2 Bf $N %+ %a %i $H <M 1F JQ 49 $r MQ $$ $? ?J F~ <T 8! =P LZ ;3 ?? ?- y B@ ED D> :H y 6b C+ 7r 0l y y 72 GO Bg 3X 9) 3X It >p Js 9) 3X 2J 2 Bf $N 4F ;k %+ %a %i $K $h $k 2h A| $r MQ $$ $F ?J F~ <T $d ?J F~ J* $r 8! =P $9 $k <j K! $r Ds 0F $9 $k !# CO LL $r J? LL $H 2> Dj $9 $k $H !" $= $N CO LL $r JL !9 $N 3Q EY $+ $i ;# 1F $7 $? 2 $D $N 2h A| $O <M 1F JQ 49 $K $h $C $F 0l CW $5 $; $k $3 $H $, $G $- $k !# $7 $? $, $C $F !" 1 Bf $N %+ %a %i $+ $i $N 2h A| $K <M 1F JQ 49 $r ;\ $7 $? 2h A| $O !" CO LL $N It J, $G $O $b $& 1 Bf $N %+ %a %i $N 2h A| $H 0l CW $9 $k !# $7 $+ $7 ?/ F~ <T $O CO LL $N J? LL $+ $i N% $l $F $$ $k $N $G !" $= $N It J, $N 2h A| $O 0l CW $7 $J $$ !# $3 $N IT 0l CW $r H= Dj $9 $k $3 $H $K $h $j ?J F~ <T $r 8! =P $9 $k !# K\ <j K! $O !" GX 7J :9 J, $d %U %l !< %‘ 4V :9 J, $r Mx MQ $7 $? <j K! $H 0[ $J $j !" >H L@ $N JQ F0 $d @E ;_ $7 $? J* BN $K BP $7 $F $b 0B Dj $7 $? 8! =P G= NO $r <( $9 !# %- !< %o !< %I : ?J F~ <T 8! =P !" ?J F~ J* BN 8! =P !" <M 1F JQ 49 !" 2h A| :9 J, !" 4F ;k %7 %9 %F %‘ Detecting En tering P ersons using Tw o Cameras and Homograph y Masanobu Kiy ama y , Nao y a Oh ta y and Kenic hi Kanatani y y Departmen t of Computer Science Gunma Univ ersit y , Kiryu, Gunma 376-8515 Japan W e presen t an image pro cessing metho d that uses t w o observ ation cameras to detect p ersons or ob- jects en tering a monitored area. If the ground surface is a plane, tw o images of the surface tak en from di�eren t angles can b e related b y a homography transformation. Accordingly , tw o views of a p ortion of the ground are identical after the transformation has b een applied to one of the images. In contrast, areas of an image pair that depict p ersons or ob jects will b e di�erent after transformation, since the scene departs from the plane. The prop osed metho d thus computes this di�erence and detects en tering p ersons or ob jects. Unlike metho ds utilizing background subtraction or frame subtraction techniques, our metho d gives stable detection results even when confronted with illumination change or stationary ob jects. Key w ords : entering p erson detection, en tering ob ject detection, homography , image di�erence surv eil- lance system. <U <- : K\ 8& 5f $N 0l It $O J8 It >J 2J 3X 8& 5f Hq 4p HW 8& 5f #C (2) (No. 11680377) $K $h $C $? !# y 376-8515 6M @8 ;T E7 ?@ D. 1{5{1 72 GO Bg 3X 9) 3X It >p Js 9) 3X 2J , T el: (0277)30-1842, F ax: (0277)30-1801 W eb page: http://www.ail.cs.gunma-u.ac.jp/ E-mail: kiyama@ail.cs.gunma-u.ac.jp , ohta@cs.gunma-u.ac.jp , kanatani@cs.gunma-u.ac.jp 53

1 $O $8 $a $K 4F ;k %+ %a %i $K $h $j F@ $i $l $k 2h A| $r MQ $$ $F ?/ F~ <T $d ?J F~ J* $r 8! =P $9 $k =h M} $H $7 $F !" MM !9 $J <j K! $, Ds 0F $5 $l $F $$ $k [1, 2] !# $= $l $i $N <j K! $O !" GX 7J :9 J, $d %U %l !< %‘ 4V :9 J, $r =h M} $N 4p K\ $K $7 $F $$ $k $b $N $, B? $$ !# GX 7J :9 J, $K $h $C $F E, @Z $J 7k 2L $r F@ $k $? $a $K $O !" >H L@ $N JQ F0 $K DI => $7 $F @5 $7 $$ GX 7J 2h A| $r J] ;} $7 $F $* $/ I, MW $, $" $k !# $3 $N $? $a $N GX 7J 99 ?7 =h M} $H $7 $F $$ $/ $D $+ $N <j K! $, Ds 0F $5 $l $F $$ $k [3] $, !" D9 ;~ 4V $K $o $? $C $F $N F0 :n $K $O Ld Bj $r ;D $7 $F $$ $k !# $3 $N Ld Bj $K BP $9 $k $b $& 0l $D $N %" %W %m !< %A $H $7 $F !" %( %C %8 $J $I $N >H L@ $N 1F 6A $r <u $1 $K $/ $$ 2h A| FC D’ $r MQ $$ $k <j K! $, $" $k !# $3 $N 9M $( J} $r $5 $i $K ?J $a !" >H L@ $N JQ F0 $r %b %G %k 2= $7 !" $= $N JQ F0 $K IT JQ $J GX 7J :9 J, [4, 5, 6] $b Ds 0F $5 $l $F $$ $k !# $7 $+ $7 $J $, $i GX 7J $N 2h A| %Q %? !< %s <+ BN $, JQ 2= $7 $F $7 $^ $& Ld Bj $K $D $$ $F $O BP 1~ $G $- $J $$ !# 0l J} %U %l !< %‘ 4V :9 J, $K $* $$ $F $O >H L@ $d GX 7J $N JQ 2= $K 4X $9 $k Ld Bj $O @8 $8 $J $$ $, !" 4p K\ E* $K $3 $N =h M} $O J* BN $N 0\ F0 $r 8! =P $9 $k $? $a !" ?J F~ 8e @E ;_ $7 $? J* BN $, 8! =P $G $- $J $$ $H $$ $& Ld Bj $, $" $k !# $3 $l $i $N <j K! $K BP $7 !" K\ O@ J8 $G $O %+ %a %i $r 2 Bf ;H MQ $9 $k $3 $H $K $h $C $F !" >H L@ $N JQ F0 $d GX 7J $N JQ 2= $K BP $7 $F 0B Dj $G @E ;_ J* BN $b 8! =P 2D G= $J <j K! $r Ds 0F $9 $k !# 4F ;k $9 $Y $- CO LL $r J? LL $H 2> Dj $9 $k $H !" $= $N CO LL $r 2 Bf $N %+ %a %i $K $h $C $F JL !9 $N 3Q EY $+ $i ;# 1F $7 $? 2 $D $N 2h A| $O <M 1F JQ 49 $K $h $C $F 0l CW $5 $; $k $3 $H $, $G $- $k !# $7 $? $, $C $F !" 2 Bf $N %+ %a %i $, CO LL $N $_ $r ;# 1F $7 $F $$ $k >l 9g $K $O !" 1 Bf $N %+ %a %i $+ $i $N 2h A| $K <M 1F JQ 49 $r ;\ $7 $? 2h A| $O $b $& 1 Bf $N %+ %a %i $N 2h A| $H 0l CW $7 !" N> <T $N :9 J, $O 86 M} E* $K $O 0 $H $J $k !# $7 $+ $7 ?J F~ <T !& ?J F~ J* BN $, CO LL >e $K B8 :_ $9 $k >l 9g $K $O !" $= $l $i $O CO LL $N J? LL >e $K B8 :_ $9 $k J* BN $G $O $J $$ $N $G !" $= $N It J, $N 2h A| $O 0l CW $; $: !" 2 $D $N 2h A| $N :9 J, $O 0l HL $K $O 0 $K $J $i $J $$ !# $3 $N 0 $G $J $$ It J, $r H= Dj $7 !" ?J F~ <T !& ?J F~ J* BN $r 8! =P $9 $k !# J? LL $r 0[ $J $k 0L CV $+ $i ;# 1F $7 $? 2h A| $, <M 1F JQ 49 $K $h $C $F 4X 78 $E $1 $i $l $k $3 $H $r Mx MQ $7 $? <j K! $H $7 $F !" <+ F0 <V $N @5 LL $K B8 :_ $9 $k >c 32 J* $r 8! =P $9 $k =h M} $, Js 9p $5 $l $F $$ $k [7, 8] !# Ds 0F <j K! $O F1 MM $J 86 M} $r ?J F~ <T 8! =P $K Mx MQ $9 $k $b $N $G $" $k !# $7 $+ $7 <+ F0 <V $N >c 32 J* 8! =P $G $O !" <+ F0 <V $N 0\ F0 $d ?6 F0 $K H< $$ %+ %a %i $H CO LL $N 0L CV 4X 78 $, JQ F0 $9 $k $? $a !" 2h A| 4V $N BP 1~ $r M? $( $k <M 1F JQ 49 $r >o $K 7W ;; $7 $J $* $5 $J $1 $l $P $J $i $J $$ !# $3 $N =h M} $, J# ;( $G IT 0B Dj $J F0 :n $r @8 $‘ MW 0x $H $J $k !# $7 $+ ?^ 1: CO LL $H %+ %a %i $N 4v 2? 3X E* 4X 78 $7 $3 $3 $G Ds 0F $9 $k ?J F~ <T !& ?J F~ J* BN 8! =P =h M} $G $O !" %+ %a %i $H CO LL $N 0L CV 4X 78 $O 0l Dj $J $N $G $3 $l $K $^ $D $o $k Ld Bj $, $J $/ !" 0B Dj $7 $? F0 :n $, K> $a $k !# 0J 2< !" Ds 0F <j K! $N 86 M} $H %" %k %4 %j %: %‘ $r @b L@ $7 $? 8e !" <B 83 7k 2L $r <( $9 !# 2 Ds 0F <j K! $N 86 M} $H %" %k %4 %j %: %‘ ?^ 1 $O 4F ;k $9 $Y $- CO LL $H %+ %a %i $N 4v 2? 3X E* 4X 78 $r <( $7 $? ?^ $G $" $j !" 2< It $N D> @~ $O CO LL $r 2# $+ $i 8+ $? $h $& $9 $r I= $7 $F $$ $k !# 2 Bf $N %+ %a %i $O CO LL $N F1 0l 6h 0h $r 0[ $J $k 3Q EY $+ $i ;# 1F $9 $k $h $& $K @_ CV $9 $k !# CO LL >e $N E@ P $, :8 %+ %a %i (left camera) $N 2h A| $K <L $k 0L CV $r p 1 $H $7 !" 1& %+ %a %i (righ t camera) $K <L $k 0L CV $r p 2 $H $9 $k !# CO LL $r J? LL $H 2> Dj $9 $k $H p 1 $H p 2 $H $O 0J 2< $K <( $9 <M 1F JQ 49 $K $h $C $F 4X 78 $E $1 $i $l $k !# x 2 = Ax 1 + B y 1 + C P x 1 + Qy 1 + R (1) y 2 = D x 1 + E y 1 + F P x 1 + Qy 1 + R (2) $3 $3 $G !" :8 1& $N 2h A| >e $N E@ p 1 $* $h $S p 2 $N :B I8 $r $= $l $> $l ( x 1 ; y 1 ) $* $h $S ( x 2 ; y 2 ) $H $7 $? !# >e <0 $O <M 1F JQ 49 9T Ns H $r MQ $$ $F 0J 2< $N $h $& $K I= $9 $3 $H $, $G $- $k !# p 2 = Z [ H p 1 ] (3) H = 0 B @ A B C D F G P Q R 1 C A (4) 54 p 1 = 0 B @ x 1 y 1 1 1 C A ; p 2 = 0 B @ x 2 y 2 1 1 C A (5) $J $* !" <0 (3) $N Z [ � ] $O %Y %/ %H %k $N Bh 3 @. J, $, 1 $K $J $k $h $& $K @5 5, 2= $9 $k 4X ?t $G $" $k !# Z [ 0 B @ x y z 1 C A ] = 0 B @ x=z y =z 1 1 C A (6) $$ $^ !" 1& %+ %a %i $N 2h A| $r <0 (1), (2) !" $^ $? $O <0 (3) $N 4X 78 $G JQ 7A $5 $; $? $H $9 $k $H !" 2h A| >e $N F1 0l 0L CV $K F1 0l $J CO LL >e $N E@ $, ;# A| $5 $l $F $$ $k $3 $H $K $J $k $N $G !" N> <T $O 0l CW $9 $k !# $7 $+ $7 ?^ 1 $N :8 B& $G <( $9 $h $& $K !" CO LL >e $K 9b $5 $r ;} $C $? J* BN $, B8 :_ $9 $k >l 9g $K $O !" 2h A| >e $N 0L CV p 0 1 $* $h $S p 0 2 $K $O J* BN $N 0[ $J $k E@ Q 1 , Q 2 $, ;# 1F $5 $l !" $= $N 2h AG CM $O 0l HL $K $O 0[ $J $k $N $G !" $3 $l $K $h $j ?J F~ <T !& ?J F~ J* BN $, 8! =P 2D G= $H $J $k !# K\ <j K! $N %" %k %4 %j %: %‘ $r LO <0 E* $K $^ $H $a $? $N $, ?^ 2 $G $" $k !# 1& %+ %a %i $K $h $C $F ;# 1F $5 $l $? 1& 2h A| (right image) $K <M 1F JQ 49 $r ;\ $7 !" JQ 49 2h A| (conv erted im- age) $r F@ $k !# 6q BN E* $K $O JQ 49 2h A| $N 3F 2h AG $N 0L CV $r ( x 1 ; y 1 ) $H $7 !" <0 (1), (2) $^ $? $O <0 (3) $G ( x 2 ; y 2 ) $r 7W ;; $7 $F !" $= $N 0L CV $N 1& 2h A| $N 2h AG CM $r JQ 49 2h A| $N 2h AG CM $H $9 $k !# $3 $N >l 9g !" 0l HL $K $O ( x 2 ; y 2 ) $, @0 ?t CM $H $J $i $J $$ $N $G !" Fb A^ $K $h $j 2h AG CM $r 7h Dj $9 $k !# $3 $3 $G $O 0J 2< $K <( $9 AP 1 <! Fb A^ K! (bilinear in terp olation) $r MQ $$ $? !# 1& 2h A| $N 0L CV ( i; j ) $N 2h AG CM $r I r [ i; j ] $H $9 $k $H !" JQ 49 2h A| $N 0L CV ( x 1 ; y 1 ) $N 2h AG CM I c [ x 1 ; y 1 ] $O <! <0 $G 7W ;; $5 $l $k !# I c [ x 1 ; y 1 ] = ( i + 1 � x 2 )( j + 1 � y 2 ) I r [ i; j ] +( i + 1 � x 2 )( y 2 � j ) I r [ i; j + 1] +( x 2 � i )( j + 1 � y 2 ) I r [ i + 1 ; j ] +( x 2 � i )( y 2 � j ) I r [ i + 1 ; j + 1] (7) i = [ x 2 ] (8) j = [ y 2 ] (9) $? $@ $7 <0 (8), (9) $N 5- 9f [ � ] $O %, %& %9 5- 9f $G $" $j !" 5- 9f $N Cf $N ?t $r 1[ $( $J $$ :G Bg $N @0 ?t $r 0U L# $9 $k !# $3 $N $h $& $K $7 $F JQ 49 $5 $l $? 2h A| $H :8 %+ %a %i $+ $i F@ $i $l $k :8 2h A| (left image) $H $N :9 J, $r <h $j !" E, Ev $J $7 $- $$ CM $G 2 CM 2= $7 $F 7k 2L $N 2h A| (detection result) $r F@ $k !# I d [ i; j ] = ( 1 if j I c [ i; j ] � I l [ i; j ] j � � 0 otherwise (10) ?^ 2: =h M} $N 35 MW $3 $3 $G I d [ i; j ] $* $h $S I l [ i; j ] $O 7k 2L $N 2h A| $* $h $S :8 2h A| $N 0L CV ( i; j ) $N 2h AG CM !" � $O $7 $- $$ CM $G $" $k !# 3 <B 83 F; O) $K NY @\ $9 $k %S %k $N Ak $+ $i !" F; O) $N F1 $8 It J, $r 8+ 2< $m $9 $h $& $K 2 Bf $N %+ %a %i $r @_ CV $7 !" <B 83 2h A| $r ;# 1F $7 $? !# %+ %a %i $K $O %= %K !< @= XC-75( Gr 9u %+ %a %i ) $r MQ $$ $? !# ;# 1F 2h A| $O 0l C6 VHS %S %G %* %F !< %W $K 5- O? $7 $? 8e !" 7W ;; 5! $K F~ NO $7 !" 256 %l %Y %k (8bit) $N %G %8 %? %k 2h A| $K JQ 49 $7 $? !# K\ <j K! $r E, MQ $9 $k $K $O !" $^ $: F; O) LL $K BP 1~ $9 $k <M 1F JQ 49 9T Ns H $r 7W ;; $9 $k I, MW $, $" $k !# $3 $l $K $O ?^ 3 $K <( $9 $h $& $K !" F; O) >e $N 0L CV $r F1 Dj $9 $k $? $a $N %^ !< %/ $r $$ $/ $D $+ CV $$ $F 2h A| $r ;# 1F $9 $k !# $3 $l $i $N %^ !< 55 left image right image ?^ 3: <M 1F JQ 49 9T Ns 7W ;; MQ $N %^ !< %/ %/ $N BP 1~ E@ $r ?M <j $K $h $j 7h Dj $7 !" $= $N :B I8 $+ $i J8 8% [9] $K <( $5 $l $? J} K! $K $h $C $F <M 1F JQ 49 9T Ns H $r 7W ;; $7 $? !# ?J F~ <T $N 8! =P 7k 2L $r ?^ 4 $K <( $9 !# $3 $N ?^ $N :8 $+ $i !" :8 2h A| !" 1& 2h A| $r JQ 49 $7 $? 2h A| !" :9 J, 2h A| !" 8! =P 7k 2L $G $" $k !# $J $* !" <0 (10) $G MQ $$ $i $l $k $7 $- $$ CM � $O 22 $H $7 $? !# 8! =P 7k 2L $N 2h A| $K $* $$ $F !" Jb 9T <T $, 8! =P $5 $l $F $$ $k $N $, 3N G’ $G $- $k !# K\ <j K! $N Mx E@ $N 0l $D $H $7 $F !" J* BN $N 1F $J $I $G F; O) LL $N 51 EY %Q %? !< %s $, JQ 2= $7 $F $b !" $= $l $K 1F 6A $5 $l $J $$ $H $$ $& FC D’ $, $" $k !# $3 $N FC D’ $r Mn MU $N Nc $G <( $7 $? $N $, ?^ 5 $G $" $k !# ?^ 4 $H Hf 3S $9 $k $H F; O) >e $K Gr $$ E@ $, A} $( $F $$ $k !# $3 $l $O Mn MU $G $" $k $, !" Mn MU $O F; O) LL >e $K $" $k $? $a 8! =P $5 $l $: !" Jb 9T <T $N $_ $, 8! =P $5 $l $F $$ $k $N $, J, $+ $k !# K\ <j K! $G $O F; O) LL $N 0l E@ $r 0[ $J $C $? 3Q EY $+ $i ;# 1F $7 !" 51 EY $r Hf 3S $7 $F $$ $k !# $3 $N $? $a !" Ds 0F <j K! $, @5 $7 $/ F0 :n $9 $k $? $a $K $O F; O) LL $N H? <M FC @- $, 3H ;6 LL $K 6a $$ $3 $H $, MW 5a $5 $l $k !# DL >o $3 $N >r 7o $O Ld Bj $H $J $i $J $$ $, !" 1+ E7 $G ?e $? $^ $j $, $G $- $? >l 9g $J $I $O Ld Bj $H $J $k !# @h $K =R $Y $? Nc $H JL $N F| $N Nc $G $" $k $, !" 1+ E7 $G $N <B 83 Nc $r ?^ 6 $K <( $9 !# Jb 9T <T $O 8! =P $G $- $F $$ $k $, !" ?e $G G( $l $? F; O) I= LL $G 6@ LL H? <M $, 5/ $3 $k $? $a !" F; O) >e $N It J, $G $b :8 1& $N 2h A| $N 2h AG CM $K :9 0[ $r @8 $8 !" ?J F~ J* BN $H H= Dj $5 $l $F $$ $k !# 4 Ds 0F <j K! $N FC @- $H 2~ A1 <j K! 0J >e !" <B 83 $K $h $j Ds 0F <j K! $N 4p K\ E* $J FC @- $r 8! >Z $7 $? !# $3 $3 $G !" K\ <j K! $, ;} $D $$ $/ $D $+ $N Ld Bj E@ $H !" $= $l $r 2~ A1 $9 $k $? $a $N J} K! $r 5D O@ $7 $? $$ !# $^ $: !" ?^ 4, 5, 6 $N 8! =P 7k 2L $r 8+ $l $P J, $+ $k DL $j !" K\ <j K! $O 8! =P $5 $l $? J* BN $N NN 0h $, 2 =E $K 9- $, $k $H $$ ?^ 7: 3 Bf $N %+ %a %i $K $h $k =h M} $& FC @- $r ;} $C $F $$ $k !# $3 $l $O !" :8 1& $N 2h A| $N >/ $J $/ $H $b 0l J} $K $* $$ $F !" F; O) LL $, J* BN $K $h $C $F 1# $5 $l $F $$ $k NN 0h $, 8! =P $5 $l $k $? $a @8 $8 $k FC @- $G $" $k !# 2 =E $K 8! =P $5 $l $? NN 0h <+ BN $O @\ B3 $7 $F $$ $k $N $G !" $3 $N FC @- $, Ld Bj $K $J $i $J $$ >l 9g $b B? $$ $H 9M $( $i $l $k !# $7 $+ $7 $3 $l $, 9% $^ $7 $/ $J $$ >l 9g !" %+ %a %i $r 3 Bf MQ $$ $k $3 $H $r $$ $H $o $J $1 $l $P !" $3 $N FC @- $O 2~ A1 $G $- $k !# $= $N J} K! $r <( $7 $? $N $, ?^ 7 $G $" $k !# $^ $: :8 $H Cf 1{ $N %+ %a %i $K $h $C $F F@ $i $l $k 2h A| $K K\ <j K! $r E, MQ $9 $k !# $5 $i $K 1& $H Cf 1{ $N %+ %a %i $N 2h A| $K BP $7 $F K\ <j K! $r E, MQ $9 $k !# $3 $N $h $& $K $7 $F F@ $i $l $k 2 $D $N 7k 2L 2h A| $N O@ M} @Q $r <h $k $3 $H $K $h $C $F !" Cf 1{ $N %+ %a %i $N 2h A| >e $G $N ?J F~ <T !& J* BN NN 0h $N $_ $r Cj =P $9 $k $3 $H $, $G $- $k !# <! $K !" Ds 0F <j K! $G $O F; O) LL ( GX 7J $N 7A >u ) $O J? LL $G $" $k $H 2> Dj $7 $F $$ $k !# <M 1F JQ 49 $K $h $C $F 2 $D $N %+ %a %i $N 2h A| $r 4X 78 $E $1 $k >l 9g $K $O $3 $N 2> Dj $, I, MW $G $" $k !# $7 $+ $7 K\ <j K! $N K\ <A $O !" 2 $D $N %+ %a %i $K $h $C $F GX 7J $N F1 0l E@ $r ;# 1F $9 $k $3 $H $G $" $k $+ $i !" GX 7J $, J? 56 left image con v erted image image di�erence detection result ?^ 4: ?J F~ <T $N 8! =P 7k 2L left image con v erted image image di�erence detection result ?^ 5: ?J F~ <T $N 8! =P 7k 2L ( Mn MU $" $j ) left image con v erted image image di�erence detection result ?^ 6: ?J F~ <T $N 8! =P 7k 2L ( 1+ E7 ) 57

LL $G $J $/ $F $b !" 0l J} $N 2h A| $N $" $k E@ $K ;# 1F $5 $l $k GX 7J $N E@ $, !" B> J} $N 2h A| $G $O $I $3 $K ;# 1F $5 $l $k $+ $, 7h Dj $5 $l $l $P NI $$ !# GX 7J $N 7A >u $, J? LL $N >l 9g $K $O !" $3 $N BP 1~ $, <M 1F JQ 49 $G M? $( $i $l $k !# G$ 0U 7A >u $N GX 7J $K BP $7 $F $O !" 0l J} $N 2h A| $N 3F 2h AG $4 $H $K B> J} $N 2h A| $N BP 1~ E@ $r 5- O? $7 $? G[ Ns ( 2h A| ) $r MQ 0U $9 $l $P NI $$ $, !" 0l HL $K $O GX 7J 7A >u $O 6h J, E* $K J? LL $G 6a ;w $G $- $k >l 9g $, B? $$ $H 9M $( $i $l !" $= $N >l 9g $K $O 2h A| $N 6h J, $4 $H $K 0[ $J $C $? <M 1F JQ 49 9T Ns $r E, MQ $9 $k $3 $H $, <B MQ E* $G $" $k $H 9M $( $i $l $k !# $^ $? !" <M 1F JQ 49 9T Ns H $r 7W ;; $9 $k >l 9g !" <B 83 $G $O ?^ 3 $K <( $7 $? %^ !< %/ $N 0L CV $r ?M <j $K $h $C $F F~ NO $7 $? !# $7 $+ $7 !" $3 $N F~ NO J} K! $, @5 3N $G $J $$ $J $I $N M} M3 $G !" <M 1F JQ 49 9T Ns H $K 8m :9 $r 4^ $‘ >l 9g $, $" $k !# $3 $N 8m :9 $N 1F 6A $O !" GX 7J >e $K 2? $i $+ $N %Q %? !< %s $, $" $k It J, $G 82 Cx $K 8= $l !" 7k 2L 2h A| $K $= $N %Q %? !< %s $N 6- 3& $, 8! =P $5 $l $k $H 8@ $& Ld Bj $r @8 $8 $k !# $3 $l $r 2~ A1 $9 $k $? $a $K $O !" GX 7J $r ;# 1F $7 $? :8 1& $N 2h A| $, 0l CW $9 $k $h $& $K <M 1F JQ 49 9T Ns H $r =$ @5 $9 $l $P NI $$ !# 6q BN E* $K $O <0 (7) $G I= $5 $l $k JQ 49 2h A| I c [ i; j ] $H :8 2h A| I l [ i; j ] $N :9 $N Fs >h OB J = X i;j ( I c [ i; j ] � I l [ i; j ]) 2 (11) $r :G >. $K $9 $k 9T Ns H $r !" C5 :w $K $h $C $F 5a $a $l $P NI $$ !# 5 $^ $H $a %+ %a %i $r 2 Bf MQ $$ !" 0l J} $N 2h A| $r <M 1F JQ 49 $K $h $C $F B> J} $N 2h A| $K =E $M 9g $o $; $k $3 $H $K $h $j ?J F~ <T !& J* BN $r 8! =P $9 $k <j K! $r Ds 0F $7 $? !# DL >o $N GX 7J :9 J, =h M} $H 3S $Y $k $H !" K\ <j K! $O >H L@ $N JQ F0 $d GX 7J %Q %? !< %s $N JQ 2= $K 1F 6A $5 $l $J $$ $H 8@ $& FC D’ $r ;} $D !# $^ $? %U %l !< %‘ 4V :9 J, =h M} $, ;} $D !" Dd ;_ J* BN $, 8! =P $5 $l $J $$ $H 8@ $& Ld Bj $b $J $$ !# $7 $+ $7 K\ <j K! $G $O %+ %a %i $r 2 Bf I, MW $H $7 !" %3 %9 %H $N LL $G $O IT Mx $G $" $k !# $^ $? !" GX 7J $K 6@ LL H? <M @. J, $, $" $k $H @5 $7 $/ F0 :n $7 $J $$ $H $$ $& 7g E@ $b $" $k !# $= $N $? $a !" <B MQ E* $J ?J F~ <T !& J* BN 8! =P Au CV $K K> $^ $l $k 0B Dj @- $r F@ $k $? $a $K $O !" => Mh $N GX 7J :9 J, $d %U %l !< %‘ 4V :9 J, =h M} $J $I $H K\ <j K! $r AH $_ 9g $o $; !" Aj Jd E* $K F0 :n $5 $; $k $3 $H $, I, MW $H 9M $( $i $l $k !# $7 $+ $7 $= $N >l 9g $K $b !" K\ <j K! $O B> $N <j K! $G F@ $, $? $$ >p Js $r Ds 6! $9 $k $H ;W $o $l $k !# $J $* !" K\ <j K! $N %W %m %0 %i %‘ $O 2f !9 $N 8& 5f << $N %[ !< %‘ %Z !< %8 1 $G 8x 3+ $5 $l $F $$ $k !# 1 h ttp://www.ail.cs.gunma-u.ac.jp/Lab o/researc h.h tml ;2 9M J8 8% [1] >e ED 9@ <! , KY >l M& IW , CS C+ OB IW , >. Ln ;{ 9@ , \ 2h A| =h M} $r MQ $$ $? Cs <V <V N> 8! =P %" %k %4 %j %: %‘ ," EE ;R >p Js DL ?. 3X 2q O@ J8 ;o , V ol. J74-D-I I, No. 10, pp.1379{ 1389, 1991-10. [2] 9b 66 @/ M: , KL B< Ci L@ , >. NS K’ <y , \ 6u 4V Hy J, $* $h $S :9 J, =h M} $r MQ $$ $? <V N> Cj =P K! ," EE ;R >p Js DL ?. 3X 2q O@ J8 ;o , V ol. J80-D-I I, No. 11, pp.2976{2958, 1997-11. [3] 0K F# EO , ;3 ED 9@ @5 , >e ED Gn M# , @i MU N4 9- , \ 1G A| 4F ;k %7 %9 %F %‘ $K $* $1 $k :9 J, MQ GX 7J 2h A| $N >H EY JQ 2= DI => FC @- 8~ >e $N 8! F$ ," >p Js =h M} 3X 2q 8& 5f Js 9p , 98- CVIM-112-1, pp.1{7, 1998-9. [4] B@ ED D> :H , \ IT JQ NL $N Mx MQ $K 4X $9 $k 9M ;! $H $= $l $K 4p $E $/ >H L@ IT JQ $J 2h A| :9 J, =h M} ," EE ;R >p Js DL ?. 3X 2q O@ J8 ;o , V ol. J82-D-I I, No. 6, pp.1009{1017, 1999-6. [5] 9b 66 M4 2p , 55 0f =S CK , 9B 8} @5 E5 , \ 6u 4V Aj 4X K! $K $h $k >H L@ JQ F0 $K 4h 6/ $J J* BN 8! =P K! ," Bh 5 2s 2h A| %; %s %7 %s %0 %7 %s %] %8 %& %‘ O@ J8 =8 , pp.1{6, 1999-6. [6] GH It @F , OB ED =S OB , >> ;3 N4 ;J , \ >H L@ JQ 2= $K BP $7 $F 4h 7r $J GX 7J :9 J, K! ," >p Js =h M} 3X 2q 8& 5f Js 9p , 99- CVIM-115-3, pp.17{32, 1999-3. [7] >. Ln ED 0l B’ , Ip ED ?. G7 , EO JU KS , \ J? LL %9 %F %l %* K! $r MQ $$ $? F; O) NN 0h Cj =P ," >p Js =h M} 3X 2q 8& 5f Js 9p , 95-CV-93-7, pp.61{68, 1995-3. [8] Ln 8} Bn , 1| IY @5 IR , \ %9 %F %l %* 2h A| $+ $i $N F; O) J? LL $K BP $9 $k <M 1F JQ 49 9T Ns $N F3 =P ," >p Js =h M} 3X 2q 8& 5f Js 9p , 97-CVIM-108-4, pp.23{30, 1997-11. [9] @6 ?e 7D 9T , B@ ED D> :H , 6b C+ 7r 0l , \ ?. Mj @- I> 2A $r Hw $( $? :G E, $J <M 1F JQ 49 $N 7W ;; %W %m %0 %i %‘ ," >p Js =h M} 3X 2q 8& 5f Js 9p , 98-CVIM-111-5, pp.33{40, 1998-5. 58