $? J8 ;z$r N) BN$K D>$9 !$79 $-$NJd@5=hM} $r Ds0F$9$k!% <j =q $- J8 ;z Ns $N 79 $- Jd @5 K!$O !$ $3$l $^$G $K $b $$ $/$D$+ 8! F$ $5$l $F $$ $k !% Bozino vic $i 1) $O !$2# %9 %H %m !< %/$r =| 5n $7 !$;D$C$? =D %9 %H %m !< %/$N J? 6Q 3Q EY$r J8 ;z Ns $N 79 $- $H $9 $k <j K!$r Ds 0F $7 $? !% Guillevic $i 2) $d Ka v allieratou $i 3) $O !$ Ej 1F %R %9 %H%0 %i %‘$+ $i J8 ;z Ns $N J? 6Q $N 79 $- $r ?d Dj $9 $k <j K!$r Ds 0F $7 $? !% Simoncini $i 4) $d Madh v anath $i 5) !$ Ding $i 6) $O !$J8;z $NNX3T@~$N%A%’ %$ %s%3 !< %I $+ $i 79$-$r?dDj$9 $k <j K!$r Ds 0F $7 $? !%$3$l $i $N => Mh K!$O $$ $:$l $b J8 ;z Ns A4 BN$K $o $? $k J? 6Q E* J8 ;z 79 $-$r ?d Dj $7 $F Jd @5 $7 $F $$ $k !% $7 $+$7 !$3F J8 ;z Kh$K 8+ $k$H $3 $N $h $&$K ?d Dj $7 $? 79 $- $G $O Jd @5$, IT == J,$J J8 ;z $b $"$l $P !$Jd @5 2a B? $N $? $a$K 5U J} 8~$K 79 $$ $F$7 $^ $&$3$H $b 5/$3 $j $&$k !%$=$N $h $&$J >l 9g !$It J, E*$J79$-$bJd@5 $G$- $k$h $& $J<jK! $, K>$^ $l $k!% K\ O@ J8$G $O !$ 2 <! 85 -2 <! 85 Hs @~ 7A <L A| (2 <! 85 %o !<%W ) $r MQ $$ $? J8 ;z 79 $- $N Jd @5 K!$r Ds 0F $9 $k !%K\ <j K!$O It J, E*$J 79 $- $b Jd @5 2D G=$G $" $k !%86 M} E*$K $O !$79$- Jd @5 $N Ld Bj$r 2hA|$N Hs @~7A <LA| LdBj$H $7 $F $H$i$( !$ 2 <!85%o !< %W $N%"%k J?@. 12 G/ 12 7n 15 F|<uIU � CNG=%7 %9%F%‘3X@l96=$;N2]Dx � CNG=%7 %9%F%‘3XItLg %4 %j%:%‘ 7) $r 1~MQ$9$k $3$H$G :GE, $J JQ7A7k2L!$ $9 $J$o $A79 $- Jd @5 2h A|$r 5a$a $h $&$H $$ $&$b $N $G $" $k !% $3 $3 $G JQ 7A$N J} ?K$O !$D9$$ =D %9 %H %m !< %/$N 79 <P$r ?b D>$K Jd @5 $9 $k$3 $H $r 4p K\$H$7 !$J8 ;z$N 7A$r Jx $5 $J $$ $h $&$K 2h AG 0L CV$N C1 D4 O"B3@-$rJ]B8$9$k$3$H$H$9$k!% 0J 2<$G $O !$K\ <j K! $N 4p K\ 86 M} $r =R $Y !$<B :]$K <j =q $- 1Q J8 ;z Ns$K E, MQ $7 $? <B 83$r 9T $J $$ !$K\ <j K!$N M- 8z @-$r 3N G’ $9$k!% 2. %o !< %W $r MQ $$$? J8;z79$-$NJd@5K! K\ O@ J8$G Ds 0F $9 $k %o !< %W $r MQ $$ $? J8 ;z 79 $- $N Jd @5 K!$G $O !$F~NO$H$9 $k 2 CM J8;z Ns2h A|Fb$+$i 79 <P $7 $? D9$$ =D %9 %H %m !< %/$r 8! =P $7 $J$, $i !$$=$N 79 $-$r C1 D4 O" B3 4X ?t$K $h $j 6a K5$K EA GE $5 $; $k $3 $H $G !$8! =P $7 $? %9 %H %m !< %/$r 4^ $‘ J8 ;z$d$=$NIU6a$NJd@5$r9T$J $& !% 2.1 79$-Jd@5LdBj$NDj<02= F~ NO 2h A|$r A = f a ( i; j ) j i = 1 ; . . . ; M ; j = 1 ; . . . ; N g $H $9 $k !% $3 $3 $G A $N 79 $- Jd @5 =h M} 8e $N 2h A|$, B8 :_ $7 $? $H A[ Dj $7 !$ $= $l $r B = f b ( x; y ) j x = 1 ; . . . ; M ; y = 1 ; . . . ; N g $H $9 $k !% $3 $3 $G a ( i; j ) ; b ( x; y ) $N CM$O 0( 9u 2h AG !$J8 ;z @~ ) $b $7 $/$O 1( Gr2h AG !$GX7J ) $H$9 $k !%$^$? M ; N $O $=$l$>$l 2#!$=D$N%5 %$ %:$rI=$9 !% 79$- Jd @5$O 2 <! 85 -2 <! 85<L A| ( %o !< %W ) B ! A $r :G E,2= $7 !$ $=$N5U<LA|$r A $K ;\$9$3$H $G B $r5a$a$k !% $7 $+ $7 !$<B :]$K $O %o !< %W $N :G E, 2= CJ 3,$K $* $$ $F B $O B8 :_ $7 $J $$ !%$= $3 $G B $O 79 $- $N $J $$ ?b D> %9 %H %m !< %/$K $h $j $J $k 2h A|$G $" $k$H $$ $&@- <A$r 2> Dj $7 $F !$ $=$N @- <A$r <j 3]$+ $j$K B ; A 4V $N%o !< %W $r :GE,2=$9$k!%

{ 2{ J?!&@PED!&FbED!&Gw9> Fig.1 Slant correction using t w o-dimensional warping. $^$: =‘ Hw $H $7 $F B $N Bh x Ns $r b ( x ) = [( x; 1) ; . . . ; ( x; y ) ; . . . ; ( x; N )] $H I= $7 !$ b ( x ) $N %o !< %W $K $h $k A >e$G $N A| $r Jd @5@~J,$H 8F$V ( Fig.1 ) !%Jd@5 @~J,$N N> C<$N :B I8$r$=$l$>$l ( i 1 ( x ) ; 1) ; ( i N ( x ) ; N ) $H $7 !$N> C< 0J 30 $N :B I8 $O ( i 1 ( x ) ; 1) ; ( i N ( x ) ; N ) $N @~ 7A Jd 4V $K $h $j 5a $a $k !%$3 $N Jd @5 @~ J, $r a ( i 1 ( x ) ; i N ( x )) $H I= 8= $9 $k !%C" $7 !$ i 1 ( x ) ; i N ( x ) $O @0 ?t JQ ?t $H$9$k!% K\ <j K! $G $O i 1 (1) ; i N (1) ; . . . ; i 1 ( M ) ; i N ( M ) $r 79 $- Jd @5 $N @) 8f JQ ?t$H $7 $F %o !< %W $N :G E, 2=$r ?^$k !% i 1 ( x ) ; i N ( x ) $r JQ 2= $5 $; $k $3 $H $G Jd @5 @~ J, $N 79 $- 3Q $O JQ 2= $9 $k !%79 $- 3Q $O K\ <A E* $K $O O" B3 NL $G $" $k $, !$$3 $3 $G $O @0 ?t CM i 1 ( x ) ; i N ( x ) $rMQ$$$FN%;62= $7 !$07$$0W$/ $7 $F $$$k !% Ns b ( x ) >e$K $O ?b D> %9 %H %m !< %/$K BP 1~ $9 $k O" B3 $7 $? 9u 2h AG $, B8 :_ $7 $F $$ $k$H A[ Dj $7 $F $$ $k$N $G !$Jd @5 @~ J, >e$K O" B3 $7 $? 9u 2h AG$, B8 :_ $9$l$P 9b $$ I> 2A NL$r M?$( $k $b $N $H $9 $k !%K\ <j K! $G $O $3 $N 9M $( $r 85 $K I> 2A 4X ?t $r Dj <0 2= $9 $k !% 6qBNE* $J7A<0 $O 8e=R$9$k!% Jd @5 @~ J, $r A* Br $9 $k :] !$@) 8f JQ ?t i 1 ( x ) ; i N ( x ) $O <! $N 3 $D$N@)Ls>r7o$rK~$?$9$b$N$H$9$k!%Bh0l$N@)Ls>r7o $O j i 1 ( x ) + i N ( x ) 2 k = x (1) $G $" $j!$ Jd@5 @~ J,$N 8u Jd$r I= $7 $F $$ $k ( Fig.2 ) !%BhFs$N @) Ls>r7o $O C1D4@->r7o i 1 ( x ) � i 1 ( x � 1) i N ( x ) � i N ( x � 1) ) (2) $G $" $k !% $3 $N C1 D4 @-$K $h $j 2h AG$N 0L CV =g$N 5U E>$r 2s Hr $9 $k$3 $H$, $G $- $k !%IT <+ A3 $J JQ 7A$r KI $0 $K $O 0l HL$K C1 D4 @- 0J 30 $K $b O" B3 @- $r K~ $? $9 I, MW$, $" $k$, !$ $3$l $O @) Ls (1), (2) $h $j <+ A3$K K~ $? $5$l $k !%$9 $J $o $A !$ $? $H $($P i 1 ( x ) � Fig.2 Correcting lines of x th column. Fig.3 Correcting line with width � . i 1 ( x � 1) + 4 $H$9$k$H !$@)Ls (1) $K $h$j i N ( x ) < i N ( x � 1) $H $J $j!$@)Ls (2) $r K~ B- $7 $J $$ !%Bh ;0$N @) Ls>r 7o$O 5v MF $9 $k79<P$r5,Dj$9$k>r7o j i 1 ( x ) � x j � W j i N ( x ) � x j � W ) (3) $G $" $k!%$3$3 $G W $O @5$N@0?tDj?t$H$9$k!% K\<jK! $O !$@)Ls (1)-(3) $rK~$? $7 !$ $+$D I>2A4X?t M X x =1 d ( i 1 ( x ) ; i N ( x ) j x ) (4) $r :G Bg $K $9 $k i 1 (1) ; i N (1) ; . . . ; i 1 ( M ) ; i N ( M ) $r 5a $a $k !% $3 $3 $G d ( i 1 ( x ) ; i N ( x ) j x ) $O Jd @5 @~ J, a ( i 1 ( x ) ; i N ( x )) $K M? $( $k I> 2ANL$G $" $k !%$=$N CM$O a ( i 1 ( x ) ; i N ( x )) $K I} � $r ;}$? $; ( Fig.3 ) !$$=$N NN0h Fb$G$N :G BgO" B39u 2h AG?t$H $9 $k !%$3 $&$9 $k$3 $H $G !$6J @~ %9 %H %m !< %/$K $b BP 1~$G $- !$6J @~$G 9= @.$5 $l $kJ8;z $K$D$$$F$b 79$-$NJd@5 $, 2DG=$H$J$k!% $H $3 $m $G !$?b D> J} 8~$K C; $$ %9 %H %m !< %/$O %;%0 %a %s %F !< %7 %g%s $K $* $$ $F 0U <1 $9 $k I, MW$O $J $$ $H 9M$( $i $l $k !%$^$? $= $N $h $&$J %9 %H %m !< %/$O J8 ;z <+ BN$N 7A >u$, 6/ $/ H? 1G $5$l $F $* $j!$ I> 2A BP >]$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 � $r M?$($F !$I>2A NL $, � L$K~$NJd@5@~J, $O A4$FI>2ANL$r 0 $H$9$k!% I> 2A 4X ?t (4) $N :G Bg 2=$K $h $j 5a $a $i $l $? ( i 1 (1) ; i N (1)) ; . . . ; ( i 1 ( x ) ; i N ( x )) ; . . . ; ( i 1 ( M ) ; i N ( M )) $h $j Jd @5 2h A| B $r <B :]$K 5a$a $k =h M}$O !$Jd @5 @~ J, a ( i 1 ( x ) ; i N ( x )) $r B $N Bh x Ns b ( x ) $K <L A| $9 $k $3 $H $G <B 8= $5 $l $k !% $3 $N $H $- a ( i 1 ( x ) ;

<j=q$-J8;zNsG’<1 $r L\E* $H $7 $?%o!< %W $K $h $kJ8;z79$-$NJd@5K! { 3{ i N ( x )) $N N> C<0J 30$N 3FMW AG$N i :BI8$O 0l HL$K Hs @0 ?tCM$H $J $k$? $a !$3F :B I8$K $*$1 $k FC D’ NL$r 2?$i $+ $N J} K!$G M?$( $k I,MW $,$" $k!%K\O@J8 $G$O :G6aK5Jd4V$rMQ$$$k!% 0J >e$G Dj <0 2= $5$l $? :G E, 2= Ld Bj$r $= $N $^ $^ J8 ;z 2h A|$K MQ$$$F $b !$IT <+ A3$K J8 ;z $, JQ 7A$5$l $F $7 $^ $&>l9g$, $" $k !% $3$N 860x$H $7 $F !$I>2A 4X ?t (4) $, JQ 7A NL$K $D $$$F 2?$b I>2A $5$l $F $$ $J $$ $3 $H$, 9M$( $i$l $k !%$=$3 $G JQ 7A NL$r I> 2A $9 $k%Z %J%k %F %#4X?t$r E, Ev$J =E$_$G I> 2A 4X ?t (4) $K 2C$( !$$= $l$i$r $^$H$a$F:GBg 2=$9$k ( IUO? A ;2>H ) $3$H $G IT<+A3$JJQ 7A$r2sHr$9$k!% 2.2 DP %"%k %4 %j %: %‘ 2.1 $G Dj 5A $5$l $? @) Ls (1)-(3) $N 2<$G $N I> 2A 4X ?t (4) $N :G Bg 2= Ld Bj $O !$F0 E* 7W 2h K! (dynamic programming : DP) $r MQ $$ $k $3 $H $G 8z N( E*$K 2r $/$3 $H $, $G $- $k !%K\ <j K!$K $* $1 $k DP %" %k %4 %j%:%‘$r0J2< $K <($9 !% (1) =i4|>uBV @)Ls (1)-(3) $rK~$?$9A4$F$N i 1 (1) ; i N (1) $K$D$$$F g ( i 1 (1) ; i N (1) j 1) = d ( i 1 (1) ; i N (1) j 1) $r5a$a$k!% (2) DP A22=<0 0J 2< $N 7W ;; $r x = 2 ; . . . ; M $K $D $$ $F =g$K 9T $J $& !%@) Ls (1)-(3) $rK~$?$9A4$F$N i 1 ( x ) ; i N ( x ) $K$D$$$F g ( i 1 ( x ) ; i N ( x ) j x ) = d ( i 1 ( x ) ; i N ( x ) j x ) + max i 1 ( x � 1) i N ( x � 1) [ g ( i 1 ( x � 1) ; i N ( x � 1) j x � 1)] (5) $r 5a $a $k !%$3$3 $G g ( i 1 ( x ) ; i N ( x ) j x ) $O b ( x ) $N A|$H $J $k Jd @5 @~ J,$H $7 $F a ( i 1 ( x ) ; i N ( x )) $r A*$s$@ $H $- $N Bh 1 Ns$+$i Bh x Ns $^$G $N :G Bg N_ @Q I> 2A NL$G $" $k !%$^$? Bh 2 9‘ $N :G Bg CM A* Br $O @)Ls (1),(3) $r K~$? $7 !$ $+$D i 1 ( x ) ; i N ( x ) $H @)Ls (2) $rK~ $?$9 i 1 ( x � 1) ; i N ( x � 1) $K$D$$$F9T$J $& !% (3) =*N; I>2A4X?t$N:GBgCM $O max i 1 ( M ) ;i N ( M ) g ( i 1 ( M ) ; i N ( M ) j M ) $G M?$($i$l $k !%:G Bg CM A*Br$O i 1 ( M ) ; i N ( M ) $K $D$$ $F @)Ls (1),(3) $rK~$?$9HO0O $G 5a$a$k!% =* N; 8e !$ %P%C %/ %H %i %C%/ =h M} $r 9T $J $& $3 $H $G ( i 1 (1) ; i N (1)) ; . . . ; ( i 1 ( M ) ; i N ( M )) !$$9$J$o $A Jd @5 @~J,$N :G E, 7O Ns$r5a$a$k$3$H $,$G$- $k!% 3. <B 83 K\ @a$G $O !$K\ <j K!$r MQ $$ $? 1Q C1 8l$N 79 $- Jd @5 <B 83$K $D $$$F =R$Y !$$=$N 7k 2L$K $h $j K\ <j K! $N J8 ;z 79 $- $N Jd @5$K $D $$$F $N M- 8z @-$r <( $9!%K\<B 83$K $* $$ $F !$3F Ns$G 5v MF $9 $k :G Bg 79 $- $r I= $9 %Q %i %a!< %? W $r 63 !$Jd @5 @~ J, $N I} � $r 4 !$ I> 2ANL$N ogCM � $r 25 $H $7 $? !%$J$* !$%5 %$ %: 64 � 256 $N 2h A| $G 79 $- Jd @5 $K $+ $+ $k 7W ;; ;~ 4V $O 0.99 IC (P en tiumII I,500 MHz) $G$" $C$?!% 3.1 <B83 1 F~ NO 2h A| $H $7 $F CEDAR CDROM-1 (city and state words) $K 4^$^$l $k <j=q$- 1QC1 8l 2hA|$r MQ$$$F !$K\<j K!$K $h $k 79 $- Jd @5 $N 8z 2L$r 3N G’ $9 $k <B 83 $r 9T$J $C$? !%3F 2h A| $K $O 0J 2< $N <j =g$G A0 =h M} $r 9T$J $C$? !%2h A| $N =D %5 %$ %:$, 64 2h AG$K $J $k $h $&$K @5 5, 2= $7 $? !%$=$N :] !$2h AG$N 51 EY CM $O 6& 1 <! Fb A^ K!$r MQ$$ $F Jd 4V $7 $? !%$5$i$K !$ 2 CM 2= =h M}$r ;\ $7 !$:81& $K W 2hAGJ,$N6uGrNs$r2C$($? !% Fig.4 $K K\<j K! $K$h $k79$- Jd@5$NNc$r <($9 !%>e $, F~ NO2h A| !$2<$, 79 $- Jd @5 =h M} 8e $N 2h A| $G $" $k !% Fig.4(a) $G $O !$ $I $N F~ NO 2h A|$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$, J,$+ $k !%$^$? Fig.4(b) $r 8+ $k$H K\ <j K!$O 7S @~$r 4^ $‘2h A| $b Ld Bj$J $/ Jd @5$G $- $k $3 $H $, J,$+ $k !% $7 $+$7 !$ Fig.4(c) $N $h $&$K "X" $N $h $& $K $b $H $b $H <P @~$G 9= @. $5$l $k J8 ;z$K $D $$ $F $O 5U$K 79 $$ $F$7 $^ $& !%FC$K :G 8e $N Nc$G $O $= $N 1F 6A$G 6a K5 $N J8 ;z $^ $G 79$$$F$$$k!%$3 $l$O K\<jK! $K $* $1 $kLdBjE@ $G$" $k!% 3.2 <B83 2 J8 ;z Ns A4 BN$K $o $? $k J8 ;z 79 $-$r ?d Dj $7 $F Jd @5 $9 $k <j K! $H K\ <j K! $N Dj @- E* 5Z $S Dj NL E*$J Hf 3S $r 9T$J $C$? !%$3$3 $G Hf 3S BP >]$H$7 $? A4 BN E* $J 79 $- $N ?d Dj K!$K $O !$=> Mh K! 1) - 6) $G $O $J $/ K\ <j K!$H F1 0l $N I> 2A 4X ?t$r MQ $$ !$79$- 3Q$, 2h A| A4 BN$G 0l Dj$G $" $k$H @) 8B $7 $? J} K!$r MQ $$ $? !%0J 2< !$ $3 $N <j K! $r => Mh K! $H F1$8 L\ E* $N <j K! $G $" $k $3 $H $+ $i C1 $K => Mh K! $H 8F $V !%86 2h A| $H $7 $F 5 <o N‘ $N 0u ;z 1Q C1 8l 2h A| ( Fig.5(i) ) $rMQ$$!$ $= $l$i$r 0lDj$N79$-3Q $G 0lMM $K JQ7A $7 $? 2h A| ( Fig.5(ii) ) 5Z $S Ns Kh$K 79$- 3Q$r @5 89 4X ?t$K =>$C$F JQ 2=$5$;$J$, $i JQ7A $7 $? 2h A| ( Fig.5(iii) ) $r :n @. $7 $? !%0J 2<!$:n@. $7 $? 2hA|$r$= $l $>$l T rans1, T rans2 $H 8F$V!% 2 <o N‘$N JQ7A2h A|$r=> MhK! !$K\<jK!$= $l$>$l $G 79$-$r Jd @5 $7 $? 7k 2L$r ( Fig.5(a),(b) ) $K <( $9 !%0l Dj $N 3Q EY$G 79 $$ $? T rans1 $K $D $$ $F $O !$ $I $A$i $N <j K!$G $b $&$^ $/ Jd @5 $5$l $F $$ $k !%C"$7 !$ image4,5 $O <P @~ $G 9= @. $5 $l $k J8 ;z ("Y", "X") $r 4^$s $G $* $j!$K\<j K!$G $O $=$l $i $N 1F 6A$K $h $j 6I =j E*$K 2a JQ 7A$r 5/ $3$7 $F $$ $k $N$, J,$+ $k !%0l J} !$Ns Kh$K 0[ $J $k 3Q EY$G 79 $$ $? T rans2 $K $* $$ $F $O !$=> Mh K!$G $O Jd @5$G $- $F $$ $J $$ $N$K BP $7 !$K\ <j K!$G $O Hf 3S E* NI 9%$K BP =h$G $- $F$$ $k!% <!$K $3 $N 7k 2L$r Dj NL E*$K I> 2A $7 $? !%$9$J $o $A 5a$a $i $l $? 3F Ns $N 79 $- 3Q$r Jd @5 @~ J, $N N> C< :B I8$+ $i 5a $a !$86 2h A| $r JQ 7A$9 $k:]$N 79$- 3Q$H$N J?6Q 2 >h8m :9$r B,Dj $7 $? !%B,Dj $7 $? 2 >h 8m:9$r T able 1 $K <($9 !% T rans1 $K$D $$$F$O !$ $I $A $i $N <j K!$H $b 8m :9$O >. $5 $/ !$E, @Z$K BP 1~$G $- $F $$ $k$3 $H

{ 4{ J?!&@PED!&FbED!&Gw9> Fig.4 Examples of slan t corrected w ords. Fig.5 Slan t correction for arti�cially slanted words by the conv en tional technique or the present technique.: (i) Original word images. (ii),(iii) Arti�cially slanted word images. (a) Slant corrected results of the con v en tional technique. (b) Slant corrected results of the presen t technique.

<j=q$-J8;zNsG’<1 $r L\E* $H $7 $?%o!< %W $K $h $kJ8;z79$-$NJd@5K! { 5{ T able 1 Mean square error b etw een estimated and ac- tual angles. Mean-square-error ( � 10 � 3 ) Original Conv en tional Present word technique technique image T rans1 T rans2 T rans1 T rans2 image1 0 467 0.188 29.3 image2 0 578 0.007 188 image3 0 318 0.337 49.0 image4 0 224 8.47 140 image5 0 224 6.66 183 Fig.6 Actual angle and estimated angles. $, J,$+ $k !% image4,5 $G K\ <j K!$K B? >/$N 8m :9$, =P$F $$ $k $N $O !$A0 =R $7 $? $h $&$K "Y","X" $N 1F 6A$K $h $k !% T rans2 $K $* $1 $k 7k 2L $r 8+ $k$H !$K\ <j K!$N 79 $- Jd @5 G= NO$O => Mh K! $N 79 $-Jd@5G=NO$h$jL@ $i$+$K M% $l$F$$ $k$3$H $, J, $+ $k!% $5 $i $K 79 $- 3Q$N M} O@ CM$H => Mh K! 5Z $S K\ <j K!$K $*$1 $k ?d DjCM$r NsKh$K Hf3S $7 $? %0 %i%U$r Fig.6 $K <($9!% $3$3$G$O MQ Nc $H $7 $F image1 $r MQ $$ $? !%K\ <j K! $, M} O@ CM $r DI => $G $- $F $$ $k $N $, J, $+ $k !%=> Mh K! $G ?d Dj $7 $? 79 $- 3Q EY $O Ls -0.5(rad) $H$J$C$F$$ $k!%$J$*J? 6Q3QEY ( Ls 0(rad)) $K$J $C $F $$ $J $$ M} M3$O !$=> Mh K!$G $O 2h A| A4 BN $N J? 6Q 79 $- $r ?d Dj $9 $k $N $G $O $J $/ !$D9$$ ?b D> %9 %H %m !< %/$, B? $/ 8! =P$G $- $k 79$-3Q$r?dDj $7 $F$$ $k$?$a $G$" $k!% 4. $^ $H $a K\ O@ J8$G $O !$<j =q$- C1 8l G’ <1$K $* $$ $F Ld Bj$H $J $k J8 ;z $N79$-$r Jd@5$9 $k J}K!$H $7 $F 2 <! 85%o!< %W $r MQ$$$? <j K!$r Ds 0F $7 $? !%K\ <j K!$G $O !$It J, E*$K 0[$J $k 3Q EY$G 79 $$ $F $$ $k J8 ;z Ns$G $b 79 $- $N Jd @5$, 2D G=$G $" $k !%<B 83$G $O !$K\ <j K! $N J8 ;z 79 $- $N Jd @5 $K $* $1 $k M- 8z @- $r Dj @- E*$K <($7 $? !% $^$? !$F~ NO J8 ;z Ns A4 BN$K $o $? $k J8 ;z 79 $- $r ?d Dj $7 $F Jd @5 $9 $k <j K!$H $N Hf 3S <B 83$+ $i K\ <j K!$N 79$- Jd @5 G= NO$r Dj NL E* $K <( $7 $? !% :#8e $N2]Bj$H $7 $F !$ "X" $N$h $& $K$b$H$b$H <P @~$G 9= @. $5$l $k J8 ;z $b E, @Z$K 79$- $r Jd @5$G $- $k $h $&$K 2~ A1$9$k$3$H $, 5s $2 $i$l $k!% <U <- K\ 8& 5f $N 0l It $O J8 It >J 2J 3X 8& 5f Hq ( 4p HW 8& 5f C(2), No.10680385) $K$h $C$? . ;2 9M J8 8% 1) R.M. Bozino vic and S.N. Srihari: O�-Line Cursive Script W ord Recognition, IEEE T rans. Patt. Anal. Mach. Intell., V ol. 11, No. 1, pp. 68{83, Jan. 1989. 2) D. Guillevic and C.Y. Suen: Cursive Script Recogni- tion: A Sentence Level Recognition Scheme, Pro c. 4th IWFHR, pp. 216{223, Dec. 1994. 3) E. Kav allieratou, N. F ak otakis and G. Kokkinakis: A slant remov al algorithm, P att. Recog., V ol. 33, No. 7, pp. 1261{1262, Jul. 2000. 4) L. Simoncini and Zs.M. Kov� acs-V: A System for Read- ing USA Census’90 Hand-W ritten Fields, Pro c. 3th IC- DAR, V ol. I I, pp. 86{91, Aug. 1995. 5) S. Madhv anath, G. Kim and V. Govindara ju: Chain- co de Con tour Pro cessing for Handwritten W ord Recog- nition, IEEE T rans. Patt. Anal. Mach. Intell., V ol. 21, No. 9, pp. 928{932, Sep. 1999. 6) Y. Ding, F. Kimura, Y. Miyak e and M. Shridhar: Accu- racy Improv emen t of Slant Estimation for Handwritten W ords, Pro c. Int. Conf. Patt. Recog., V ol. 4, pp. 527{ 530, Sep. 2000. 7) @P ED IR G7 !$Fb ED @? 0l !$Gw 9> Gn >< : <j =q $- J8 ;z G’ <1$K $* $1 $k ;z 7A JQ F0 =h M}$K 4X $9 $k 0l 8! F$ - %@ %C%A %m !<%k %o !< %W - !$6e =# Bg 3X Bg3X 1!%7 %9%F %‘ >p Js2J 3X 8& 5f2J Js 9p , V ol. 5, No. 1, pp. 99{104, Mar. 2000. IU O? A %Z%J%k%F %# !! K\<B 83$G$O 0J2<$N$h $& $K Dj 5A$5 $l $k 2 $D$N%Z%J%k %F %# 4X ?t P 1 ; P 2 $r MQ$$$k!% P 1 $O !$Bh x Ns$G A* Br $7 $? Jd @5 @~ J, $N 79 $-$, Bh ( x � 1) Ns $G A* Br $7 $? Jd @5 @~ J,$N 79$- $H 0[$J $k$H $- !$$9$J $o $A i 1 ( x ) 6 = i 1 ( x � 1) + 1 $^$? $O i N ( x ) 6 = i N ( x � 1) + 1 $N $H $- $K 2] $;$i$l $k%Z%J%k %F %#4X?t $G$" $k !%$=$N%Z%J%k %F %#NL $O Bh x Ns $G A* Br$7 $? Jd @5 @~ J, a ( i 1 ( x ) ; i N ( x )) >e $N 9u 2h AG $N A4 8D ?t$H $9 $k !%J8 ;z$H =E $J $k Jd @5 @~ J,$[$I %Z %J %k %F %#NL$O Bg $- $$ !%$9$J $o $A !$J8 ;z$K 4X$o $k$H $3 $m $G $O 79 $- $r 0] ;} $9 $k$h $& $K Jd@5 @~J,$r A* Br$9$k$?$a !$ 1 J8 ;zKh$N 79$- Jd @5$r $G $- $k $@$1 0lDj$N3QEY $G 9T$J $& $h $& $K$J $k!% $^$? !$Jd @5 @~ J, $N N> C< 0J 30 $N :B I8$O :G 6a K5 Jd 4V$K $h $j 5a $a $i $l $k $? $a !$Bh x Ns $G A* Br $7 $? Jd @5 @~ J, $N 0l C<$, Bh ( x � 1) Ns $G A* Br $7 $? Jd @5@~J,$N 0lC<$H F1 $8 :B I8 $r$H $k$H !$

{ 6{ J?!&@PED!&FbED!&Gw9> Fig.A Unnatural translation. $= $N C<$N 6a K5 $b $=$l$> $l F1 $8 :B I8$r $H $k >l 9g$, B? $$ !%$= $3 $K 9u 2h AG$, $" $k$H !$%o !< %W $7 $? 8e$N 2h A|$G $O !$$= $N 9u 2hAG $, 2# $K 9- $, $k ( Fig.A ) !% $3 $l$, O"B3 $7 $F 5/$3$k$HIT<+ A3$J JQ 7A$H$J $k !% P 2 $O $=$l$r KI $0 $? $a $N%Z%J %k %F %#4X?t $G !$ i 1 ( x ) = i 1 ( x � 1) $^ $? $O i N ( x ) = i N ( x � 1) $N $H $- $K 2] $9 $k !%$=$N %Z%J %k %F %#NL $O Bh x Ns$G A* Br $7 $? Jd @5 @~ J, a ( i 1 ( x ) ; i N ( x )) >e$N F1 $8 :B I8$r $H $C$? 0l C< $N 6a K5$K $" $k 9u 2h AG$N 8D ?t$H $9 $k !%K\ O@ J8$G $O 6a K5 $N HO 0O$r N = 4 $H$7 $F $$ $k!% $3$l$i$N%Z%J%k%F %# $NF3F~ $K 1~ $8 $F !$ DP A22=<0 (5) $O g ( i 1 ( x ) ; i N ( x ) j x ) = d ( i 1 ( x ) ; i N ( x ) j x ) + max i 1 ( x � 1) i N ( x � 1) [ g ( i 1 ( x � 1) ; i N ( x � 1) j x � 1) � �P 1 ( i 1 ( x ) ; i N ( x ) ; i 1 ( x � 1) ; i N ( x � 1) j x ) � � P 2 ( i 1 ( x ) ; i N ( x ) ; i 1 ( x � 1) ; i N ( x � 1) j x )] $H $J $k !% $3 $3 $G �; � ( > 0) $O =E $_ 78 ?t $G $" $k !% 3. $N <B 83 $G$O � = 1 !$ � = 2 $H $7 $? !% � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �