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kmlonPp^qsrPlotulovxwzyL{:|P}~lopBlo}B•z€Gv•q^n�}~v••u‚~q^rƒlonƒw$p^•u{�„P‚•qQ}•}•qQr�…Lyoqu†Plov�lo}�rPq^}~lo‚xw�‡,yˆqsv•‰LwzvBw�nƒw�|Pr,lˆ•$Š�w�v•qQ‚•{-wz‚•‹mlonPt${'q^v~‰P•mr'lon

w:pQ•unmv•q^nmv%{-wznLw�tŒq^{'qQn•vŽ}••m}•v~q^{4‰LwznPrPyoq^}%p^•Œ{'„P‚~q^}•}~q^r�…Lyoq^}Y•%‘B}•lonPt�w�n’wz|PrPlo•:Š�w�v•qQ‚•{-wz‚•‹mlonPt${'q^v~‰P•mr-v~‰Lw�v%rPlo‚~q^p^v•yo•

{-wznPlo„P|Py“w�v~q^}”p^•u{�„P‚•q^}~}•q^r•…Lyoq^}B{�w�‹uqQ}Vlov�|PnPn,q^p^q^}~}xw�‚~•’v~•:rPq^p^•Œ{'„P‚~q^}•}%v~‰Pq%…Lyoq^}–‡Lq—€˜•u‚•qsq^{:‡LqQrPrPlonPt$•u‚Br,q^v•q^pQv•lo•un�†D}~•

{'•Œ‚•q–…Lyoq^}–p�w�n�‡Dq™„P‚~•mp^q^}•}~q^re„Dq^‚B|Pn,lˆv�v~lo{'qu•ŽšB•�Š”q^›uq^‚Y†Dlˆv�lo}–rPl•œ'p^|Pyov�v••:rPqQv•q^p^vžw�Š"wzv•q^‚~{-w�‚~‹:lon•w�p^•u{�„P‚•qQ}•}•qQr�…Lyoq

v•‰Dw�v�‰Lwz}�‡Lq^qQnƒp^•u{�„P‚•qQ}•}•qQr’wY€Gv~q^‚�v•‰,qB…Dyˆq%Š�w�}�Š�w�v~q^‚•{�w�‚•‹Œq^r�•

Ÿ

‰Plo}B„Lwz„LqQ‚B„P‚~•u„D•u}•qQ})wzn’ ƒ¡H¢Ž£¥¤–rP›uw�n,p^q^ri¤B|PrPlo•'¦”•mrPlonPtƒ§¨¤B¤B¦�©�‡,lˆv~}•v~‚•q�wz{�Š"wzv•q^‚~{-w�‚~‹mlˆn,t™{�q^v•‰P•mr�|P}~lˆn,t'w

vªŠ”•�«ªrPlo{'q^nP}~lo•unLwzyL„P}~q^|PrP•z«¬‚—w�nPr,•u{4w�‚~‚xwY•m•B­–q^v•qQp^v•lo•unilo}BrP•ŒnPqž‡m•�p^•u‚~‚•q^y“wzv•lonPt'v~‰Pq:w�‡P}~•uyo|Pv•qs›uw�yo|Pq^}–•�€Vv~‰Pqž‚•qQp^•�›uq^‚~q^r

 ƒ­%¦

Ÿ

p^•mq—œ'p^loq^nmv•}�w�nPr7v~‰Pq�„P}•qQ|PrP•�«ª‚xwznPrP•Œ{�w�‚•‚—wY•••7kRlˆn,p^qƒv•‰,qƒq^{:‡Dq^rPrPlonPtew�yotu•Œ‚•lov•‰,{�|P}•qQ}'v•‰,qƒ}xwz{'q'„,}•q^|Pr,•�«

‚xwznPrP•Œ{4›uw�yo|PqQ}%€G•u‚%vªŠ”•ƒw�r�®^wzp^q^nmvž•�›Œq^‚•y“w�„,„PlonPt�€G‚xwz{'q^}žw�n,r’v~‰Pq'rPqQv•q^p^v~lo•un¯wzyotu•u‚~lov•‰P{�}~q^yoq^p^v•}$v•‰,q'‡Dq^v•v~q^‚ž€˜‚xw�{�qžlon

v•‰,qžvªŠV•:‡m•�p^•u{�„Lw�‚~lˆn,t™rPqQv•q^p^v~q^riŠ"wzv•q^‚~{-w�‚~‹:}•v~‚•q^nPtŒv•‰P}Y†Mlov�lo}�„L•Œ}•}•lo‡Pyoqžv~•:rPq^v~q^p^vžw$Š"wzv•q^‚~{-wz‚•‹$€G‚~•u{�w$p^•u{�„P‚•q^}~}•q^r

…Lyoq$v•‰Lwzv°Š�w�}sp^•u{�„P‚•q^}~}•q^r�wW€Gv•qQ‚°v~‰Pq:Š�w�v•qQ‚•{-wz‚•‹�Š�w�}%q^{:‡Dq^rPrPq^rilon’v~‰Pq:•u‚~lotulonLw�y<|PnPp^•Œ{'„P‚~q^}•}~q^ri…Lyoqu•

Ÿ

‰,•u|PtŒ‰ƒv•‰Pq

Š�w�v•qQ‚•{-wz‚•‹%lo}>nP•uv>rPq^v~q^p^v~q^r-wz}Hp^yoq�w�‚~yo•žlonžv•‰Plo}>p�wz}•qu†mv~‰PqVŠ�w�v~q^‚•{�w�‚~‹°pYw�n:}•v~loyˆym‡Dq�rPq^v~q^p^v•qQr'q^›Œq^n:Š�‰Pq^n$v•‰Pq�Š�w�v~q^‚•{�w�‚~‹

Š�w�}�q^{:‡Dq^rPrPqQr-lon�w$p^•u{�„P‚•q^}~}•q^r•…Lyoq°w�n,r-v~‰Pq%…Lyoq–Š"wz}�v•‰Pq^n�rPq^p^•Œ{'„P‚~q^}•}~q^r�†Dv•‚~lˆ{�{'q^r<†uw�nPr�p^•u{�„P‚•qQ}•}•qQr’w�tmw�lon�•

±�²m³M´žµL¶u·>¸z¹

¤–|PrPlo•:Š"wzv•q^‚~{-wz‚•‹mlonPtL†u �¡H¢H£:†,¤B¤B¦%†mº”lˆv~}•v~‚•q�wz{’†P¦”•u{�„P‚•qQ}•}•lo•Œn

»>¼H½�¾
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¾

¦”•u{�„P‚•qQ}•}•qQre{:|P}•lopž‰Lwz}%‡Lq^pQ•u{'q${'•Œ‚•q™wznPri{'•u‚~qž„D•u„P|Py“wz‚°r,|P‚•lonPt�‚•qQp^q^nmv™•Œq�w�‚~}�•$šB•�Š”q^›Œq^‚�†<„L•Œ}•}~lˆ‡,yˆ•�‡Lq^pYw�|P}~q'|Pnm«

p^•Œ{'„P‚~q^}•}~q^rƒrPlotulov—w�yMw�|PrPlo•$lo}�}•v•loyoy�|,}•q^r�€˜•u‚”}•vxwznPrLwz‚•r’wz|PrPlo•Ä¦�­–}Y†Pyolov•v•yoq–Š"wzv•q^‚~{-w�‚~‹mlˆn,tž‚•q^}~q�w�‚~p—‰’‰Lwz}B‡Dq^q^nƒr,•unPq–€G•Œ‚

p^•Œ{'„P‚~q^}•}~q^r’w�|,rPlo•:p^•u{�„Lw�‚~q^r�v••'|,nPp^•u{�„P‚•qQ}•}•qQrÀwz|PrPlo•L†Pwzyˆv~‰P•u|,tu‰�v•‰PqQ‚•q$‰Lw�}–‡Lq^qQnÀw$yo•uv�•z€HŠ"wzv•q^‚~{-w�‚~‹mlˆn,t™‚~q^}•q�wz‚•p—‰

€G•Œ‚žÅ•¡H¢Ž£–«¬pQ•u{'„,‚•q^}~}•q^rÃlˆ{�w�tŒq^}°wznPr� ƒ¡H¢H£°«¬p^•Œ{'„P‚~q^}•}~q^r�›mlorPq^•D•'Æ�lˆv~‰ev•‰Pq:lonPpQ‚•q�wz}•lonPti„L•Œ„P|Py“w�‚~lˆvª•�•�€�p^•u{�„P‚•q^}~}•q^r

{:|P}~lˆpŒ†uv~‰Pq^‚•qslˆ}”nLwzv•|P‚—w�yoyo•'wžrPqQ{-w�n,r:€G•Œ‚VŠ�w�v~q^‚•{�w�‚•‹mlonPtžpQ•u{'„,‚•q^}~}•q^rƒw�|,rPlo•L•<Çªn'•uv~‰Pq^‚–ŠV•Œ‚•rP}Y†mlˆv”}•‰,•u|Pyor�‡Lq%„D•u}~}•lo‡Pyoq

v••:qQ{:‡Lq^riw�nPr�rPq^v~q^p^vžw�niw�|PrPlo•$Š"wzv•q^‚~{-wz‚•‹'lon�p^•Œ{'„P‚~q^}•}~q^r’w�|,rPlo•L•”Çªnƒw�rPrPlov~lˆ•Œn�†m‚••Œ‡P|P}~v•nPq^}~}™w�tmw�lonP}~v�p^•u{�„P‚•q^}~}•lo•un<†

rPq^pQ•u{'„,‚•q^}~}•lo•un�†MwznPrƒ‚•qÈ«¬p^•Œ{'„P‚~q^}•}~lo•unilˆ}–rPq^}~lˆ‚~q^r�•%š–•�ŠVq^›Œq^‚�†Élˆv–lo}BrPl•œ'p^|Pyov�v~•'‰LwznPrPyoqžp^•Œ{'„P‚~q^}•}~q^rÀwz|PrPlo•:€˜•u‚BŠ�w�v~q^‚ª«

{-wz‚•‹mlonPtB‡Dq^p�wz|P}•qsv•‰Pq–Ê•|Dw�nmv•loË�wzv•lo•un:w�nPr�v•‰Pq–p^•mrPlonPtž|P}~q^r�€G•u‚Žv•‰Pq–p^•u{�„P‚•q^}~}•lo•un�v•q^p—‰Pn,•uyo•utŒlˆqQ}Vw�yoyo•�Š�yoq^}~}”€G‚•q^qQrP•u{Ì€G•Œ‚

{-wznPlo„P|Py“w�v~lo•un�•

­–lˆv~v•{�w�nPniq^v:w�yª••Í°„P‚~•u„D•u}~q^r7w�Š"wzv•q^‚~{-wz‚•‹mlonPt�{'q^v~‰P•mrƒ€G•Œ‚™ ƒ¡H¢Ž£–«ÈÎ�¤B|PrPlo•’Ï<wY•uq^‚:Ðe§˜ ƒ¡HÐu©Q•ÒÑ

Ÿ

‰Pq'{�q^v•‰P•mr

q^{:‡Dq^rP}™wzn¯wz|PrPlo•�Š"wzv•q^‚~{-w�‚~‹’‡m•ip—‰Lw�nPtŒlonPtƒv•‰,q'„Lwzv•v•qQ‚•nP}$•�€Bv~‰Pq'}~p�w�yoq:€ªw�p^v~•u‚•}Y†Hw�nPrÃlovž‰Lw�}$w�n¯wzrP›uw�nmv—w�tuq$lonev•‰Pq

y“w�‚~tuq:p�wz„Lw�p^lovª•e•z€Blˆv~}žrLwzvxw�„LwY•myˆ•mw�r�•�Ó%•u|P‹Œ•u„D•u|Pyo•Œ}žq^v:w�yª• Ô:„P‚••Œ„L•Œ}•q^r7w�}~q^p^|P‚~lˆvª•Ãlo{'„P‚~•�›uq^{:q^nmvK€G•u‚$v•‰Plo}ž{�q^v•‰,••r<•

kmv~q^lonPq^‡Lwzpx‰,Õ'„P‚~•u„D•u}•qQr¯w�n,•uv•‰,q^‚žlo{'„P‚~•�›uq^{�q^nmv�•�€�v•‰Pq�{'q^v~‰P•mr’loniŠ�‰Plop—‰ev•‰Pq:p�wz„Lw�pQlˆvª•iŠ�w�}ž•Œ„Pv•lo{'loË^qQrƒ‡m•ƒ{-wz‹•lonPt

rPq^pQlˆ}~lo•unP}–‡Lw�}~q^r’•Œnƒv•‰,qž{-w^®È•u‚•lovª•:•z€ÖqQ›uq^ni•u‚–••r,r-}~p�w�yoqs€¬w�pQv••u‚~}�•BkRlˆn,p^q™v~‰Pqž{�w�lon'tŒ••w�yo}�•z€Öv~‰Pq^}~q:‚•q^}~q�w�‚~px‰e„,‚••�®—qQp^v•}

lonm›u•uyo›Œq^r-wz|Pv•‰PqQn•v~lop�w�v~lˆ•Œn-wznPrƒw�nPnP•Œvxwzv•lo•un�†Œ‚••Œ‡P|P}~v•nPq^}~}žw�t•wzlonP}•v”rPq^p^•Œ{'„P‚~q^}•}~lo•un�Š"wz}�nP•uv�pQ•unP}~lˆr,q^‚•q^r<•

×

q^|,‡Lw�|PqQ‚žq^vžw�y“ØÚÙ^Û°„,‚••u„D•u}~q^re‚••Œ‡P|P}~v)wz|PrPlo•:Š�w�v•qQ‚•{-wz‚•‹mlonPt:{'qQv•‰P•mrP}K€G•u‚–p^•u{�„P‚•q^}~}•q^rew�|,rPlo•L•%ÜBn,q™•z€Vv•‰Pq${-wzlon

p—‰Lw�‚—w�p^v~q^‚•lo}~v•lop^}>•�€Pv•‰,q^lo‚�p^•Œ{'„Lwzv•lo‡PyoqM€¬wz{'loyo•V•z€Lw�|PrPlo•�Š�w�v~q^‚•{�w�‚•‹mlonPt”{'q^v~‰P•mrP}Mlo}Mv•‰Lwzv�v~‰PqHŠ�w�v•qQ‚•{-wz‚•‹–p�w�nž‡DqHrPqQv•q^p^v~q^r

lon�v~‰Pqƒ|PnPpQ•u{'„,‚•q^}~}•q^r7r,•u{-wzloneŠ�‰Pq^v•‰,q^‚'v~‰Pq�Š"wzv•q^‚~{-w�‚~‹eŠ"wz}:q^{:‡Dq^rPrPq^rÝŠ�‰PqQn7v•‰Pq�p^•Œnmv•q^nmv'Š�w�}:pQ•u{'„,‚•q^}~}•q^rÝlon

 ƒ¡H¢Ž£–«ÈÎHÏ<wY•uq^‚>Þž§˜ ƒ¡HÞu©É•u‚� ƒ¡Ž¢H£–«•Ð�¤Br,›uw�nPp^qQrž¤B|Pr,lˆ•B¦”•mrPlonPtž§¨¤B¤B¦�©Q† ß••u‚�Š�‰,q^nžv•‰,qHp^•unmv~q^nmvàŠ�w�}<|PnPp^•Œ{'„P‚~q^}•}~q^r�•

Ÿ

‰Plo}%p^•unm›Œq^nPloq^nmvžp—‰Lw�‚—w�p^v~q^‚•lo}~v•lop:{-wz‹uq^}–lˆv%|Pn,nPq^p^q^}~}xwz‚••�v~•�rPq^p^•Œ{'„P‚~q^}•}™wznPri‚•q—«ªp^•u{�„P‚•qQ}•}™w�p^•Œ{'„P‚~q^}•}~q^r�w�|Pr,lˆ•�…Lyoq

€G•Œ‚žŠ"wzv•q^‚~{-wz‚•‹ƒq^{:‡Dq^rPr,lˆn,tL•:Æ�wzv•q^‚~{-w�‚~‹�q^{:‡LqQrPrPlonPt�lon�w�p^•u{�„P‚•qQ}•}•qQr¯w�|,rPlo•'…Dyˆq:lo}ž„Dq^‚Ú€G•u‚~{'q^rew�}s€G•uyoyo•�Š�}�•

Ÿ

‰Pq

{'qQv•‰P•mrƒ„P‚~q^„Lwz‚•q^}:w�n’wz|PrPlo•'Š�w�v~q^‚•{�w�‚~‹-}~lotunLwzyàlonƒv~‰Pq:v•lo{�q°r,•u{-wzlon�†LwznPr’pQ•unm›uq^‚~v•}žlov–v••�v•‰Pq:‚~q^„P‚~q^}•q^nmv—w�v•lo•Œne|P}•q^r

áuâŒã•ä˜å•æ~ã�çQâ•ä˜å•èQã�éÒêŒë“è^ã•ì%çYä˜éíè^êDî�ïMðGì%çQéÒñ“îMã•òYâuó�éˆô<õ˜öD÷ éÒø•ì$÷ ùxèYì$úuû”üuü�ã•æ—ýªý—î>þ—ÿ����^ð~þ��Œú��Yåuéíì%èYäªý˜âuãªâmì°çŒú��<ç�ì%çYäªè^ðGý˜åŒé“ú
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OrgPCM

Watermark
Embedding

Watermark
Detection

WMEmbPCM

WMDetAAC

WMDetPCM

WMEmbAAC

Uncompressed Domain

AAC-compressed Domain
AACEncAACDec

OrgAAC

(Editing)
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��>åmæ �Yè�çQñ•èQëuä˜åuéíýDömç^öPæ~ãMéíýMäªèHæ~ê•çQøuñíæ 
>çYäªæ~ã•ì°çQãªó�üuæ—äªæ—ùxä˜éíèQê%éÒêBøPèYä˜å°ä˜å•æ<ù—è�ì–öuã•æ—ýªýªæ—üBüŒè�ì%çQéÒêžç^êmüBä˜å•æÉâuêmùxèYì–öuã•æ—ýªýªæ—ü

üuèYì%ç^éÒê�ã•æ ��çQã•ü�ñíæ—ýªý”è^ë�ä˜åmæ�è^ãªé �QéÒê•çQñàüŒè�ì%çQéÒê 
>å•æ~ã•æ�ä˜å•æ 
>ç�äªæ~ã•ì%ç^ãªó$æxìKøPæxüŒü�éÒê � 
>çYýHüuèQê•æY÷

2048 4096 6144 8192 [sample]0

Trim

AACEnc

AACDec

Original
 AAC file

New
 AAC file

Trimmed

New displaced MDCT frames

Original MDCT frames
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��ƒåmæ•ê'çQê:ûVû����Œñíæ�éíýHüŒæ—ùxèYì–öuã•æ—ýªýªæ—ü'çQê•ü$ù—è�ì–öuã•æ—ýªýªæ—ü'ç �Yç^éÒêDúPä˜å•æ��������iëoã•ç�ì%æ—ýHì%ç^ò%øPæBüzéíý˜öuñíçYù—æxü�øPæxù—çQâ•ýªæ–è^ë

ä˜å•æ�æ—üzéíä˜éÒê �$ý˜â•ùªå'çYýHä˜ãªéíì%ì–éÒê �Œ÷

lon'v~‰Pqžvxwz‚•tŒq^v�p^•u{�„P‚•qQ}•}•lo•Œn'v•qQpx‰,nP•uyo•utŒ•••

Ÿ

•$p—‰Lw�nPtŒq%v•‰Pq%›uw�yo|PqQ}�•�€àv~‰Pqžw�|Pr,lˆ•D†mv•‰Pq%{�q^v•‰P•mr�‚•q^p^•�›Œq^‚•}–v•‰Pqsp^•mq—œ'p^loq^nmv•}

‚•qQ„P‚•q^}~q^nmv•lonPtiv•‰Pq:‰,•u}•v%}~lˆtŒnLw�y>‡m•ƒrPqQÊ•|Dw�nmv•loË�wzv•lo•unew�nPrirPq^pQ••r,lˆn,tL•

Ÿ

‰Pq^niv•‰Pq:„,‚•q^„Lwz‚•q^rÝw�|Pr,lˆ•�Š"wzv•q^‚~{-wz‚•‹�}•lotunDw�y>lo}

w�r,rPq^r�v~•ev•‰Pq�p^•mq—œ'p^loq^nmv•}�lonev•‰Pq�rP•Œ{-w�lon�•

Ÿ

‰Pq^nÃv•‰Pq�{'•mrPl•…LqQrep^•mq—œ'p^loq^nmv•}'wz‚•q�Êm|Lw�nmv•loË^qQr¯w�n,r�q^nPpQ••r,q^r7lonev•‰Pq

‡Plov•}~v•‚~q�w�{i•�Æ�wzv•q^‚~{-w�‚~‹™r,q^v•q^pQv•lo•un�lo}Vr,•unPq%‡m•:p^•u‚~‚•q^y“wzv•lonPt$v•‰Pq%Š�w�v•qQ‚•{-wz‚•‹$}•lotunDw�y�w�n,r'v•‰,q)wz|PrPlo•ž}~lˆtŒnLw�yDlon'v~‰Pq%v•lo{'q

rP•Œ{-w�lon'wW€Gv•q^‚�r,q^p^•u{�„P‚•qQ}•}•lo•ŒnÀ§¨l•€ànPq^qQrPq^rL©Q•
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p^•mq—œ'p^loq^nmv•}–•u‚�v•‰,q)wz‡P}••Œyo|Pv•q%›uw�yo|PqQ}�•�€àv~‰Pq™ ƒ­%¦

Ÿ

pQ••qÈœ'p^loq^nmv•}�•

�

Ÿ

•�{�w�‹uq$lovž„D•u}•}~lo‡Pyoq'v••�rPq^v•qQp^v:v•‰Pq�Š"wzv•q^‚~{-wz‚•‹ƒq^›Œq^n�Š�‰,q^n�v~‰Pq'v~‚xw�n,}ª€G•Œ‚•{�Š�lonPrP•�Š�}–€G•Œ‚™v~‰Pq-­ *

Ÿ

}ž•Œ‚žv•‰Pq

 ƒ­%¦

Ÿ
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‰Pq:q^{:‡Dq^rPr,lˆn,t•wzyotu•u‚~lov•‰P{2q^{:‡LqQrP}™w�{:|Pyov•lo„Pyoq—«ª‡PlovB{�q^}•}—w�tuq$lonev•‰Pq�p^•unmv~q^nmvž‡m•’rPlo›mlorPlonPt'lovžlonmv••�}~‰P•u‚~v™{�q^}•}—w�tuqQ}

w�n,r7q^{:‡Dq^rPrPlonPtÃq�w�p—‰ •�€™v~‰Pq^{�v~•utŒq^v•‰PqQ‚ƒŠ�lov•‰ w }••mnPp—‰P‚••ŒnPloË�w�v~lo•un }•lotunLwzy%lˆn !;:�! $'$'& (=<�>@?BA�CEDÃ§.*<lotu|P‚~qÀÞŒ©^•

Ÿ

‰Pq

}••mnPp—‰P‚~•unPloË�wzv•lo•un�}•lotunDw�yª†uŠ�‰,lˆp—‰�lˆ}ŽrPq^nP•Œv•q^r�‡m•;FÒk#Fulon�v•‰PqK…Ltu|P‚~qu†Plo}�w�n'wzrPrPlov•lo•unDw�yD‡PlovHŠ�‰P•u}~q%›uw�yo|Pq�lo}"wzyoŠ"wY•m}BÎŒ•

Ÿ

‰Pq

„Lwzv•v•qQ‚•n:‡Pyo•mp—‹žlo}àr,q—…LnPq^r'wz}HwBvªŠ”•�«ªrPlo{'qQnP}•lo•unDw�yu}~q^tu{�q^nmv•q^r:w�‚~q�w–lon™v~‰Pq�v•lo{'qÈ«G€G‚~q^Êm|Pq^nPpQ•ž„Py“w�nPq”•�€Dv•‰Pq�p^•Œnmv•q^nmv�†ŒŠ�‰Plop—‰

lo}Bp^•ŒnP}•v~‚•|PpQv•q^ri€G‚~•u{ q^lov•‰PqQ‚°v~‰Pqž}~q^Êm|Pq^nPp^q�•�€Hv•‰,qž}•‰P•Œ‚•vÚ«¬v~q^‚•{ ­3*

Ÿ

}–•u‚Bv~‰Pq$‚•q^p^•�›Œq^‚••�•�€Hv•‰Pq: ƒ­%¦

Ÿ

p^•mq—œ'p^loq^nmv•}%lon

v•‰,q°¤–¤B¦7‡,lˆv~}•v~‚•q�wz{’•>¤U„Lwzv•v•qQ‚•n�‡Pyo•mpx‹�lo}”€G|P‚•v~‰Pq^‚�rPlo›mlorPq^r�lonmv•• $HGI?�&=J^•

Ÿ

‰Pqžv~lˆyoq^}”lon�‚••�Š lˆ}”p�wzyˆyoq^rƒwKJ=LM>�>
!�<1NŒ•

¤Ý„P}•q^|,rP•�«ª‚xwznPrP•u{Ìnm|P{:‡LqQ‚�lo}>}•q^yoq^p^v~q^r:p^•Œ‚•‚•qQ}•„D•unPrPlonPtsv••%q�w�p—‰$v•loyoqu•<ÆeqHrPq^nP•Œv•q�v~‰PqV›uwzyo|PqH•�€Mv•‰,qV„P}~q^|PrP•z«¬‚—w�nPr,•u{

nm|P{:‡Dq^‚Bw�}~}•lotunPqQrƒv••:v~‰Pqžv•loyoqžw�v�v~‰PqPO~«ªv•‰ƒ}~|P‡P‡LwznPr�lon-v~‰Pq7Qª«¬v~‰'€˜‚xw�{�qB‡m•SRUTWV X�†,Š�‰Plop—‰ƒlo}ZY™Î%•Œ‚�«^Îu•ŽÆeq)wzyo}••:rPq^n,•uv•q

v•‰,q�›uw�yo|Pq�•�€Mv•‰,q�‡PlovVw�}~}•lotunPqQr:v••žv~‰Pq�v•loyoq�‡m•P[\TWV X�†�Š�‰,lˆp—‰:lo}BÎ”•u‚^]P•

Ÿ

‰PqB›uwzyˆ|,q^}>•�€Mv•‰Pq–„P}•q^|,rP•�«ª‚xwznPrP•u{ nm|P{:‡Dq^‚•}HwznPr

v•‰,q°v~loyˆqžwz}•}•lotŒnP{'q^nmv~}V•z€àv•‰,qž‡Plov•}Bwz‚•q%rPq^v~q^‚•{�lˆn,q^r�‡••�wž}~•m{'{'qQv•‚•lop�‹Œq^•'}~‰Lw�‚~q^rƒ‡m•'v~‰Pq%q^{:‡LqQrPq^‚Bw�n,r-v~‰PqžrPqQv•q^p^v~•u‚Y•

%'&)(*&I%#&�_a`

²m¶36

.1bUbUc

2edgfÉ¶

.1h

²P¸

¤Ýv•loyoqHp^•ŒnP}•lo}•v~}H•�€D€G•Œ|P‚�p^•ŒnP}•qQp^|Pv•lo›Œq”€G‚xwz{'q^}<•�€Mq^lov•‰Pq^‚H­ *

Ÿ

}>•u‚H ƒ­%¦

Ÿ

}�•<Çªn™qYw�p—‰$€G•u|,‚àw�rY®^w�p^qQn•v<€G‚—w�{�q^}�†Yv•‰,q�•u„P„D•u}~lˆv~q

}•lotŒnP}™w�‚~q:|P}•qQri€G•u‚%v•‰,q$…L‚•}~v™vªŠ”•�€G‚xwz{'q^}%w�nPrev~‰Pq:y“w�}•v%vªŠ”•�€G‚xwz{'q^}%•�€�v•‰,q$€G•u|P‚–€G‚—w�{�q^}:§.*<lotu|P‚~qÄÞzp�©^•�¢Hw�p—‰i•�€�v•‰Pq

€G‚—w�{'qQ}ž•�›uq^‚~y“w�„P}žv~‰Pq-wzr�®^wzp^q^nmv%€G‚—w�{'qQ}ž‡m•Àw�‰Dw�y•€BŠ�lonPrP•�Š wz}™loyoyo|P}•v~‚xwzv•q^relon

�

•�Çªnev•‰Pq�…Ltu|,‚•qu†>v~‰Pq�rP•u|P‡,yˆqÈ«¬p^lo‚~p^yoq^r

q^{:‡Dq^rPrPlonPts€G‚—w�{'qQ}"wz‚•q%v•‰Pqs‡Lq^tŒlonPnPlonPtu}�•z€àv~‰Pqžv•loyoq^}Y•

Ÿ

‰Pq%}•lotunP}�lon�v•‰,q°pQlˆ‚~p^yoq^}°wz‚•qžq /Rwz{'„Pyoq^}”•�€>v•‰Pqs}•lotunP}�|,}•q^rƒlon�w

}•|,‡P‡Lw�n,r'€˜•u‚�q�wzpx‰�•z€àv•‰,q%€G‚xwz{'q^}Y•

i

�Héíýªù~ã•æ—äªæBámèQâuãªéíæ~ã �Dã•çQê•ý˜ë“èQã•ì



(a) (b)

F
re

qu
en

cy

B

B B

B

S

B B

B

BS

S

S

B

B

B

B

S

B

B
B

B
S

S

S

1

2 3

41 2

4

3

1

2

3

4

1

2

3

4

Time

Bits and sync. signal
         assigned to tiles 

F
re

qu
en

cy

Time

Two dimensional
   pseudo-random array

+1
+1

+1
+1

+1
+1

+1
+1

+1

+1

+1
+1 -1

-1
-1
-1

-1

-1
-1
-1

-1
-1

-1-1

(c) Signs, s     , that determines
   magnitude modification

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1 -1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1-1+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1 -1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1-1-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1 +1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1+1-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1 +1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1+1

Frame Index (t)0 4 8

Pattern Block

Subband

Tile s 5,4

 t,b

S
ub

ba
nd

 In
de

x 
(b

)

0

1

2

3

4

5

Tile

���������
	���
��“ç��<ûiøuéíä>èQãÖç–ýªòYê•ùÚåuã•èQêué��—ç�ä˜éíèQê-ý˜é �Qê•çQñDéíýàçYýªý˜é �Qê•æ—ü:äªè�æ—ç�ùÚå™ä˜éÒñíæY÷��oø	��ûeä 
>è�ü�éíì%æ~ê•ý˜éíèQê•çQñMö•ýªæ~â•üŒè^ð¨ã•ç^êmüuèYì¥çQãªã•ç^ò–éíý

çQöuöuñÒéíæ—üséÒêžä˜å•æHä˜éíì%æ~ð“ëoã•æ�
Yâ•æ~ê•ù—ò–öuñíçQê•æY÷��“ù
�Dûiä˜éÒñíæ”ùxèQê•ý˜éíýªäªý>èQëPë“è^âŒã�ù—è^êmýªæxù~âmä˜é���æ”ëoã•çYì°æ—ý—÷��ŽöuöPèYý˜éíäªæVý˜é �Qê•ý>çQã•æ>â•ýªæ—ü–éÒê™ì%è�ü�éÒë“òYéÒê �

ä˜å•æ�ì%ç �^êŒéíä˜â•üŒæxý”éÒê'ä˜åmæ �uã•ýªäHä 
>è–ëˆã•çYì%æ—ýHç^êmü™ä˜åmæ�ñíçYýªäHä 
àè–ëoã•çYì°æ—ý—÷

Time

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Frame

Sample
0

1024
2048

3072
4096

5120
6144

7168
8192

9216
10240

0ms 46ms 93ms 139ms 186ms 232ms

���������
	�� 
Mï�çYùªå:ëoã•ç�ì%æ”è��Yæ•ãªñíçQö•ý 
Öéíä˜å'ä˜å•æ�çYü^õªç�ù—æ~êuä>ëoã•çYì°æ—ý>øuò$ç–å•çQñÒë 
>éÒê•üŒè�
�÷��>å•æ�üŒè^âŒøuñíæ~ðGù~éÒã•ù~ñíæ—üƒæ—ì�øPæ—üuü�éÒê �žëoã•çYì%æxýŽç^ã•æ

ä˜å•æŽøPæ �^éÒêŒêuéÒê �Yý�èQëLä˜å•æ”ä˜éÒñíæ—ý—÷ �>åmæVý˜é �Qê•ýÖéÒê™ä˜å•æ”ù~éÒã•ù•ñíæ—ýHçQã•æ”æ���çYì–öuñíæ—ý”è^ëLä˜åmæVý˜é �Qê•ýÖâ•ýªæ—üžéÒê$çBý˜âuøŒø•çQê•üsë“è^ãHæ—ç�ùÚå™èQë[ä˜åmæHëoã•çYì°æ—ý—÷

%'&)(*&��#&���.

d*2

c�0��

·<²

�

µ�·

c��

8

. 0 c

µ*2

Ÿ

‰Pqiq^{:‡Dq^rPrPlonPtÝw�yotu•Œ‚•lov•‰P{ lˆnmv~‚••mrP|Pp^qQ}ƒnP•unR«¬|Pn,lí€˜•u‚•{�lovª•e•�€™v~‰Pq’{�w�tŒnPlov•|PrPq�rPlo}~v•‚•lo‡P|,v•lo•un7•z€™v•‰,q’p^•Œnmv•q^nmv�lon7v•‰Pq

€G‚~q^Êm|Pq^nPp^•irP•Œ{-w�lon�•%Æ�‰Pq^neŠ�w�v•qQ‚•{-wz‚•‹�q^{:‡Dq^rPrPlonPt�lo}°„Dq^‚Ú€G•u‚~{'q^r�€G•u‚%|Pn,p^•u{�„P‚•q^}~}•q^rÃp^•unmv~q^nmv�†<v•‰Pq:{�w�tun,lˆv~|PrPq^}–•�€

v•‰,qžp^•u{�„Pyoq%/:­3*

Ÿ

p^•mq—œ'p^loq^nmv•}–p�w�yop^|,y wzv•q^r�‡m•'v~‰Pq%}•‰P•Œ‚•vÚ«¬v~q^‚•{4­ *

Ÿ

}Bw�‚~q°lonPpQ‚•q�wz}•q^ri•u‚”rPq^p^‚~q�w�}~q^r�w�pQp^•u‚~rPlonPt:v••$v•‰Pq

„P}~q^|PrP•z«¬‚—w�nPrP•Œ{�nm|P{:‡LqQ‚�•HÆ�‰Pq^nƒq^{:‡Dq^rPr,lˆn,t:lˆ}�„Dq^‚Ú€G•u‚~{'q^r�€˜•u‚�¤B¤B¦Ž«ªp^•Œ{'„P‚~q^}•}~q^rƒp^•Œn•v~q^nmv�†Dv•‰,q™w�‡P}~•uyo|Pv~qž›uw�yo|Pq^}–•�€

v•‰,q) �­°¦

Ÿ

p^•mq—œ'p^loq^nmv~}B‚•qQp^•�›uq^‚~q^r�€G‚••Œ{ v•‰Pq%‡Plov~}•v•‚~q�w�{�w�‚~qžlonPp^‚~q�w�}~q^rƒ•u‚�r,q^p^‚•qYw�}•qQr’lonP}~v•q�wzr�•

Ÿ

‰Pq'r,q^v•q^pQv•lo•un7w�yotŒ•u‚•lov~‰P{�p�w�yop^|,y wzv•q^}$Š�w�v•qQ‚•{-wz‚•‹ƒr,q^v•q^pQv•lo•unÝ}•v~‚•q^n,tuv•‰,}:‡••ip^•Œ‚•‚•qQy wzv•lonPtƒv~‰Pq'{�w�tŒnPlov•|PrPqQ}ž•�€�v•‰Pq

p^•Œn•v~q^nmvVw�n,r:v•‰Pq�„P}~q^|PrP•z«¬‚—w�nPr,•u{¥nm|P{:‡Dq^‚~}�•<Æ7‰PloyoqVv~‰Pq�Š"wzv•q^‚~{-wz‚•‹%rPq^v~q^p^v•lo•Œn-w�yotŒ•u‚•lov~‰P{ €G•u‚>|Pn,p^•u{�„P‚•q^}~}•q^r:pQ•unmv•q^nmv

|P}~q^}Vv~‰Pq�{-wztunPlov~|PrPq^}<•�€Mv•‰Pq�p^•Œ{'„Pyoq%/$­3*

Ÿ

p^•mq—œ'p^loq^nmv•}Y†mv•‰Pq�Š�w�v~q^‚•{�w�‚•‹srPq^v•qQp^v•lo•un'wzyotu•u‚~lov•‰P{ €G•Œ‚>¤B¤B¦Ž«ªp^•u{�„P‚•q^}~}•q^r

p^•Œn•v~q^nmvB|P}~q^}Bv~‰Pqžw�‡P}~•uyo|Pv~q°›uwzyo|Pq^}�•�€>v•‰Pqs‚•q^p^•�›Œq^‚•qQr’ ƒ­%¦

Ÿ

pQ••qÈœ'p^loq^nmv•}�•

�H¼)�Ž¼��

�#$3! �"! ���$#

�

!&%^!('�'^�W��)¥c+*,)������+$$-�!

Ÿ

‰Pq�q^{:‡LqQrPrPlonPt’wzyˆtŒ•u‚~lˆv~‰P{4pYw�yop^|Py“w�v~q^}:v•‰,q'{-wztunPlov~|PrPqu†�. TWV /L†>•z€°v•‰,q10R«¬v~‰�€˜‚•q^Êm|Pq^n,p^•�‡PlonÃlˆnev~‰PqSQª«ªv•‰ €G‚xwz{'q:•z€°w

„Lwzv•v•qQ‚•n�‡Pyo•mpx‹:•z€�v•‰Pq%p^•Œnmv•q^nmv�•

Ÿ

‰,q^n'v~‰Pqžw�yotu•Œ‚•lov•‰P{ÌrPq^v~q^‚•{�lˆn,q^}�v•‰Pq%w�{�•u|PnmvH•z€�v•‰Pq%{-wztunPlov~|PrPq”{'•mrPl•…Lp�wzv•lo•un�•

Ÿ

‰Pq

q^{:‡Dq^rPrPlonPt%w�yotu•Œ‚•lov•‰,{ €G•u‚<v•‰Pq�|Pn,p^•u{�„P‚•q^}~}•q^r:r,•u{-wzlon°|,}•q^}Vw–„P}~•mpx‰,••w�pQ•u|P}~v•lop�{'•mrPq^ym‡Lwz}•q^r$•un$v•‰,qB­3*

Ÿ

p^•mq—œ'p^loq^nmv•}

€G•Œ‚Vv~‰Plo}V}~v•q^„�•ŽÆeqBlonPrPlop�wzv•q–v•‰Plo}Bw�{�•u|Pnmv<€G•Œ‚Vv~‰Pq�0m«ªv•‰�€G‚~q^Êm|Pq^nPp^•�•z€�v•‰Pq/Qª«ªv•‰�€G‚xwz{'q�lon-ws„Lwzv•v•qQ‚•n�‡Pyo•mpx‹:‡m•�2 TWV /L•<Æeq

|P}~qžv•‰Plo}Bwz{'•u|,n•vÖ€G•u‚”v•‰Pqs{-w�tŒnPlov•|Pr,q�lˆn�v•‰Pq�0m«ªv•‰�€˜‚•q^Êm|Pq^n,p^•�‡Plon'•�€>v•‰PqsŠ"wzv•q^‚~{-w�‚~‹:}•lotunDw�yH§“Æ kP©^•

¤ }•lotun�†(3
TWV X

†DŠ�‰Plop—‰irPq^v•qQ‚•{'lonPqQ}BŠ�‰Pq^v~‰Pq^‚žv~•'lonPp^‚~q�w�}~q:•u‚–rPq^p^‚~q�w�}~q'v•‰,q™{�w�tun,lˆv~|PrPq^}�•z€Vv•‰,q™‰P•Œ}•v–}•lotunLwzy�§“š°k,©�lon

w:v~loyˆqslˆ}%p�wzyop^|Py“w�v~q^r�€G‚~•u{�v•‰,q™„P}~q^|PrP•z«¬‚—w�nPr,•u{�›uw�yo|PqŒ†1R
TWV X

†Dv~‰Pq™‡,lˆv%›uwzyˆ|,qu†*[
TWV X

†[wznPrƒv~‰Pq:yo••pYw�v•lo•Œn�†�Q�†D•�€”v•‰Pqs€G‚xwz{'q

lonev•‰Pq:‡,yˆ•mp—‹M•�Ç˜€Bv•‰Pq�€G‚xwz{'qžlo}$lon’v~‰Pq:…L‚~}•v$vªŠV••€G‚xwz{'q^}%•�€Bw�‚~•�Š •z€Bv•loyoq^}�†<v•‰Dw�v$lˆ}Y†�l•€�v•‰Pq�‚•q^{�lonPrPq^‚ž•z€"r,lˆ›mlorPlonPt�Q

‡m•

�

lo}Byoq^}~}°v~‰Lw�niÐP†(3
T V X54

R
T V X

§GÐ [
TWV X76

Î�©Q•BÜ–v•‰PqQ‚•Š�lo}•q83
TWV X5496

R
TWV X

§˜Ð�[
T V X�6

ÎY©^•

Ÿ

‰Plo}Blo}B‡Dq^p�wz|P}•qu†<‡m•�q^{:‡LqQrPrPlonPt

•u„,„L•Œ}•lov•q$}•lotun,}°lonƒv~‰Pqs…L‚•}~v™w�nPr�y wz}•v–vªŠV•�€G‚—w�{'qQ}�•�€"w�v•loyoq™wznPr’‡m•�rPq^v~q^p^v~lˆn,tƒv•‰Pq$Š�w�v•qQ‚•{-wz‚•‹�|P}•lonPt�v•‰,q™rPl �Mq^‚•qQnPp^q

•�€”v•‰Pq${-wztunPlov•|,rPq^}�†,v•‰Pq$p�wznPp^q^yoy“w�v~lˆ•Œnƒ•�€”v•‰Pq$‰P•u}~vB}~lˆtŒnLw�y>p�wznƒ{-wz‹uq%v•‰,q™rPqQv•q^p^v~lo•une‚••Œ‡P|P}~v�•%Çªnƒv~‰Pq™v~loyˆqQ}°Š�‰,q^‚•q$v•‰Pq

p�wzyˆpQ|Py“w�v•qQr’}~lˆtŒn�†�3@TWV X�†Élˆ}%„D•u}~lˆv~lo›uqu†(. TWV /�lo}°v~‰Pq$Š"wzv•q^‚~{-w�‚~‹�}•lotunLwzy>‚•q^„P‚~q^}•qQn•v~q^rÝlonƒv•‰Pq$€˜‚•q^Êm|Pq^n,p^•’r,•u{-wzlon�†mŠ�‰Ployoq™Š”q



Bitstream
Demux

factors
Scale

Decode x q +

qx

x'q Encode

Watermark
Calculation

Q-1 x
Bitstream
Multiplex

Bitstream

Watermarked
Bitstream

Key&Message

� �������
	��

•

�Žéíç��Qã•çYì¥èQë�ûVû�� 
>çYäªæ~ã•ì°çQãªó™æ—ì�øPæ—üuüzéÒê �$ç^ñ �YèQãªéíä˜å•ì

w�}~}•|P{�q'v~‰Pq 0m«ªv•‰Ã€G‚~q^Êm|Pq^nPp^•Ãlo}™lon�v~‰Pq;O~«ªv•‰�}~|P‡P‡LwznPr�•ÃÇªn�v~‰Pq�v•loyoq^}™Š�lov~‰¯w�nPq^t•wzv•lo›uq�}~lˆtŒn�† 6 . TWV /elo}™|P}~q^r7w�}$v•‰Pq

Š�w�v•qQ‚•{-wz‚•‹:}~lˆtŒnLw�yMlon�v•‰Pqž‡,lˆn�v••:rPqQp^‚•q�wz}•q$v•‰Pq%{�w�tun,lˆv~|PrPq–•�€àv~‰Pq%‰P•u}~vB}~lˆtŒnLw�yª•

%'&B%#&+(*&�� . 0

²m¶

h .

¶39��

h��

²P·>·

c

2Ud

c

2

0	�

²�
�
�
���
%µ

h b

¶�²P¸�¸Q²P·���µ

h .1c

2

Ÿ

‰Pq$Š"wzv•q^‚~{-wz‚•‹'qQ{:‡Lq^r,rPlonPt'w�yotu•Œ‚•lov•‰,{ €G•Œ‚B¤–¤B¦Ž«¬p^•Œ{'„P‚~q^}•}~q^rip^•unmv•qQn•v%lo}Bloyoyo|P}•v~‚xwzv•q^rƒlon *<lotu|,‚•qP�,•

Ÿ

‰Pq:w�yotŒ•u‚•lov~‰P{

…L‚~}•vBr,q^p^•mrPq^}–v•‰PqžÊm|Lwznmv•loË^q^rƒ ƒ­%¦

Ÿ

p^•mq—œ'pQlˆqQn•v~}�†����

TWV /

†m•z€àv~‰Pq 0R«¬v~‰�€G‚•qQÊ•|,q^nPp^•�‡Plon'lon�v•‰Pq Qª«ªv•‰�€G‚—w�{�q�•�€Vwž„Dw�v•v~q^‚•n

‡Pyo•mp—‹ƒ•�€�v•‰Pq�p^•unmv~q^nmv�•

Ÿ

‰Pq:nP•unR«¬|Pn,lí€˜•u‚•{�lov•loq^}�•�€�v•‰,q:{-w�tŒnPlov•|Pr,q^}žw�‚•q:lonmv•‚~•mrP|Pp^q^re‡m•ew�rPr,lˆn,t������$v••����Œ•'Çªniv•‰Pq

y“w�}~vB}•v~q^„�†Mv~‰Pq${'•mrPl•…Lq^r�Êm|Lw�nmv~lˆËQq^rÀ �­°¦

Ÿ

pQ••qÈœ'p^loq^nmv•}�†����

�

†<w�‚•qsq^nPp^•mrPq^re|,}•lonPt'v~‰Pq$•u‚•lotŒlˆnDw�y�š–| �M{-w�n�p^•mrPqQ‡L•m•u‹m}

w�n,rƒv•‰Pq$•u‚~lotulonLw�y<}•p�wzyoqž€¬wzp^v••Œ‚•}Y•%šBq^nPpQqu†�‚~q—«ªÊ•|Dw�nmv•loË�wzv•lo•unƒ•z€Hv•‰Pq${'•mrPl•…Lq^r�p^•mq—œ'p^loq^nmv•}%lo}BnP•Œv%nPq^p^q^}~}xwz‚••m•žšB•�Š”q^›Œq^‚�†

lon�•u‚•r,q^‚Bv~•:rPq^v•qQ‚•{'lonPq%‰P•�Š {-wznm•™p^•mq—œ'pQlˆqQn•v~}žw�‚•q%v~•:‡Lqž{�•mrPl•…Lq^r�†Pwzn-lonm›uqQ‚•}•qsÊ•|Dw�nmv•loË^q^‚Y†�� �

Í

†P‰Dw�}Bv~•:‡Lq$w�„P„Pyoloq^r

v••:•Œ‡Pvxwzlon'v•‰,q) �­°¦

Ÿ

p^•mq—œ'p^loq^nmv~}�†���†m‡Dq—€G•Œ‚•q%v•‰,qžŠ"wzv•q^‚~{-wz‚•‹:p�wzyˆpQ|Py“w�v•lo•Œn:„P‚••mp^q^}~}�•

�1TWV /
4

�

�

Í

§!�
�

TWV /

© §•ÎY©

. TWV /
4 "

�1TWV /
"

§GÐŒ©

�

�

�

TWV /

4
���

TWV /

Y#�����

TWV /

§GÞŒ©

Ÿ

‰Pq�›uw�yo|Pq�•�€$���
�

§ Q�%�0D©$lo}™r,q^v•q^‚~{'lonPq^rÝ‡m•ev•‰,q'€˜•uyoyo•�Š�lˆn,t-}~lo{'„Pyoq:‚•|,yˆqŒ†VŠ�lov~‰P•u|Pv$|P}~lˆn,tÀw�„P}••mp—‰P•mw�p^•Œ|P}•v~lˆp�{'•mrPq^yª•

Ÿ

‰Pq�v••Œvxwzy�{-w�tŒnPlov•|Pr,qu†�&
TWV X

†H•z€°v•‰,qgOx«¬v~‰�}•|,‡P‡Lw�n,r¯lonÃv•‰Pq�Qª«ªv•‰Ã€G‚xwz{'q:•z€)w�„Lw�v~v•q^‚~n¯‡,yˆ•mp—‹elo}:p�w�yop^|,y wzv•q^rÃlon�q�wzpx‰

}•|,‡P‡Lw�n,r�•

Ÿ

‰Pq:vxwz‚•tuqQv°›uwzyo|Pqž€˜•u‚%v•‰Pq$v••ŒvxwzyH{-wztunPlov•|,rPqžwY€Gv~q^‚žv•‰,q™{�••r,lí…Dp�w�v~lˆ•Œn�lˆ}%p�wzyop^|Py“w�v~q^r�w�}:§•Î\Y 3
TWV X('*)

©+&
TWV X

†

Š�‰Ployoq
'*)

lo}�v~‰Pq%rPq^tu‚~q^q$•�€à{�•mrPl•…Lp�w�v~lo•un�•

Ÿ

‰Pq%›uw�yo|Pq–•�€ ]�,oÎ–Š"wz}�|P}•q^r�lˆn�v~‰Pq%q%/m„Lq^‚~lo{'q^nmv•}–rPq^}~p^‚•lo‡Dq^rƒ‡Dq^yo•�Šž•�*,‚••u{

v•‰,qƒyo•�ŠVq^}~v'‡PlonÝ•�€žv~‰Pqƒ}•|,‡P‡Lw�n,r�†�Š�‰Pq^v~‰Pq^‚�•u‚'n,•uv����

TWV /

}~‰P•u|,yˆrÝ‡Dqƒ{'•mrPl•…LqQr�lo}'q%/Pwz{'lonPq^r�•ÝÇ˜€${'•mrPl•€G•mlonPt����

T V /

{-wz‹uq^}–v•‰Pq:v~•uv—w�yH{�w�tun,lˆv~|PrPqž•z€Vv•‰,q:}•|P‡P‡Dw�nPrep^yo•Œ}•q^‚žv~•�v•‰Pq:v—w�‚•tŒq^vžv~•uvxwzyH{-wztunPlov~|PrPqu†Dv•‰,q^nelov°lo}%{'•mrPl•…LqQr�•žÆ7‰,q^n

v•‰,q^‚•qžlo}”nP•$p^•mq—œ'p^loq^nmv�v•‰Lwzv�}xwzv•lo}ª…LqQ}�v•‰Pq%p^•ŒnPrPlov•lo•un<†u•Œ‚�Š�‰Pq^n�v•‰Pq%nm|P{:‡Dq^‚H•z€à{'•mrPl•…LqQr:p^•mq—œ'p^loq^nmv•}–lˆn�v•‰Pq%}~|P‡P‡LwznPr

‚•qYw�p—‰Pq^}%wž„P‚~q^rPq—…DnPq^rƒyolo{'lov�†zv•‰Pq%{'•mrPl•…LpYw�v•lo•Œn™p�wzyop^|Py“w�v~lˆ•Œn:lo}”…LnPlo}•‰PqQr�•

Ÿ

‰Pq%yolˆ{�lovànm|P{:‡Dq^‚~}V|P}~q^r�€G•u‚

�.-

†�/

�

†•wznPr102/

‹m‡P„P}Ú«¬q^n,p^•mrPq^ri{'•unDw�|P‚—w�yP¤–¤B¦7p^•Œnmv•q^nmv°wz‚•qžÐP†

�

†Pw�nPr

-

†m‚•q^}~„Lq^pQv•lo›uq^yo•m•

Æ7‰Pq^nÝlonPp^‚~q�w�}~lonPtev•‰Pq�{�w�tun,lˆv~|PrPq^}Y†Hv~‰Pq�Ê•|Dw�nmv•loË^q^rÝp^•mq—œ'pQlˆqQn•v~}-wz‚•q�}•‹mlo„P„Dq^rÝlí€%v•‰PqQ• wzyo‚•q�wzrP•e‰LwY›uq�v~‰Pq�{-w�/Œ«

lo{:|P{ w�‡P}~•uyo|Pv•qe›uwzyo|Pqe•�€:v•‰PqÃp^•mrPq^‡D•m•u‹M• kRlˆ{�loy wz‚•yo•u†�v~‰PqeË^q^‚~• pQ••qÈœ'p^loq^nmv•}ew�‚•qe}~‹mlˆ„,„Lq^rÌŠ�‰Pq^nUrPqQp^‚•q�wz}•lonPt v•‰Pq

{-wztunPlov~|PrPq^}Y•

Ÿ

‰,q•wzyotu•u‚~lov•‰P{ yoq�wY›uqQ}™v~‰Pqƒ¢>Ç•£%š

Ÿ

kRš°Ü �

Ÿ

kP¢43–‘°¢

×

¦�¢

ß

€G‚xwz{'q^}ž|,nPp—‰Lw�nPtŒq^r�†”‡P|Pv${'•mrPl•…LqQ}žv•‰Pq

Ï�Ü

×

£ k

Ÿ

¤ �

Ÿ

kP¢43–‘%¢

×

¦�¢7wznPrƒÏ�Ü

×

£ k

Ÿ

Ü%¡ kP¢43–‘°¢

×

¦�¢Ã€G‚—w�{�q^}Vlon�v•‰Pqž}—w�{�qBŠ�wY•'w�}�v•‰,q

Ü

×

Ï25 Ï�Ü

×

£ kP¢43–‘°¢

×

¦�¢ €G‚xwz{'q^}Y•

Ÿ

‰P•u|,tu‰'|,v•loyolˆËQlˆn,t)w)„P}••mp—‰P••wzp^•u|,}•v•lop%{'•mrPqQyPv••žpQ•unmv•‚~•uyDv•‰Pq%Š�w�v•qQ‚•{-wz‚•‹ž}~lotunLwzy

lo}�rPq^}~lˆ‚—w�‡Pyoqu†,lov�Š"wz}�nP•uv�|P}~q^rƒlon�v•‰PqQ}•qžq%/m„Dq^‚•lo{�q^nmv•}B‡Dq^p�wz|P}•q$lovVŠ�w�}�r,líœ'pQ|Pyov�v••'w�rY®—|P}•v�v~‰PqžÊm|Lwzn•v~loË^q^r�{-wztunPlov•|,rPq^}

w�pQp^•u‚~rPlonPt:v••:v~‰Pq%{'•mrPq^yWF }Hq%/mp^q^}~}•lo›uqQyˆ•�rPqQvxw�loyoq^r�•u|,v•„P|PvY•

�H¼76Ž¼��

�#$3! �"! ���$# Á ! $3! � $��)��� c+*�)e�����+$$-�!

Ÿ

‰Pqžr,q^v•q^pQv•lo•un’wzyotu•u‚~lov•‰P{ pQ•u‚•‚~q^y“w�v~q^}%v•‰Pqž{�w�tŒnPlov•|PrPqQ}V•z€Öv~‰Pqžp^•Œnmv•q^nmv�€˜•u‚Bw�yoyM•z€Öv~‰Pqžv~lˆyoq^}�Š�lov~‰-v~‰Pqž„P}~q^|PrP•z«¬‚—w�nPr,•u{

w�‚~‚xwY•m•

Ÿ

‰,q:{-w�tŒnPlov•|Pr,q™•z€"v~‰Pq10R«¬v~‰e€G‚~q^Êm|Pq^nPpQ•elˆnev~‰PqSQª«ªv•‰i€˜‚xw�{�qž•�€°w•„Lw�v~v•q^‚~n�‡Pyo•mp—‹ƒ•�€Bv~‰Pq'p^•Œnmv•q^nmvžlo} .
TWV /

•�¤

€G‚—w�{'qs•�›uq^‚~y wz„P}%v•‰Pq'wzr�®^wzp^q^nmv–€G‚xwz{'q^}%‡m•’w�‰Lw�y•€VŠ�lonPr,•�Šž•

Ÿ

‰,q™{�w�tun,lˆv~|PrPq^}žwz‚•q$v•‰Pq^nen,•u‚•{�w�yoloË^q^rƒ‡m•ƒv~‰Pq'wY›uqQ‚xw�tŒq

•�€%v•‰Pq�{-wztunPlov•|,rPq^}žlon�v~‰Pq�€G‚xwz{'qu•iÆeq�rPq^nP•Œv•qƒwƒn,•u‚•{�w�yoloË^q^ri{-wztunPlov•|,rPq:‡m•�8 .�T V /L•

Ÿ

‰Pq�rPl �Mq^‚•qQnPp^qƒ‡Dq^vªŠ”q^q^nÝv•‰Pq

yo•utmw�‚•lov~‰P{'lopH{�w�tun,lˆv~|PrPq^}Ž•�€Öw)€G‚—w�{'q�w�n,r'v•‰,q°n,q%/mv�nP•unm«ª•�›uqQ‚•y“w�„P„,lˆn,tB€˜‚xw�{�q�lo}Vv—w�‹uqQn-w�}:9eTWV /
4

yo•Œt�8 . TWV /
6

yo•ut�8 . TWV /<;

Ñ

•



2048 4096 6144 8192 [sample]
Original embedding frames

Displaced detection frames (example1)

Displaced detection frames (example2)

0

Subtraction pair

Selected pairs

Selected pairs

Discarded pairs

Discarded pairs

[sample]

Introduced magnitude change

2048 4096 61440

[sample]2048 4096 61440

[sample]2048 61440

Observed magnitude change (example1)

Observed magnitude change (example2)

(a) Embedding and Detection Frames (b) Magnitude Change Observed at Each Frames

4096

���������
	���
 �Žê$ä˜å•æŽñíæ•ë“ä>ý˜éíüuæ�èQëMä˜å•æ � �Qâuã•æ”ç^ã•æ”ç^êséÒñÒñÒâ•ýªä˜ã•çYä˜éíèYê-èQëLè^ãªé �QéÒê•çQñ�æ—ì�øPæ—üuüzéÒê �%ëoã•çYì°æ—ý<ç^êmü™ä 
>è�æ���çYì–öuñíæ—ý”è^ëLüzéíý˜öuñíçYù—æxü

üuæ—äªæ—ù—ä˜éíè^ê�ëoã•çYì°æ—ý—÷ �>å•æKéÒñÒñÒâ•ýªä˜ã•çYä˜éíè^êPý%è^ê'ä˜åmæ�ãªé �Qåuä�ý˜éíüuæ%çQã•æ �ªþ��Žì°ç �Qêuéíä˜â•üŒæžùªåmç^ê ��æ—ý”éÒêuä˜ã•è�üzâ•ù—æ—ü'øuò 
>ç�äªæ~ã•ì%çQãªó'æxìKøPæxüŒü�éÒê �

çQê•ü �����>ì%ç �^êŒéíä˜â•üŒæ°ùÚå•çQê �Yæ—ýVä˜åmç�äHçQã•æ”æ��YöPæ—ù—äªæ—ü:äªèBøPæ�èQø•ýªæ~ã �Yæxü:çYäHä˜åmæ�ü�éíý˜öuñíçYù—æ—ü'üuæ—äªæ—ù—ä˜éíè^ê:ëoã•çYì%æxýŽè^ëMä˜å•æ�æ���çYìBöŒñíæ—ý�è^ê:ä˜å•æ

ñíæ~ë“äHý˜éíüuæY÷

Ÿ

‰Pqƒ{�w�tŒnPlov•|PrPq ' TWV X:•z€)wiv~lˆyoq�yo•mp�w�v~q^r w�v:v~‰Pq;O~«ªv•‰Ý}•|P‡,‡Lw�nPr�•�€žv•‰Pq�Qª«ªv•‰Ý€˜‚xw�{�q:lon¯v~‰Pqƒ‡Pyo•mp—‹�lo}:p�wzyˆpQ|Py“w�v•qQr¯‡m•

wY›uqQ‚xw�tŒlonPt™v~‰Pq$9eTWV /u}�lon'v~‰Pqžv~lˆyoqu•

Ÿ

‰Pq:rPq^v~q^p^v~q^rÝŠ"wzv•q^‚~{-w�‚~‹�}•v•‚~q^nPtŒv•‰i€G•Œ‚°v~‰Pq��Y«¬v~‰e‡Plov°loniv•‰Pq:v~loyˆq$lo}%p�w�yop^|Py“wzv•q^r�wz}°v~‰Pq:p^‚~•u}•}Ú«¬pQ•u‚•‚~q^y“w�v~lˆ•Œn�•z€Vv•‰Pq

„P}~q^|PrP•z«¬‚—w�nPrP•Œ{ nm|P{:‡Dq^‚~}"wznPr�v•‰Pqžn,•u‚•{�w�yoloË^q^r:{�w�tun,lˆv~|PrPq^}”•�€>v•‰Pq%v~lˆyoq^}�‡m•

�

4

�

�����
	���
������

TWV X��

R-T V X�§
'

TWV X
6 '

©

�

�

������	���
������

T V X����

R
TWV X

§
'/TWV X�6 '

©��

Ñ

% §

�

©

Š�‰Pq^‚~q
'

lˆ}”v•‰,q)wY›Œq^‚xwztuq–•�€
'

TWV X^†PwznPr'v~‰Pq%}•|P{�{-wzv•lo•unP}>w�‚~q°pYw�yop^|Py“w�v~q^r:€˜•u‚”v•‰Pq%v•loyoq^}�w�}~}•lotunPqQr:€G•Œ‚Vv~‰Pq%‡Plov�•>kmlo{'loy“w�‚•yo•u†

v•‰,q°}~•mnPp—‰P‚••ŒnPloË�w�v~lˆ•Œn�}•v•‚~q^nPtŒv•‰�lo}�p�w�yop^|Py“wzv•q^r�€G•u‚”v•‰Pq%}~••n,px‰,‚••un,lˆËYw�v•lo•Œn-}~lotunLwzy¬•

Ÿ

‰Pq%Š�w�v•qQ‚•{-wz‚•‹$}•v~‚•q^nPtŒv•‰�€˜•u‚�wž‡Plov”lo}

p�wzyˆpQ|Py“w�v•qQr-wY€˜v•q^‚”}••mnPp—‰P‚~•unPloË^lonPt$v••$v•‰PqK…L‚•}~v”€G‚xwz{'q�•z€�v•‰Pq–‡Pyo••p—‹M•

Ÿ

‰Pq–}••mnPp—‰P‚••ŒnPloË�w�v~lo•un'„,‚••mp^q^}~}Bp^•ŒnP}•lo}•v~}�•�€àwstuyo•u‡Dw�y

}••mnPp—‰P‚~•unPloË�wzv•lo•un�w�nPr'wsyo•mp�w�yMw�r�®È|P}•v~{'q^nmv�•<Çªn:v•‰,q°tŒyo•u‡LwzyP}••mnPp—‰P‚~•unPloË�wzv•lo•un�†mw�}~}•|P{�lonPtžv•‰Dw�vHp^•Œ‚•‚~q^p^vB}~•mnPp—‰P‚••ŒnPloË�w�v~lˆ•Œn

„D•u}•lov~lˆ•ŒnP}'•z€ž}•q^›Œq^‚xwzyžp^•un,}•q^p^|,v•lo›uqi‡Pyo•mpx‹m}ƒw�‚~qƒ}•qQ„Lw�‚—w�v•qQr ‡m•Ýv•‰Pqi}xwz{'q�nm|P{:‡Dq^‚'•z€°€˜‚xw�{�q^}�†”v~‰Pq’}~•mnPp—‰P‚••ŒnPloË�w�v~lˆ•Œn

}•v~‚•q^n,tuv•‰,}:rPq^v•qQp^v•q^rÃ€G‚~•u{2‡Pyo••p—‹m}žv~‰Lw�v:w�‚~q:}•q^„Lwz‚xwzv•q^rÃ‡••iv•‰,q'}xwz{'q$nm|P{:‡LqQ‚ž•�€”€G‚xwz{'q^}žwz‚•q'}~|P{'{�q^rƒ|P„<†àwznPrev•‰Pq

€G‚—w�{'qŽv•‰LwzvHtulo›uqQ}àv~‰Pq�{-w /mlˆ{$|P{7}~|P{'{�q^rž}~••n,px‰,‚••un,lˆËYw�v•lo•Œn™}~v•‚•qQnPtuv~‰'lo}>px‰,•u}•qQn�•>Çªn:v•‰Pq�yo•mp�wzyLw�r�®È|P}•v~{'q^nmv�†Yv~‰Pq”€G‚xwz{'q

Š�lov•‰�v•‰,q°yo•mp�wzyˆyo•${-w /•lo{:|P{U}~•mnPp—‰P‚••ŒnPloË�w�v~lˆ•Œn�}•v•‚~q^nPtŒv•‰ƒlo}�p—‰P•u}~q^n�€G‚~•u{ w)€Gq^Š nPq^lotŒ‰•‡D•u‚~lonPt$€G‚xwz{'q^}Y•

%'& �#&+(*&��(� �U0

¶

.

8

0�c

µ 2

,/.1c

¶u¸

¤B}”rPq^}~p^‚•lo‡Dq^rƒw�‡D•�›uqu†mv~‰PqBr,q^v•q^pQv•lo•un�w�yotu•Œ‚•lov•‰P{Ìp�w�yop^|,y wzv•q^}”v•‰,qBrPl �Mq^‚•q^n,p^qž•�€�v~‰PqB{�w�tŒnPlov•|PrPqQ}àlon'w)€G‚xwz{'qu† 0�†PwznPr:v•‰Pq
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Ÿ
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Ÿ
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¤B¤B¦�­–q^p ¤–¤B¦7r,q^p^•mrPlonPt
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Ÿ
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v•‰,q°{�w�tŒnPlov•|PrPq–p—‰Lw�nPtŒq^}�•u‡,}•q^‚~›uq^r�€˜•u‚�v•‰,qB€˜‚xw�{�q^}”lˆn�v•‰Pqs•uv•‰,q^‚�}•q^v–•�€>„Lw�lo‚•}Y•

Ÿ

‰P•u}~q%Š�lˆyoyM‡Dq%rPlo}•p�wz‚•rPq^r�‡Lq^pYw�|P}~qžv•‰Pq

{-wztunPlov~|PrPq�p—‰Lw�n,tuq^}%w�‚•q%yoq^}~}B„P‚~•u{'lonPqQn•vŽlˆn�v~‰P•u}~qB€˜‚xw�{�q^}�•
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Ÿ

p^•mq—œ'p^loq^nmv•}

w�‚~qBrPqQp^•mrPq^r�†Dw�n'lonm›uqQ‚•}•q%Êm|Lwzn•v~loË^q^‚”lˆ}�w�„,„PyolˆqQr'v••sv•‰Pq^{i•

Ÿ
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Ÿ
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w�‚~q™|,}•q^r�€G•u‚5. TWV /D•BÆ�‰Pq^nƒv~‰Pq^‚•q:lo}%w�n’¢>Ç•£)š

Ÿ

kmš%Ü �

Ÿ

kP¢ 3B‘%¢

×

¦�¢�€˜‚xw�{�qu†mv•‰,qÄ ƒ­%¦

Ÿ
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€G‚—w�{'q�w�‚~q’p^•Œ„Ploq^r7lonP}~v•q�wzr�•

Ÿ

‰Pqƒ•Œv•‰PqQ‚'vª•m„LqQ}-•z€ž}•q^Êm|Pq^n,p^q^}ew�‚•q�‰Lw�nPr,yˆqQr7lon¯v~‰Pqƒ}—w�{'q�Š�wY•••

Ÿ
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Çªn'v~‰Plo}H}•qQp^v•lo•un<†PlovHlo}H}•‰,•�Š�n'v•‰Dw�v”v•‰Pq–{-w�tŒnPlov•|Pr,qVp—‰LwznPtuq^}�{�w�rPq”lon:q^lov•‰PqQ‚�v•‰Pq–|PnPp^•Œ{'„P‚~q^}•}~q^r�rP•u{�w�lonž•u‚”v•‰,qB¤B¤B¦Ž«
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Ÿ
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rP•Œ{-w�lon�•

Ÿ

‰Pq%{�w�tun,lˆv~|PrPq^}Ž•�€�v•‰,qB€˜‚•q^Êm|Pq^n,p^•'p^•mq—œ'pQlˆqQn•v~}Bw�‚~qB{'•mrPl•…LqQr:‡••:v~‰Pq�€˜•uyoyo•�Š�lˆn,t°}~lo{'„Pyoq”‚•|Pyoq%Š�lov•‰P•Œ|PvVws‹uq^•
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|P}~q^r�•�Æ7‰,q^nƒ•u‡,}•q^‚~›•lonPt:v~‰Pqž{�w�tun,lˆv~|PrPq–{'•mrPl•…Lp�wzv•lo•un�†Œv•‰,q™{�w�tun,lˆv~|PrPq^}”•�€Hv~‰Pqž{'•mrPl•…LqQr'p^•Œn•v~q^nmv°wz‚•qžp^•Œ{'„Lwz‚•q^r�v~•

v•‰,q°pQ•unmv•q^nmv�v~‰Lw�v�lo}”nP•uv�{�••r,lí…Dq^r�•

Ÿ

‰Pq%yo•utmw�‚~lˆv~‰P{'}>•z€àv•‰,q°{�w�tŒnPlov•|PrPq�}~|P{'{�w�v~lˆ•ŒnP}>•�€>v•‰Pq%q^›Œq^n�}•|P‡P‡Dw�nPrP}%w�‚~qBp�wzyí«
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Ÿ

‰Pq^n
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