
���������	��
���
	�������	�����	�������	
��	���������������	���	��������
	�	��
	��� ��!"���	�������	
�#$�������������	�
� ���	��������% ��&	���

')(+*-,.(+/+0+12')(+3 14+5 /+0+1267380:9<; 1,34 ')(+380+1�(+;+=?>@; 24+A *-BDCE38FG1�;+HI/+0 1 =80+J:K@=8B�*-=80 A =80 1

1. LNMPO+QRQTSUQTVXWYQTZ\[R]R^ _P`"LNMPa _PbRMP_dcebRfgLhQTVi^ j7ce`e_"k+bRl�a bR_P_P`ea bRl�mTnoQTb+cPp O\qrbRa s�_P`Pp a ^ t�mTu)a MP^vQT`eavc"wRxTyRy+mTz{]+p ^ `PceS avcP|
{ zhezhiz,hrw,timf,dmt} @csse.monash.edu.au

2. noQT^vQT`PQTSvc�z{]+p ^ `PceS avceb\}~_8p _8ce`eMPO\W~_PbR^ `e_8mRLNtIfRbR_Pt�mTz{]+p ^ `PceS avcP|��PORtI]+�7a _P_P_8| QT`el
3. LNMPO+QRQTSUQTVXWYQTZ\[R]R^ _P`�k+bRl�a bR_P_P`ea bRl�mT��cebRt�cebRl���_PMPORb+QTSvQTl�a M8ceS.qrbRa s�_P`Pp a ^ t�mRLNa bRl�ce[+QT`e_8|

ABSTRACT

��ORavp�[+ce[R_P`�_Ps�ceS ]+ce^ _8p�c�[R_P`eMP_P[R^ ]+ceS�a Z\[+cea `eZ\_PbR^�Z\_8cPp ]R`e_�V�QT`
`ea bRl�a bRl�ce`e^ a V�ceMP^vpvmRj{ORa MPO�ce`e_dM8QTZ\ZgQTb?a b?ORtI�R`ea f?n	W~� �r�XW~n	� �rW~�
M8QTfR_Pf�s�a fR_8QRm"cPp�c\[R`e_PfRa MP^vQT`gQTV�^ OR_gZ\_8ceb�QT[Ra bRavQTb�p M8QT`e_�� n	��LN�
QT�R^vcea bR_Pf	a b@^ OR_:p ^vcebRf+ce`ef�p ]R�R� _PMP^ a s�_:cPpvp _8pvp Z\_PbR^v|	��OR_7[R_P`eMP_P[R^ ]+ceS
`ea bRl�a bRl?ce`e^ a V�ceMP^vp.Z\_8cPp ]R`e_"avp.�+cPp _PfgQTbgc�s�avp avQTb\ZgQTfR_PSUcebRfgc�`ea bRl�a bRl
fRavp ^vQT`e^ avQTbY`e_Pl�avQTb@p _Pl�Z\_PbR^vce^ avQTb@ceS l�QT`ea ^ ORZgmTj{ORa MPO\avp.M8QTbRs�_P`e^ _Pf\a bR^vQ
cEbR_Pj��X_P`eMP_P[R^ ]+ceS�}~a bRl�a bRl��ravp ^vQT`e^ avQTb�n	_P^ `ea M@� �X}~�rn	�YQTb�cYp M8ceS _
QTVUy�^vQr�+|���ORavp{p M8ceS _\M8QT`e`e_8p [+QTbRf+p�^vQ7cUZgQTfRa Via _Pf7��QT]R�RS _ - LN^ a Z\]RS ]+p� Z\[+cea `eZ\_PbR^:LNM8ceS _�s�ce`eavcebR^ �e� � ��L � L -�e� �gZ\_P^ O+QTf+|���OR_��X_8ce`PpvQTb
correl ce^ avQTb+m�^ OR_gLN[R_8ce`eZgceb�`PcebR�:QT`efR_P`UM8QT`e`e_PSvce^ avQTb:cebRf7^ OR_?ces�_P`Pcel�_
ce�+pvQTS ]R^ _r_P`e`PQT`rce`e_r]+p _PfY^vQ~_Ps�ceS ]+ce^ _{^ OR_{[R_P`eV�QT`eZgcebRMP_7QTV�^ OR_{�X}~�rn
M8QTZ\[+ce`e_PfYj{a ^ OY^ OR_dp ]R�R� _PMP^ a s�_"^ _8p ^.f+ce^vcP|���OR_"`e_8p ]RS ^vpUp O+QTj�c"p ^ `PQTbRl
M8QT`e`e_PSvce^ avQTbo�R_P^ j{_P_Pb�^ OR_:�X}~�rn�cebRf�^ OR_:n	��L�j{a ^ O�`e_8p [R_PMP^\^vQ
`ea bRl�a bRl?c rtifacts.

Keywords ��}~a bRl�a bRl	z{`e^ a V�ceMP^vm8�ra l�a ^vceSEu)a fR_8Qd�r]+ceS a ^ t�m8�X_P`eMP_P[R^ ]+ceS
�ravp ^vQT`e^ avQTb\n	_P^ `ea M"V�QT`��ra l�a ^vceS.u)a fR_8QR|

 �¡h i¢2£)¤d¥\¦d§2¨d£) �¥\¢
©"ª�«­¬N®�¯�° ± ² ³ ¯�´�´�«�´�´iµ�«v¶8²�·h¸@² ª�«¹ª8³.ºh»¼±G½�¾�¿�À ÁdÂ)¿�¾�À Á2¿�©
Ã µ�·N² ±G·N¶ÅÄ�·Nµ�Æ~«v¶�´�¯v²G«�½NÀG½N±G¸Ç¸Ç«v»I«v¶8² ±G¯�°dÆh®�° ´�«�Ä�·h½h«�µ�·h½N®�° ¯v² ±G·N¶
À º~° ·hÄvÈ�º~¯�´�«�½�½N±G´�Äv»I«v²G«�Ä�·h´i± ¶�«@² »I¯v¶�´�¸Ç·N»¼µ�ÉgÄ�·h½h«�½�ÊP±G½h«�·�ª�¯�´
º~«�Ä�·Nµ�«�¯v¶�± ¶�Äv»I«�¯�´i± ¶�Ë8° ³�± µ�Æ~·N»¼²G¯v¶8²?±G´�´i®�«�± ¶Ì½N±GËP± ²G¯�°?ÊP±G½h«�·
Ä�·h½N± ¶�ËÍ¯v¶�½ÍÄ�·Nµ�µ�®8¶8±GÄ�¯v² ±G·N¶�´ÏÎ¼Ð

- ÑhÒ¼Ó ©"ª�«Ô¯vº~´�«v¶�Ä�«Ô·h¸¯vÆhÆh»I·NÆh»¼±G¯v²G«Õ¯v¶�½ÖÄ�·Nµ�µ�·N¶�° ³$¯�Ä�Ä�«vÆh²G¯vº~° «×ª8®8µ�¯v¶ØÊP±G´i®�¯�°
´i³U´i²G«vµ Ã¼Ù"Ú2Û É<º~¯�´�«�½Ô·NºhÜ�«�Äv² ±GÊ8«Ï½N±GËP± ²G¯�°ÌÊP±G½h«�·Ô¬N®�¯�° ± ² ³
µ�«�¯�´i®8»I«�´�ª�¯�´\° «�½�²G·@¯v¶g± ¶�¯�½h«�¬N®�¯v²G«7¯�´�´�«�´�´iµ�«v¶8²)·h¸X² ª�«7ÊP±G´i®�¯�°
Æ~«v»I¸Ç·N»¼µ�¯v¶�Ä�«�·h¸"«vÝ8±G´i² ± ¶�Ë@ÊP±G½h«�·	Ä�·h½N± ¶�Ë@¯v¶�½@Ä�·Nµ�µ�®8¶8±GÄ�¯v² ±G·N¶�´
´i³U´i²G«vµ�´ Ó
Ád±GËP± ²G¯�°ÞÊP±G½h«�·ßÄ�·h½N± ¶�Ëà½N±G´i²G·N»¼² ±G·N¶�´­± ¶8² »I·h½N®�Ä�«�½áºh³�®�´i± ¶�Ë
´i²G¯v¶�½h¯v»I½âª8³.ºh»¼±G½ãÄ�·h½N± ¶�Ëä¯�° Ë8·N»¼± ² ª8µ�´åª�¯�Ê8«ßº~«�«v¶çæY«�° °
®8¶�½h«v»I´i²G·h·h½�¯v¶�½�Ä�° ¯�´�´i±G¸ ±G«�½�Î¼èhé ê Ò¼Óhë ¶:² ª�«g½h«�´i±GËP¶ì·h¸)·NºhÜ�«�Äv² ±GÊ8«¬N®�¯�° ± ² ³<¯v¶�½�± µ�Æ~¯v± »¼µ�«v¶8²7µ�«v² »¼±GÄ�´�éE± ²7±G´�ª8±GËPª�° ³�½h«�´i± »I¯vº~° «	²G·
±G½h«v¶8² ±G¸ ³	² ª�«�¶�¯v² ®8»I«?·h¸r·hÄ�Äv®8»¼»¼± ¶�Ë2½N±G´i²G·N»¼² ±G·N¶�´Y¯v¶�½d²G·2¬N®�¯v¶8² ±G¸ ³
² ª�«í¬N®�¯�° ± ² ³â½h«�ËP»I¯�½h¯v² ±G·N¶âÄ�¯v®�´�«�½Dºh³Õ½N±G¸Ç¸Ç«v»I«v¶8²�² ³.Æ~«�´�·h¸
½N±G´i²G·N»¼² ±G·N¶�´ Ó ©"ª8±G´<¯�° ° ·hæY´<¯Þµ�·N»I«�½h«v²G¯v±G° «�½ ¯v¶�¯�° ³U´i±G´�¯v¶�½² ®8¶8± ¶�ËØ·h¸í² ª�«îÆ~«v»I¸Ç·N»¼µ�¯v¶�Ä�«Í·h¸ÏÊP±G½h«�·Ø¬N®�¯�° ± ² ³ Ó ©"ª�«± ¶�Ê8«�´i² ±GË8¯v² ±G·N¶�´7± ¶8²G·�¬N®�¯v¶8² ± ²G¯v² ±GÊ8«@µ�«v² »¼±GÄ�´:¸Ç·N»�¯�´�´�«�´�´iµ�«v¶8²	·h¸

² ª�«ß½N±G¸Ç¸Ç«v»I«v¶8²í¯v»¼² ±G¸Ç¯�Äv²G´å¯v»I«ß«�´�´�«v¶8² ±G¯�°�± ¶ÍÊP±G½h«�·ÕÄ�·h½N± ¶�Ë
Æ~«v»I¸Ç·N»¼µ�¯v¶�Ä�«�«�Ê8¯�° ®�¯v² ±G·N¶�é)Ä�·h½h«v»�½h«�´i±GËP¶ï¯v¶�½¹·hÊ8«v»I¯�° °�Æh±GÄv² ®8»I«
¬N®�¯�° ± ² ³×¯�´�´�«�´�´iµ�«v¶8²G´ ÓÍð ° ·hÄvÈ8± ¶�Ëï± µ�Æ~¯v± »¼µ�«v¶8²�µ�«v² »¼±GÄ�´�¸Ç·N»
bo
² ªo´i² ±G° °8± µ�¯�Ë8«�´Y¯v¶�½2½N±GËP± ²G¯�°�ÊP±G½h«�·h´~ª�¯�Ê8«)º~«�«v¶@± ¶�Ê8«�´i² ±GË8¯v²G«�½
¯v¶�½�»I«vÆ~·N»¼²G«�½�Î¼ñ

-
ÐhÐ Ò¼Ó Â)¯v»¼² ±GÄv®�° ¯v»I° ³Ué�² ª�«gÂ ð Ád¾ Ã Â)«v»IÄ�«vÆh² ®�¯�°

ð ° ·hÄvÈ8± ¶�ËïÁd±G´i²G·N»¼² ±G·N¶�¾�«v² »¼±GÄ�É�º~¯�´�«�½�·N¶×¯�ª8®8µ�¯v¶åÊP±G´i±G·N¶µ�·h½h«�°r¸Ç·N»	½N±GËP± ²G¯�°rÊP±G½h«�·g±G´�´iª�·hæ~¶�²G·?ª�¯�Ê8«�ª8±GËPª�Ä�·N»¼»I«�° ¯v² ±G·N¶
æ~± ² ª�´i®8ºhÜ�«�Äv² ±GÊ8«�½h¯v²G¯g± ¶ì²G«v»¼µ�´2·h¸)² ª�«gÂ)«�¯v»I´�·N¶­Ä�·N»¼»I«�° ¯v² ±G·N¶�é
² ª�« Û Æ~«�¯v»¼µ�¯v¶á»I¯v¶8Èß·N»I½h«v»ÌÄ�·N»¼»I«�° ¯v² ±G·N¶ß¯v¶�½ò² ª�«�¯�Ê8«v»I¯�Ë8«
¯vº~´�·h° ®8²G«2«v»¼»I·N»	Î¼ÐhÐ Ò¼ÓXó ÊP±G´i±G·N¶�µ�·h½h«�°�º~¯�´�«�½?»¼± ¶�ËP± ¶�Ë�¯v»¼² ±G¸Ç¯�Äv²µ�«�¯�´i®8»I«YæY¯�´�Æh»I·NÆ~·h´�«�½)± ¶�Î¼Ðhô Ò ¸Ç·N»\½N±GËP± ²G¯�°�ÊP±G½h«�· Ó
ë ¶î² ª8±G´íÄ�·N¶8² »¼± ºh®8² ±G·N¶�é�² ª�«Å»¼± ¶�ËP± ¶�Ëî¯v»¼² ±G¸Ç¯�Äv²òµ�«�¯�´i®8»I«Å±G´² »I¯v¶�´�¸Ç·N»¼µ�«�½õ± ¶8²G·ö¯Õ¶�«�æ÷ÊP±G½h«�·ÖÂ)«v»IÄ�«vÆh² ®�¯�°Dø)± ¶�ËP± ¶�Ë
Ád±G´i²G·N»¼² ±G·N¶ù¾�«v² »¼±GÄ Ã Â�ø)Ád¾�Éí·N¶$¯î´�Ä�¯�° «î·h¸ úà²G· ÑÄ�·N»¼»I«�´iÆ~·N¶�½N± ¶�Ë�²G·�¯�µ�·h½N±G¸ ±G«�½�Á2·N®8º~° «

-
Û ² ± µ�®�° ®�´ ë µ�Æ~¯v± »¼µ�«v¶8²Û Ä�¯�° «¹Ê8¯v»¼±G¯v¶8² ë¼ë Ã Á Û ë Û -ë¼ë ÉYµ�«v² ª�·h½ Ó Û «�Äv² ±G·N¶ ë¼ë ± ¶8² »I·h½N®�Ä�«�´² ª�«:Æ~«v»IÄ�«vÆh² ®�¯�°r»¼± ¶�ËP± ¶�Ë�½N±G´i²G·N»¼² ±G·N¶�µ�«v² »¼±GÄ Ó"ë ²G´�Æ~«v»I¸Ç·N»¼µ�¯v¶�Ä�«

evalua
² ±G·N¶�´<¯v»I«ÞÆh»I«�´�«v¶8²G«�½�± ¶ Û «�Äv² ±G·N¶ ë¼ë¼ë éo¸Ç·h° ° ·hæY«�½òºh³

conclusions.

 � �ûEü�¤d¨"ü)û�£�§dý2þ¹¤d i¢2ÿ? i¢2ÿì¦2 ��+£)¥g¤d£) �¥\¢���ü�£)¤d �¨

ó ´�´iª�·hæ~¶�± ¶��+±GËP®8»I«	ÐhéX² ª�«YÂ�ø)Ád¾�Ä�·N¶�´i±G´i²G´7·h¸�¸Ç·N®8»g´i²G¯�Ë8«�´��
spatio-

²G«vµ�Æ~·N»I¯�° ½h«�Ä�·Nµ�Æ~·h´i± ² ±G·N¶�é »¼± ¶�ËP± ¶�Ë »I«�ËP±G·N¶
´�«�ËPµ�«v¶8²G¯v² ±G·N¶�é�Ä�·N¶8² »I¯�´i²�Ë8¯v± ¶�Ä�·N¶8² »I·h° é�¯v¶�½D½h«v²G«�Äv² ±G·N¶�¯v¶�½
pooling.
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´i±G½h«g·h¸�² ª�«g«�½hË8«\±G´"± ¶:² ª�«g¯v»I«�¯g·h¸rË8«v¶�«v»I¯�° ° ³o´iµ�·h·N² ª2²G«vÝ8² ®8»I«
Î¼è Ò¼Ó ©"ª8®�´�² ª�«r»¼± ¶�ËP± ¶�ËY»I«�ËP±G·N¶@µ�¯vÆoÄ�¯v¶gº~«7Ë8«v¶�«v»I¯v²G«�½Y² ª8»I·N®�ËPª½h«v²G«�Äv² ± ¶�Ë�² ª�«<º~·N®8¶�½h¯v»¼±G«�´Ì·h¸¹² ª�«�»I«�ËP±G·N¶�´�æ~± ² ªî´iµ�·h·N² ª
²G«vÝ8² ®8»I«g¯v¶�½�Ä�·Nµ�Æ~° «vÝ:²G«vÝ8² ®8»I« Ó8ë ¶:² ª8±G´dæY·N»¼È�éUæY«?¯�½h·NÆh²G«�½7² ª�«»¼± ¶�ËP± ¶�Ë@»I«�ËP±G·N¶�´�«�ËPµ�«v¶8²G¯v² ±G·N¶�¯�° Ë8·N»¼± ² ª8µß½h«�´i±GËP¶�«�½@ºh³��"®�«v²
¯�°+Î¼Ðhô Ò¼ÓIó ²r¸ ± »I´i²GéI² ª�«d° ·hÄ�¯�° ±
��«�½gÊ8¯v»¼±G¯v¶�Ä�« Ã ·h¸ Ñ Ý Ñ -Æh± Ý�«�°�º~° ·hÄvÈ�É±G´�Ä�¯�° Äv®�° ¯v²G«�½:¸Ç·N»�¯�° °hÆh± Ý�«�° ´~± ¶	² ª�«)± µ�¯�Ë8« Ó ©"ª�«v¶	² ª�«�Ê8¯v»¼±G¯v¶�Ä�«±G´Þ° ·hæ

-
Æ~¯�´�´Þ¸ ±G° ²G«v»I«�½�²G·�»I«vµ�·hÊ8«�Æ~·h´�´i± º~° «�¶�·N±G´�«�´ Ógë ¸�² ª�«Ê8¯v»¼±G¯v¶�Ä�«d¯v²r¯"Æh± Ý�«�°+° ·hÄ�¯v² ±G·N¶?±G´)° «�´�´�² ª�¯v¶�¯�° ·hæ�² ª8»I«�´iª�·h° ½hé�² ª�«

Æh± Ý�«�°~±G´	Ä�° ¯�´�´i±G¸ ±G«�½ì¯�´�± ¶o² ª�«�´iµ�·h·N² ªo²G«vÝ8² ®8»I«�»I«�ËP±G·N¶ Ó�ë ¸{² ª�«Ê8¯v»¼±G¯v¶�Ä�«r±G´Uª8±GËPª�«v»"² ª�¯v¶�¯{ª8±GËPªg² ª8»I«�´iª�·h° ½hé�± ²�±G´�ËP»I·N®8Æ~«�½@¯�´U± ¶
² ª�«�Ä�·Nµ�Æ~° «vÝ­»I«�ËP±G·N¶ Ó ©"ª�«�Ä�·Nµ�Æ~° «vÝ­»I«�ËP±G·N¶Þ± ¶�Ä�° ®�½h«�´	ª8±GËPªÄ�·N¶8² »I¯�´i²�«�½hË8«�´�¯v¶�½ÞÄ�·Nµ�Æ~° «vÝï²G«vÝ8² ®8»I«�´ Ó! ² ª�«v»:®8¶�Ä�° ¯�´�´i±G¸ ±G«�½Æh± Ý�«�° ´�¯v»I«2¸ ®8»¼² ª�«v»	Ä�° ¯�´�´i±G¸ ±G«�½g± ¶8²G·�«v± ² ª�«v»Y² ª�«	´iµ�·h·N² ª�²G«vÝ8² ®8»I«
»I«�ËP±G·N¶�·N»�² ª�«åÄ�·Nµ�Æ~° «vÝà»I«�ËP±G·N¶àºh³Ô¯Ì»I«�ËP±G·N¶ùËP»I·hæ~± ¶�Ë
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Metric Pearson Spearman E|error| ó Ê8«v»I¯�Ë8«´i²G¯v¶�½h¯v»I½
deviation

PRDM(both) 0.9397 0.9805 0.2651
PSNR(both) 0.7674 0.7489 0.5358

0.4402

PRDM(MC) 0.9642 1 0.2457
PSNR(MC) 0.9341 1 0.6659

0.4219

PRDM(TT) 0.9945 1 0.2845
PSNR(TT) 0.9709 1 0.4056

0.4649
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