
!

!

!"#$%&' !"()*+,-./01#

!"!#!!"#$%$ %!!&'!$ ()!*+!!"#$%!
!!"#$"%&"'"

!"#$%&'()#(*%"%(+&,-.&/0&'(1-2*-3%&451%-2&6#2%1&-(&7%%3&8%#.(5($&

!"#$#%&!'!
!"
#!"#$"%$(% % )#*+,%-!.!/0

!
(% % 12,,34,%506167

!"
#!"#$"%$%

!%&'()*+&,*"-."/,.-)+(*0-,"120&,2&3"4-5(670,"8,09&):0*;"

!!"#$"!#$%&'()*+,-./'0123,4567&'89(:;<=>?@ABC*D&'EFGHIJ1KL,MN/OPI@QRSGTUN#$%&'VAB,W&'XYZ,O/[\]^N_`19,abRS5BCc:W#$%&'1d'efg?h.iB67 "#jkZ1#$%lmn,*o.p6C"##$%lmn(Hq1rstuvwsNxy/1z{g|}~B67WHqgEF��@��]^VAF&'XYZg��B��@��R}B���.pS5BCR�RW"# #$%lmn(��EFG����Z,�/W��t���Nx�91Q�@���l�g��@� iB��,¡XVABC¢�V£¤¥V( "##$%¦k@QR§¨©ªg«~��VW���l�� i,a¬VA®SG¯�sg}°pBE±¦kg²³~B&´gµ¶~BC·6Wµ¶&´1¸^g¹º»~B67¼�½¾¿À@EF&'VÁU.pB���1$Â¸�ÃÄÅ@EBÆrÇ»@È5S½¾R6C¿À1ÉÊWÃÄÅ1<Ë@EBÆrÇ»,ÌÍ°pW���gEFÎ�ÏV$ÂVwB��gÐÂR6C!%&'&(Ñ"##$%lmnW�ÒÓÔWO¯�»WÃÄÅÕÖ!

!"#$$%&'(!$%&'()!*+!(,-*./*01/!.%)2()3!4)(,-.!%056)-!'(/6%.(!47(!0*.4*0()6418(!)(/*8()3!1.!+6.4!6,-!47(!0641(,4!/6,!'(!

-1./76)2(-! 1&&(-164(93:!;947*%27!(,-*./*01/!.%)2()3! 1.! 9(..!'%)-(,!*,!0641(,4.! 476,!*0(,!.%)2()3<! 14.!-1++1/%943! 1.!7127!+*)!

%,.=199(-! -*/4*).:! >(/(,493<! 6,! "#! )(.*9%41*,! (,-*./*0(! /6&()6! 76.! '((,! -(8(9*0(-! 4*! 1&0)*8(! 47(! 4(/7,1/69! 9(8(9! *+!

(,-*./*01/! .%)2()3:!;,!"#!(,-*./*0(!/6&()6! 1.!(?0(/4(-! 4*! )(-%/(! 47(!-1++1/%943!*+! .%)2()3!'(/6%.(! 14! /6,!*'461,!6! 9*4!*+!

1,+*)&641*,! 6'*%4! 4(?4%)(! 6,-! -(047! *+! 47(! *)26,:!@*5(8()<! 6,! "#! (,-*./*0(! /6&()6! 76.! 6! .7699*5()! -(047! *+! +1(9-! 476,!

4)6-141*,69!/6&()6.<!6,-!14! 1.!-1++1/%94! 4*!.1&%946,(*%.93!+*/%.!*,!&%94109(!*'A(/4.!.%/7!6.!'9**-!8(..(9.!6,-!.%4%)(.:!B,! 471.!

060()<! 47(!&(47*-!571/7!&6=(.! "#!(,-*./*01/! 81-(*.!5147! 1,.%++1/1(,4! +*/%.1,2! .76)0! 1.! 0)*0*.(-:!;,-! 47(,<! 1,! *)-()! 4*!

C%6,41+3!47(!0()+*)&6,/(!*+!47(!0)*0*.(-!&(47*-<!47(!81.1'19143!*+!.%4%)(.!%.(-!1,!.%)2()3!6,-!47(!1&62(!C%69143!-(2)6-641*,!

-%(! 4*! ,*1.(! 5()(! (869%64(-! '3! .%'A(/418(! 6..(..&(,4.:! ;.! 6! )(.%94! *+! 47(! (?0()1&(,4.<! 14! 1.! .7*5,! 4764! 1&62(! C%69143!

-(2)6-641*,!56.!68*1-(-<!6,-!4764!.%4%)(.!/*%9-!'(!+*%,-!1,!6!.7*)4()!41&(:!

)*'+,&-.D!"#!(,-*./*0(!/6&()6.<!-((0!9(6),1,2<!1&62(!(,76,/(&(,4<!,*1.(!)(-%/41*,!

%

!"# !"#$#

!"#$%&'()*+,-./0123456'7801*9:23456;<=>?@AB 83$$CDE234FGHIJK0LMNOP?Q0RSTB!>IUV0)'E-.IWX:@=56YZ[\@]'^S_6`$ab'c*BdL!"<ce?fg'hi;j9:klm'nopq;<rs'()*kl"?t0123456$uvw'exST1*9 #$":0D0L23456;<MNOP?Q0RSTBQyIz?-.Ind9BdL56{|}'k_~�h

i)��$�'��01*9 %$":%��L23456$�6��I��S�9Bd 9: 234���'@�STB &$":9: 234���<��F��I��YZ[k*�y};���9�/;L!>$��F�W��) $¡¢I~��?£¤�9:¥¦�'k*Qy<56$§-wI��S�9BdLYZ¨©)56/01 9: 23456'exST1*9:ªBL��$6';<:234���<!>IUV�9Bdt«?�¬_®'j¯B:�T<234/°$±$�.�²/'³´�9µT'jZL��I¶·S�9¸¹º'j9:0D0L9:#/�y}'��0B�

               ��-- 	�����
������� --

293

The Journal of the Institute of Image Electronics Engineers of Japan Vol.49 No.4 �2020�



!

!

/;»H¼P½?Y¯1!>I¾¿?Q0R�9BdL234���IÀD�®'Á_L��¶·$¸¹º'Â(�9/exST1*9:��YZ[ÃÄw'j9 9: 234���;j9'LÅvm//[?ÆÇP�¹ÈÉ�'ÊB)ËÌ/01ÍÎm0B:9: 234���$�yÏH<��$
6';<:�y}YZ[ÐÏjBZ$ÎÑ'^S_LÒÏH?KÓ�9ÔÕ'()*:YZÖ_$ÔI�yÏH?×d9Bd
9:234���;<ØZI@_'L°$ÙÚ/01ÛÜÝÞ}'ß_)9:�$BdÆÇP�¹I��?ÈÉ�B¦ÈL23456;v*9àá =>=?$$ âã$äÈå< 9: q�$�y�'æETç3èw'é*:°�;qêë;< 9: 234Qy$ìí)kîïðñIòó�9�/;LÆÇP�¹ÈÉ�'�ôñ;j¯1[äÈåIk¾¿m�95õI£ö�9:%

$"# %&'(#

ÐyFQyIk¾¿m�95õ/01÷�y�6'øù�9:÷�y<úÐy$ûüý¹þîï�I÷ÿ9kîï�ðñI!ð�9�6;jZÐy$"#I$%?�9:*_&D$÷�y�6'£öST1*9 '$(")$"'L*çT[¸'(Oü½;)*�9�/'+{;j¯B:,-L./0;$'12345PþI67/0B89ð:÷�y *$"F;<=÷�y +$"<¸'(Oü½;>!hi;j9:89ð:÷�y<!�$Æ/P½DEÛÜr'Q9ÐÏI"42¸4#�9�/;k¾¿mIWX:ÛÜrI$%?��0BÆ/P½'øù�T$k¾¿)QyIæET9'LäÈå?ÆÇP�¹'È¯1*)* 9: 234Qy#$%v<+{;j9:,-;L;<=÷�y< 8&$Æ/P½?t01)*hi;jZL9:234Qy$k¾¿m5õ/01['(STB ,$":0D0L;<=÷�y?<kîïðñ;j9)ü¼$*+',XBdLäÈåI$%?0B'-.?Ð�'/m010ª¯B:°�;01E<)ü¼2Â5õ$,&;j9 /@ABC% DBE,BA,@*õI 9:234Qy?%v0B -$":/@ABC%DBE,BA,@*õ<KsÐy$314ðñI560&&Ðy$/m78I9:�9BdL$%))ü¼2ÂÐy'ex;�9:0D0L;Wêë?<*1)*`$ÐyI=>0BÙÚL��ÍÎ�;<)ü¼2Â?Ú'@ETB'L)*?,*�!0B'P.AÆBºþ'äÈåI,>CDS�1*B:%

%"# )*'(#

äÈåF��<~��'56E?F3�9G®)®Ï;jZLCDS�ç?QyI)ü¼2Â8Hk¾¿m�9®'j9:°�;£ö5õ;<)ü¼2ÂF÷�y�6;k*¾}I6&NIP�(J1þKPº #.$"?L)ü¼$LMINOS�9�/IPQB:�T?YZ)ü¼/°$±$kîïðñ'RSSTL��5õ -$"YZ['P.AÆBºþ'()*TU;L9:234Qy$kîïðñIòó�9�/';�B:%

"#$! %&!"#$%&'()!

Qy?�!�9)ü¼<,V?WXY'4)ü¼/01MZ(mST9�/'Ö* ##$":0D0L9: 234Qy?<WXY'4)ü¼/<LM'[)9)ü¼'�!01*9:%* $FBG?\� 9: 234QyDE]^$_`I\ZaZLb}ðñ$cR0BÙÚId 8FHG?\�:cR0BÐy?F6�9/L9:234Qy?<eZÈXÐÏ/fg�9YX))ü¼'�!01*9�/'ÉD9:,-;L* '?\�WXY'4)ü¼<Ðy2;hT/)¯1iT1<ZLd 8FHG$)ü¼/LM'[)9�/'ÉD9:qêë;< 9: 234Qy?�!�9)ü¼/-jLMINOS�9BdL* "?\�kP¸4)ü¼ #%$"Ilv�9:kP¸4)ü¼<34mIPO#�ÆA1º¹?<*1.º¹no!ð) ?lvST95õ;jZLd 8FHG$)ü¼/LM'p1�qr?fg01*9:stÅu?<*1kP¸4)ü¼INO?v*BÙÚL9:234Qy?t�9)ü¼2Â?Ú'vè;�B:Ðy?t�9kP¸4)ü¼$wx<yF8G;ÍST9:%

!"# !$% " &"# !$%# '$# !$%" #<$

'"# !$% " ()
!
& *$+

!
% ',-

!
$# !$%

"

!#$

! .( /(()
!
" )

"

!#$

#=$

yE$!$# !$%<)ü¼zKÐyL&$# !$%<úÐyIÍ�:
'$# !$%<yF?G?�*!ðSTBkP¸4)ü¼;j9:kP¸4)ü¼$!ð;<!�$)ü¼IÈð�9:yE$
,-

!
$# !$%<{�|qñ}?�¯B)ü¼;jZLúÐy/"ü¼'-j/)9YX?!ðST1*9:kP¸4)ü¼<

%

#($"1(+'>&"-."?4"&,@-:2-'02"90@&-:! #A$"B,"-227))&@",-0:&!

! !( ?4)*+,-./012345678"

"#$%&" " CD&",-0:&"-227))&@"0,"?4"&,@-:2-'02"90@&-:!

!

! #( 9:;<=345" ! $( >?@=345"

"#$%' " " E(7::0(,",-0:&" "#$%( " " F&)>0,",-0:&!

%

294

The Journal of the Institute of Image Electronics Engineers of Japan Vol.49 No.4 �2020�



!

!

I~$)ü¼IÈ> 8;j90
!
?Y¯1xG���9�/;!ðST9:��mST9Ò)ü¼?<WXY'4ÆA(O

*$+
!
%'�Q�ªTL)ü¼��$¹�P(I�mS�1*9:£ö5õ;<âã$k��PO0

$
" *(+L0

%
" *()L+

!
" *(,L

+
%
" *(-?YZLkP¸4)ü¼I!ð�9:%

"#'! +,-.!

ÆÇP�¹ÈÉ�'�ôñ) 9: 234Qy?<�$%)��FäÈå'Q0RST1*9:£ö5õ;< 9: 234Qy$ÒÆ/P½Ðy�9:234Ðy�?t0L)ü¼2Â)*8Hk¾¿m)*I���/;L)ü¼I*+�ç?äÈåF��) I$%?�9:£ö5õ$�®I* <?\�:��;Ks<)ü¼I���Ðy&
!&
LE�Rs<)ü¼2Â`$Ðy&

'!(()*
LRs<äÈå'òóSTBÐy&

+,-
;j9:£ö5õ< ?&$NIP�(J1þKPº?Y¯19ðSTLKsÐy?t0)ü¼2Â)*IW¯B`Lk¾¿m)*I��:�TEJ1þKPº<���9)ü¼$LMFòó�9Ðy$kîïðñI��?ÐyZPO�1þDENO�9®'j9:0D0)'EL9:234Ðy$k¾¿mI67/0BÐyZPO�1þ<øù0)*:°�;LÊB?ÐyZPO�1þI�ð0L? &$NIP�(J1þKPºINOS�9-õ?&*1�%�9:%£ö5õ;< ?&$NIP�(J1þKPºINOS�9BdLd <$KsÐy&

!&
LE�Ðy&

'!(()*
LRsÐy&

+,-
?t��9 J&$ÐyIv��9®'j9:�TENOvZPO�1þIÊB?�ð�9BdLqêë;<Ðy?t0)ü¼wx/kîïðñ$*+IWX:NOvZPO�1þ$�ð?<'7K?:ZPO�1þ #&$"Iv*9:'7K?:ZPO�1þ< 9==&$��ÐyDE9ðST1*9:�d?ZPO�1þ2$ÐyDE"ü¼ 8<<�8<< $k1nÐyI�4�½?cR�9:�?Lk1nÐyDEb}ðñIcR�9BdL��7)q ;j9 7/LMN% O/P=Q%

#'$"':d9yFJG?�*¡�N�]�5�¢�O�ðñDEb}ðñ�-�#/�£�9:��;cR0Bb}ðñI)ü¼$Á*Ðy/@)0E�Ðy?t��9NOZPO/�9:%

" ! ! "#$%$&"' "#(%)$# ' "#"($$$" #G$

!ð0BE�Ðy$,¤I* (?\�:d RFBG< 9: 234QyDEcR0Bk1nÐy$b}ðñ;jZLFHGSFTG<NOZPO$E�Ðy;j9:°T¥T$E�Ðy<FHGy$¦§LF3G¨©LFTGª�$«¬DEcRST1<ZLFBG$��ÍÎ�$®/LM'¯p01*9:�$YX)��ÐyIv*9�/;L9:234Ðy2$��F��IòóS�9kîïðñINOhi?�9:%�?LKsÐy?t��9NOZPOI!ð�9BdL�°0BE�Ðy?t0)ü¼Iwx�9:�$)*;<NIP�(J1þKPº? 9: 234Ðy?�!�9)ü¼$LMINOS�9BdL�±;�%0BkP¸4)ü¼Ilv%

! %( ABCD6EF"

"#$%) " " H7*>0,&"-."*D&"')-'-:&@"+&*D-@!

%

%

#($"B,"&I*)(2*&@"'(*2D"0+(5&".)-+"?4"&,@-:2-'02"90@&-:"

%

#A$"C)(0,0,5"@(*("<% #2$"C)(0,0,5"@(*("=% #@$"C)(0,0,5"@(*("G"

! &( GHI-678%

"#$%* " " 1(+'>&"-." %
!"##$%

! 0+(5&:%

!�9:²`?LRsÐy?t��9NOZPOI!ð�9BdLÐy$kîïðñI*+�9:�$*+)*;<Lªç)ü¼wx�$E�Ðy?t0WXY'4ÆA(O�+ " .�I�Q�o�/;2îïðñ$QIcR�9:°$`LcR0B2îïðñI³$E�ÐyDE´0µ_�/;Ðy$kîïðñIcR�9:�$kîïðñIE�Ðy?x!�9%�/;RsÐy?t�0BNOZPOIæ9:%

? &$NIP�(J1þKPº?)ü¼2Â/k¾¿m)*INOS�9BdL£ö5õ;<E�Ðy8HRsÐy?<*19¶ÙÚ$·´I>!�9:°T¥T$·´<�$y?�¯1¸d9:%

12..
$
" ‖/&

'!(()*
‖
%
" #J$

12..
%
" ‖/&

+,-
‖
$
0 #K$

��;yE$Z(O¹º<9¶ÙÚ/!ð0BNOvÐyZPO/$´I�»�9:E�Ðy?<A9·´<yF<G?�*L´ñ¼?t014
%
)(½I¸d9:�T< 9: 234Ðy$)ü¼2Â?½�9;Wêë -$"?<*1L4

$
)(½YZ[4

%)(½$-'?Ú7;j9�/'\STBBd;j9:,-LRsÐy?<A9·´<yFRG?�*Ĺ ñ¼?t014
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