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MONQPRMTS�P�UWVJXYX ?AZQ[,\�B MOX�]_^ \�` V \ MON�a B,b PRc�XYS \�b�ZQ` XHd2d B,\ UeP�Uf]WghPRMOX `Ob P `2i9B UfcjP ZfZQ[,B S
Plk
M B,\ UfdHmonhNfX ` XH^ \R` X�a�g!X/MON B U i4B M B d B,bYZ X ` PRM B�@ X:M \ S \ Ufd B ]fX ` MONQX/ghP @ X [ X�M�M ` P�Ufd2^ \�`Ob
] \�b P B Up^ \�` ghPlMOX `Ob P `2i9B Ufc/P ZfZQ[,B S
PlM B,\ UfdHm
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{=z B�` X b XHU)MOdh]fX `OB�@ XH] B U+MONfX
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P�Ufd&M \wB,b�ZQ`O\�@ X�MONfX�d2XHS�z `OB M vj\ ^ b P�U v�ZQ` X�k
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M B�@ PRMOXH]wV v MONfX B UfS ` X
P�d B Ufc B�bYZJ\�` MxP�UfSHX \ ^FMONQX&^ \�` MONfS \�bYB Ufc>���; h¡ ��¢�¢�¢�B,b PRc�X�d�MxP�U9k
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²�³R´2µO¶%·�¸�µO¹ ± ¶1µO¹fºH¶ ± ¶%¹Q³�»)º�¼JºHº�½_¾f´Oº�¶2ºH½)µOº�¿o³Rµ1µO¹Qº�¸¦·�À,À�·
Á ± ½fÂ�ÃH·�½f¸�º�´Oº�½fÃHº�¶%³�½f¿W¾QÄ9¼fÅ
À ± ¶2¹fº�¿ ± ½jµO¹fº�ÃH·�½f¸�º�´OºH½QÃHº%¾f´O·AÃHº�ºH¿ ± ½fÂ�¶HÆ

Ç ²�º�µOºH´wÈ_ºHºH´2Áh³�À�¿�³�½f¿6É1½f¿f´Oº�³�¶wÊ1¹fÀ�ËÍÌ ± Ãs¹fº�´O¹Qº ± µwÄf½f¿�Î&·�¼QÄf¶�µO¹fº ± µwÏ4³�»)ºHÀ,º�µ2Å
¼�³�¶ ± º�´2µOº�´wÏ4³RµOºH´OÐw³R´2Ñ ± ½fÂ�ÅÒÉ1À�Â�·�´ ± µO¹QÐYº�½�Ë�Ó�½6È4Ë�Ì=Ãs¹=ÄfÐ/³�Ãx¹fºH´+³�½f¿6Î�Ë�Ì=µOº ± ½9Å
Ðwº�µOÔ�ÕQº�¿ ± µO·R´O¶HÕ#ÖF×�Ø�ÙAÚAØRÛHÜx×RÚJÝjÝ)Þ�Û.ßYàRásâ�Ûxã9àxäFÛTåQæÒç�ã9Þsásã9Þ�æ�è!æ¦Ú_é�ÞHè¦ê�Þ�ÚoÙAÚJÝwëuÞ�ì
ÝRæÒÞsÚQÛsè�áOíRî:ÞsÚQÕ�Ì)¾f´ ± ½fÂ�º�´2Å�ï;º�´OÀð³�Â9Õ�Ó�½f¸¦·�´OÐ/³Rµ ± Ñe³lÑAµOÄfº�À�À�Õ¤¾�³�Â�ºH¶/ñ
òAñsóFñ
ô�õAÕ�ö!ºH´OÀ ± ½�Õ
÷ º�´OÐ/³�½)ø)ÕJÌ=º�¾QµOºHÐ�¼Jº�´%ù�õ�õ�õ9Ë

Ç ²�º�µOºH´:È_º�º�´2Áh³�À,¿7³�½f¿ÍÉ1½f¿9´Oº
³R¶+Ê1¹fÀ�ËrÉú¶2Ä9´2»)ºHø6·�¸1Áh³�»)ºHÀ,º�µ2ÅÒ¿f·�Ð/³ ± ½7Áh³lµOºH´2Å
Ð/³R´2Ñ ± ½fÂ:³RÀ,Â�·�´ ± µO¹fÐw¶HË;Ó�½Wû�áxà
çxÞOÞxÝRæ�ÚAØRÛ�à�ü1åfû�ý2þ!ÿ�åJÞxç�ÙAásæ�è���×RÚJÝ¥ß�×�è�Þ�ásî:×Rásâ�æ�ÚAØ
à�üYë_Ù�� è�æ¦î:ÞxÝRæ�×���àRÚ�è�ÞsÚ�è�ÛYý2ý�ýOÕ(»)·�À�ÄfÐwº��	�9ñ
�fÕ!ÌA³�½���·�¶2º�Õ�
�É>Õ(Ê�Ì=É>Õ��)³�½=ÄQ³R´2ø
ù�õ�õ9ñ�Ë

� ¹fº�¸¦·�À,À�·
Á ± ½fÂY¾�³R¾JºH´O¶#¹�³H»)ºT¼JºHº�½j¶2Ä9¼QÐ ± µ2µOºH¿jµO·wÃH·�½f¸�º�´OºH½QÃHºH¶HÆ
Ç ²�º�µOºH´�È_º�º�´2Áh³�À�¿¤Ë���ÄQ³�½)µ ± Ô�³Rµ ± ·�½7Áh³RµOº�´OÐ/³R´2Ñ ± ½QÂ ± ½�µO¹fº���²�� ÷ ù�õ�õ�õ4ÃH·A¿ ± ½fÂ
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_ `Ja	bdcJe4fhg^iJi\j�k�l�g�bdk�a�`
a�m7n�g^bde�fdopg^f8qOk�`\rsk�t�k�opg	r�eug	vObdc\e4`=bdk�lwg^bdk�a	`xg	`Jy{z|b}g^oui�e4f�y\e�~
bdewl�bdk�a	`O�d�D��k�r	k�b}g	jHi\cJa	bda�r^f}g^i\c\t2g^fde{��ewk�`Jr�vJt8ewyXo,a	fde
g	`JyXo,a	fde�a�m�bdew`Xg	tslwa	vJf8b
e4�Yk�yJew`Jl4e�`\awn�g	y\gw�Ot4�F� e4fde	�%n�g^bde4fdo,g^f8qOk�`Jrxk�tpvJt8ewy�bda�y\e�bde4l4b,t8k�r	`\k��\l�g	`=b�o,a�y\k��J~
l�g�bdk�a�`�a�m�bdcJe�k�o,g	r�e	�
��k�r�k�b}g	j�k�o,g	r�e4tug^fde�t8v\t8l4e�i\bdk��\j�e�bda�t8ewg	o,j�e4t8tuouaYyJk��\l�g�bdk�a�`Jt
m�fda�o�t8a	i\c\k�tQbdk�lwg^bde4ypk�opg	r�e0iJfdaYlwe4t8t8k�`Jr�g^iJi\j�k�l�g�bdk�a�`Jt4����g^bde4fdo,g^f8qOt7lwg	`u��e3vJt8e4y,cJe4fde
g	t�gpo,ewg	`Jt bdap�=e�fdk�m���bdcJe�r�e4`�vJk�`Jew`Je4t8t�a�mBg^`
k�opg	r�e	�K�Be4fdk���lwg^bdk�a�`{n�g^bde�fdopg^f8qYt�g^fde
fde��=v\k�fdewy,bda.��eKm�f}g	r�k�j�e���t8a�bdc\g^b0g	`=�pouaYyJk��\l�g�bdk�a�`,bda�bdcJeHk�o,g	r�eHnHk�j�j�yJe4tQb8fda��{��a	f�y\e�~
bdewl�b}g^�\j�e.g	j�bde4f��%bdc\e.opg^f8q���� `Jj�k�q=e�l�f8�YiJbda�r	f}g^i\cJk�l.o,e4t8tdg	r�e�yJk�r�ewtQbdt3nHc\k�l�c�lwg	`{a	`\j��
��g^j�k�y\g^bdepk�yJew`=bdk�lwg	j%lwa^i�k�ewt4��n�g^bde�fdopg^f8qYk�`Jr{m�a	f�k�opg	r�esg	vObdcJew`=bdk�l�g^bdk�a�`�t8c\a	v\j�y�bda�j�e�f8~
g^bdeKt8a�oueKn0e4j�j�~:y\e��\`Jewysk�opg	r�eKyJk�tQbda	f8bdk�a�`
��e�� rJ���\j�eKm�a	fdopg�b0lwa�`=�=e�fdt8k�a	`���fde4~:tdg	o i�j�k�`JrJ�
fde4~:l4a�ouiJfde4t8t8k�a�`�a	f3iJfda�r	fde4t8t8k���ehb8f}g	`Jt8o,k�t8t8k�a�`��}�
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�hg^b}g{cJk�yJk�`\r�a	futQbde4r=g	`Ja�r^f}g^i\c���b8fdk�e4t�bda�k�`=�Ok�t8k��\j���ewo���e4y�bdcJesopg�«Ok�o�vJo¬g	o,a�vJ`=b
a�m�y�g�b}g�k�`=bdaxg{cJa�tQbut8k�r�`\g	jh��e	� rJ�
g^`�k�o,g	r�e��}�x­�cJk�t g	j�j�a�nHt l4a�o,o�vJ`Jk�lwg^bdk�a	`�vJt8k�`\r
a�m�bde4`Fe4`Jlwk�i�cJe�fdewyFo,e4t8tdg	r�e4tsnHk�bdcJa�vOb�g�b8b8f}g	l4bdk�`Jr�bdcJe�g^b8bde4`=bdk�a�`Fa�m.g�bdcJk�fdy*i�g^f8b����
­B�Yi\k�lwg	j�j��=�=fda^��vJtQbd`Je4t8t%fdew��vJk�fde4o,e4`�bdt%g^fdeHj�a�nXm�a^f�tQbde4r=g	`Ja�r^f}g^i\c\k�l3i�vOf8i�a�t8e4t4�Yk�`\tQbdewg	y
k�`=�Ok�t8k��\k�j�k�b���g	`Jy�l�g�i�g^lwk�b���g^fdeha�mªiJfdk�oue.k�oui�a	f8b}g	`Jl4e��
® opg	r�e�j�g^��ewj�k�`Jr�k�t g	`
g^iJi\j�k�l�g�bdk�a�`�nHc\e�fde�k�`Jm�a^fdopg^bdk�a	`
g^��a�vObKbdcJe�k�opg^r�e�l4a�`=bdew`=b k�t
ew`Jl4aYyJewy�g	t�g�n�g^bde4fdo,g^f8q�g	`Jy�k�`Jt8e4f8bde4y�k�`=bda�bdc\epk�opg	r�e,bda�g	t8t8k�tQb�k�opg	r�e,fde4b8fdk�e4�	g	j
m�fda�oTguy\g^b}g^��g	t8e.a	f3iJfda��Ok�yJe.e4«Yb8f}g k�`\m�a	fdopg^bdk�a�`�bdaubdcJe��Ok�e�n0e�fw�
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��g^bde4fdo,g^f8qOk�`JrJ�=bdc\g^b�k�tBbdcJe3bdewl}cJ`\k���vJeKa�m�i\j�g^lwk�`\r�g	`Jy,b8f}g	`Jt8o,k�b8bdk�`\r�t8opg^j�j�g^o,a�vJ`=bdt
a�m�y\g^b}ghk�oui�e4fdl4e4iJbdk���j��,k�`pcJa�tQb�a^f�lwaw�=e4f%y\g^b}gO��c\g	tBfde4lwe4`=bdj��um�a	v\`Jypopg^`��u`Je4nXg^iJi\j�k�~
l�g�bdk�a�`Jt4�%� awn0e4�=e�fw�\tQbdewr�g	`Ja�r	f}g^i\c=��g^`\y�y�g�b}g,cJk�yJk�`\rpc\g	t���ewe4`�tQbdvJyJk�e4y�j�a�`Jru��ewm�a	fde
µ·¶	¸�¹ � ¶�º�»�¼ g	`JyxbdcJe,vJt8e,a�m%i�g^i�e4fhn�g^bde�fdopg^f8qOt.m�a	f�l4a	i���iJfda	bdewl�bdk�a	`�lwg	`x��eub8f}g	l4e4y
��g	l}q�vJ`=bdk�j�bdcJe�½�¾�bdc l4ew`=bdvOf8�O¿h��t8e4e��\r�vOfde�½	� º �¢g��8�}�7À�vOf8i\fdk�t8k�`Jr�j��=��g^`\l4k�e4`=b�n0a	f8qOt��JfdtQb
iJfda�ouiJbdewy
m�a^f�g�bde4l}c\`Jk�l�g	j�t8a�j�vObdk�a	`xm�a	fhl4a	i��Yfdk�r�c=b�iJfda	bde4l4bdk�a�`xa	m%yJk�r�k�b}g	j@k�o,g	r�e4t.g	t
t8aYa�`xg^t bdcJe4��n0e4fde�yJk�tQi\j�gw��ewyxk�`
yJk�r�k�b}g	j�j�k��Jf}g^fdk�ewt}Á�gw�	g	k�j�g^�\j�e�bdcOfda�vJr�c�bdcJe ® `�bde�fd`Je4b
��t8ewe��\r�vOfdep½^� º ���Â�8�}�
Ã a�n�g	y\gw�Ot4�ObdcJe�fde�e�«Ok�tQb0n�g^bde�fdopg^f8qYk�`Jr o,e�bdc\a�y\t0m�a	f0�Ok�f8bdv�g^j�j���e��=e�f8�pqOk�`Jy2a�m�y\k�r�k�b}g^j
o,e4y\k�gOÄ.bde�«Yb.yJaYl4v\ouew`=bdt µ ½�¾=Å��%½ � ½	�%½ ¹ �%½ º�¼ ��k�opg	r�e4ts��oua�tQb.fdewt8ewg^fdl}c�l4a�`Jlwe4`=b8f}g^bdewt
a�`2bdcJk�t3o,ewyJk�g b��Yi�e��Jt8e4e Ã k�q=a�j�g	k�yJk�t µ ½ »�Æ�¼ a��=e�f8�Ok�e4n¥a�mªk�o,g	r�eht8ewl4vOfdk�b���bdewl}cJ`Jk���vJe4t��}�
�Ok�yJe4a µ Å	¾Y��½ ¶�¹ ��½ ¹ � � ¹�» ��½ º�Æ � ¶	¶�Æ�¼ �^g	vJy\k�a µ ½�Å�� ¹ �Y½ ¹�¶ ��½ » ¾�� ¶�¶�¹ � ¶�º�º � ¶ � ¶	¶ ¾Y�Y½ � Æ ��½ º�º �
½ ¸=º�¼ �Oe��=ew`sm�a^f º �§i�a�j��Or	a�`\g	j�o,aYyJe4j�t µ ½	½	� ¹�¹ � ¶ ½ º �Â½ »�¹�¼ �Yopg^i\t µ ½ ¸ ½ ¼ g	`Jyslwa	oui\vJbde�f
iJfda�r	f}g	o,t µ·º�¶ � º�º�¼ � ® `=bde�fdewtQbdk�`Jr�j���� n�g^bde�fdopg^f8qOk�`\r�bde4l}c\`Ja�j�a�r	�Çk�t�`Ja	b�j�k�o,k�bdewyÈbda
yJk�r�k�b}g	j�o,ewyJk�g��Â�\vOb.g	j�t8a�g^iJi\j�k�lwg^�\j�e�bda2e	� rO�.l�cJe4o,k�lwg	j@y\g^b}g�j�k�q=e�iJfda	bde4k�`
tQb8fdv\l�bdvOfde
µ·Æ�¶ � » ½ ¼ �
É4Ê4ËQË
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A4NXWZY[G�\]CFEHG�SFT
A4SOBMSK\^BDCFEHG�I6GHBMLON_P`SOBMSK\]CRE�GHSOTVU

acbed W d BMN b TFf b f[Y[B6TOG�gFhif b GHBMS�Y[W bed B6Tkj
A4EHG�SFWZf)lmfDTOTFG b GHBMSnBMopf[NrqOleWZfDT�NrqsW	h b leLOYtNXG�uMSFfDE
A4GHY�f)uMW�oQLONXGHBDSvP`WZY�CkW	TOTOGHSOu�BDopf�wxE�BMuMB)yrU
A4SOBMSK\^EHGHSOWZf)l-z LFfDS b GH{Zf b GHBDSO\|f)SFTK\]leW�qFE}fDh	W�N b l~f b WZuD�

acbed W�qsW�lehZW�q b LRf)EkY�B6TOWZE�GHSOu�N b l~f b WZu)��j
A4SOB�Y�B TFW	EHG�SOu
A4GHY[qFE�GHh	G b Y[B6TOWZE�GHSOu�I6G}f b l~fDSONXo�BDleYtTOBMY�fDG�S�qOleBDqsW�l b GHW	N
A4W	� qRE�GHh	G b=�m��� Y�B6TOWZE�GHSOu

acbed W�qFLKlXqsBMNXW�BMo bed W$�:f b W�leY�f)lX�KG�SFu�f)qOqRE�GHhZf b GHBDS&j
A4hZB)q6� leGHu d�b qOleB b W	h b GHBMSkjOh	G�leh	LFEHf b GHBDS b l~fDhe�KGHSOu
A4GHY�f)uMW�TFf b f�I�W�leG�gFhZf b GHBMSkjOGHY�fDuDW�fDL bed W	S b GHhZf b GHBDS�f)SFT b fDY[qsW	l�TOW b W	h b GHBMS
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a fDSOT bed W d BMN b Y[WZTOG}f b �6qsWD�
A4N b GHE�E�G�Y�fDuMW
A�IKGHTOW	B
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� d GHN�NXWZh b GHBDSvuMGJI�W	N�f)SvBiIMW	lXIKG�W	�­BMo bed W�qOleBDqsBMNXW	Tc�:f b W	leY�f)lX�KGHSOu�fDEHuDBDleG bed Y�N bed f bBDqsW	l~f b W²G�S bed W��:fZI�W	EHW b TOBMY�fDGHSk�³��B bed W�CsW	N b BMo:BMLKl_�KSOBi�=EHW	TOuMWMj�G b GHN bed W�Y�BMN bhZBDY[qOleW d W	SFNXGJI�W�h	BMY[qFG�E}f b G�BMS�BDo��:f	I�WZE�W b \]CRfDNXW	T��:f b W�leY�f)lX�KG�SOu�NXh d WZY�W	N�P`´$W	hZW	Y�CsW	l¤DµMµMµ�U~� � BZ��W	I�W�lZjpTOLFW b B bed W²fDY�BMLOS b BMo�qFLKCRE�GHN d W	Tv��BDlX�@GHS bed GHN�gFWZE�T¶P`o`f)l_Y�BDleWbed fDS@£ZµMµ�qRf)qsW�leN�qsW	l��MWif)l�U~jK��W�hZfDS�SOB b uDLRf�l~fDS b WZW�oQBDl=G b N=h	BMY[qFEHW b W	SFW	NXN	�
· W�BDleu�fDSOGH{	W bed W�fDEHuMB)leG bed Y�N�fDh	h	BDleTOGHSOu b B bed WZGJl�Y�fDGHS�W	Y�CsWZTOTOGHSOu�N b l~f b WZu)��j�fDTOTFG b G�I�WBDl�z LFfDS b GH{Zf b G�BMSkj&fDSOT�qFleW	NXW	S b-bed WZY¸G�S§BDleTOW�l$BMo bed W	G�l-qOleGHSOh	G�qRfDEpfDL bed BDlZ¹ N-SRf)Y�W�GHS
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approximation subband (LL) not used

... initial threshold for subband

 ... weighting factor for subband

first subband to be watermarked
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selected coefficient triple
at resolution level 1

in ascending order
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manipulating median coefficient
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SUTkV7WvX[Z"\�^�_��Y`��rnYZrw�TQf��hW(q�f�g[Tk�<qsg[TQb7f�g[Z�d	n�fYTQ��WYZ�b7��ypW�fY{YWvX>� i orqsg[Z�X[teqsX'uvTQfYV/i'd	n�Z�t$Z�^

q�f�q�j�xv�>TkfYVmg[nYZ�Z�X'X[b�X/b7�¡g[nYZ�uvfYb<o�f�X[Z��LZ�X[Z�f�d�Z�orqsg[Z�X[teqsX'u�¢£b7fYZ$d>q�f�Z>i¤g[Tkteq�g[Z
g[nYZ/Z�X'X[b�X1b7fmg[nYZ/i'Z�d�X[Z�g�orqsg[Z�X[teqsX'u�^.�rnYTQi1q�jkjQb<o�i�g[beq�¥Y¥(j�xm{YT�¦§Z�X[Z�f�g�o.Z�TQV7nhg[i
g[b�g[n�Z¨X[Z�d>b<©7Z�X[Z�{ªorq�g[Z�X[teq�X'u«TQfY�Lb�X[teq�g[TQb�f¬^pS�WvX'g[n�Z�X[t$b�X[Z�¢�g[n�Z¨orq�g[Z�X[teq�X'u«TQi
X[Z�{�WYfY{�q�fhg[jkxzZ>t/w§Z�{Y{YZ>{mg[b�TQt�¥YX[b<©hZpX[b�w(WYi¤g[fYZ�i'i�^
­=fz®Q¯>_v¯�°:¢�g[nYZrq�Wvg[nYb�X[iUd�j±q�Tkt²g[n�q�g w�x]Z>t/w§Z�{Y{YTQfYV"g[n�Z¡orq�g[Z�X[teq�X'u]Tkf�q"{�T�¦�Z�X[Z�fhg
{Yb7teq�Tkf³g[n�q�f³g[nYZ�b7fYZ�WYi'Z>{��´b�XpTQteq�V7Z�d>b7t�¥�X[Z�i'i'TQb�f¬¢§g[nYZ�X[b�w�WYi¤g[fYZ>i'ipd<q�f³w�Z
TQt�¥�X[b>©hZ>{]µ]qsg jkZ<q�i¤gUg[nYZ.orq�g[Z�X[teq�X'uvTkfYV/q�f�{�d�b7t�¥YX[Z�i'i'TQb7f$i¤x�i¤g[Z>t$i�i'nYb7WYjk{$WYi'Z
{YTk¦�Z�X[Z>fhg�¥�Z�X[d�Z�¥�g[W�q�j§t$b�{YZ�jQi�^

¶§·k¸£·´¹�·±º »z¼´½(¾À¿�Á´ÂsÃ ÄÆÅªÇ È£ÉUÇ£¿�Ê�ËA¿<Ì�½�ÁÍ¼LÎYÏ
»ÐÇ¬ÂsÃ£¾À¿sÑ �rnYTQi1q�jQV7b�X[Tkg[nYtÒn�q�i�w§Z�Z�f«{YZ�©hZ>jkb�¥�Z>{zw�xmÓÔZ�Z�¥(q$ypWYf�{YWvXÔq�fY{lÓÔTQt$T�g'X[TQb7i

ÕÔq�g[��TQf�q�uhb�i�q�g¨g[nYZÐÓÔZ�¥(q�X'g[t$Z�f�g]b7��Ö jQZ�d�g'X[Tkd<q�j¡q�fY{×a*b7t�¥�Wvg[Z�X�Ö¡fYV7TQfYZ�Z�X[TkfYVY¢
Ø"fYTk©hZ�X[i'Tkg=xÐb7�U�£b�X[b7fhg[bY¢�a.q�f�q�{�qeq�f�{mTki�¥�Wvw(jkTQi'nYZ�{«TkfÙ®Q¯7¯>Ú�¢£¯7¯ 6 ¢£¯<_�Ûv¢¬¯7¯<_s°�^

Ü ÌvÂ<Î�¿�Ä5Ì(¿sÝ²Þ w(Tkf�q�X'xzi'TQV�f(qsg[WYX[Z/Tki�Z�t¨w�Z>{Y{YZ�{lTQfhg[b�uhZ�x�ß:i'Z>jkZ>d�g[Z>{m{YZ�g	q�TQj§i'WYwYw(q�fY{
d�b�Z�c$d>TkZ>fhg[i�^

à Î�á7¾�Ä5â�¾ÀÑ<Á±Â�Á´¾�È �rnYZmq�WYg[nYb�X[i�b�w�g	q�TQfãqªt]WYjkg[T�ß�X[Z>i'b�jQWvg[TQb7f�X[Z�¥YX[Z�i'Z>fhg	q�g[Tkb7f�b7��g[nYZ
nYb7i¤g1Tkteq�V7ZpWYi'TQfYV�q�fmTQfhg[Z�V7Z�X�ÕÔq7q�X�orq>©hZ�jQZ�g�g'X	q�fYi'�Lb�X[tm^

ä ¾§Î�å�á�ÁLÎvÈÀÂeÑ�ÎY¼´Î�á�Â�Á´¾�ÈæÞ ¥�i'Z�WY{�b�ß�X	q�fY{�b�t�d>b�Z�ced�TQZ�fhg£i'Z>jkZ>d�g[TQb7f/q�jkV7b�X[Tkg[nYt�TQi£W�i'Z�{§¢
jQZ>q>©vTkfYV"i'b7t�Z*d>b�Z�ced�TQZ�fhg[i WYfYt$b�{YTkç�Z�{]g[b1jkTQt$T�g ©vTki'W�q�j�{�Tki¤g[b�X'g[TQb�f]b7�vg[nYZ*Tkteq�V7Z�^

è Äªé�Î�É É Á�È¬½ �rnYZ$i'd@nYZ�t$Z>i/w�WYTQjk{�i/b7f5g[nYZe��W�q�fhg[TQ�>q�g[TQb7f5t$Z�g[nYb�{ê®k¯7¯<ës° {�Z�i'd�X[Tkw�Z>{
TQfìi'Z�d�g[Tkb7f�\�^ �Y^�_�^ �Y^ Þ fìTkf�g[Z�V7Z�Xmorq>©7Z>jkZ�gmg'X	q�fYi'�Lb�X[tÆTQimZ>t�¥(jkb<xhZ�{ìg[b×q�©hb7TQ{
X[b7WYfY{vß:b�¦�Z�X'X[b�X[i"{YWYX[TkfYV�g[nYZ�Tkf�©7Z�X[i'Z¨g'X	q�fYi'�Lb�X[tío�nYTQd	nªd>b7WYjk{ªw�Z]{YZ�g[Z>d�g[Z�{³q�i
q�fmg	q�t�¥�Z�X[Tkf�V$q�g'g[Z>t�¥�g>^
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DC coefficient
luminance of block

8x8 block of
DCT coefficients

low-frequency subband
formed by DC coefficients
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M�NPO0M,Q4M4R1S1M�TUS1OWVPXZY-X4NP[\X7]�N_^a`H^bT ScX+dPe�fJg�hiXkjbOlQ(OJN,g�X7miScnpobO,[pTqOJrirURcmis/TUS1X+dPe�ftM�NPO
]ifuO,r&vWwxVZR1fZR1[zy&X�NuV�M4m(VZVPX�fuOJS1OJdJVZmiOJR1s7h(TqX4NPRcmUs�d,X+Ol{$dJR1OJm(VPfZfuRcmUdJO|RcVZR1f/M4fufu]i[}OJr
VPhUM�VZVPhiO,R~N/rUR~�qOJNPOJmid,O|Rcf���X7m�M,Q(OlN�M4s7O4v

�����_�+�:�_�*�a�\� j�M�VPOlNP[$M�Nue�TUR~V�R1f/yUS�M4dJO,r�Rcm�M�^$`�^}OJ[pTqO,ririR1mis�TUS1X�d�e�]UfuRcmis�riRcY��
Y-OlNPO,m(VPR1M4S�OJmid,X+riRcmUs�v

� �-�,���t�,�k���q��� hiObyiNPX4yqX7fuO,rzj�M�VPOJNP[}M�Nue�R1misGM4S1s4X4NPRcVPhi[�]UfuOJfWScR1miO,M�NWyiNPX7s4N�M�[}[}R1mis|VPX
X4yiVPR1[}Rc�,OZj�M�VPOJNP[}M�Nue�NPX4TU]if�VPmiO,fuf0j/R~VPhiR1m�M|Q�Rcfu]UM4S riR1f�VPX4NuVPRcX7m�dJX7mif�VuN�M4R1m(VHs7RcQ7O,m
T�n��7��� VPhiNPOJfuhiX7S1r�[$M�yUfJv

¡&¢�£q¢*¤ ¢�¥ ¦¨§ � �"©4��ª	«:�­¬0®(��¯�° ©k° �
¦ �&ª�«��"©���� hiR1fpM4Scs7X4NPR~VPhU[±h M�f|T&OJOJm�riOJQ7O,ScX4yqO,r�T+n���v � �,X,Q7M�N�M�fJgt�²v�³pM	N�M4s7R�M�mUmiRcf

M4mirµ´)v�¶²v&·�VuNPRcm(VP�,Rcf�M�V/VPhUOp¸0ScO,dlVuNPR1d,M4StM4mir�¹HX7[zy ]�VPOlN�¸WmUs4R1miO,OlNPR1mis���OJy M�NuVu�
[}OJm�V,gUº�miRcQ7OJNPfuR~V»n¨X7Y � hiOJfufPM4S1X4mUR~e�R¼gq¶�NPOJO,dJOGM4mir�R1f�y ]�TUS1RcfuhiO,r�R1m�½¿¾	À(Á�ÂÃv

Ä °iª,�+©4�Å° ©	ÆÇ� hiO�j�M	VPOJNP[$M	NueÅRcfpriOlVPOJNP[}RcmiO,r�T+nµVPhUO�fuO,OJrÅQ7M4Sc]iO}Y-X4NGVPhiO�yUfuOJ]irUX��
N�M4miriX7[Èm�]i[pTqOlN�s4O,miOlN�M�VPX4N,v

� �+�7�q��ÉÊ�"�k��ª����q��� hiOÅM�]iVPhiX4NPf�dJX7[�y M�NPO�]ifuR1misËM�TUS1X+dPe+�¼T M4fuOJr�oµ`Co��p¹ � M4mir
M�VPh�NPOJOJ�ÃScOJQ(OJSWj�M,Q7O,ScOJV²riO,dJX7[�yqX7fuR~VPR1X7m�j/RcVPh�Ì�M7M�NzM4mir�TURc�ÃX4NuVPhiX7s4X7mUM4S0ÍUScVPOlNPfJv
Î R1s4]iNPO}Ï+vÐÏ�Á�riOly RcdJVPf�hiXkjAVPhUO�M	yUyiNPXkÑ+R1[$M�VPRcX7m�fu]iTiT M4mir�R1f�riOJNPR~Q(O,rµ]UfuRcmis¨VPhiO
�p¹ � v

Ò �&��ÓÔ�������"ª��J� § �+�4ª����q�Õ� ScSHd,X�OJ{$dJR1OJm(VPfzY�NPX7[ÖVPhiO�ScXkjZ�¼NPO,fuX4S1]�VPR1X7mËM�yiyiNPXkÑ�Rc[$M�VPRcX7m
R1[$M�s7O�M�NPO�fuO,ScO,dlVPO,rËM4mirËf�yUScRcV}Rcm(VPX�V»jbX�fu]�T fuOlVPfJgH×ÈM4mirCØ$ÙWM�d,dJX4NPriR1misµVPXÅM
yUfuO,]iriX4�¼N�M4miriX7[ÚfuOkÛ�]iOJmid,O²X4Y_T RcmUM�Nun�Q7M4Sc]iO,fJv Î ]�NuVPhiOJNP[�X4NPO7g"X7miScn�dJX+OJ{}d,RcO,m(VPf
M�NPO}fuOJS1OJdJVPOJrÅj/hiRcdÜhÅTqO,ScX7mis¨VPX�NPOJs7RcX7mifGR1mÅVPhiO}R1[$M�s7O�VPhUM�VGd,X7m(V�M4Rcm�fu]�{$dJR1OJm(V
VPOJÑ�VP]iNPObRcmUY�X4NP[$M�VPRcX7m&g(R¼v O7v:TUS1X�d�e�f_j/hiX7fuOZ×�ÝÞOJmUOlNPs4n²R1fÊs�NPOkM�VPOlN_VPh M�m$M�f�yqOJd,R~Í d
VPh�NPO,fuhiX7Scr�v

�����_�+�:�_�*�a�ß� hUO�O,[pTqOJrirURcmisµyiNPX+dJOJfuf²R1f²fuR1[}RcS�M�N²VPX�VPhiO�M�yiyiNPX(M4d�hÔriOJfudJNPR~T&OJr�T�n
à RcV�M�f�½cá 5 ¾	Â¼v � hiO$d,X+Ol{$dJR1OJm(V²Q4M4Sc]UOJfpX7YbX7miO�fu]�TUfuOJVzM�NPO$R1midlNPOkM4fuOJr�j/hiR1ScO$VPhiO
d,X�OJ{$dJR1OJm(VPf�X7Y�VPhiO�X4VPhiOJN�fu]�TUfuOJV¨M�NPO�riO,dlNPO,M4fuO,râR1mãX4NPriOlN�VPX�[$M�Ñ�Rc[}R1�JO�VPhiO
riRc�qOJNPOJmid,O|X7YaVPhUO|fPM4[�yUScOG[}OkM�mUfZX7YtVPhiO�V»jbX$fu]�TUfuOlVPfJv

��ä&ªk©	°U�4ª����q�æå mUS~n�VPhUOZyiNPOJfuO,midJO�X�N�M�TUfuOJmid,O/X7YqVPhiO/[$M�Nue�dkM4m}TqO�riOlVPO,dlVPOJr}j/R~VPhUX4]iV
NPO,Y�OJNuNPRcmis�VPX$VPhiOpX4NPR1s4R1mUM4S:Rc[$M4s7O²]ifuR1mis�h(n+yqX4VPhiOJfuR1f�VPOJf�VPR1misiv/çÞRcVPhiX7]�V�M4mµOJ[��
TqO,ririO,r}j�M�VPOlNP[$M�Nueqg�VPhiO�[}O,M4m$Q7M�S1]iO,f0X7YqVPhUOZV»jbX²fu]�T fuOlVPfbM�NPO�OJÑ�y&OJdlVPO,r}VPXGTqO
M�TqX7]�V0VPhiO�fPM4[}O4v � [$M�Nue}R1f0fPM4Rcr�VPXGTqO/riOJVPOJdJVPOJr$R1YqVPhiO/[}O,M4m$Q4M4Sc]UO/X7Y&fu]�T fuOlV
×ßR1fZfuR1s7miRcÍUd,M4m(VPScn¨riRc�qOJNPOJm(V/Y�NPX7[èfu]iTiT M4mir�Ø�é

� �-�,���t�,�k���q��� hiO²yiNPX4yqX7fuOJrµj�M�VPOlNP[$M�Nue�Rcmis¨[}OJVPhiX+rµrUOJ[}X7mif�VuN�M�VPOJf�VPhUM�V�VPhiOz�²¹ �
M4mir��/ç � dkM�m�TqX4VPh$TqO�O,[�yUScXkn(OJr�j/hiO,m�OJ[pTqO,ririR1mispVPhUOZj�M�VPOJNP[}M�Nue�R1mis²X4mUS~n
R1m�VPhiO|ScXkjZ�¼NPOJfuX7S1]�VPR1X4mµM�yiyiNPXkÑ�Rc[$M�VPRcX7m�R1[}M4s7O4v

ê�ëxìbëÃí î¨ïaðUñ�òGïaó"ôiõxöHï

� m�]i[pTqOlN�X4YaNPO,fuO,M�NPd�h�jbX4Nue�NPOJS�M�VPOJr¨VPXzj�M�VPOJNP[}M�Nue�R1mis}Rcm¨VPhUO�j�M,Q(OJS1OlV/riX7[$M4Rcm�hUM4f
TqO,OJm�yU]iTUScR1fuhiO,r�X7miScn�Q(OlNun¨NPO,dJOJm�VPS~n(v�w»m�VPhiR1f�fuOJdlVPR1X7m&g jbOpVuNun¨VPX}TUNPRcOJ÷in�fu]U[�[$M�NPR1�JO
VPhiO,fuO|miXkQ(OJStM	yUyiNPX(M�dÜhiOJfJv
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