:G 6a @\ E@ $N M- 0U @- $K 4p $E $/ 2h A| $N N‘ ;w @- $N I> 2A Measuring the Similarit y of Images based on the Signi�cance of the Nearest Neigh b or JR ;3 5* @8 !$ :4 F# ?? 0l ( 9q N) >p Js 3X 8& 5f =j ) Norio Kata y ama and Shin’ic hi Satoh (National Institute of Informatics) 35 MW : FC D’ NL 6u 4V $K $* $1 $k :G 6a @\ E@ C5 :w $O !" 2h A| $N N‘ ;w 8! :w $d <+ F0 J, N‘ $r <B 8= $9 $k <j CJ $H $7 $F !" 9- $/ ;H $o $l $F $$ $k !# $7 $+ $7 !" C5 :w 7k 2L $O !" I, $: $7 $b K~ B- $N $$ $/ $b $N $P $+ $j $G $O $J $/ !" F1 0l $N %G !< %? %; %C %H $G $" $C $F $b !" C5 :w BP >] $N 2h A| $K $h $C $F 8! :w @: EY $, Bg $- $/ JQ F0 $7 $F $7 $^ $& $H $$ $& Ld Bj $, $" $k !# 0l J} !" %G !< %? %Y !< %9 %7 %9 %F %‘ J, Ln $N :G 6a $N 8& 5f @. 2L $+ $i !" 9b <! 85 6u 4V $G $O !" 5w N% $K M- 0U $J :9 $, @8 $8 $: !" B? ?t $N E@ $, F1 Dx EY $N 5w N% $K B8 :_ $9 $k >u BV !" $9 $J $o $A :G 6a @\ E@ $H $7 $F $N M- 0U @- $, Dc $$ >u BV $, 5/ $3 $j F@ $k $3 $H $, L@ $i $+ $K $J $C $F $$ $k !# $3 $N >l 9g !" C5 :w 7k 2L $= $N $b $N $N M- 0U @- $, Dc $$ $? $a !" 8! :w @: EY $b Dc $$ $3 $H $, M= A[ $5 $l $k !# $= $3 $G !" K\ O@ J8 $G $O !" :G 6a @\ E@ $N M- 0U @- $H 2h A| $N N‘ ;w @- $H $N 4X 78 $r L@ $i $+ $K $9 $k $? $a $K !" %F %/ %9 %A %c 2h A| $r BP >] $H $7 $F Dj NL E* $J I> 2A $r ;n $_ $k !# <B 83 7k 2L $K $h $k $H !" M- 0U @- $N 9b $$ :G 6a @\ E@ $[ $I 8! :w @: EY $b 9b $/ $J $C $F $* $j !" :G 6a @\ E@ $N M- 0U @- $, 8! :w @: EY $N 9b Dc $K 6/ $/ 1F 6A $7 $F $$ $k $3 $H $, L@ $i $+ $K $J $k !# Abstract: Nearest-neigh b or (NN) searc h in high dimensional space is widely used for the similarit y retriev al and the classi�cation of images. Ho w ev er, the accuracy of results is not alw a ys satisfactory; the accuracy v aries considerably from one image to another ev en within the same data set. On the other hand, recen t researc h results in the database literature rev eal that NN searc h migh t return insigni�can t NNs in high dimensional space b ecause p oin ts could b e so scattered that ev ery distance b et w een them migh t yield no signi�can t di�erence. In this case, it is exp ected that the accuracy of retriev al or classi�cation w ould b e w orse than the case of signi�can t NNs. Hence, this pap er mak es a quan titativ e ev aluation to in v estigate the relationship b et w een the signi�cance of NNs and the retriev al accuracy of images. An exp erimen t with texture images rev eals that the retriev al accuracy distinctly dep ends on the signi�cance of NNs, i.e., the retriev al accuracy of signi�can t NNs is m uc h b etter than that of insigni�can t NNs. This means that the signi�cance of NNs is an essen tial clue for estimating the retriev al accuracy of images. 1 $O $8 $a $K FC D’ NL 6u 4V $K $* $1 $k :G 6a @\ E@ C5 :w $O !" 2h A| $N N‘ ;w 8! :w $d <+ F0 J, N‘ $r <B 8= $9 $k <j CJ $H $7 $F !" 9- $/ ;H $o $l $F $$ $k !# $3 $N <j K! $G $O !" 8D !9 $N 2h A| $+ $i <o !9 $N FC D’ NL $r Cj =P $7 !" 2h A| $r B? <! 85 6u 4V Cf $N %Y %/ %H %k $K BP 1~ IU $1 $k !# $= $7 $F !" %Y %/ %H %k 4V $N 5w N% $K $h $C $F N‘ ;w EY $r H= Dj $7 !" N‘ ;w 2h A| 8! :w $r <B 8= $9 $k !# FC D’ NL 6u 4V $N =E MW $J @- <A $N $R $H $D $O !" 9b <! 85 $G $" $k $3 $H $G $" $k !# Nc $( $P !" W a v elet JQ 49 $K $h $k <~ GH ?t @. J, $N >l 9g !" $7 $P $7 $P 20 !A 100 <! 85 $N FC D’ NL %Y %/ %H %k $, ;H $o $l $k !# 0l J} !" %G !< %? %Y !< %9 %7 %9 %F %‘ J, Ln $N :G 6a $N 8& 5f @. 2L $+ $i !" 9b <! 85 6u 4V $G $O !" Dc <! 85 6u 4V $G $O A[ A| $G $- $J $$ $h $& $J 6= L# ?< $$ 8= >] $, 5/ $3 $k $3 $H $, L@ $i $+ $K $J $C $F $$ $k !# 9b <! 85 6u 4V $N <+ M3 EY $, $" $^ $j $K $b 9b $$ $? $a $K E@ $, ;6 :_ $7 $F $7 $^ $$ !" E@ Aj 8_ $N 5w N% $K M- 0U $J :9 $, @8 $8 $J $$ $3 $H $, 5/ $3 $j F@ $k $N $G $" $k !# E5 7? E* $J Nc $O !" C1 0L D6 N) J} BN Cf $K E@ $, 0l MM $K J, I[ $7 $F $$ $k >l 9g $G $" $j !" JR ;3 $i [1] $O !" $= $l $i $N E@ $N Aj 8_ $N 5w N% $K $[ $H $s $I :9 $, $J $$ $3 $H $r <B 83 E* $K <( $7 $F $$ $k !# $= $7 $F :G 6a !" Bey er $i [2] $K $h $C $F !" 0l MM J, I[ $h $j $b 9- $$ >r 7o $N $b $H $G $b !" <! 85 $, 9b $/ $J $k $K $D $l $F !" :G 6a @\ E@ $^ $G $N 5w N% $, :G 1s E@ $^ $G $N 5w N% $K A2 6a $9 $k $3 $H $, <( $5 $l $F $$ $k !# $3 $N $h $& $K 9b <! 85 6u 4V $G $O !" 5w N% $K M- 0U $J :9 $, @8 $8 $: !" B? ?t $N E@ $, F1 Dx EY $N 5w N% $K B8 :_ $9 $k >u BV !" $$ $o $P !" $I $s $0 $j $N GX Hf $Y $H 8F $V $Y $- >u BV $, 5/ $3 $k !# $3 $N $h $& $J >u BV $G $O !" :G 6a @\ E@ C5 :w $r 9T $C $F $b !" M- 0U $J 7k 2L $O F@ $i $l $J $$ $3 $H $, M= A[ $5 $l $k !# $J $< $J $i $P !" F1 Dx EY $N 5w N% $K B? ?t $N E@ $, B8 :_ $9 $k $? $a !" 6a $$ $b $N $H $= $& $G $J $$ $b $N $H $N 4V $K M- 0U $J :9 $, @8 $8 $J $$ $+ $i $G $" $k !# $= $7 $F !" :G 6a @\ E@ C5 :w $N 7k 2L $K $h $C $F 2h A| $N N‘ ;w @- $r H= JL $7 $h $& $H $7 $F $b !" M- 0U $J 7k 2L $O F@ $i $l $J $$ $3 $H $K $J $k !# 0J >e $N $h $& $K !" 2h A| $N N‘ ;w @- $r FC D’ NL 6u 4V $G $N :G 6a @\ E@ C5 :w $K $h $C $F H= JL $7 $h $& $H $9 $k >l 9g !" :G 6a @\ E@ $N M- 0U @- $K Cm 0U $7 $J $1 $l $P $J $i $J $$ $3 $H $, $o $+ $k !# $= $3 $G !" 2f !9 $O !" $3 $l $^ $G $K !" 6I =j E* $J Kd $a 9~ $_ <! 85 ?t $K 4p $E $$ $F :G 6a @\ E@ $N M- 0U @- $r H= Dj $9 $k J} K! $r 9M 0F $7 !" 2h A| 8! :w $X $N E, MQ $r ?J $a $F $- $? [3] !# $3 $N <j K! $G $O !" :G 6a @\ E@ $H F1 Dj EY $N 5w N% $K B8 :_ $9 $k E@ $r ?t $( $k $3 $H $K $h $C

?^ 1 C1 0L D6 N) J} BN $K 0l MM $K @8 @. $7 $? 100,000 8D $N E@ $N 4V $N 5w N% !# ([1] $+ $i 0z MQ ). $F !" :G 6a @\ E@ $N M- 0U @- $r H= Dj $9 $k !# $3 $l $^ $G $N <B 83 $+ $i !" $3 $N <j K! $, !" :G 6a @\ E@ $N M- 0U @- $N H= Dj $K 8z 2L $, $" $k $3 $H $O L@ $i $+ $K $J $C $F $$ $k !# $7 $+ $7 !" :G 6a @\ E@ $N M- 0U @- $, 2h A| $N N‘ ;w @- $H $I $l $[ $I L) @\ $K 4X 78 $7 $F $$ $k $N $+ $K $D $$ $F $O !" L$ $@ $K L@ $i $+ $K $J $C $F $$ $J $$ !# $= $3 $G !" K\ O@ J8 $G $O !" :G 6a @\ E@ $N M- 0U @- $H 2h A| $N N‘ ;w @- $H $N 4X 78 $r L@ $i $+ $K $9 $k $? $a $K !" %F %/ %9 %A %c 2h A| $N N‘ ;w 8! :w $r BP >] $H $7 $F Dj NL E* $J I> 2A $r ;n $_ $k !# %F %/ %9 %A %c 2h A| $r BP >] $H $7 $? 2r @O <j K! $O !" 2h A| $N 8! :w !& J, N‘ $N 4p K\ E* 5; =Q $H $7 $F 8& 5f $, 9T $o $l $F $* $j !" $^ $? !" 9- $/ ;H $o $l $F $$ $k %G !< %? %; %C %H $J $i $S $K <B 83 K! $, $" $k $? $a !" Dj NL E* $J I> 2A $K E, $7 $F $$ $k $H 9M $( $i $l $k !# K\ O@ J8 $G $O !" %F %/ %9 %A %c 2r @O $N <j K! $H $7 $F 9- $/ ;H $o $l $F $$ $k Gab or W a v elet $d Daub ec hies W a v elet $K $h $k <j K! $r ;H $$ !" $3 $l $i $N FC D’ NL $, 9= @. $9 $k FC D’ NL 6u 4V $K $* $$ $F !" 2h A| $N N‘ ;w @- $H :G 6a @\ E@ $N M- 0U @- $H $, $I $N $h $& $J 4X 78 $K $" $k $N $+ L@ $i $+ $K $9 $k !# <B 83 7k 2L $K $h $k $H !" M- 0U @- $N 9b $$ :G 6a @\ E@ $[ $I 8! :w @: EY $b 9b $/ $J $C $F $* $j !" :G 6a @\ E@ $N M- 0U @- $, 8! :w @: EY $N 9b Dc $K 6/ $/ 1F 6A $7 $F $$ $k $3 $H $, 3N G’ $5 $l $? !# $3 $N O@ J8 $N 9= @. $O !" 0J 2< $N $H $* $j $G $" $k !# 2 @a $G $O !" 9b <! 85 6u 4V $K $* $$ $F M- 0U @- $N Dc $$ :G 6a @\ E@ $, 8= $l F@ $k $3 $H $r <( $9 !# 3 @a $G $O !" 2f !9 $, 9M 0F $7 E, MQ $r ?J $a $F $$ $k :G 6a @\ E@ $N M- 0U @- $r I> 2A $9 $k <j K! $K $D $$ $F @b L@ $9 $k !# $= $7 $F !" K\ O@ J8 $N <g Bj $G $" $k Dj NL E* $J I> 2A <B 83 $N 7k 2L $r 4 @a $G <( $7 !" 5 @a $G 7k O@ $r =R $Y $k !# 2 :G 6a @\ E@ $N M- 0U @- :G 6a @\ E@ C5 :w $r ;H $& >l 9g !" 2f !9 $O !" 8+ $D $+ $C $? :G 6a @\ E@ $, !" B> $N E@ $h $j $b $O $k $+ $K 6a $/ $K $" $k $3 $H $r 4| BT $9 $k !# $7 $+ $7 !" $3 $N D> 46 $O !" 9b <! 85 6u 4V $G $O I, $: $7 $b @. N) $7 $J $$ !# Nc $( $P !" E@ $, C1 0L D6 N) J} BN $N Cf $K 0l MM $K J, I[ $7 $F $$ $k >l 9g !" Fs E@ 4V $N 5w N% $O !" $" $i $f $k AH 9g $; $K $D $$ $F 8+ $F $b !" $[ $H $s $I :9 $, @8 $8 $J $$ $3 $H $, $" $k !# ?^ 1 $O !" 100,000 8D $N E@ $r 0l MM $K C1 0L D6 N) J} BN $N Cf $K @8 @. $7 !" $" $i $f $k AH 9g $; $K $D $$ $F 5w N% $r 5a $a !" $= $N :G >. CM !" J? 6Q CM !" :G Bg CM $r <( $7 $? $b $N $G $" $k !# ?^ $, <( $9 $H $* $j !" <! 85 $, 9b $/ $J $k $K $D $l $F !" 5w N% $N :G >. CM $, Cx $7 ?^ 2 M- 0U @- $N Dc $$ :G 6a @\ E@ $N Dj 5A !# $/ A} 2C $7 $F $* $j !" :G Bg CM $K BP $9 $k :G >. CM $N Hf $O !" 16 <! 85 $G 24% !" 32 <! 85 $G 40% !" 64 <! 85 $G 53% $K $J $C $F $$ $k !# $7 $? $, $C $F !" 64 <! 85 6u 4V $G $O !" :G 6a @\ E@ $^ $G $N 5w N% $, !" :G $b 1s $$ E@ $^ $G $N 5w N% $N 53% 0J >e $K $J $C $F $7 $^ $C $F $$ $k $N $G $" $k !# $3 $N $h $& $J >l 9g !" 2f !9 $O !" $3 $l $i $N :G 6a @\ E@ $r !" M- 0U @- $N Dc $$ :G 6a @\ E@ $H 8+ Pv $9 $3 $H $, 2D G= $G $" $k !# $J $< $J $i $P !" :G 6a @\ E@ $H B> $N E@ $H $N :9 $O L5 ;k $G $- $k $[ $I >. $5 $/ !" B> $N E@ $O !" :G 6a @\ E@ $H F1 Dx EY $K !" <A Ld E@ !J :G 6a @\ E@ C5 :w $N 4p =‘ $H $J $k E@ !K $N 6a $/ $K B8 :_ $7 $F $$ $k $+ $i $G $" $k !# ?^ 1 $, <( $9 $H $* $j !" M- 0U @- $N Dc $$ :G 6a @\ E@ $O !" <! 85 $, 9b $/ $J $k $[ $I 5/ $3 $j $d $9 $/ $J $k !# $3 $N FC @- $O !" k HV $a $N :G 6a @\ E@ $^ $G $N 5w N% $N 4| BT CM $r 5a $a $k $3 $H $K $h $C $F 3N G’ $G $- $k !# N 8D $N E@ $, !" <A Ld E@ $r Cf ?4 $H $9 $k D6 5e $N Cf $K 0l MM $K J, I[ $7 $F $$ $k $H $- !" k HV $a $N :G 6a @\ E@ $^ $G $N 5w N% $N 4| BT CM d k N N $O !" <! <0 $N $h $& $K $J $k [4]: E f d k N N g � �( k + 1 =n ) �( k ) �( N + 1) �( N + 1 + 1 =n ) r ; (1) $3 $3 $K !" n $O <! 85 ?t $G $" $j !" r $O D6 5e $N H> 7B $G $" $k !# $= $7 $F !" k HV $a $N :G 6a @\ E@ $^ $G $N 5w N% $H k + 1 HV $a $N :G 6a @\ E@ $^ $G $N 5w N% $N Hf $O !" <! <0 $N $h $& $K $J $k [4]: E f d ( k +1) N N g E f d k N N g � 1 + 1 k n : (2) $3 $N $h $& $K !" <A Ld E@ $N <~ 0O $K E@ $, 0l MM $K J, I[ $7 $F $$ $k >l 9g !" k HV $a $N :G 6a @\ E@ $H k + 1 HV $a $N :G 6a @\ E@ $N Hf $O !" <! 85 $, 9b $/ $J $k $[ $I >. $5 $/ $J $k $3 $H $, 4| BT $5 $l $k $N $G $" $k !# $3 $l $O !" M- 0U @- $N Dc $$ :G 6a @\ E@ $, !" Dc <! 85 6u 4V $h $j $b 9b <! 85 6u 4V $G 5/ $3 $j $d $9 $$ $3 $H $r <( $7 $F $$ $k !# 3 :G 6a @\ E@ $N M- 0U @- $N I> 2A K! 3.1 M- 0U @- $N Dc $$ :G 6a @\ E@ $N Dj 5A 4{ $K =R $Y $? $H $* $j !" M- 0U @- $N Dc $$ :G 6a @\ E@ $O 9b <! 85 6u 4V $G 5/ $3 $j $d $9 $/ !" N‘ ;w 8! :w $K $H $C $F Lq 2p $J B8 :_ $H $J $k !# $7 $+ $7 !" $@ $+ $i $H 8@ $C $F !" 9b <! 85 6u 4V $, !" N‘ ;w 8! :w $K Lr N) $? $J $$ $H $$ $& $3 $H $G $O $J $$ !# <B @$ 3& $N %" %W %j %1 !< %7 %g %s $G $O !" %G !< %? $N J, I[ $K JP $j $, $" $k $? $a !" Kd $a 9~ $_ <! 85 ?t !J M- 8z $J <! 85 ?t !K $O !" FC D’ 6u 4V $N <! 85 ?t

?^ 3 k HV $a $H k + 1 HV $a $N :G 6a @\ E@ $N Aj BP :9 $N 4| BT CM !# ?^ 4 R p $, 1.84471 N c $, 48.0277 $N >l 9g $N 4~ 5Q N( !# $h $j $b >. $5 $$ $3 $H $, 4| BT $G $- $k !# Nc $( $P !" %G !< %? $N J, I[ $, $$ $/ $D $+ $N M% @* $J <! 85 $K $h $C $F ;Y G[ $5 $l $F $$ $k >l 9g $K $O !" Kd $a 9~ $_ <! 85 ?t $O !" $= $l $i $N M% @* $J <! 85 $N ?t $K $J $k !# $5 $i $K !" Kd $a 9~ $_ <! 85 ?t $O !" %G !< %? %; %C %H A4 BN $G 0l 4S $7 $F $$ $k $H $O 8B $i $: !" 6I =j E* $J NN 0h $4 $H $K 0[ $J $C $F $$ $k 2D G= @- $, $" $k !# $7 $? $, $C $F !" $" $k NN 0h $G :G 6a @\ E@ $N M- 0U @- $, Dc $/ $F $b !" JL $N NN 0h $G $O :G 6a @\ E@ $N M- 0U @- $, 9b $$ >l 9g $, 5/ $3 $j F@ $k $N $G $" $k !# $= $3 $G 2f !9 $O !" :G 6a @\ E@ $N M- 0U @- $r !" 6I =j E* $J Kd $a 9~ $_ <! 85 ?t $K 4p $E $$ $F I> 2A $9 $k <j K! $r 9M 0F $7 $? [3] !# 2f !9 $O !" $^ $: !" !V M- 0U @- $N Dc $$ :G 6a @\ E@ !W $N Dj 5A $H $7 $F !" <! $N Dj 5A $r 9M 0F $7 $? !# Dj 5A 1 d N N $r <A Ld E@ $+ $i :G 6a @\ E@ $^ $G $N 5w N% $H $9 $k !# $^ $? !" <A Ld E@ $+ $i $N 5w N% $, d N N $+ $i R p � d N N $N HO 0O $K $" $k NN 0h $r !" <A Ld E@ $N 6a K5 NN 0h $H 8F $V $3 $H $K $9 $k !# $3 $N $H $- !" 6a K5 NN 0h $K N c 8D 0J >e $N E@ $, B8 :_ $9 $l $P !" $= $N :G 6a @\ E@ $r !V M- 0U @- $N Dc $$ :G 6a @\ E@ !W $H 8+ Pv $9 !# $3 $3 $K !" R p ( > 1) $H N c ( > 1) $O !" @) 8f %Q %i %a !< %? $G $" $k !J ?^ 2 !K !# R p $O <A Ld E@ $N 6a K5 NN 0h $r 7h Dj $7 !" N c $O 6a K5 NN 0h $N mU mT $r 7h Dj $9 $k !# 3.2 %Q %i %a !< %? $N @_ Dj >e 5- $N $h $& $K !" R p $H N c $O !" M- 0U @- $N Dc $$ :G 6a @\ E@ $N Dj 5A $K $* $$ $F !" K\ <A E* $J Lr 3d $r 2L $? $7 $F $$ $k !# $3 $3 $G !" Kd $a 9~ $_ <! 85 ?t $K 4p $E $$ $F !" $3 $l $i $N %Q %i %a !< %? $r @_ Dj $9 $k J} K! $r <( $9 !# $^ $: :G =i $K !" :G 6a @\ E@ $N M- 0U @- $H Kd $a 9~ $_ <! 85 ?t $H $r !" <0 (2) $K $h $C $F 4X O" IU $1 $k !# $3 $N <0 $O !" Kd $a 9~ $_ <! 85 ?t $, n $N $H $- $K $b @. $j N) $D [4] !# $9 $J $o $A !" $3 $N <0 $N n $O !" %G !< %? 6u 4V $N <! 85 ?t $r 0U L# $7 $F $$ $k $N $G $O $J $/ !" M- 8z $J <! 85 ?t !J $9 $J $o $A !" Kd $a 9~ $_ <! 85 ?t !K $r 0U L# $7 $F $$ $k $N $G $" $k !# <0 (2) $O !" d ( k +1) N N $H d k N N $N 4| BT CM $N Hf $, !" k $, A} 2C $9 $k $K $D $l $F C1 D4 8: >/ $9 $k $3 $H $r <( $7 $F $$ $k !# $7 $? $, $C $F !" 4| BT CM $N Hf $, :G Bg $H $J $k $N $O !" <! <0 $N $h $& $K 1 HV $a $H 2 HV $a $N :G 6a @\ E@ $K $* $$ $F $G $" $k !# max k E f d ( k +1) N N g E f d k N N g = E f d 2 N N g E f d 1 N N g � 1 + 1 n : (3) $3 $N <0 $O !" k HV $a $N :G 6a @\ E@ $H k + 1 HV $a $N :G 6a @\ E@ $N Aj BP :9 $N 4| BT CM $, !" <! 85 ?t $, 9b $/ $J $k $K $D $l $F C1 D4 8: >/ $9 $k $3 $H $r <( $7 $F $$ $k !J ?^ 3 !K !# 5 <! 85 $N >l 9g $K $O !" 20% 0J 2< $N :9 $7 $+ 4| BT $G $- $: !" 10 <! 85 $N >l 9g $K $O !" 10% 0J 2< $N :9 $7 $+ 4| BT $G $- $J $$ $3 $H $, $o $+ $k !# $3 $N $h $& $K !" Kd $a 9~ $_ <! 85 ?t $O !" :G 6a @\ E@ $N Aj BP E* $J M- 0U @- $r 8+ @Q $b $k $3 $H $r 2D G= $K $9 $k !# <! $K !" Kd $a 9~ $_ <! 85 ?t n $H %Q %i %a !< %? R p !" N c $r 4X O" IU $1 $k !# 6I =j E* $J NN 0h $K $* $$ $F !" Kd $a 9~ $_ <! 85 ?t n $G E@ $, 0l MM $K J, I[ $7 $F $$ $k $H 2> Dj $9 $k $H !" R p $G 7h Dj $5 $l $k 6a K5 NN 0h $K N c 8D 0J >e $N E@ $, B8 :_ $9 $k 3N N( $O !" <! <0 $N $h $& $K $J $k !# P r f N c or more in R p g = (1 � (1 =R p ) n ) N c (4) Dj 5A 1 $K $h $l $P !" R p $G 7h Dj $5 $l $k 6a K5 NN 0h $K N c 8D 0J >e $N E@ $, B8 :_ $9 $l $P !" :G 6a @\ E@ $N M- 0U @- $, Dc $$ $H 8+ Pv $5 $l $k $N $G !" <0 (4) $O !" Kd $a 9~ $_ <! 85 ?t $, n $N $H $- $K !" :G 6a @\ E@ $N M- 0U @- $, Dc $$ $H 8+ Pv $5 $l $k 3N N( $r <( $7 $F $$ $k $3 $H $K $J $k !# $= $3 $G 2f !9 $O !" $3 $N 3N N( $r !V !J :G 6a @\ E@ $N !K 4~ 5Q N( !W $H 8F $s $G $$ $k !# 4~ 5Q N( $O !" Kd $a 9~ $_ <! 85 ?t $, Bg $- $/ $J $k $K $D $l $F C1 D4 $K A} 2C $9 $k !# $^ $? !" 0J 2< $K <( $9 $h $& $K !" Fs $D $N @) 8f E@ $K $h $C $F !" MF 0W $K @) 8f $9 $k $3 $H $, 2D G= $G $" $k !# :# !" 4~ 5Q N( $r !" <! 85 ?t � 1 $G � 1 !" <! 85 ?t � 2 $G � 2 $K @_ Dj $7 $? $$ $H $9 $k !J 0 < � 1 < � 2 < 1 $+ $D 1 < � 1 < � 2 !K !# $9 $k $H !" %Q %i %a !< %? R p $H N c $O !" <! $N O" N) J} Dx <0 $r 2r $/ $3 $H $K $h $C $F 7h Dj $G $- $k !# (1 � (1 =R p ) � 1 ) N c = � 1 (5) (1 � (1 =R p ) � 2 ) N c = � 2 (6) N c $r >C 5n $9 $k $3 $H $K $h $C $F <! <0 $r F@ $k !# log (1 � (1 =R p ) � 1 ) log (1 � (1 =R p ) � 2 ) = log � 1 log � 2 (7) $3 $N J} Dx <0 $O !" ;; =Q E* $K 2r $/ $3 $H $O $G $- $J $$ !# $7 $+ $7 !" :8 JU $, R p $K BP $7 $F C1 D4 $K A} 2C $9 $k $? $a !" %K %e !< %H %s

<A Ld 2h A| No. 1 No. 2 No. 3 No. 4 No. 5 0.6770 1.2697 1.4692 1.6124 1.6774 (a) 6a K5 NN 0h $K B8 :_ $9 $k E@ $N ?t $, #1 $N >l 9g <A Ld 2h A| No. 1 No. 2 No. 3 No. 4 No. 5 11.803 13.107 13.270 13.436 13.877 (b) 6a K5 NN 0h $K B8 :_ $9 $k E@ $N ?t $, 1164 $N >l 9g ?^ 5 C5 :w 7k 2L $N Nc !J <L ?? $N 2< $N ?t CM $O <A Ld 2h A| $+ $i $N 5w N% !" FC D’ NL $O TWT !K K! $J $I $N ?t CM 2r K! $K $h $C $F MF 0W $K 2r $/ $3 $H $, $G $- $k !# R p $, 5a $^ $l $P !" <! <0 $K $h $C $F N c $b 5a $^ $k !# N c = log � 1 log (1 � (1 =R p ) � 1 ) : (8) 0J >e $N $h $& $K !" <0 (7) $H (8) $r MQ $$ $k $3 $H $G !" Fs $D $N @) 8f E@ ( � 1 ; � 1 ) $H ( � 2 ; � 2 ) $+ $i !" R p $H N c $r 7h Dj $9 $k $3 $H $, 2D G= $K $J $k !# <! $K Ld Bj $K $J $k $N $, !" $I $N $h $& $K $7 $F @) 8f E@ $r 7h Dj $9 $k $+ $G $" $k $, !" 2f !9 $O !" $3 $l $i $N @) 8f E@ $r !" Dc 0h DL 2a 7? %U %# %k %? $H $N %" %J %m %8 !< $+ $i !" %+ %C %H %* %U E@ ( � c ; � c ) $H <W CG E@ ( � r ; � r ) $N %Z %" $H $7 $F @_ Dj $9 $k J} K! $r Ds 0F $7 $F $$ $k !# n < � c $N HO 0O $O !" DL 2a 0h $K Aj Ev $7 !" Kd $a 9~ $_ <! 85 ?t $, $3 $N HO 0O $K $" $k $H !" 9b $$ 3N N( $G M- 0U @- $, 9b $$ $H 8+ Pv $5 $l $k !# 0l J} !" n > � r $N HO 0O $O !" <W CG 0h $K Aj Ev $7 !" Kd $a 9~ $_ <! 85 ?t $, $3 $N HO 0O $K $" $k $H !" 9b $$ 3N N( $G M- 0U @- $, Dc $$ $H 8+ Pv $5 $l $k !# � c < n < � r $N HO 0O $O !" 2a EO 0h $K Aj Ev $9 $k !# $^ $? !" 2f !9 $O !" � c $H � r $r k HV $a $H k + 1 HV $a $N :G 6a @\ E@ $N Aj BP :9 $N 6a ;w E* $J 4| BT CM !J <0 (3) $H ?^ 3 !K $K $h $C $F 7h Dj $9 $k $3 $H $r Ds 0F $7 $F $$ $k !# Nc $( $P !" 5 <! 85 $G $O 20% 0J 2< $N :9 $7 $+ 4| BT $G $- $: !" 10 <! 85 $G $O 10% 0J 2< $N :9 $7 $+ 4| BT $G $- $J $$ $N $G !" %+ %C %H %* %U <! 85 ?t $r 5 !" <W CG <! 85 ?t $r 10 $H $9 $k $3 $H $, 9M $( $i $l $k !# $= $7 $F !" %+ %C %H %* %U <! 85 ?t $G $N 4~ 5Q N( $r 0.1 !" <W CG <! 85 ?t $G $N 4~ 5Q N( $r 0.9 $H $9 $k $H !" Fs $D $N @) 8f E@ $O !" (5, 0.1) $H (10, 0.9) $H $J $k !# $3 $l $i $N @) 8f E@ $+ $i !" <0 (7) $H (8) $K $h $C $F !" R p $H N c $r 5a $a $k $H !" R p $, 1.84471 !" N c $, 48.0277 $H $J $k !# ?^ 4 $O !" $3 $l $i $N %Q %i %a !< %? $r MQ $$ $? $H $- $N 4~ 5Q N( $r !" <0 (4) $K $h $C $F 7W ;; $7 $? 7k 2L $G $" $k !# 4 %F %/ %9 %A %c 2h A| $K $h $k I> 2A <B 83 4.1 I> 2A <B 83 $N Fb MF 0J >e $K =R $Y $? $h $& $K !" R p $G 7h $^ $k 6a K5 NN 0h $K N c 8D 0J >e $N E@ $, B8 :_ $9 $k $+ $I $& $+ D4 $Y $k $3 $H $K $h $C $F !" :G 6a @\ E@ $N M- 0U @- !J 87 L) $K 8@ $( $P !" $= $N 6a K5 NN 0h $, !" 5w N% E* $K M- 0U $J :9 $r 4| BT $G $- $k Kd $a 9~ $_ <! 85 ?t $r ;} $C $F $$ $k $+ $I $& $+ !K $r H= Dj $9 $k $3 $H $, $G $- $k !# $3 $N @a $G $O !" $3 $N <j K! $r %F %/ %9 %A %c 2h A| $N N‘ ;w 8! :w $K E, MQ $7 !" Dj NL E* $J I> 2A $r ;n $_ $k !# %F %/ %9 %A %c $N J, N‘ !& 8! :w $r L\ E* $H $9 $k %F %/ %9 %A %c 2r @O $O !" 2h A| =h M} $N 4p K\ 5; =Q $N $R $H $D $H $7 $F $5 $+ $s $K 8& 5f $, 9T $o $l $F $$ $k !# $= $7 $F !" 6a G/ $G $O !" F1 ;~ <+ 8J 2s 5" %b %G %k $K 4p $E $/ J} K! [5] $d !" w a v elet $K $h $k B? =E 2r A| EY 2r @O $r ;H $& J} K! [6] !" J# ?t J} 8~ $+ $D J# ?t %9 %1 !< %k $N Gab or w a v elet $r ;H $& J} K! [7] $J $I $, Ds 0F $5 $l $F $$ $k !# $^ $? !" $3 $l $i $r 4^ $‘ J# ?t $N J} K! $r Hf 3S $7 $? <B 83 7k 2L $b Js 9p $5 $l $F $* $j [8] !" >e 5- #3 $D $N J} K! $N @: EY $, :G $b 9b $$ $3 $H $, <( $5 $l $F $$ $k !# $3 $N $h $& $K %F %/ %9 %A %c 2h A| $K $D $$ $F $O !" @: EY $N 9b $$ <j K! $, J# ?t Ds 0F $5 $l $F $* $j !" I> 2A <B 83 $N BP >] $H $7 $F E, $7 $F $$ $k $H 9M $( $i $l $k !# $^ $? !" %F %/ %9 %A %c 2r @O $G $O !" @: EY $r B, Dj $9 $k $? $a $N 0l HL E* $J %G !< %? %; %C %H $, B8 :_ $7 !" <B 83 %G !< %? $r F~ <j $7 $d $9 $$ $3 $H $b FC D9 $H $7 $F 5s $2 $i $l $k !# $= $N %G !< %? %; %C %H $H $O !" MM !9 $J %F %/ %9 %A %c !J I[ !" @P !" JI $J $I !K $r ;# 1F $7 $? <L ?? =8 [9] $G $" $j !" 112 Kg $N <L ?? $+ $i $J $k !# 8D !9 $N <L ?? $O !" 0l LL $[ $\ 6Q <A $J %F %/ %9 %A %c $G $" $j !" <B 83 MQ $N 2h A| $O !" %9 %- %c %J $G FI $_ $H $C $? <L ?? (512 � 512 %T %/ %; %k ) $r 4 � 4 $K J, 3d $9 $k $3 $H $G :n $i $l $k !# $3 $l $K $h $j !" 1 Kg $N <L ?? $+ $i 16 Kg $N 2h A| (128 � 128 %T %/ %; %k ) $, $G $- !" A4 BN $G 1792 Kg $N 2h A| $, F@ $i $l $k !# $= $7 $F !" $= $N Cf $N 1 Kg $r <A Ld 2h A| !" ;D $j $N 1791 Kg $r %G !< %? %Y !< %9 $N Fb MF $H $7 $F !" N‘ ;w 8! :w $, <B 9T $5 $l $k !# 1791 Kg $N 2h A| $N Cf $K $O !" <A Ld 2h A| $H F1 $8 <L ?? $+ $i :n @. $5 $l $? 2h A| $, 15 Kg $" $k $N $G !" $3 $l $i $N 2h A| $r @5 2r $H $7 $F 8! :w @: EY $, B, Dj $5 $l $k !# K\ O@ J8 $G $b !" $3 $N J} K! $K => $C $F I> 2A <B 83 $r 9T $C $? !# 2h A| $N FC D’ NL $H $7 $F $O !" w a v elet $K $h $k B? =E 2r A| EY 2r @O $r ;H $& J} K! [6] $H Gab or w a v elet $r ;H $& J} K! [7] $r MQ $$ $? !# W a v elet $K $h $k B? =E 2r A| EY 2r @O $H $O !" Daub ec hies w a v elet $r MQ $$ $F 2h A| $r 4 $D $N BS 0h @. J, (LL, LH, HL, HH) $K :F 5" E* $K J, 3d $9 $k J} K! $G $" $k !# $3 $N $H $- !" LL @. J, $N $_ $r :F 5" E* $K J, 3d $9 $k $b $N $r PWT (p yramid- structured w a v elet transform) !" LL @. J, $K 2C $( $F LH

@5 2r IT @5 2r 9g 7W M- 0U @- 9b 1392 (77.7%) 92 (5.1%) 1484 (82.8%) M- 0U @- Dc 185 (10.3%) 123 (6.9%) 308 (17.2%) 9g 7W 1577 (88.0%) 215 (12.0%) 1792 (100.0%) @5 2r IT @5 2r 9g 7W M- 0U @- 9b 1544 (86.2%) 177 (9.9%) 1721 (96.0%) M- 0U @- Dc 40 (2.2%) 31 (1.7%) 71 (4.0%) 9g 7W 1584 (88.4%) 208 (11.6%) 1792 (100.0%) @5 2r IT @5 2r 9g 7W M- 0U @- 9b 1462 (81.6%) 132 (7.4%) 1594 (89.0%) M- 0U @- Dc 134 (7.5%) 64 (3.6%) 198 (11.0%) 9g 7W 1596 (89.1%) 196 (10.9%) 1792 (100.0%) (a) Gab or w a v elet (b) PWT (c) TWT I= 1 C5 :w 7k 2L $N J, 3d I= ( M- 0U @- $N 9b Dc vs 7k 2L $N @5 8m ) (a) Gab or w a v elet (b) PWT (c) TWT ?^ 6 8! :w @: EY (All NN: A4 $F $N :G 6a @\ E@ $r BP >] $H $7 $? $H $- !" Sig. NN: M- 0U @- $N 9b $$ :G 6a @\ E@ $N $_ $r BP >] $H $7 $? $H $- !" Insig. NN: M- 0U @- $N Dc $$ :G 6a @\ E@ $N $_ $r BP >] $H $7 $? $H $- ) $H HL @. J, $b :F 5" E* $K J, 3d $9 $k $b $N $r TWT (tree- structured w a v elet transform) $H 8F $V !# 3F %l %Y %k $N 3F BS 0h @. J, $K $* $1 $k %Q %o !< !J ?. 9f $N @d BP CM $N OB !K $H $= $N I8 =‘ JP :9 $r FC D’ NL $H $9 $k !# K\ O@ J8 $N <B 83 $G $O !" [7, 8] $K $J $i $C $F !" 3 %l %Y %k $^ $G :F 5" E* $K J, 3d $7 $? !# $3 $l $K $h $j !" PWT $G $O !" 3 � 4 � 2 = 24 <! 85 $N FC D’ NL $, F@ $i $l !" TWT $G $O !" (1 + 3 + 9) � 4 � 2 = 104 <! 85 $N FC D’ NL $, F@ $i $l $? !# 0l J} !" Gab or w a v elet $r ;H $& J} K! $H $O !" J# ?t J} 8~ $+ $D J# ?t %9 %1 !< %k $N Gab or w a v elet $K $h $C $F J# ?t $N BS 0h @. J, $r 5a $a $k J} K! $G $" $k !# $= $7 $F !" PWT $d TWT $H F1 MM $K !" 3F BS 0h @. J, $K $* $1 $k %Q %o !< !J ?. 9f $N @d BP CM $N OB !K $H $= $N I8 =‘ JP :9 $r FC D’ NL $H $9 $k !# K\ O@ J8 $N <B 83 $G $O !" [7, 8] $K => $C $F !" 6 J} 8~ 4 %9 %1 !< %k !" 7W 24 <o N‘ $N Gab or w a v elet $r ;H MQ $7 $? !# $3 $l $K $h $j !" 48 <! 85 $N FC D’ NL $, F@ $i $l $? !# FC D’ NL %Y %/ %H %k 4V $N 5w N% $O !" @5 5, 2= $5 $l $? %f !< %/ %j %C %I 5w N% $r MQ $$ $? !# $9 $J $o $A !" <! 85 $4 $H $K %G !< %? A4 BN $G $N I8 =‘ JP :9 $r 5a $a !" $= $l $i $N CM $G @5 5, 2= $7 $? 8e $K %f !< %/ %j %C %I 5w N% $r 7W ;; $7 $? !# $9 $Y $F $N 2h A| $r <A Ld 2h A| $H $7 $F :G 6a @\ E@ C5 :w $r <B 9T $7 !" C5 :w 7k 2L $H $7 $F F@ $i $l $? :G 6a @\ E@ !J :G $b 6a $$ #1 E@ $N $_ !K $r C5 :w 7k 2L $H $7 !" $= $N @5 8m $H M- 0U @- $r D4 $Y $? !# M- 0U @- $N H= Dj $K $D $$ $F $O !" 3 @a $N J} K! $r ;H $$ !" :G 6a @\ E@ $^ $G $N 5w N% $N 1.84 G\ $N HO 0O $K 48 8D 0J >e $N E@ $, $" $l $P M- 0U @- $, Dc $$ $H H= Dj $7 $? !# C5 :w 7k 2L $N Nc $r ?^ 5 $K <( $9 !# $3 $N ?^ $G $O !" ;2 9M $N $? $a $K !" :G 6a @\ E@ $N $_ $J $i $: !" 5 HV $a $K 6a $$ E@ $^ $G ?^ <( $7 $F $$ $k !# ?^ 5(a) $O !" R p $K $h $C $F 7h $^ $k 6a K5 NN 0h $K !" E@ $, #1 $D $7 $+ B8 :_ $7 $J $$ >l 9g !J $9 $J $o $A !" :G 6a @\ E@ $N $_ $7 $+ B8 :_ $7 $J $$ >l 9g !K $N Nc $G $" $k !# 2 HV $a 0J 9_ $N E@ $K Hf $Y $F !" :G 6a @\ E@ $, Ht $S H4 $1 $F 6a $$ $3 $H $, $o $+ $k !# 0l J} !" ?^ 5(b) $O !" 6a K5 NN 0h $K 1164 8D $N E@ $, B8 :_ $9 $k >l 9g $N Nc $G $" $k !# 5w N% $N Aj BP E* $J :9 $, >. $5 $/ !" $I $s $0 $j $N GX Hf $Y $K $J $C $F $7 $^ $C $F $$ $k $3 $H $, $o $+ $k !# 4.2 :G 6a @\ E@ $N M- 0U @- $H 7k 2L $N @5 8m $N Aj 4X :G 6a @\ E@ $N M- 0U @- $H 2h A| FC D’ NL $N N‘ ;w @- $H $N 4V $K $I $N $h $& $J 4X 78 $, $" $k $+ D4 $Y $k $? $a $K !" M- 0U @- $N 9b Dc $H 7k 2L $N @5 8m $K 4X $9 $k J, 3d I= !J Fs $D $N B0 @- $+ $i @. $k ;v >] $K $D $$ $F EY ?t $r <( $7 $? I= !K $r :n @. $7 $? !J I= 1 !K !# $9 $Y $F $N 2h A| $r <A Ld 2h A| $H $7 $F :G 6a @\ E@ C5 :w $r <B 9T $7 $? $N $G !" EY ?t $N 9g 7W $O !" 2h A| $N ?t $H F1 $8 1792 $K $J $C $F $$ $k !# $^ $: !" $3 $N I= $+ $i $o $+ $k $3 $H $O !" $$ $: $l $N FC D’ NL $b 8! :w @: EY $, 9b $$ $3 $H $G $" $k !# M- 0U @- $N 9b Dc $K 94 $i $: A4 BN $H $7 $F 8+ $? >l 9g !" <B 9T $7 $? C5 :w $N $& $A Gab or $G 88.0% !" PWT $G 88.4% !" TWT $G 89.1% $, @5 2r $G $" $k !# $= $7 $F !" $= $N Fb Lu $r 8+ $k $H !" Bg It J, $, !" M- 0U @- $N 9b $$ >l 9g $H $J $C $F $$ $k !# Gab or $G $O !" 1577 $N $& $A $N 1392 (88.3%) $, M- 0U @- $N 9b $$ >l 9g $G $" $j !" PWT $G $O !" 1584 $N $& $A $N 1544 (97.4%) !" TWT $G $O 1596 $N $& $A $N 1462 (91.6%) $, M- 0U @- $N 9b $$ >l 9g $H $J $C $F $$ $k !# $3 $N $3 $H $+ $i !" @5 $7 $$ 7k 2L $, F@ $i $l $k $H $- $K $O !" 9b $$ 3N N( $G !" :G 6a @\ E@ $N M- 0U @- $b 9b $/ $J $C $F $$ $k $3 $H $, $o $+ $k !# $3 $N ;v <B $O !" 7k 2L $N @5 8m $H :G 6a @\ E@ $N M- 0U @- $H $N 4V $K @5 $N Aj 4X $, $" $k $3 $H $r 0U L# $9 $k !# $= $3 $G !" C5 :w 7k 2L $r M- 0U @- $, 9b $$ >l 9g $H M- 0U @- $, Dc $$ >l 9g $H $K J, 3d $7 !" $= $l $> $l $K $D $$ $F $N 8! :w @: EY $r 7W ;; $7 $? !J ?^ 6 !K !# $3 $N ?^ $+ $i L@ $i $+ $J $h $& $K !" :G 6a @\ E@ $N M- 0U @- $, Dc $$ >l 9g $K $O !" 8! :w @: EY $, Bg $- $/ 2< $, $C $F $7 $^ $C $F $$ $k $3 $H $, $o $+ $k !# 5U $K !" :G 6a @\ E@ $N M- 0U @- $, 9b $$ >l 9g $K $O !" A4 $F $N C5 :w 7k 2L $r BP >] $H $7 $? >l 9g $h $j $b !" <c 43 $G $O $" $k $, 8! :w @: EY $, 8~

(a) Gab or w a v elet (b) PWT (c) TWT ?^ 7 6a K5 NN 0h $K B8 :_ $9 $k E@ $N ?t $K 1~ $8 $F C5 :w 7k 2L $r J, N‘ $7 $? $H $- $N EY ?t J, I[ $H 8! :w @: EY >e $7 $F $$ $k !# $3 $N $3 $H $+ $i $b !" 7k 2L $N @5 8m $H :G 6a @\ E@ $N M- 0U @- $H $N 4V $K @5 $N Aj 4X $, $" $k $3 $H $, $o $+ $k !# 4.3 6a K5 NN 0h $N E@ $N ?t $H 7k 2L $N @5 8m $N Aj 4X Dj 5A 1 $G $O !" 6a K5 NN 0h $K B8 :_ $9 $k E@ $N ?t $, B? $$ $[ $I !" :G 6a @\ E@ $N M- 0U @- $, Dc $$ $H 8+ Pv $7 $F $$ $k !# $= $3 $G !" $3 $N J} K! $, BE Ev $J $b $N $G $" $k $+ $I $& $+ $r 8! >Z $9 $k $? $a $K !" 6a K5 NN 0h $K B8 :_ $9 $k E@ $N ?t $K $h $C $F C5 :w 7k 2L $r 6h J, $7 !" $= $l $> $l $K $D $$ $F $N EY ?t $H 8! :w @: EY $r 5a $a $? !J ?^ 7 !K !# $^ $: !" Cm L\ $9 $Y $- $3 $H $O !" 6a K5 NN 0h $K B8 :_ $9 $k E@ $N ?t $K !" Bg $- $J JQ F0 $, 8+ $i $l $k $3 $H $G $" $k !# :G $b >/ $J $$ $N $O !" :G 6a @\ E@ $N $_ $, B8 :_ $9 $k >l 9g $G $" $j !" E@ $N ?t $H $7 $F $O #1 $G $" $k !# 0l J} !" 2h A| $N ?t $, 1792 $G $" $k $K $b 94 $i $: !" 1000 8D 0J >e $N E@ $, 6a K5 NN 0h $K B8 :_ $9 $k %1 !< %9 $b B8 :_ $9 $k !# Nc $( $P !" TWT $N >l 9g !" :G $b B? $+ $C $? $N $O 1164 8D $G $" $C $? !J ?^ 5(b) !K !# $3 $N $h $& $K !" 6a K5 NN 0h $N E@ $N ?t $O !" <A Ld 2h A| $K $h $C $F Bg $- $J JQ F0 $r 8+ $; $k $3 $H $, $o $+ $k !# $5 $i $K !" 8! :w @: EY $K $D $$ $F 8+ $k $H !" 6a K5 NN 0h $N E@ $N ?t $, B? $/ $J $k $[ $I !" 8! :w @: EY $, 2< $, $C $F $$ $k $3 $H $, $o $+ $k !# $3 $l $O !" :G 6a @\ E@ $N M- 0U @- $, Dc $$ $[ $I 8! :w @: EY $b 2< $, $k $3 $H $r <( $7 $F $* $j !" $3 $N 7k 2L $b $^ $? !" C5 :w 7k 2L $N @5 8m $H :G 6a @\ E@ $N M- 0U @- $H $N 4V $K @5 $N Aj 4X $, $" $k $3 $H $r <( $7 $F $$ $k !# 5 $‘ $9 $S K\ O@ J8 $G $O !" 9b <! 85 6u 4V $K $* $1 $k :G 6a @\ E@ $N M- 0U @- $K Ce L\ $7 !" M- 0U @- $N 9b Dc $H 2h A| $N N‘ ;w @- $H $N 4V $K $I $N $h $& $J Aj 4X $, $" $k $N $+ Dj NL E* $J I> 2A $r 9T $C $? !# %F %/ %9 %A %c $N N‘ ;w 8! :w $r Nc $H $7 $F <B 83 $r 9T $C $? 7k 2L !" :G 6a @\ E@ $N M- 0U @- $H 2h A| $N N‘ ;w @- $K $O @5 $N Aj 4X $, $" $j !" :G 6a @\ E@ $N M- 0U @- $, 9b $$ $[ $I !" 8! :w 7k 2L $N @: EY $b 9b $/ !" 5U $K !" :G 6a @\ E@ $N M- 0U @- $, Dc $$ $[ $I !" @: EY $b Dc $$ $3 $H $, L@ $i $+ $K $J $C $? !# :G 6a @\ E@ $N M- 0U @- $H 2h A| $N N‘ ;w @- $K Aj 4X $, $" $k >l 9g !" 8! :w 7k 2L $, $I $l $[ $I N‘ ;w $7 $F $$ $k $N $+ $r :G 6a @\ E@ $N M- 0U @- $K 4p $E $$ $F I> 2A $9 $k $3 $H $, 2D G= $K $J $k !# K\ O@ J8 $N <B 83 7k 2L $O !" $= $N 2D G= @- $r ;Y ;} $9 $k 7k 2L $H $J $C $F $$ $k !# <U <- K\ 8& 5f $N 0l It $O !" J8 It >J AO @. E* 4p AC 8& 5f Hq !J 09NP1401 !K !" $* $h $S !" J8 It >J 2J 3X 8& 5f Hq Jd =u 6b !J >) Ne 12780251 !K $N Jd =u $r <u $1 $? !# ;2 9M J8 8% [1] JR ;3 5* @8 !$ :4 F# ?? 0l !$ \SR-T ree: 9b <! 85 E@ %G !< %? $K BP $9 $k :G 6a @\ 8! :w $N $? $a $N %$ %s %G %C %/ %9 9= B$ $N Ds 0F !$ " ?. 3X O@ !J D-I !K !$ v ol.J80-D-I !$ no.8 !$ pp.703{717 !$ Aug. 1997 !% [2] K. S. Bey er, J. Goldstein, R. Ramakrishnan, and U. Shaft, \When Is \Nearest Neigh b or" Meaningful?, " Pro c. of the 7th In t. Conf. on Database Theory , Jerusalem, Israel, pp.217{235, Jan. 1999. [3] JR ;3 5* @8 , :4 F# ?? 0l , \ :G 6a @\ E@ $N M- 0U @- $N I> 2A $K $h $k %^ %k %A %a %G %# %" >p Js $N 8z N( E* $J 8! :w K! ," EE ;R >p Js DL ?. 3X 2q 5; =Q 8& 5f Js 9p , DE2000-83, 2000. [4] K. F ukunaga, \In tro duction to Statistical P attern Recognition (2nd ed.)," Academic Press, 1990. [5] J. Mao and A. K. Jain, \T exture Classi�cation and Segmen tation Using Multiresolution Sim ultane- ous Autoregressiv e Mo dels," P attern Recognition, v ol.25, no.2, pp.173{188, 1992. [6] T. Chang and C.-C. Ja y Kuo, \T exture Analysis and Classi�cation with T ree-Structured W a v elet T rans- form," IEEE T rans. on Image Pro cessing, v ol.2, no.4, pp.429{441, Oct. 1993. [7] B. S. Manjunath and W.-Y. Ma, \T exture F eatures for Bro wsing and Retriev al of Image Data," IEEE T rans. on P attern Analysis and Mac hine In telligence, v ol.18, no.8, pp.837{842, Aug. 1996. [8] W.-Y. Ma and H. J. Zhang, \Benc hmarking of Image F eatures for Con ten t-based Retriev al," Pro c. of the 1998 32nd Asilomar Conference on Signals, Systems & Computers, P art 1 (of 2), Mon terey , USA, pp.253{ 257, No v. 1998. [9] P . Bro datz, \T extures: A Photographic Album for Artists and Designers," Do v er Publications, Inc., 1966 (republication in 1999).