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$EVWUDFW�
,Q� WKLV� SDSHU�ZH� H[SORUH� WKH� XVH� RI� 3ULRULW\�SURJUHVV�

VWUHDPLQJ��336��IRU�YLGHR�VXUYHLOODQFH�DSSOLFDWLRQV��336�
LV� DQ� DGDSWLYH� VWUHDPLQJ� WHFKQLTXH� IRU� WKH� GHOLYHU\� RI�
FRQWLQXRXV� PHGLD� RYHU� YDULDEOH� ELW�UDWH� FKDQQHOV�� ,W� LV�
EDVHG�RQ�WKH�VLPSOH�LGHD�RI�UHRUGHULQJ�PHGLD�FRPSRQHQWV�
ZLWKLQ� D� WLPH� ZLQGRZ� LQWR� SULRULW\� RUGHU� EHIRUH�
WUDQVPLVVLRQ��7KH�PDLQ�FRQFHUQ�ZKHQ�XVLQJ�336�IRU� OLYH�
YLGHR� VWUHDPLQJ� LV� WKH� WLPH� GHOD\� LQWURGXFHG� E\�
UHRUGHULQJ�� ,Q� WKLV� SDSHU� ZH� GHVFULEH� KRZ� 336� FDQ� EH�
H[WHQGHG� WR� VXSSRUW� OLYH� VWUHDPLQJ� DQG� VKRZ� WKDW� WKH�
GHOD\� LQKHUHQW� LQ� WKH�DSSURDFK�FDQ�EH� WXQHG� WR� VDWLVI\�D�
ZLGH� UDQJH� RI� ODWHQF\� FRQVWUDLQWV� ZKLOH� VXSSRUWLQJ� ILQH�
JUDLQ�DGDSWDWLRQ��
���,QWURGXFWLRQ��

6FDODEOH�YLGHR�VXUYHLOODQFH�V\VWHPV��ZKHUH�SRWHQWLDOO\�
WKRXVDQGV� RI� FDPHUDV� DUH� LQYROYHG�� ZLOO� UHTXLUH� WKH�
XQGHUO\LQJ� QHWZRUNLQJ� DQG� FRGLQJ� PHFKDQLVP� WR� EH�
VFDODEOH�� HIILFLHQW�� DQG� DGDSWLYH�� ,Q� SDUWLFXODU�� WKH� YLGHR�
FDPHUDV�LQ�WKHVH�V\VWHPV�LQ�DJJUHJDWH�FDQ�HDVLO\�RYHUORDG�
WKH�QHWZRUN�WKDW�FRQQHFWV�WKHP��$V�D�UHVXOW��ZH�H[SHFW�WKDW�
LQ�VXFK�V\VWHPV�VPDOO�FRPSXWLQJ�UHVRXUFHV�ZLOO�EH�SODFHG�
ZLWK�HDFK�FDPHUD� WKDW� DOORZV� LW� WR�GHDO�ZLWK� WKH� UHVRXUFH�
FRQVWUDLQWV�� � :H� EHOLHYH� WKDW� VXFK� UHVRXUFHV� VKRXOG� EH�
XVHG�WR�KHOS�PDNH�WKH�V\VWHP�DV�VFDODEOH�DV�SRVVLEOH�DQG�
WR�SURYLGH�WKH�KLJKHVW�TXDOLW\�YLGHR��

3ULRULW\�SURJUHVV� VWUHDPLQJ� �336�� LV� VXFK� DQ� DGDSWLYH�
VWUHDPLQJ�PHFKDQLVP�>�@�>�@��,W�XVHV�D�WLPH�ZLQGRZ�EDVHG�
DSSURDFK�LQ�ZKLFK�DOO�GDWD�SDFNHWV�ZLWK�WLPHVWDPSV�ZLWKLQ�
D� FHUWDLQ� SHULRG� RI� WLPH� DUH� SODFHG� LQ� D� ZLQGRZ� DQG�
UHRUGHUHG� LQWR� SULRULW\� RUGHU� EHIRUH� WUDQVPLVVLRQ�� ,W� WKHQ�
WUDQVPLWV� WKHVH� SDFNHWV� IRU� WKH� WLPH� GXUDWLRQ� RI� WKH�
ZLQGRZ� RQO\�� $W� WKH� HQG� RI� WKH� ZLQGRZ� GXUDWLRQ�� LW�
GLVFDUGV�XQVHQW�SDFNHWV�DQG�PRYHV�RQ�WR�WKH�QH[W�ZLQGRZ��
,Q� WKLV�ZD\�� WKH� DYDLODEOH� EDQGZLGWK� LV� XVHG� WR� VHQG� WKH�
PRVW� LPSRUWDQW� HOHPHQWV� RI� WKH� VWUHDP� DQG� WKH� OHDVW�
LPSRUWDQW� HOHPHQWV� DUH� GURSSHG�� 2XU� LPSOHPHQWDWLRQ� RI�
336� LQ� WKH� 4XDVDU� YLGHR� SLSHOLQH� >�@� VKRZV� WKDW� 336� LV�
JRRG�IRU�VWUHDPLQJ�VWRUHG�YLGHR���

7KH� UHRUGHULQJ� ZLQGRZ� LQ� 336� LQWURGXFHV� ODWHQF\��
KRZHYHU��DQG�WKLV�ODWHQF\�PLJKW�EH�SUREOHPDWLF�IRU�YLGHR�
VXUYHLOODQFH�DSSOLFDWLRQV��ZKLFK�VWUHDP�OLYH�YLGHR��,Q�OLYH�
YLGHR� VWUHDPLQJ�� WKH� ODWHQF\� FKDUDFWHULVWLFV� RI� WKH�
VWUHDPLQJ�PHFKDQLVPV�SDUWLDOO\�GHWHUPLQH�WKH�IUHVKQHVV�RI�
WKH� YLGHR� FRQWHQW�� 7KH� IUHVKQHVV� RI� WKH� YLGHR� FRQWHQW��
ZKLFK�LV�PHDVXUHG�E\�WKH�HQG�WR�HQG�ODWHQF\�IURP�D�IUDPH�
EHLQJ� FDSWXUHG� WR� LWV� GLVSOD\�� WHQGV� WR� EH� LPSRUWDQW� IRU�
YLGHR�VXUYHLOODQFH�DSSOLFDWLRQV���

,Q� WKLV�SDSHU��ZH�H[SORUH�KRZ�PXFK�RI�D�SUREOHP� WKH�
ODWHQF\� LQ�336� LV� IRU� OLYH�YLGHR�VWUHDPLQJ�DQG�GHWHUPLQH�
WKH�UDQJH�RI�YLGHR�VXUYHLOODQFH�DSSOLFDWLRQV�LW�FDQ�VXSSRUW��
:H� GHVFULEH� KRZ� 336� FDQ� EH� H[WHQGHG� WR� VXSSRUW� OLYH�
YLGHR�VWUHDPLQJ��DQG�HYDOXDWH� WKH� ODWHQF\� LPSOLFDWLRQV�RI�
WKH� DSSURDFK�� 2XU� LPSOHPHQWDWLRQ� RI� WKH� OLYH� 4XDVDU�
SLSHOLQH�VKRZV� WKDW�HYHQ�ZLWK� IDLUO\� UXGLPHQWDU\�VFDODEOH�
YLGHR�HQFRGLQJ� WHFKQRORJ\�� WKH� ODWHQF\�GXH� WR�DGDSWDWLRQ�
LQ� 336� FDQ� EH� UHGXFHG� WR� DV� OLWWOH� DV� ���PV� ZKLOH�
PDLQWDLQLQJ� ILQH�JUDLQ� DGDSWDWLRQ�� 7KLV� PHDQV� WKDW�
DSSOLFDWLRQV�ZLWK�D�ODWHQF\�WROHUDQFH�RI�D�KDOI�VHFRQG�FDQ�
EH� VXSSRUWHG� XVLQJ�7&3�IULHQGO\� SURWRFROV� RQ� D� FRDVW� WR�
FRDVW�OLQN�LQ�WKH�86��ZKHUH�SURSDJDWLRQ�GHOD\�LV�W\SLFDOO\�
OHVV�WKDQ����PV���

7KLV� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� 5HODWHG� ZRUN� LV�
GLVFXVVHG�LQ�6HFWLRQ����6HFWLRQ���LQWURGXFHV�WKH�EDVLF�LGHD�
RI� 336� DQG� GHVFULEHV� KRZ� LW� ZRUNV� IRU� VWRUHG� YLGHR�
VWUHDPLQJ��6HFWLRQ���GLVFXVVHV�WKH�SUREOHPV�RI�XVLQJ�336�
IRU� OLYH� YLGHR� VWUHDPLQJ�� 6HFWLRQ� �� RXWOLQHV� D� VHULHV� RI�
H[SHULPHQWV� IRU� HYDOXDWLQJ� WKH� ODWHQF\� DQG� DGDSWDWLRQ�
JUDQXODULW\� FKDUDFWHULVWLFV� RI� 336� DQG� SUHVHQWV� UHVXOWV��
)LQDOO\�� 6HFWLRQ� �� FRQFOXGHV� WKH� SDSHU� DQG� GLVFXVVHV�
IXWXUH�ZRUN��

���5HODWHG�ZRUN�
6WUHDPLQJ� YLGHR� DGDSWLYHO\� LQYROYHV� PDQ\� UHVHDUFK�

DUHDV��:X�HW� DO�� KDYH�ZULWWHQ� D� FRPSUHKHQVLYH� VXUYH\� RI�
YLGHR�VWUHDPLQJ�DSSURDFKHV� DQG�GLUHFWLRQV� LQ� WKHLU� SDSHU�
>��@��9DQGDORUH�HW�DO��JLYH�D�GHWDLOHG�VXUYH\�RI�DSSOLFDWLRQ�
OHYHO�DGDSWDWLRQ�WHFKQLTXHV�>��@���

$� FRPPRQ� DSSURDFK� WR� DGDSWLYH� OLYH� VWUHDPLQJ� LV� WR�
PRQLWRU� QHWZRUN� FRQGLWLRQV� XVLQJ� IHHGEDFN�EDVHG�



�

PHFKDQLVPV�VXFK�DV�57&3�UHFHLYHU�UHSRUWV�>�@�DQG�DGMXVW�
YLGHR� HQFRGLQJ� SDUDPHWHUV� RQ� WKH� IO\� >�@>�@� VR� WKDW� WKH�
UDWH� RI� WKH� HQFRGHG� YLGHR� VWUHDP�PDWFKHV� D� G\QDPLFDOO\�
GHWHUPLQHG� WDUJHW� EDQGZLGWK�� $� NH\� DGYDQWDJH� RI� WKLV�
DSSURDFK�LV�FRPSUHVVLRQ�HIILFLHQF\²WKH�YLGHR�HQFRGHU�LV�
DEOH� WR� RSWLPL]H� YLGHR� TXDOLW\� IRU� WKH� JLYHQ� WDUJHW�
EDQGZLGWK��$QRWKHU�DGYDQWDJH�LV�LWV�VXSSRUW�IRU�ILQH�JUDLQ�
DGDSWDWLRQ²WKH� WDUJHW� EDQGZLGWK� FDQ� EH� FKRVHQ� IURP� D�
FRQWLQXRXV� UDQJH�� $� WKLUG� DGYDQWDJH� LV� ORZ� ODWHQF\²
DGDSWDWLRQ�FDQ�EH�SHUIRUPHG�ZLWKRXW�UHRUGHULQJ�GDWD��7KH�
PDLQ� GLVDGYDQWDJHV� RI� WKH� DSSURDFK� DUH� LWV� LQDELOLW\� WR�
VDWLVI\� FRQIOLFWLQJ� UHTXLUHPHQWV� RI� KHWHURJHQHRXV�
UHFHLYHUV�LQ�D�VLPXOFDVW�RU�PXOWLFDVW�GLVWULEXWLRQ�QHWZRUN��
WKH� GLIILFXOW\� RI� WXQLQJ� HQFRGLQJ� SDUDPHWHUV� WR� DFKLHYH�
RSWLPDO� YLGHR� TXDOLW\� IRU� D� FHUWDLQ� YLGHR� UDWH�� DQG� WKH�
GLIILFXOW\�RI� WXQLQJ� WKH� IHHGEDFN�FRQWURO� WR�GHWHUPLQH� WKH�
VXLWDEOH�DQG�DFFXUDWH�WDUJHW�YLGHR�UDWH��,I�WKH�WDUJHW�YLGHR�
UDWH� LV� FKRVHQ� LQFRUUHFWO\� LW� ZLOO� HLWKHU� UHVXOW� LQ� QHWZRUN�
XQGHUXWLOL]DWLRQ��FRQJHVWLRQ��RU�LQFUHDVHG�GHOD\��

336� WDNHV� DQ� DOWHUQDWLYH� DSSURDFK� EDVHG� RQ� VFDODEOH�
YLGHR� HQFRGLQJ� DQG� SULRULW\� GURSSLQJ�� :LWKRXW�
G\QDPLFDOO\�PDQLSXODWLQJ�HQFRGLQJ�SDUDPHWHUV��D�VFDODEOH�
HQFRGLQJ�DSSURDFK�DOORZV�D�ZLGH�UDQJH�RI��YLGHR�UDWHV�DW�
WKH� H[SHQVH� RI� VRPH� FRPSUHVVLRQ� HIILFLHQF\��$GDSWDWLRQ�
LV� VXSSRUWHG� LQ� 336� E\� SULRULWL]LQJ� GDWD� LQ� WKH� VFDODEOH�
YLGHR� VWUHDP� DQG� G\QDPLFDOO\� GURSSLQJ� GDWD� LQ� SULRULW\�
RUGHU� LQ� RUGHU� WR� PDWFK� WKH� WDUJHW� EDQGZLGWK�� 336¶V�
VHQGLQJ�VWUDWHJ\�GRHV�QRW�UHO\�RQ�FRPSOH[�FRQWURO�PRGHOV�
DQG�LV�LQGHSHQGHQW�RI�UHFHLYHU�IHHGEDFN��,QVWHDG��LW�DOORZV�
DQ�XQGHUO\LQJ�FRQJHVWLRQ�FRQWURO�SURWRFRO��VXFK�DV�7&3�RU�
DQ\� RI� WKH� 7&3�IULHQGO\� VWUHDPLQJ� SURWRFROV� >�@� WR�
GHWHUPLQH�WKH�DSSURSULDWH�VHQGLQJ�UDWH��:KDWHYHU�WKDW�UDWH�
LV�� 336� VHQGV� YLGHR� SDFNHWV� LQ� SULRULW\� RUGHU� IURP� D�
ZLQGRZ�DV�IDVW�DV�SRVVLEOH��,Q�WKLV�ZD\��D�KLJK�EDQGZLGWK�
UHFHLYHU�JHWV�PRUH�GDWD�WKDQ�D�ORZ�EDQGZLGWK�UHFHLYHU�IRU�
HDFK� ZLQGRZ�� 7KH\� ERWK� JHW� WKH� EHVW� SRVVLEOH� YLGHR�
TXDOLW\� XQGHU� WKHLU� EDQGZLGWK� OLPLWDWLRQV� EHFDXVH� IRU�
HLWKHU�UHFHLYHU�� WKH�GDWD�SDFNHWV� UHFHLYHG�DUH�PRUH�XVHIXO�
WKDQ� WKRVH� GLVFDUGHG�� DQG� WKH� PD[LPXP� SRVVLEOH�
EDQGZLGWK� LV� XVHG� ZKLOH� SUHVHUYLQJ� 7&3�IULHQGO\�
EHKDYLRU�� $� NH\� DGYDQWDJH� RI� WKLV� DSSURDFK� LV� WKH�
VLPSOLFLW\� RI� WKH� PHFKDQLVPV� DQG� WKH� DELOLW\� WR� VXSSRUW�
KHWHURJHQHRXV�VLPXOFDVW�GLVWULEXWLRQ�HIILFLHQWO\��

���3ULRULW\�SURJUHVV�VWUHDPLQJ��
�����%DVLF�VWUHDPLQJ�

336� XVHV� WLPHVWDPSV� DQG� SULRULW\� ODEHOV� WR� SHUIRUP�
DGDSWLYH� VWUHDPLQJ�� $� ZLQGRZ� LQ� 336� FRQWDLQV� DOO� GDWD�
SDFNHWV�ZLWK� WLPHVWDPSV�ZLWKLQ� D� FHUWDLQ� SHULRG� RI� WLPH��
7KH� ZLQGRZ� LV� FDOOHG� DQ� DGDSWDWLRQ� ZLQGRZ�� DQG� WKH�
DGDSWDWLRQ� ZLQGRZ� VL]H� LV� WKH� WLPH� GXUDWLRQ�� QRW� WKH�
QXPEHU�RI�SDFNHWV�RU�QXPEHU�RI�E\WHV�LQ�WKLV�ZLQGRZ��

)LJXUH� �� VKRZV� DQ� LGHDO� H[DPSOH� RI� 336� VWUHDPLQJ�
ZLWK� VXIILFLHQW� EDQGZLGWK� DQG� D� FRQVWDQW� GHOD\�� 'DWD�
SDFNHWV� ZLWK� WLPHVWDPSV� DQG� SULRULW\� ODEHOV� DUH� JURXSHG�
LQWR�ZLQGRZV�LQ�WLPH�RUGHU��6XSSRVH�WKH�WLPHVWDPSV�DUH�LQ�
PLOOLVHFRQGV��DQG�WKH�ZLQGRZ�VL]H�LV����PV��:LWKLQ�HDFK�
����PV� ZLQGRZ�� SDFNHWV� DUH� VRUWHG� DQG� VHQW� LQ� SULRULW\�
RUGHU�� DVVXPLQJ� WKDW� D� VPDOO� QXPEHU� UHSUHVHQWV� D� KLJK�
SULRULW\�� 3DFNHWV� LQ� D� ZLQGRZ� DUH� VHQW� RXW� DV� IDVW� DV�
SRVVLEOH�� +HQFH�� ZKHQ� 336� UXQV� RYHU� 7&3�� LW� FDQ� GHDO�
ZLWK�7&3¶V�EXUVWLQHVV�� ,Q� WKLV� H[DPSOH�� WKH�EDQGZLGWK� LV�
KLJKHU�WKDQ�WKH�GDWD�UDWH��VR�WKHUH�LV�VSDUH�WLPH�LQ�WKH�����
PV�ZLQGRZ��7KH�VSDUH�WLPH�FDQ�EH�XVHG�IRU�ZRUN�DKHDG�RU�
EDQGZLGWK�VNLPPLQJ�>�@���

�
Figure 1. PPS streaming 

�����$GDSWDWLRQ�
$V�VKRZQ�LQ�)LJXUH����336�FDQ�DGDSW� WR� WKH�DYDLODEOH�

EDQGZLGWK�� ,I� WKH� EDQGZLGWK� LV� ORZHU� WKDQ� WKH� GDWD� UDWH��
VRPH� GDWD� SDFNHWV� DUH� XQVHQW� ZKHQ� WKH� ZLQGRZ� WLPH�
H[SLUHV��7KHVH�GDWD�SDFNHWV��ZKLFK�KDYH�ORZ�SULRULWLHV��DUH�
GURSSHG�� 336� PDNHV� HIILFLHQW� XVH� RI� WKH� OLPLWHG�
EDQGZLGWK� E\� WUDQVIHUULQJ� WKH� GDWD� SDFNHWV� ZLWK� KLJKHVW�
SULRULW\�ILUVW��

)LJXUH����D��VKRZV�KRZ�336�GHDOV�ZLWK�LQFUHDVHG�GHOD\�
E\� DVNLQJ� WKH� VHQGHU� WR� VHQG� GDWD� HDUOLHU� VR� WKDW� LW� KDV�
PRUH� WLPH� WR� UHDFK� WKH� UHFHLYHU�� ,I� WKH� GHOD\� GHFUHDVHV��
336�FRXOG�HLWKHU�FKDQJH�EDFN�WR�WKH�ROG�VHQGLQJ�VFKHGXOH�
WR� NHHS� WKH� UHFHLYHU� EXIIHU� ILOO�OHYHO� ORZ�� RU� NHHS� WKH�
FXUUHQW�VFKHGXOH�VR�DV�WR�SULPH�WKH�UHFHLYHU�VLGH�EXIIHU�LQ�
DQWLFLSDWLRQ�RI�IXWXUH�GHOD\�DQG�EDQGZLGWK�YDULDWLRQV��

,Q� SUDFWLFH�� WKH� WZR� DGDSWDWLRQ�PHFKDQLVPV� FRRSHUDWH�
WR�PDWFK�WKH�YDU\LQJ�QHWZRUN�FRQGLWLRQV��
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Figure 2. Adaptation to bandwidth 
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Figure 3. Adaptation to delay  

�����3UHSDUDWLRQ�IRU�YLGHR�VWUHDPLQJ�
336� FDQ� EH� XVHG� WR� VWUHDP� DQ\� GDWD� IORZ� WKDW� FDQ� EH�

SDFNHWL]HG�VXFK�WKDW�HDFK�SDFNHW�FDQ�EH�WLPH�VWDPSHG�DQG�
SULRULWL]HG�� ,Q� WKLV� VHFWLRQ�� ZH� GLVFXVV� SDFNHWL]DWLRQ��
WLPHVWDPSLQJ��DQG�SULRULWL]DWLRQ�IRU�YLGHR�VWUHDPV��

$� YLGHR� VWUHDP� FRQVLVWV� RI� YLGHR� IUDPHV�� WKH� YLGHR�
IUDPHV�FRXOG�EH�WKH�GDWD�SDFNHWV�IRU�336��+RZHYHU��KRZ�
WKH� YLGHR� IUDPHV� DUH� HQFRGHG� GHWHUPLQHV� WKH� VSDFH� IRU�
DGDSWDWLRQ�� 6FDODEOH� HQFRGLQJ� LV� SUHIHUUHG� EHFDXVH� WKH�
YLGHR�VWUHDP�FDQ�ZRUN�DW�GLIIHUHQW�GDWD� UDWHV�DQG�ZH�FDQ�
DFKLHYH� GLIIHUHQW� TXDOLW\� OHYHOV� XQGHU� GLIIHUHQW� QHWZRUN�
FRQGLWLRQV�� 7KH� 4XDVDU� SLSHOLQH� XVHV� D� VFDODEOH�
FRPSUHVVLRQ� IRUPDW� FDOOHG� 63(*� �6FDODEOH� 03(*���
H[WHQGLQJ�03(*���YLGHR�ZLWK�615�VFDODELOLW\� >�@��(DFK�
03(*�YLGHR� IUDPH� LV� GLYLGHG� LQWR� IRXU� OD\HUV�� LQ�ZKLFK�
WKH� EDVH� OD\HU� FRQWDLQV� WKH� PRVW� VLJQLILFDQW� ELWV� RI� WKH�

'&7� FRHIILFLHQWV� DQG� WKH� VXFFHVVLYH� OD\HUV� FRQWDLQ� WKH�
OHVV� VLJQLILFDQW� ELWV�� (DFK� OD\HU� RI� DQ� 03(*� IUDPH� LV�
HQFDSVXODWHG�LQ�DQ�63(*�SDFNHW��

9LGHR�IUDPHV�KDYH�LQKHUHQW�WLPHVWDPSV��WKH�SOD\�WLPH��
63(*� SDFNHWV� DUH� JLYHQ� WKH� WLPHVWDPSV� RI� WKH�
FRUUHVSRQGLQJ�03(*�IUDPHV��

3ULRULWL]DWLRQ� HQDEOHV� 336� WR� GR� ZLVH� DGDSWDWLRQ�
ZLWKRXW� XQGHUVWDQGLQJ� WKH� FRPSOH[� VHPDQWLFV� RI� YLGHR�
HQFRGLQJ�� ,Q� WKH� 4XDVDU� SLSHOLQH�� SULRULWL]DWLRQ� H[SRVHV�
WHPSRUDO� VFDODELOLW\� DQG� 615� VFDODELOLW\� E\� UHIOHFWLQJ�
GHSHQGHQFLHV� DPRQJ� 63(*� SDFNHWV�� )RU� H[DPSOH�� WKH�
EDVH�OD\HU�RI�DQ�,�IUDPH�KDV�KLJKHU�SULRULW\�WKDQ�WKH�EDVH�
OD\HUV�RI�DQ\�3�IUDPHV�WKDW�GHSHQG�RQ�LW��DQG�D�EDVH�OD\HU�
KDV� KLJKHU� SULRULW\� WKDQ� WKH� HQKDQFHPHQW� OD\HUV� LQ� WKH�
VDPH�03(*�IUDPH��+RZHYHU��GHSHQGHQFLHV�GHFLGH�RQO\�D�
SDUWLDO�RUGHU�DPRQJ�63(*�SDFNHWV��)RU�WKH�LPSRUWDQFH�RI�
WKH�EDVH�OD\HU�RI�D�3�IUDPH�RYHU�DQ�HQKDQFHPHQW�OD\HU�RI�
DQ� ,� IUDPH��4XDVDU¶V� SULRULWL]DWLRQ�PHFKDQLVP� WDNHV� LQWR�
DFFRXQW�KRZ�PXFK�D�XVHU�SUHIHUV� IUDPH� UDWH�RYHU�SLFWXUH�
615�� 7KLV�PHFKDQLVP� GRHV� QRW� VLPSO\� DVVLJQ� D� SULRULW\�
DFFRUGLQJ� WR� WKH� IUDPH� W\SH� DQG� OD\HU�� LQVWHDG�� LW� XVHV� D�
ZLQGRZ�EDVHG� VFKHPH� UHVXOWLQJ� LQ� PDQ\� PRUH� SULRULW\�
OHYHOV� IRU� D� YLGHR� VWUHDP� WKDQ� D� RQH�IUDPH�EDVHG�
DOJRULWKP�DQG�KHQFH�VXSSRUWV�PXFK�ILQHU�JUDLQ�DGDSWDWLRQ��
7KH� ODUJHU� WKH� ZLQGRZ�� WKH� PRUH� SULRULW\� OHYHOV� FDQ� EH�
XWLOL]HG�� :H� FRPELQH� VRPH� TXDOLW\� OHYHOV� WKDW� DUH�
LQGLVWLQJXLVKDEOH�E\�KXPDQ�H\HV�DQG�ZH�GHILQH�DW�PRVW����
SULRULW\� OHYHOV� DW� DQ\� JLYHQ� WLPH� LQ� WKH� 4XDVDU� SLSHOLQH��
'HWDLOV�RI�WKH�DOJRULWKP�FDQ�EH�IRXQG�LQ�RXU�HDUOLHU�SDSHUV�
>�@��

63(*� LV� MXVW� DQ� H[DPSOH� VFDODEOH� YLGHR� IRUPDW��
6XEVHTXHQWO\� QHZ� VFDODEOH� YLGHR� HQFRGLQJ� DSSURDFKHV��
VXFK�DV�03(*���)*6��KDYH�EHWWHU�FRPSUHVVLRQ�HIILFLHQF\�
DQG�ILQHU�JUDLQ� VFDODELOLW\� WKDQ�63(*�DQG�KHQFH�RIIHU�DQ�
HYHQ�PRUH�IDYRUDEOH�SODWIRUP�IRU�336���

���/LYH�VWUHDPLQJ�
�����$GDSWDWLRQ�IRU�OLYH�YLGHR�

8VLQJ� 336� IRU� OLYH� YLGHR� LQWURGXFHV�PXFK�PRUH� WKDQ�
VLPSO\�UHSODFLQJ�WKH�VWRUHG�YLGHR�ILOH�ZLWK�D�YLGHR�FDPHUD��
$� ELJ� GLIIHUHQFH� EHWZHHQ� VWRUHG� YLGHR� DQG� OLYH� YLGHR� LV�
WKDW� OLYH� YLGHR� KDV� LWV� RZQ� FDSWXUH� FORFN�� +HQFH�� OLYH�
YLGHR�FDQQRW�EH�JHQHUDWHG�IDVWHU�RU�VORZHU�WKDQ�LWV�FDSWXUH�
UDWH��ZKLOH�VWRUHG�YLGHR�FDQ�EH�UHDG�ZKHQHYHU�LW�LV�QHHGHG��
7KLV� GLIIHUHQFH� LPSOLHV� WKDW� WKH� ZRUN�DKHDG� PHFKDQLVP�
GHVFULEHG� LQ�6HFWLRQ����� IRU�GHDOLQJ�ZLWK� LQFUHDVHG�GHOD\�
FDQQRW� EH� XVHG� IRU� OLYH� YLGHR�� )RU� OLYH� YLGHR�� VLQFH� LW� LV�
QRW�SRVVLEOH�WR�³UHDG�DKHDG´�� LW�FDQQRW�EH�VHQW�DKHDG��ZH�
LQVWHDG�LQWURGXFH�GHOD\�DW�WKH�UHFHLYHU�E\�SXVKLQJ�EDFN�WKH�
UHFHLYLQJ�GHDGOLQHV��DV�VKRZQ�LQ�)LJXUH����E����
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1RWH� WKDW� WKLV� PHFKDQLVP� LV� VXLWDEOH� IRU� PXOWLFDVW�
EHFDXVH�HDFK�UHFHLYHU�FDQ�DGMXVW�LWV�UHFHLYLQJ�GHDGOLQHV�WR�
FRPSHQVDWH�IRU�LWV�RZQ�QHWZRUN�GHOD\��
�����/DWHQF\�IRU�VWUHDPLQJ�

7KH�FDSWXUH�FORFN� LQWURGXFHV� WKH�QRWLRQ�RI�HQG�WR�HQG�
ODWHQF\��ZKLFK�LV�WKH�WLPH�IURP�D�IUDPH�EHLQJ�FDSWXUHG�WR�
LWV�EHLQJ�GLVSOD\HG��5HGXFLQJ�WKLV�HQG�WR�HQG�ODWHQF\�LV�D�
JRDO� VSHFLILF� WR� OLYH� YLGHR� VWUHDPLQJ�� )RU� VWRUHG� YLGHR�
VWUHDPLQJ�� DSSOLFDWLRQV� GR� UHTXLUH� WKDW� IUDPHV� DUULYH� RQ�
WLPH�IRU�GLVSOD\��EXW�LW�GRHV�QRW�PDWWHU�ZKHQ�WKH�IUDPH�LV�
UHDG�IURP�D�ILOH�RU�KRZ�ORQJ�LW�VWD\V�LQ�EXIIHUV�DV�ORQJ�DV�LW�
LV�RQ�WLPH�IRU�GLVSOD\��

7KHUH� DUH� WZR� PDLQ� VRXUFHV� RI� ODWHQF\�� WKH� HQG�
PDFKLQHV�DQG�WKH�QHWZRUN��/DWHQF\�IURP�WKH�HQG�PDFKLQHV�
LQFOXGHV� WKH�SURFHVVLQJ� WLPH� DQG� WKH�EXIIHULQJ� WLPH�� �2Q�
ERWK�WKH�VHQGHU�DQG�WKH�UHFHLYHU��WKH�SURFHVVLQJ�WLPH�GRHV�
QRW� YDU\� PXFK�� � )RU� H[DPSOH�� WKH� WLPH� IRU� HQFRGLQJ��
GHFRGLQJ�� UHRUGHULQJ�� DQG� SULRULWL]LQJ� LV� IL[HG� XQOHVV�ZH�
LPSURYH� WKH� DOJRULWKPV� RU� VZLWFK� WR� IDVWHU� FRPSXWHUV��
7KHUHIRUH�ZH� FDQ� DVVXPH� WKDW� LQ� JHQHUDO� WKHVH� WLPHV� DUH�
IL[HG���

7ZR� W\SHV� RI� EXIIHUV� FRQWULEXWH� WR� WKH� WRWDO� EXIIHULQJ�
WLPH�� 6RPH� EXIIHUV� HQDEOH� DV\QFKURQ\� DPRQJ� SLSHOLQH�
FRPSRQHQWV�� )RU� H[DPSOH�� WKH� FDSWXUH� EXIIHU� NHHSV� UDZ�
YLGHR� IUDPHV� IURP� EHLQJ� GURSSHG� ZKLOH� WKH� &38� LV�
RFFXSLHG�E\�HQFRGLQJ�RU�SULRULWL]LQJ��VLPLODUO\�WKH�GLVSOD\�
EXIIHU� DOORZV� D� VPRRWK� SOD\EDFN�ZKHQ� D� FRPSOH[� IUDPH�
WDNHV� ORQJHU� WKDQ� LWV� GLVSOD\� GXUDWLRQ� WR� GHFRGH�� 7KHVH�
EXIIHUV�QHHG�RQO\�EH�ODUJH�HQRXJK�WR�SUHYHQW�WKH�SLSHOLQH�
IURP�VWDOOLQJ��7KH�RWKHU�W\SH�RI�EXIIHU�SHUPLWV�DGDSWDWLRQ��
7KH� WLPH� VSHQW� LQ� WKHVH� EXIIHUV� LV� GHWHUPLQHG� E\� WKH�
DGDSWDWLRQ� ZLQGRZ� VL]H�� ZKLFK� LV� DQ� DGMXVWDEOH� 336�
SDUDPHWHU���

7KH� ODWHQF\�RI� WKH�QHWZRUN� VHJPHQW� LV� VRPHWKLQJ� WKDW�
ZH�DGDSW�WR�DQG�FDQQRW�FRQWURO��

,JQRULQJ� WKH� ODWHQF\� VRXUFHV� WKDW� DUH� LQGHSHQGHQW� RI�
336�� WKH� HQG�WR�HQG� ODWHQF\� GXH� WR� DGDSWDWLRQ� EXIIHUV� LV�
WKH� VXP� RI� WKH� DGDSWDWLRQ� ZLQGRZ� VL]H� DQG� WKH�
WUDQVPLVVLRQ� WLPH�� DV� VKRZQ� LQ� )LJXUH� ��� )RU� 336�
DGDSWDWLRQ��WKH�ODVW�SDFNHW�LQ�WKH�ZLQGRZ�LV�GHOD\HG�RQ�WKH�
VHQGHU�VLGH�IRU�WKH�ZKROH�ZLQGRZ�WLPH�EXW�QRW�GHOD\HG�DW�
DOO� RQ� WKH� UHFHLYHU� VLGH�� 6LPLODUO\�� WKH� ILUVW� SDFNHW� LQ� WKH�
ZLQGRZ� LV� GHOD\HG�RQ� WKH� UHFHLYHU� VLGH� EXW� QRW� DW� DOO� RQ�
WKH�VHQGHU�VLGH��$OO�RI�WKH�IUDPHV�LQ�EHWZHHQ�DUH�GHOD\HG�
ERWK�RQ�WKH�VHQGHU�DQG�WKH�UHFHLYHU��EXW�WKH�WRWDO�GHOD\�LV�
DOZD\V�RQH�ZLQGRZ�WLPH��7KH�WUDQVPLVVLRQ�WLPH�LV�UHODWHG�
WR� WKH�ZLQGRZ� VL]H� LQ� WZR�ZD\V��:KHQ� WKH� EDQGZLGWK� LV�
KLJKHU� WKDQ� WKH� GDWD� UDWH�� WKH� WUDQVPLVVLRQ� WLPH� LV�
SURSRUWLRQDO�WR�WKH�DPRXQW�RI�GDWD�LQ�D�ZLQGRZ��ZKLFK�LV�
SURSRUWLRQDO� WR� WKH�ZLQGRZ� VL]H��:KHQ� WKH� EDQGZLGWK� LV�
ORZHU� WKDQ� WKH� GDWD� UDWH�� WKH� ZLQGRZ� VL]H� LV� WKH�
WUDQVPLVVLRQ� WLPH� IRU� WKLV�ZLQGRZ�� DFFRUGLQJ� WR� WKH� 336�

VWUHDPLQJ�DOJRULWKP��VLQFH� WUDQVPLVVLRQ�FRQWLQXHV� IRU� WKH�
HQWLUH�GXUDWLRQ�RI�WKH�ZLQGRZ�EHIRUH�GDWD�LV�GURSSHG���

�
Figure 4. End-to-end latency 

,Q� VXPPDU\�� IRU� WKH� QRUPDO� FDVH� ZKHQ� EDQGZLGWK� LV�
OLPLWHG��WKH�ODWHQF\�LQKHUHQW�LQ�336�LV�JHQHUDOO\�WZLFH�WKH�
ZLQGRZ�VL]H��7KXV�� WXQLQJ� WKH�DGDSWDWLRQ�ZLQGRZ� VL]H� LV�
WKH�NH\� WR� WXQLQJ� WKH�HQG�WR�HQG� ODWHQF\��)RU� ORZ�ODWHQF\�
VWUHDPLQJ��D�VPDOO�ZLQGRZ�VL]H�LV�SUHIHUDEOH��+RZHYHU��D�
VPDOO� ZLQGRZ� VL]H� PDNHV� ILQH�JUDLQ� DGDSWDWLRQ� GLIILFXOW�
DQG� HYHQWXDOO\� LPSDFWV� YLGHR� TXDOLW\�� 7KLV� LV� EHFDXVH�
DGDSWDWLRQ� KDSSHQV� ZLWKLQ� D� ZLQGRZ�� L�H�� D� VPDOOHU�
ZLQGRZ� SURYLGHV� IHZHU� GURSSDEOH� GDWD� XQLWV� DQG� IHZHU�
SULRULW\�OHYHOV�IRU�DGDSWDWLRQ��

���([SHULPHQWV�
:H� KDYH� LPSOHPHQWHG� WKH� OLYH� 4XDVDU� SLSHOLQH� E\�

H[WHQGLQJ� 336� IRU� OLYH� VWUHDPLQJ� DQG� VXEVWLWXWLQJ� WKH�
03(*�VRXUFH� DQG� WKH�63(*� WUDQVFRGLQJ� FRPSRQHQWV� RI�
WKH�SLSHOLQH�ZLWK�D�FDPHUD��D�FDSWXUH�FDUG��DQG�D�VRIWZDUH�
63(*�HQFRGHU��7KH�FDSWXUH�FDUG�ZH�XVH�LV�D�:LQ79�FDUG�
IURP�+DXSSDXJH��7KH�63(*�HQFRGHU� LV�EDVHG�RQ�IIPSHJ�
>�@��DQ�RSHQ�VRXUFH�HQFRGHU�WKDW�FDQ�HQFRGH�LQ�UHDO� WLPH���
:H�PRGLILHG�IIPSHJ�WR�LPSOHPHQW�63(*¶V�615�OD\HULQJ�
VWUDWHJ\�DQG� WR�SURGXFH�63(*�RXWSXW� GLUHFWO\� WR� WKH� OLYH�
4XDVDU�SLSHOLQH��

7KH�OLYH�4XDVDU�SLSHOLQH�UXQV�RQ�/LQX[�0DQGUDNH������
7KH�VHQGHU�DQG�WKH�UHFHLYHU�DUH�WZR�3HQWLXP�,,,����0+]�
PDFKLQHV��7KH�WUDQVSRUW�SURWRFRO�ZH�XVH�LV�7&3��:H�UXQ�
WKH� SLSHOLQH� RQ� D� SULYDWH� /$1� ZLWKRXW� DQ\� FRPSHWLQJ�
WUDIILF��:H� DOVR�PDLQWDLQ�PLQLPXP�EXIIHU� ILOO� OHYHOV� WKDW�
DOORZ� WKH� SLSHOLQH� WR� UXQ� VPRRWKO\�� 7KXV� WKH� DGDSWDWLRQ�
ZLQGRZ� VL]H� LV� WKH� PDLQ� FRQWURO� YDULDEOH� LQ� WKH�
H[SHULPHQWV���

0HDVXUHPHQWV� DUH� REWDLQHG� WKURXJK� WKH� JVFRSH�
VRIWZDUH� RVFLOORVFRSH� >�@�� ZKLFK� LV� D� WLPH�VHQVLWLYH�
YLVXDOL]DWLRQ� WRRO� WKDW�VKRZV� WKH�EDQGZLGWK�XVDJH��EXIIHU�
ILOO� OHYHO�� HQG�WR�HQG� ODWHQF\�� DQG� RWKHU� VLJQDOV� LQ� UHDO�
WLPH����

,Q� WKH� IROORZLQJ� VXEVHFWLRQV�� ZH� FRQFHQWUDWH� RQ� WKH�
UHODWLRQVKLSV� EHWZHHQ� HQG�WR�HQG� ODWHQF\�� WKH� DGDSWDWLRQ�
ZLQGRZ� VL]H�� DQG� WKH� DGDSWDWLRQ� JUDQXODULW\��:H� XVH� WKH�
DGDSWDWLRQ�JUDQXODULW\�DV�DQ�LQGLFDWLRQ�RI�WKH�HIIHFWLYHQHVV�

Window size + 
transmission time 

Sender Receiver Camera Display 
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RI� WKH� DGDSWDWLRQ�� 7KH� DGDSWDWLRQ� JUDQXODULW\� GHWHUPLQHV�
KRZ�FORVHO\�D�SLSHOLQH�FDQ�XWLOL]H�D�JLYHQ�OHYHO�RI�UHVRXUFH�
FDSDFLW\��ZKLFK�LV�EDQGZLGWK�LQ�RXU�H[SHULPHQWV��
�����/DWHQF\�YV��ZLQGRZ�VL]H�

)LJXUH� �� VKRZV� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� ODWHQF\�
DQG�WKH�DGDSWDWLRQ�ZLQGRZ�VL]H��$V�H[SHFWHG�� WKH�ODWHQF\�
JURZV� ZLWK� WKH� ZLQGRZ� VL]H�� )URP� )LJXUH� ��ZH� FDQ� VHH�
WKDW�ZKHQ�WKH�DGDSWDWLRQ�ZLQGRZ�VL]H�LV�OHVV�WKDQ����PV��
WKH�ODWHQF\�IURP�DGDSWDWLRQ��SOXV�SURFHVVLQJ�DQG�QHFHVVDU\�
EXIIHULQJ��LV�ZHOO�EHORZ����PV��,Q�WKH�UHDO�ZRUOG��WKH�HQG�
WR�HQG� ODWHQF\� DOVR� LQFOXGHV� WKH� QHWZRUN� SURSDJDWLRQ�
GHOD\�DQG�WUDQVPLVVLRQ�WLPH��
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Figure 5. Latency vs. adaptation window size 

7KH� ODWHQFLHV� VKRZQ� LQ� )LJXUH� �� DUH�PHDVXUHG� IRU� DQ�
LQWUD�HQFRGHG� YLGHR� VWUHDP�� � 7KH� ODWHQFLHV� IRU� LQWHU�
HQFRGHG�VWUHDPV�DUH�YHU\�FORVH�WR�WKRVH�VKRZQ�LQ�)LJXUH���
DQG� WKH� *23� VL]H� KDV� OLWWOH� LPSDFW� RQ� WKH� HQG�WR�HQG�
ODWHQF\��7KH�ZLQGRZ�VL]H�LV�WKH�GHWHUPLQDQW�IDFWRU��

�
�����$GDSWDWLRQ�JUDQXODULW\�YV��ZLQGRZ�VL]H��

�
(DFK� ZLQGRZ� VL]H� FDQ� GHOLYHU� D� FHUWDLQ� QXPEHU� RI�

SRVVLEOH� TXDOLW\� OHYHOV�� 7KHVH� TXDOLW\� OHYHOV� UDQJH� IURP�
IXOO�TXDOLW\��ZKHQ�DOO�SDFNHWV�RI�WKH�ZLQGRZ�DUH�GHOLYHUHG��
WR�]HUR�TXDOLW\�ZKHQ�QRQH�LV�GHOLYHUHG��%HWZHHQ�WKHVH�WZR�
H[WUHPHV� OLH� D� QXPEHU� RI� TXDOLW\� OHYHOV�� RQH� IRU� HDFK�
SULRULW\�� ZKRVH� EDQGZLGWK� UHTXLUHPHQWV� FDQ� EH�
UHSUHVHQWHG� DV� D� SHUFHQWDJH� RI� WKH� IXOO� TXDOLW\� YLGHR�
EDQGZLGWK�� $V� GLVFXVVHG� LQ� 6HFWLRQ� ����� WKH� QXPEHU� RI�
SULRULW\� OHYHOV� DQG� WKHLU� FRUUHVSRQGLQJ� EDQGZLGWK�
SHUFHQWDJHV�GHSHQG�RQ�WKH�VFDODELOLW\�RI�WKH�YLGHR�VWUHDP��
WKH�ZLQGRZ�VL]H��DQG�WKH�XVHU�SUHIHUHQFHV��

,Q�)LJXUH����)LJXUH����DQG�)LJXUH����ZH�VKRZ�VDPSOHV�
RI�TXDOLW\� OHYHOV�DYDLODEOH� IRU�GLIIHUHQW�ZLQGRZ�VL]HV�DQG�
XVHU� SUHIHUHQFHV�� (DFK� V\PERO� �� LQ� WKH� SORW� DUHD�
UHSUHVHQWV�D�TXDOLW\�OHYHO��7KH�[�YDOXH�RI�WKH�V\PERO�LV�WKH�
ZLQGRZ�VL]H�LQ�ZKLFK�WKDW�TXDOLW\�OHYHO�LV�DYDLODEOH��WKH�\�

YDOXH� RI� WKH� V\PERO� LV� WKH� SHUFHQWDJH� RI� WKH� IXOO� TXDOLW\�
YLGHR�EDQGZLGWK�IRU�WKDW�TXDOLW\�OHYHO��)LJXUH���VKRZV�WKH�
DYDLODEOH� TXDOLW\� OHYHOV� ZKHQ� D� XVHU� SUHIHUV� WHPSRUDO�
TXDOLW\� DQG� 615� TXDOLW\� HTXDOO\�� )LJXUH� �� VKRZV� WKH�
DYDLODEOH�TXDOLW\�OHYHOV�ZKHQ�D�XVHU�SUHIHUV�WKH�PD[LPXP�
WHPSRUDO�TXDOLW\��DQG�)LJXUH���VKRZV�WKH�DYDLODEOH�TXDOLW\�
OHYHOV�ZKHQ�D�XVHU�SUHIHUV�WKH�PD[LPXP�615�TXDOLW\���

,GHDOO\�� IRU� HDFK� ZLQGRZ� VL]H� WKHUH� VKRXOG� EH� PDQ\�
DYDLODEOH� TXDOLW\� OHYHOV� DQG� WKHLU� EDQGZLGWK� SHUFHQWDJHV�
VKRXOG�EH�HYHQO\�GLVWULEXWHG�LQ�RUGHU�WR�FORVHO\�PDWFK�WKH�
YDU\LQJ� QHWZRUN� EDQGZLGWK�� +RZHYHU�� WKH� VFDODELOLW\� RI�
YLGHR�HQFRGLQJ�DQG�WKH�ZLQGRZ�VL]H�GHWHUPLQH�KRZ�PDQ\�
SULRULWL]DEOH� DQG� LQGHSHQGHQWO\� GURSSDEOH� XQLWV� DUH� LQ� D�
ZLQGRZ� DQG� WKH� VL]HV� RI� WKHVH� XQLWV� GHWHUPLQH� WKH�
GLVWULEXWLRQ� RI� EDQGZLGWK� SHUFHQWDJH� IRU� TXDOLW\� OHYHOV��
)RU� WKH� ZLQGRZ� VL]H� RI� ����PV�� HDFK� ZLQGRZ� LQFOXGHV�
RQO\�RQH�03(*� IUDPH�DW�176&� UDWH�� ,I� QR� VFDODELOLW\� LV�
LQWURGXFHG��WKHUH�LV�RQO\�RQH�GURSSDEOH�XQLW�LQ�WKH�ZLQGRZ�
DQG� WKHUH� LV� RQO\� RQH� TXDOLW\� OHYHO� ZKDWHYHU� WKH� XVHU�
SUHIHUHQFH� LV�� ,I�ZH�GRXEOH� WKH� IUDPH� UDWH� �RU� GRXEOH� WKH�
ZLQGRZ� OHQJWK��� ZH� LQWURGXFH� VRPH� WHPSRUDO� VFDODELOLW\�
DQG� WKHUH�DUH� WZR�0(3*�IUDPHV� LQ� WKH�ZLQGRZ� WKXV� WZR�
GURSSDEOH� XQLWV� DQG� WZR� TXDOLW\� OHYHOV�� ,I� ZH� LQWURGXFH�
615� VFDODELOLW\� LQWR� 03(*� E\� XVLQJ� 63(*� HQFRGLQJ�
WKHUH�DUH�IRXU�TXDOLW\�OHYHOV�KHQFH�IRXU�GURSSDEOH�XQLWV�SHU�
IUDPH��
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Figure 6. Adaptation granularity vs. window Size 

(neutral preference) 
,Q�RUGHU�WR�PLQLPL]H�ODWHQF\��ZH�QHHG�WR�PLQLPL]H�WKH�

ZLQGRZ�VL]H�ZKLOH�PDLQWDLQLQJ�D�ODUJH�HQRXJK�QXPEHU�RI�
HYHQO\� GLVWULEXWHG� TXDOLW\� OHYHOV� WR� HQDEOH� ILQH�JUDLQ�
DGDSWDWLRQ��)RU�63(*��D�ZLQGRZ�VL]H�RI������PV�VHHPV�WR�
EH�D�JRRG�FKRLFH��VLQFH�LW�KDV�PRUH�WKDQ����TXDOLW\�OHYHOV�
DQG�DOORZV�WKH�SLSHOLQH�WR�DFKLHYH�UHODWLYHO\�ORZ��OHVV�WKDQ�
���PV��WRWDO�HQG�WR�HQG�ODWHQF\��+RZHYHU��63(*�KDV�RQO\�
WZR� GLPHQVLRQV� RI� TXDOLW\� DGDSWDWLRQ�� WKH� WHPSRUDO�
DGDSWDWLRQ� DQG� WKH� 615� DGDSWDWLRQ�� DQG� WKH� 615�
DGDSWDWLRQ� LV� UHODWLYHO\� FRDUVH�JUDLQHG�� 7KXV�� DQ\� UHVXOWV�
REWDLQHG� ZLWK� 63(*� FRXOG� HDVLO\� EH� LPSURYHG� ZLWK�
VFDODEOH� YLGHR� HQFRGLQJV� WKDW� SURYLGH� ILQHU� JUDQXODULW\�



�

VFDODELOLW\��:LWK� LPSURYHG� VFDODEOH� YLGHR� HQFRGLQJ�� 336�
FRXOG� HDVLO\� VXSSRUW� LQWHUDFWLYH� VWUHDPLQJ�ZLWK� D� ODWHQF\�
UHTXLUHPHQW�RI�XQGHU����PV��
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Figure 7. Adaptation granularity vs. window size 

(prefer temporal quality) 
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Figure 8. Adaptation granularity vs. window size 

(prefer SNR quality) 

���&RQFOXVLRQ�DQG�IXWXUH�ZRUN�

3ULRULW\� SURJUHVV� VWUHDPLQJ� LV� D� JHQHULF� DQG� HIILFLHQW�
PHFKDQLVP� IRU� ILQH�JUDLQ� DGDSWLYH� VWUHDPLQJ� RI� VWRUHG�
PHGLD�� +RZHYHU�� LW� LPSOLHV� LQFUHDVHG� ODWHQF\� IRU�
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