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7UDFNLQJ WKH IDFH RI D FRPSXWHU XVHU DV WKH\ ORRN DW

YDULRXV SDUWV RI WKH VFUHHQ LV D IXQGDPHQWDO WRRO IRU D

YDULHW\ RI SHUFHSWXDO XVHU LQWHUIDFH DSSOLFDWLRQV� 7KH

DXWKRUV KDYH GHYHORSHG D VLPSOH EXW VXUSULVLQJO\ UREXVW

WUDFNLQJ DOJRULWKP EDVHG RQ WHPSODWH PDWFKLQJ DQG

DSSOLHG LW VXFFHVVIXOO\ LQ VHYHUDO ZD\V� 7KLV SDSHU

GHVFULEHV H[WHQVLRQV WR WKDW DOJRULWKP� ZKLFK LPSURYHV

SHUIRUPDQFH DW ODUJH IDFLDO URWDWLRQ DQJOHV� 7KH PHWKRG LV

EDVHG RQ SUH�GLVWRUWLQJ WKH VLQJOH WUDLQLQJ WHPSODWH XVLQJ

�' LPDJH WUDQVIRUPDWLRQV WR VLPXODWH �' IDFLDO URWDWLRQV�

7KH PHWKRG DYRLGV PDQ\ RI WKH SUREOHPV DVVRFLDWHG ZLWK

XVLQJ D FRPSOH[ �' KHDG PRGHO� ,W LV UREXVW WR YDULDWLRQV

LQ WKH HQYLURQPHQW DQG ZHOO VXLWHG WR XVH LQ SUDFWLFDO

DSSOLFDWLRQV LQ W\SLFDO FRPSXWLQJ HQYLURQPHQWV�

���,QWURGXFWLRQ

$V FDPHUDV WUDQVLWLRQ IURP PXOWL�PHGLD SHULSKHUDOV WR

WUXH XVHU LQWHUIDFH GHYLFHV� RQH FKDOOHQJH ZLOO EH WR GHYHORS

D VHW RI EDVLF IXQFWLRQV ZKLFK FDQ EH DSSOLHG LQ YDULRXV

ZD\V WR SHUIRUP XVHU WDVNV� ,Q WKH VDPH ZD\ D VFUROO EDU

FDQ EH DSSOLHG WR PDQ\ WDVNV LQ D VWDQGDUG :,03 LQWHUIDFH�

VR ZH ZLOO QHHG D ZLGJHW VHW IRU WKH YLVLRQ�EDVHG XVHU

LQWHUIDFH �GHYLFHV� RI WKH IXWXUH�

$FFXUDWHO\ WUDFNLQJ WKH ORFDWLRQ RI WKH XVHU
V IDFH DV WKH\

ZRUN DQG ORRN DURXQG WKH VFUHHQ LV RQH VXFK ZLGJHW� ,W LV

XVHIXO IRU D YDULHW\ RI WDVNV� LQFOXGLQJ DOORZLQJ WKH XVHU WR

LGHQWLI\ DUHDV RQ WKH VFUHHQ E\ SRLQWLQJ ZLWK WKHLU QRVH�

DOORZLQJ KHDG JHVWXUHV VXFK DV QRGGLQJ RU VKDNLQJ�

GHWHUPLQLQJ ZKDW WKH XVHU LV DWWHQGLQJ WR� GHWHUPLQLQJ LI D

XVHU LV VSHDNLQJ WR RU JHVWLFXODWLQJ DW WKH FRPSXWHU� RU DV D

SUHFXUVRU WR WDVNV VXFK DV JD]H GLUHFWLRQ RU H[SUHVVLRQ

FODVVLILFDWLRQ�

2QH UHDVRQ WKDW SUHFLVH NQRZOHGJH RI WKH ORFDWLRQ RI WKH

IDFH LQ DQ LPDJH LV XVHIXO LV EHFDXVH LW FDQ VHUYH DV D

VXUURJDWH IRU IDFLDO RULHQWDWLRQ� $V D XVHU WXUQV WKHLU KHDG�

LW URWDWHV DERXW D SRLQW QHDU WKH EDFN RI WKH VNXOO ZKHUH WKH

VSLQH DWWDFKHV �VHH ERWWRP ULJKWPRVW FRRUGLQDWH V\VWHP LQ

ILJXUH ��� 7KHUHIRUH DV WKH XVHU DLPV WKHLU IDFH DW GLIIHUHQW

ORFDWLRQV� HYHQ ORFDWLRQV UHODWLYHO\ FORVH WR RQH DQRWKHU� WKH

ORFDWLRQ RI WKH IDFH LQ D IURQWDO LPDJH ZLOO WUDQVODWH

VLJQLILFDQWO\� :H KDYH WDNHQ DGYDQWDJH RI WKLV

FKDUDFWHULVWLF LQ D V\VWHP WKDW DOORZV WKH XVH RI IDFLDO

DLPLQJ DV D SRLQWLQJ GHYLFH� %\ SDVVLQJ WKH ORFDWLRQ RI WKH

XVHUV IDFH WKURXJK D VXLWDEOH WUDQVIHU IXQFWLRQ� WKH\ FDQ

HDVLO\ LGHQWLI\ ORFDWLRQV RQ WKH VFUHHQ E\ URWDWLQJ WKHLU IDFH

WR DLP DW LW� 8VLQJ IDFLDO ORFDWLRQ� UDWKHU WKDQ IDFLDO

RULHQWDWLRQ� KDV WKH DGYDQWDJH RI VLPSOLFLW\� DOORZLQJ WKH

V\VWHP WR RSHUDWH UHOLDEO\ LQ UHDO WLPH�

7KH IRFXV RI WKLV SDSHU LV QRW WKH SRLQWLQJ DSSOLFDWLRQ

LWVHOI� UDWKHU WKH IDVW DQG DFFXUDWH IDFH WUDFNLQJ DOJRULWKPV

ZKLFK VXSSRUW LW� VSHFLILFDOO\� LPSURYHPHQWV WR WKRVH

DOJRULWKPV ZKLFK DOORZ LW WR ZRUN LQ WKH SUHVHQFH RI ODUJH

IDFLDO URWDWLRQ DQJOHV� 7KH GHWDLOV RI KRZ IDFLDO ORFDWLRQ LV

DSSOLHG WR YDULRXV WDVNV DUH EH\RQG LWV VFRSH�

���� &RQVWUDLQWV

7KH IDFH WUDFNHU©V LQWHQGHG XVH DV DQ LQWHUIDFH GHYLFH

LPSOLHV VHYHUDO FRQVWUDLQWV WKDW PDNH WKH WDVN HDVLHU� :H

FDQ DVVXPH WKDW WKH XVHU LV VWDQGLQJ RU VLWWLQJ LQ IURQW RI D

SHUVRQDO GLVSOD\ VFUHHQ DW D FRPIRUWDEOH UHDGLQJ GLVWDQFH

DQG WKDW WKH FDPHUD LV RQ RU QHDU WKH GLVSOD\� ,W LV DOVR VDIH

WR DVVXPH WKDW WKH HQYLURQPHQW LV UHODWLYHO\ VWDEOH RYHU

WLPH� VXFK DV DQ LQGRRU RIILFH HQYLURQPHQW� :LWKLQ WKHVH

ERXQGDULHV� KRZHYHU� WKH WUDFNHU PXVW EH UREXVW HQRXJK WR

ZLWKVWDQG GLIIHUHQW OLJKWLQJ FRQGLWLRQV DQG JHRPHWULF

FRQILJXUDWLRQV�

7KH LQWHQGHG DSSOLFDWLRQ DOVR LPSOLHV VHYHUDO FULWHULD DQ\

VROXWLRQ PXVW PHHW� ,W PXVW EH DEOH WR WUDFN RQO\ WKH XVHU
V

IDFH ZKHQ RWKHU IDFHV PD\ EH SUHVHQW LQ WKH EDFNJURXQG� ,Q

RUGHU WR VXSSRUW UHDO WLPH LQWHUDFWLRQV� WKH PHWKRG PXVW

SURFHVV HDFK IUDPH LQ ��� PV RU OHVV� SUHIHUDEO\ LQ WKH ��

,PSURYLQJ�)DFH�7UDFNLQJ�ZLWK��'�7HPSODWH�:DUSLQJ
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PV UDQJH� LQ RUGHU WR OHDYH VXIILFLHQW &38 WLPH DYDLODEOH

IRU RWKHU DSSOLFDWLRQV�

2QH FKDUDFWHULVWLF RI PDQ\ WUDFNLQJ DOJRULWKPV LV WKDW

WKH\ UHO\ RQ KLVWRULFDO LQIRUPDWLRQ DERXW SRVLWLRQ DQG

PRYHPHQW RI WKH WDUJHW� ,Q RXU H[SHULHQFH� WKLV OHDGV WR

GLIILFXOWLHV LQ GHWHUPLQLQJ ZKHQ WKH DOJRULWKP KDV ORVW WKH

WDUJHW DQG WKHQ GHOD\V ZKLOH ILQGLQJ LW DJDLQ� 7KHUHIRUH� ZH

KDYH JUDYLWDWHG WRZDUG DOJRULWKPV WKDW FDQ IXQFWLRQ ZHOO LQ

WKH DEVHQFH RI KLVWRULFDO LQIRUPDWLRQ� JHQHUDOO\ ILQGLQJ WKH

IDFH DQHZ HDFK IUDPH� )LQDOO\� LW LV LPSRUWDQW WKDW WKH

DSSURDFK XVH RQO\ WKH VLPSOHVW WUDLQLQJ SURFHGXUHV�

([SHULHQFH WHVWLQJ VLPLODU DSSOLFDWLRQV RQ HQG XVHUV KDV

LQGLFDWHG WKDW DQ\WKLQJ PRUH WKDQ D VLQJOH� VLPSOH WUDLQLQJ

VWHS �H�J� ¦/RRN DW WKH GRW DQG FOLFN KHUH§� PHHWV ZLWK D

QHJDWLYH UHVSRQVH�

���� $SSURDFKHV WR IDFH WUDFNLQJ

0DQ\ DSSURDFKHV KDYH EHHQ VXJJHVWHG WR ILQG DQG WUDFN

IDFHV LQ LPDJHV� *HQHUDO�SXUSRVH IDFH ILQGHUV� VXFK DV >�@

DQG >��@ GR QRW UHTXLUH WUDLQLQJ IRU HDFK XVHU� EXW FDQ QRW

GLIIHUHQWLDWH EHWZHHQ WKH XVHU DQG RWKHU IDFHV LQ WKH LPDJH

DQG JHQHUDOO\ UXQ WRR VORZO\ IRU UHDO�WLPH UHVSRQVH�

$QRWKHU DSSURDFK KDV EHHQ WR FRPELQH VHYHUDO WUDFNLQJ

WHFKQLTXHV LQ D VLQJOH V\VWHP� 0F.HQQD DQG *RQJ >�@

GHVFULEH DQ LQWHUHVWLQJ DSSURDFK ZKLFK FRPELQHV IDVW

PRWLRQ�EDVHG WUDFNLQJ DQG SUHFLVH QHXUDO QHW�EDVHG IDFH

GHWHFWLRQ WR VHJPHQW DQG WUDFN IDFHV IURP YLGHR VHTXHQFHV�

7DR� /RSH] DQG +XDQJ >��@ SUHVHQW D V\VWHP ZKLFK WUDFNV

WKH ORFDWLRQ RI WKH IDFH DQG IDFLDO IHDWXUHV XVLQJ� LQ SDUW� D

SUREDELOLW\ QHWZRUN HQFRGLQJ WKH VSDWLDO UHODWLRQVKLSV

EHWZHHQ IDFLDO IHDWXUHV� $SSURDFKHV VXFK DV WKHVH LQYROYH

FRQVLGHUDEOH V\VWHP FRPSOH[LW\� ZKLFK LV DW RGGV ZLWK RXU

JRDO WR RSHUDWH LQ UHDO WLPH DQG FRQFXUUHQWO\ ZLWK RWKHU

DSSOLFDWLRQV LQ D W\SLFDO FRPSXWLQJ HQYLURQPHQW�

$ V\VWHP ZLWK VLPLODU FRQVWUDLQWV LV GHVFULEHG LQ >�@�

+HUH 1L\RJL DQG )UHHPDQ GHVFULEH D V\VWHP WKDW WUDFNV D

GULYHU©V KHDG LQ UHDO WLPH WR PRQLWRU ZKHUH VKH LV ORRNLQJ�

7KH\ FODVVLI\ WKH SRVH RI WKH KHDG E\ WUDLQLQJ D GHFLVLRQ

WUHH WKDW XVHV 3&$ WR GHWHUPLQH WKH GLUHFWLRQ RI PD[LPDO

YDULDWLRQ DW HDFK EUDQFK� $V VXFK LW FDQ KDQGOH D ZLGH

YDULDWLRQ LQ KHDG SRVH� EXW LV OLPLWHG LQ WKH JUDQXODULW\ RI

SRVHV LW FDQ FODVVLI\�

���� 7UDFNLQJ DOJRULWKP RYHUYLHZ

,Q RUGHU WR VDWLVI\ WKH FRQVWUDLQWV RXWOLQHG DERYH� ZH

KDYH EHHQ H[SORULQJ DQ DSSURDFK EDVHG RQ PDWFKLQJ D

VLQJOH IDFLDO WHPSODWH� 7KH DSSURDFK UHTXLUHV D VLPSOH

WUDLQLQJ VWHS HDFK WLPH WKH XVHU EHJLQV WR XVH WKH V\VWHP�

7UDLQLQJ FRQVLVWV RI DVNLQJ WKH XVHU WR ORRN DW WKH FHQWHU RI

WKH VFUHHQ DQG SUHVV D EXWWRQ� 7KHLU IDFH LV ORFDWHG XVLQJ

VORZ EXW DFFXUDWH IDFH ILQGLQJ WHFKQLTXHV �� WR � VHFRQGV��

$Q LPDJH RI WKH IDFH ERXQGHG E\ WKH H\HEURZV� HGJHV RI

WKH H\HV DQG ERWWRP RI WKH PRXWK LV VDYHG DV RXU PDWFK

WHPSODWH DQG WKH WLS RI WKH QRVH LV LGHQWLILHG�

'XULQJ WUDFNLQJ� WKH IDFH LV ORFDWHG LQ HDFK QHZ LPDJH E\

ILQGLQJ WKH UHJLRQ ZKLFK EHVW PDWFKHV WKH WHPSODWH� 2XU

PDWFK IXQFWLRQ KDV YDULHG� EXW FXUUHQWO\ ILQGV WKH PLQLPXP

VXP RI DEVROXWH GLIIHUHQFHV EHWZHHQ WKH UHG FKDQQHO RI HDFK

SL[HO LQ D UHJLRQ DQG WKH IDFH WHPSODWH�

7KH GHWDLOV RI WKH HUURU IXQFWLRQ DUH QRW LPSRUWDQW�

KRZHYHU� DV RXU H[SHULHQFH VKRZV DQ\ UHDVRQDEOH

DOWHUQDWLYH VHHPV WR JLYH JRRG UHVXOWV�

7KLV WUDFNLQJ DOJRULWKP WUDFNV WKH XVHUV IDFH YHU\ ZHOO

XQGHU PRVW FLUFXPVWDQFHV� ILQGLQJ WKH IDFH DV WKH XVHU DLPV

WKHLU QRVH DW GLIIHUHQW ORFDWLRQV DURXQG D W\SLFDO VFUHHQ ZLWK

QHDU ���� DFFXUDF\� ,W UXQV DW ����� ISV RQ D VWDQGDUG

���0+] 3HQWLXP ZLWK DQ LQH[SHQVLYH 86% �8QLYHUVDO

6HULDO %XV� FDPHUD�

%HLQJ DSSHDUDQFH�EDVHG� KRZHYHU� WKH UHOLDELOLW\ RI WKH

WUDFNHU EHJLQV WR IDOO RII ZKHQ WKH LPDJH RI WKH XVHU
V IDFH

FKDQJHV VLJQLILFDQWO\ IURP WKH WUDLQLQJ YLHZ� 7KLV FDQ RFFXU

IRU D YDULHW\ RI UHDVRQV� LQFOXGLQJ VLJQLILFDQW FKDQJHV LQ

OLJKWLQJ DQG UDGLFDO IDFLDO H[SUHVVLRQV� ,Q RXU H[SHULHQFH�

KRZHYHU� WKH RQO\ IDLOXUH PRGH WKDW VLJQLILFDQWO\ LPSDFWV

XVDELOLW\ LV ZKHQ WKH XVHU WXUQV WKHLU KHDG EH\RQG DERXW ��

GHJUHHV IURP WKH RULJLQDO RULHQWDWLRQ� 7KLV RFFXUV ZKHQ

XVHUV DLP WKHLU IDFH DW RU EH\RQG WKH HGJH RI D ODUJH VFUHHQ�

,Q WKH IDFH SRLQWLQJ DSSOLFDWLRQ ZH ILQG WKDW WKLV VHHPV WR EH

D QDWXUDO XUJH� HVSHFLDOO\ ZLWK QRYLFH XVHUV� SHUKDSV WR WU\

WR JHW WKH SRLQWHU WR WKH HGJH RI WKH VFUHHQ IDVWHU� ,Q WKHVH

FLUFXPVWDQFHV WKH WHPSODWH WHQGV WR PDWFK EHVW VRPHZKHUH

HOVH RQ WR WKH XVHUV IDFH RU QHFN� $V VRRQ DV WKH IDFH

UHWXUQV WR D PRUH IURQWDO YLHZ� WKH DOJRULWKP UHFRYHUV�

,Q WKH UHPDLQGHU RI WKLV SDSHU ZH ZLOO GHVFULEH KRZ ZH

KDYH DWWHPSWHG WR LPSURYH SHUIRUPDQFH RI WKH IDFH WUDFNHU

DV WKH DQJOH RI WKH XVHU
V IDFH LQFUHDVHV� 2XU DSSURDFK LV WR

SUH�GLVWRUW WKH WUDLQLQJ LPDJH WR PDWFK WKH H[SHFWHG

Figure 1: Geometry of Camera and User. The
rightmost bottom coordinate system is the rotation
point of the head. The leftmost upper coordinate
system corresponds to the camera plane. We
simulate user looking at eight locations on screen,
shown by white dots.
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RULHQWDWLRQ RI WKH XVHU©V IDFH� 7KH QH[W VHFWLRQ GHVFULEHV

WKH ZDUSLQJ DOJRULWKP ZH XVH WR GLVWRUW WKH WUDLQLQJ LPDJH�

6HFWLRQ � GHVFULEHV KRZ WKH GLVWRUWHG WHPSODWHV DUH XVHG�

,Q 6HFWLRQ � ZH WKHQ SUHVHQW WKH UHVXOWV RI WHVWV ZKLFK VKRZ

WKDW WKH SUH�GLVWRUWLRQ VLJQLILFDQWO\ LPSURYHV EHKDYLRU RI

WKH IDFH WUDFNHU DW ODUJH URWDWLRQ DQJOHV�

���)DFLDO�SUH�GLVWRUWLRQ

,Q RUGHU WR LPSURYH WUDFNLQJ SHUIRUPDQFH DV WKH XVHU

WXUQV WKHLU KHDG� ZH XVH D VLPSOH IDFLDO PRGHO DQG VRPH

DVVXPSWLRQV DERXW WKH HQYLURQPHQW WR FUHDWH D VHW RI LPDJHV

WKDW EHWWHU FRUUHVSRQG WR KRZ WKH URWDWHG IDFLDO LPDJH

DFWXDOO\ DSSHDUV� 7KLV SUH�GLVWRUWLRQ DOJRULWKP XVHV WZR�

GLPHQVLRQDO ZDUSV WR VLPXODWH URWDWLRQ RI D VLPSOH WKUHH�

GLPHQVLRQDO PRGHO RI WKH IDFH� 2XU ¦IDFH PRGHO§ FRQVLVWV

RI D SODQH FRQWDLQLQJ WKH OLSV� FKLQ� FKHHNV� H\HV DQG

IRUHKHDG� DQG D WKUHH�VLGHG S\UDPLG IRU WKH QRVH� 6LQFH ZH

DUH QRW FRQFHUQHG ZLWK WKH VLGHV RI WKH IDFH� WKLV PRGHO KDV

SURYHG VXIILFLHQWO\ DFFXUDWH� ,QGHHG� LQ WKH UHJLRQ RI WKH

IDFH ZH DUH PRVW FRQFHUQHG ZLWK� LW LV PRUH DFFXUDWH WKDQ

VRPH VLPSOH �' IDFLDO PRGHOV� VXFK DV WKH HOOLSWLFDO KHDG

PRGHO RI 3DSSX DQG %HDUGVOH\ >�@� EHFDXVH� H[FHSW IRU WKH

QRVH� WKH IDFLDO IHDWXUHV YHU\ QHDUO\ OLH RQ D SODQH� :KLOH

EHWWHU ORRNLQJ UHVXOWV FRXOG OLNHO\ EH REWDLQHG XVLQJ D IXOO

�' PRGHO VXFK DV >�@� RU D PRUH UHILQHG �' PRGHO VXFK DV

ZDV XVHG LQ >��@ DQG >��@� IRU RXU SXUSRVHV WKH DGGLWLRQDO

DFFXUDF\ LV QRW ZRUWK WKH DGGHG FRPSOH[LW\�

7KH JRDO RI WKH SUH�GLVWRUWLRQ LV WR LPSURYH WKH PDWFK

VFRUH� ZKLFK LV QRW WKH VDPH DV FUHDWLQJ UHDOLVWLF ORRNLQJ

LPDJHV� )RU RXU QHHGV� WKH IDFLDO IHDWXUHV PXVW EH ORFDWHG

LQ DSSUR[LPDWHO\ WKH ULJKW ORFDWLRQV DQG WKHLU UHODWLYH VL]HV

PXVW EH DSSUR[LPDWHO\ ULJKW� EXW GHWDLOV VXFK DV WKH H[DFW

VKDSH RI WKH QRVH FDQ EH GLVWRUWHG ZLWK OLWWOH HIIHFW RQ PDWFK

VFRUH� ,Q RUGHU WR JHW JRRG UHVXOWV IURP �' PRGHOV� WKH

RULJLQDO LPDJH PXVW EH DFFXUDWHO\ PDSSHG RQWR WKH PRGHO�

ZKLFK LV D QRQ�WULYLDO WDVN� DQG WKH PRGHO PXVW FRUUHVSRQG

ZHOO WR WKH WUXH VKDSH RI WKH XVHU©V IDFH� 2XU VLPSOH PRGHO

JLYHV UHVXOWV VXIILFLHQWO\ DFFXUDWH WR LPSURYH WUDFNLQJ

ZLWKRXW WKH FRPSOH[LW\ RI PRUH HODERUDWH WHFKQLTXHV�

7KH SUH�GLVWRUWLRQ DOJRULWKP LV JLYHQ D VLQJOH IURQWDO

YLHZ RI WKH XVHU� D ERXQGLQJ ER[ DURXQG WKH H\HEURZV DQG

PRXWK� DQG WKH ORFDWLRQ RI WKH WLS RI WKH QRVH� ,W LV JLYHQ D

FRDUVH GHVFULSWLRQ RI WKH FDPHUD ORFDWLRQ� LQ WHUPV RI

DERYH� EHVLGH RU EHORZ WKH VFUHHQ� ,Q RUGHU WR NHHS WKH

WUDLQLQJ SURFHVV VLPSOH� LW PDNHV VRPH EDVLF DVVXPSWLRQV

UHJDUGLQJ WKH XVHU
V SRVLWLRQ ZLWK UHVSHFW WR WKH VFUHHQ DQG

WKH VL]H RI WKH XVHU
V KHDG� EXW LW KDV QR GHWDLOHG PRGHO RI

WKH HQYLURQPHQW RU WKH VKDSH RI WKH XVHU
V KHDG� ,Q RUGHU WR

DYRLG FDPHUD FDOLEUDWLRQ� ZH XVH D UHSUHVHQWDWLYH YDOXH IRU

FDPHUD IRFDO OHQJWK� 7KHVH DVVXPSWLRQV FDQ EH WXQHG IRU

LQGLYLGXDO VLWXDWLRQV� EXW LQ SUDFWLFH ZH KDYH QRW VHHQ D

QRWLFHDEOH FKDQJH LQ SHUIRUPDQFH ZKHQ ZH GR�

8VLQJ WKLV VLPSOH IDFLDO PRGHO DQG WKH WH[WXUH GDWD IURP

WKH VLQJOH IURQWDO WUDLQLQJ LPDJH� ZH FUHDWH HLJKW YLHZV RI

WKH IDFH FRUUHVSRQGLQJ WR FDVHV ZKHQ WKH XVHU LV ORRNLQJ DW

GLIIHUHQW HGJHV RI WKH VFUHHQ� WRS� ERWWRP� ULJKW� OHIW DQG WKH

IRXU FRUQHUV� :H JHQHUDWH WKH LPDJHV LQ D WZR VWHS SURFHVV�

ILUVW WLOWLQJ WKH IDFLDO SODQH� WKHQ URWDWLQJ WKH QRVH S\UDPLG�

:H ZLOO GHVFULEH HDFK SURFHVV VHSDUDWHO\�

���� )DFLDO SODQH URWDWLRQ

)LUVW FRQVLGHU WKH WLOWLQJ RI WKH IDFLDO SODQH� 6LQFH WKH

XVHU LV DVNHG WR ORRN DW WKH FHQWHU RI WKH VFUHHQ ZKHQ WKH

WUDLQLQJ LPDJH LV WDNHQ� ZH FDQ DVVXPH WKDW LQ WKH WUDLQLQJ

LPDJH WKH IDFLDO SODQH LV DSSUR[LPDWHO\ SDUDOOHO WR WKH

VFUHHQ DQG WKDW D OLQH SHUSHQGLFXODU WR WKH IDFLDO SODQH DQG

SDVVLQJ WKURXJK WKH QRVH LQWHUVHFWV WKH FHQWHU RI WKH VFUHHQ�

DV VKRZQ LQ )LJXUH �� :H KDYH REVHUYHG WKDW PLQRU

YDULDWLRQV IURP WKHVH FRQGLWLRQV GR QRW DIIHFW SHUIRUPDQFH�

:H GUDZ D UHFWDQJOH LQ WKH IDFLDO SODQH ERXQGHG E\ WKH

XVHU©V H\HEURZV� ORZHU OLSV DQG RXWHU H\H HGJHV� %HFDXVH

WKH LPDJH SODQH LV LQ JHQHUDO QRW SDUDOOHO WR WKH IDFLDO SODQH�

WKLV ZLOO SURMHFW LQWR D TXDGULODWHUDO LQ WKH LPDJH� :H XVH

SHUVSHFWLYH SURMHFWLRQ� XVLQJ RXU DVVXPHG FDPHUD IRFDO

OHQJWK G� WR GHWHUPLQH WKDW TXDGULODWHUDO� )RU HDFK FRUQHU L

RI WKH �' UHFWDQJOH � �
L

5]L5\L5[ �� � WKH FRUUHVSRQGLQJ

TXDGULODWHUDO FRUQHU LV�

� �G5]5[4[
LLL
�� 

� �G5]5\4\
LLL
�� 

:H WKHQ URWDWH WKH IDFLDO SODQH E\ WKH GHVLUHG DPRXQW DQG

WUDQVODWH WKH UHFWDQJOH DURXQG WKH IDFLDO IHDWXUHV LQWR WKH

LPDJH SODQH FUHDWLQJ D VHFRQG TXDGULODWHUDO�

8VLQJ +HFNEHUW
V PHWKRG >�@� ZH FRPSXWH WKH

SHUVSHFWLYH WUDQVIRUPDWLRQ PDWUL[ EHWZHHQ WKHVH

TXDGULODWHUDOV� :H ILUVW VFDOH WKH TXDGULODWHUDOV VR WKDW WKH\

PDWFK WKH VL]H RI WKH IURQW YLHZ LPDJH WR EH ZDUSHG� WKDW LV�

FRQYHUW IURP LQFKHV WR SL[HOV� 7R FRPSXWH WKH

WUDQVIRUPDWLRQ EHWZHHQ WZR TXDGULODWHUDOV T� DQG T�� ZH

FRPSXWH D WUDQVIRUPDWLRQ PDWUL[ IURP D VTXDUH WR T�� ILQG

LWV DGMRLQW DQG PXOWLSO\ WKLV ZLWK WKH PDWUL[ WR WUDQVIRUP D

VTXDUH WR T�� :H WKHQ FRPSXWH WKH LQYHUVH WUDQVIRUPDWLRQ

DQG DSSO\ LW XVLQJ EDFNZDUG PDSSLQJ IURP WKH URWDWHG YLHZ

WR WKH IURQWDO YLHZ TXDGULODWHUDOV�

,I ZH DSSO\ WKH UHVXOWLQJ SHUVSHFWLYH WUDQVIRUPDWLRQ

PDWUL[ RQO\ RQ WKH IDFLDO ERXQGLQJ ER[ RI WKH WUDLQLQJ

LPDJH� ZH HQG XS ZLWK WHPSODWH RI GLIIHUHQW VL]H DQG VKDSH

IRU HDFK GLUHFWLRQ� ZKLFK ZRXOG DGG VLJQLILFDQW FRPSOH[LW\

WR WKH PDWFKLQJ SURFHVV� ,QVWHDG WKH IDFH ZDUS LV DSSOLHG RQ

D ODUJHU SRUWLRQ RI WKH WUDLQLQJ LPDJH DQG WKH UHVXOW LV

FURSSHG WR D UHFWDQJOH�

:H FRPSXWH ZKHUH WKH UHFWDQJOH VKRXOG EH FURSSHG ZLWK

WKH VDPH SHUVSHFWLYH WUDQVIRUPDWLRQ PDWUL[ XVHG DERYH�

7KLV SURFHVV LV VXUSULVLQJO\ FRPSOH[� KRZHYHU� EHFDXVH WKH

ILQDO UHVXOW PXVW FRQWDLQ WKH PDMRULW\ RI WKH IDFLDO IHDWXUHV�



EXW PXVW QRW FRQWDLQ EDFNJURXQG �QRQ�IDFH� SL[HOV� DV WKH\

ZLOO VLJQLILFDQWO\ DIIHFW WKH PDWFK VFRUH� ,I ZH VLPSO\ DSSO\

WKH SHUVSHFWLYH WUDQVIRUPDWLRQ WR WKH IDFLDO ERXQGLQJ ER[ WR

JHQHUDWH D TXDGULODWHUDO WKDW VXUURXQGV WKH IDFLDO IHDWXUHV LQ

WKH URWDWHG LPDJH DQG WKHQ WDNH WKH ERXQGLQJ ER[ RI WKDW

TXDGULODWHUDO� FRPSRXQG URWDWLRQV �H�J� WKH FRUQHU LPDJHV RI

)LJXUH �� RIWHQ HQG XS ZLWK EDFNJURXQG SL[HOV LQ WKH

WHPSODWH� ,QVWHDG ZH GR WKH IROORZLQJ� )RU VLPSOH URWDWLRQV

�DURXQG WKH ; RU < D[LV RQO\�� ZH DSSO\ WKH WUDQVIRUPDWLRQ

RQ WKH PLGGOH SRLQWV EHWZHHQ [ DQG \ FRRUGLQDWHV RI XSSHU�

ORZHU� OHIW DQG ULJKW FRUQHUV RI WKH ERXQGLQJ ER[� )RU

FRPSRXQG URWDWLRQV ZH XVH WKH FRRUGLQDWHV RI WKH FRUQHUV

WKDW WUDQVIRUP LQWR WKH TXDGULODWHUDO©V LQQHU FRUQHUV� VR WKDW

WKH ILQDO UHFWDQJOH JHWV WKLQQHU �)LJXUH ���

5RWDWLRQ RI WKH IDFLDO SODQH WDNHV FDUH RI WKH VSDWLDO

GLVWRUWLRQ RI WKH PDMRU IDFLDO IHDWXUHV� 2Q D KRUL]RQWDO

URWDWLRQ� WKH H\HV EHFRPH FORVHU� RQH FKHHN EHFRPHV PRUH

SURPLQHQW WKDQ WKH RWKHU DQG WKH DQJOH RI WKH PRXWK DQG WKH

H\HV FKDQJH �)LJXUH ��� ,Q YHUWLFDO URWDWLRQ WKH FKLQ RU

IRUHKHDG EHFRPHV PRUH SURPLQHQW DQG WKH GLVWDQFH

EHWZHHQ H\HEURZV DQG PRXWK FKDQJHV�

7KH LPDJH RI WKH QRVH� KRZHYHU� LV QRW PRYHG

VXIILFLHQWO\ IDU DV LW PRVW VHULRXVO\ YLRODWHV WKH SODQDU

DVVXPSWLRQ� 7KXV WKH ILQDO LVVXH LQ FUHDWLQJ WKH SUH�

GLVWRUWHG LPDJHV LV WR WLOW WKH QRVH S\UDPLG�

���� 1RVH ZDUSLQJ

8VLQJ RQO\ IDFLDO SODQH URWDWLRQ GRHV QRW JLYH D

VLJQLILFDQW LPSURYHPHQW LQ PDWFK SHUIRUPDQFH� $V QRWHG LQ

>�@� RQH RI WKH PRVW LPSRUWDQW FKDQJHV LQ IDFLDO DSSHDUDQFH

DV WKH IDFH URWDWHV LV WKH FKDQJH LQ DSSHDUDQFH RI WKH QRVH�

:H WKHUHIRUH DGG DQ DGGLWLRQDO VWHS WR RXU SUH�GLVWRUWLRQ

DOJRULWKP WR DSSUR[LPDWH WKH FKDQJH LQ DSSHDUDQFH RI WKH

QRVH DV WKH IDFH URWDWHV�

&RQFHSWXDOO\� ZH PRGHO WKH QRVH DV D WKUHH�VLGHG

S\UDPLG� ZKLFK ZH WLOW DORQJ ZLWK WKH SODQH� ,Q SUDFWLFH� ZH

VLPXODWH WKLV �' WUDQVIRUPDWLRQ ZLWK D �' ZDUS E\

PRGHOLQJ WKH S\UDPLG DV D WULDQJOH ZLWK WKUHH VPDOOHU

WULDQJOHV LQVLGH LW �)LJXUH ��� 7KH WULDQJOH LV VFDOHG EDVHG

RQ WKH VL]H RI WKH IDFLDO ERXQGLQJ ER[ DQG SODFHG RQ WKH

WHPSODWH VXFK WKDW WKH LQWHUVHFWLRQ SRLQW RI WKH LQQHU

WULDQJOHV OLHV RQ WKH WLS RI WKH QRVH� 7R VLPXODWH WKH �'

URWDWLRQ RI WKH S\UDPLG� WKH LQWHUVHFWLRQ SRLQW RI WKH WKUHH

LQWHUQDO WULDQJOHV LV PRYHG WR WKH QHZ QRVH WLS ORFDWLRQ�

GLVWRUWLQJ DOO WKUHH WULDQJOHV DV VKRZQ LQ )LJXUH �E� 7KH

SL[HO GDWD IURP WKH RULJLQDO WULDQJOHV LV WKHQ ZDUSHG LQWR WKH

QHZ VKDSH� ,Q RWKHU ZRUGV� ZKHQ D WULDQJOH H[SDQGV� ZH

GLVWULEXWH WKH RULJLQDO SL[HO YDOXHV DSSURSULDWHO\ WKURXJK

QHZ WULDQJOH DQG ILOO LQ WKH PLVVLQJ GDWD E\ LQWHUSRODWLQJ

EHWZHHQ VXUURXQGLQJ SL[HOV� :KHQ D WULDQJOH FRQWUDFWV� ZH

FRPELQH VHYHUDO SL[HO YDOXHV LQWR RQH� ,Q RUGHU WR

GHWHUPLQH WKH DPRXQW WR PRYH WKH QRVH WLS� ZH SHUIRUP D

VWUDLJKWIRUZDUG JHRPHWULF FDOFXODWLRQ RI WKH GLVSODFHPHQW

RI WKH QRVH WLS XVLQJ WKH DVVXPHG HQYLURQPHQWDO JHRPHWU\�

���7UDFNLQJ�ZLWK�WKH�ZDUSHG�WHPSODWHV

'XULQJ WUDFNLQJ� WKH IDFLDO WHPSODWH LV PDWFKHG DW HDFK

SL[HO GLVSODFHPHQW LQ D UHJLRQ DURXQG WKH EDVH IDFH

ORFDWLRQ� 7KLV EDVH ORFDWLRQ FDQ EH WKH RULJLQDO WUDLQLQJ

ORFDWLRQ RU FDQ EH FRPSXWHG IURP RWKHU LPDJH IHDWXUHV�

VXFK DV WKH ORFDWLRQ RI WKH VKRXOGHUV� 7KH GLVSODFHPHQW

ZLWK WKH EHVW PDWFK VFRUH LV WDNHQ DV WKH FXUUHQW ORFDWLRQ RI

WKH IDFH� 6LQFH GLVSODFHPHQW IURP WKH EDVH ORFDWLRQ LV

DVVXPHG WR RFFXU RQO\ IURP IDFLDO URWDWLRQ� HDFK PDWFK

DWWHPSW FRUUHVSRQGV WR VRPH DPRXQW RI IDFLDO URWDWLRQ�

7KHUHIRUH� RXU RULJLQDO WKRXJKW ZDV WR XVH D XQLTXH ZDUSHG

LPDJH IRU HDFK PDWFK DWWHPSW� ,Q RWKHU ZRUGV� LI ZH ZHUH

PDWFKLQJ DW D ORFDWLRQ L[ � � M\ � � ZKHUH \[� LV WKH EDVH

IDFLDO ORFDWLRQ� ZH ZRXOG XVH DV D PDWFK WHPSODWH WKH LPDJH

ZDUSHG E\ WKH URWDWLRQ LPSOLHG E\ RIIVHW ML� �

Figure 3: Nose Warping. Left figure shows
original triangular model with direction of
warp.

Figure 2: 2D quadrilaterals after perspective
projection transformation
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8QIRUWXQDWHO\ WKLV DSSURDFK SURYHG LPSUDFWLFDO EHFDXVH RI

WKH GLIILFXOW\ RI UHJLVWHULQJ WKH ZDUSHG LPDJH ZLWK WKH WUXH

IDFLDO URWDWLRQ�

6LQFH PDWFKLQJ ZLWK WKH RULJLQDO LPDJH SHUIRUPV YHU\

ZHOO IRU VPDOO IDFLDO URWDWLRQV� WKH SUH�GLVWRUWHG WHPSODWHV

DUH RQO\ QHHGHG DW ODUJHU URWDWLRQV� 7KHUHIRUH� ZH LQVWHDG

VHWWOHG RQ XVLQJ D VPDOO QXPEHU RI ZDUSHG LPDJHV

FRUUHVSRQGLQJ WR WKH PD[LPDO IDFLDO URWDWLRQV ZH H[SHFWHG

WR VHH� DQG XVLQJ WKHVH RQO\ LQ WKH SHULSKHU\ RI WKH PDWFK

UHJLRQ� $W WUDLQLQJ WLPH ZH FUHDWH HLJKW ZDUSHG LPDJHV

FRUUHVSRQGLQJ WR WKH PD[LPDO IDFLDO URWDWLRQV LQ HDFK RI WKH

HLJKW SULPDU\ GLUHFWLRQV� :H GLYLGH WKH VHDUFK UHJLRQ LQWR

QLQH VXE�UHJLRQV� ,Q WKH ODUJH FHQWHU UHJLRQ ZH XVH WKH

RULJLQDO WUDLQLQJ LPDJH� ,Q HDFK RI WKH RXWHU VXE�UHJLRQV ZH

XVH WKH ZDUSHG IDFH LPDJH �)LJXUH �� FRUUHVSRQGLQJ WR WKH

URWDWLRQ GLUHFWLRQ LPSOLHG E\ WKH RIIVHW IURP WKH EDVH

ORFDWLRQ� 7KH ERXQGDULHV EHWZHHQ WKH UHJLRQV KDYH EHHQ

GHWHUPLQHG HPSLULFDOO\�

���([SHULPHQWV�DQG�UHVXOWV

7R WHVW WKH HIIHFW RI WKH IDFLDO SUH�GLVWRUWLRQ DOJRULWKP�

ZH EHJDQ ZLWK D IDFH WUDFNLQJ V\VWHP EDVHG RQ PDWFKLQJ

RQO\ WKH RULJLQDO WUDLQLQJ LPDJH DV GHVFULEHG LQ 6HFWLRQ ����

$V GHVFULEHG HDUOLHU� WKLV V\VWHP WUDFNHG WKH IDFH YHU\ ZHOO

IRU VPDOO URWDWLRQV� EXW WHQGHG WR IDLO DV WKH IDFLDO URWDWLRQ

UHDFKHG WKH YHU\ HGJHV RI WKH VFUHHQ� :H WKHQ LQWHJUDWHG

WKH IDFLDO SUH�GLVWRUWLRQ DOJRULWKP DV GHVFULEHG LQ 6HFWLRQ ��

7KH UHVXOW ZDV D VLJQLILFDQW GHFUHDVH LQ WKH QXPEHU RI WLPHV

WKH WUDFNLQJ DOJRULWKP ORVW WKH IDFH DV WKH XVHU ORRNHG

WRZDUG DQG SDVW WKH HGJHV RI WKH VFUHHQ� 7ZR H[DPSOH

VKRWV IURP WKLV V\VWHP DUH VKRZQ LQ )LJXUH �� 7KH ZKLWH

UHFWDQJOH VKRZV WKH ORFDWLRQ ZKHUH WKH RULJLQDO WUDLQLQJ

WHPSODWH PDWFKHG EHVW� 7KH JUD\ UHFWDQJOH VKRZV ZKHUH WKH

SUH�GLVWRUWHG WHPSODWH KDG LWV EHVW PDWFK VFRUH� $ERYH HDFK

LPDJH ZH VKRZ WKH SUH�GLVWRUWHG WHPSODWH IRU WKDW GLUHFWLRQ�

:KLOH WKLV W\SH RI WHVW SURYLGHV WKH PRVW DFFXUDWH

GHPRQVWUDWLRQ RI WKH SHUIRUPDQFH LPSURYHPHQW� WKH UHVXOWV

DUH GLIILFXOW WR TXDQWLI\�

,Q RUGHU WR JHW PRUH FRQFUHWH GDWD RQ WKH SHUIRUPDQFH

LPSURYHPHQW SURYLGHG E\ WKH SUH�GLVWRUWLRQ DOJRULWKP� ZH

SHUIRUPHG D PRUH FRQWUROOHG H[SHULPHQW� :H HQOLVWHG HLJKW

GLIIHUHQW XVHUV� DVNLQJ WKHP WR VLW DW D FRPIRUWDEOH ZRUNLQJ

GLVWDQFH IURP D ��§ PRQLWRU� :H WKHQ UHFRUGHG YLGHR

VHTXHQFHV DV WKH\ URWDWHG WKHLU KHDG LQ D ]LJ]DJ VFDQQLQJ RI

WKH VFUHHQ� :H HQVXUHG WKDW WKH\ VFDQQHG IDU HQRXJK

DERYH� EHORZ DQG WR WKH VLGHV WKDW WKH RULJLQDO WUDFNLQJ

DOJRULWKP ZRXOG KDYH WURXEOH� )RU HDFK XVHU ZH DOVR WRRN D

WUDLQLQJ LPDJH DQG FUHDWHG HLJKW SUH�GLVWRUWHG WHPSODWHV

ZKHUH WKH URWDWLRQ RI WKH IDFH ZRXOG EULQJ LW WR WKH HGJH RI

WKH VFUHHQ�

:H VDPSOHG HYHU\ ILIWK IUDPH RI WKH YLGHRV WR JLYH XV D

VHW RI UHSUHVHQWDWLYH WHVW LPDJHV� ,W VKRXOG EH SRLQWHG RXW

WKDW WKH LPSRUWDQW PHWULF LV QRW WKH PDWFK VFRUH LWVHOI� EXW

UDWKHU WKH ORFDWLRQ DW ZKLFK WKH EHVW PDWFK RFFXUV�

7KHUHIRUH� IRU HDFK LPDJH� ZH FRPSXWHG JURXQG WUXWK LQ WKH

IRUP RI WKH ORFDWLRQ RI D VSHFLILF SRLQW RQ WKH XVHU©V IDFH�

)LQDOO\� ZH FRPSXWHG WKH ORFDWLRQ LQ HDFK LPDJH ZKHUH HDFK

WHPSODWH KDG LWV EHVW PDWFK VFRUH DQG FRPSXWHG WKH GLVWDQFH

EHWZHHQ WKLV ORFDWLRQ DQG WKH JURXQG WUXWK�

)LJXUH � VKRZV DQ H[DPSOH RI WKH SHUIRUPDQFH RI

YDULRXV WHPSODWHV DFURVV D IHZ VFDQV E\ RQH RI WKH XVHUV�

7KH YHUWLFDO D[LV LV WKH GLVWDQFH RI WKH EHVW WHPSODWH PDWFK

ORFDWLRQ IURP JURXQG WUXWK� 7KH ZKLWH OLQH VKRZV WKH

SHUIRUPDQFH RI WKH RULJLQDO WHPSODWH DQG WKH JUD\ OLQHV

VKRZ WKH SHUIRUPDQFH RI WKH SUH�GLVWRUWHG WHPSODWHV WKDW DUH

DSSURSULDWH IRU WKH GLUHFWLRQ WKH XVHU LV ORRNLQJ� 1RWLFH WKDW

WKH RULJLQDO WHPSODWH GRHV ZHOO ZKHQ WKH XVHU LV ORRNLQJ

WRZDUG WKH FHQWHU RI WKH VFUHHQ� EXW IDLOV DV WKH XVHU ORRNV WR

WKH HGJHV �SHULRGLF SHDNV LQ WKH JUDSK�� 7KH SUH�GLVWRUWHG

LPDJHV QHDUO\ DOZD\V GLG EHWWHU WKDQ WKH RULJLQDO LPDJH LQ

Figure 4: Original template (center) and eight
pre-distorted versions

Figure 5: Running example of our tracker. The
white rectangle shows where the original
template matched, the gray rectangle shows
where the rotation template matched. The
original and the rotated templates are shown
above.



WKH UHJLRQ ZKHUH WKH\ DUH DSSURSULDWH� 2QO\ LQ WKH ILUVW (DVW

VFDQ GLG WKH GLVWRUWHG WHPSODWH IDLO� +HUH WKH XVHU KDG

WXUQHG WKHLU KHDG VR IDU WKDW LW ZDV QHDUO\ LQ SURILOH�

7DEOH � VXPPDUL]HV WKH SHUIRUPDQFH IRU VHYHUDO XVHUV�

2YHU ��� RI WKH WLPH� XVLQJ WKH DSSURSULDWH ZDUSHG

WHPSODWH JDYH D PDWFK ORFDWLRQ FORVHU WR JURXQG WUXWK WKDQ

XVLQJ WKH RULJLQDO� 2QO\ ��� RI WKH WLPH GLG WKH RULJLQDO

WHPSODWH GR EHWWHU� 2IWHQ� KRZHYHU� RQH WHPSODWH RU WKH

RWKHU LV VOLJKWO\ FORVHU WR JURXQG WUXWK� EXW ERWK DUH FORVH

HQRXJK WR EH FRQVLGHUHG DQ DFFXUDWH PDWFK� :H WKHUHIRUH

VHW D GLVWDQFH WKUHVKROG DERYH ZKLFK ZH FRQVLGHUHG WKH

PDWFK WR KDYH IDLOHG� 7KLV GLVWDQFH ZDV VHW VXEMHFWLYHO\�

EXW ZH DWWHPSWHG WR EH UHDOLVWLF LQ WKH VHQVH WKDW PDWFKHV

ZLWKLQ WKH WKUHVKROG ZRXOG JHQHUDOO\ EH XVDEOH DQG WKRVH

RXWVLGH ZRXOG JHQHUDOO\ EH XQXVDEOH� :H WKHQ H[DPLQHG

WKRVH IUDPHV ZKHUH WKH RULJLQDO WHPSODWH JDYH D IDLOHG

PDWFK� ,Q �� RI WKRVH FDVHV WKH ZDUSHG WHPSODWHV JDYH D

JRRG PDWFK� ,Q FRPSDULVRQ� WKHUH ZHUH QR FDVHV ZKHQ WKH

ZDUSHG WHPSODWH IDLOHG� EXW WKH RULJLQDO WHPSODWH JDYH D

JRRG PDWFK� :H VKRXOG QRWH WKDW ZLWK RXU WHVW GDWD LW ZDV

QRW PHDQLQJIXO WR UHFRUG WKH DEVROXWH QXPEHU RI WLPHV WKH

WHPSODWHV IDLOHG� $W WKH HQG RI HDFK VFDQ WKH XVHU©V IDFH ZDV

RIWHQ URWDWHG VR IDU EH\RQG WKH HGJH RI WKH VFUHHQ WKDW ERWK

WHPSODWHV IDLOHG WR PDWFK� DV LQ WKH HDVW FDVH RI ILJXUH ��

���6XPPDU\�DQG�FRQFOXVLRQV

:H KDYH SUHVHQWHG D PHWKRG RI WUDFNLQJ WKH ORFDWLRQ RI

WKH XVHU©V IDFH DV WKH\ ORRN DURXQG WKH VFUHHQ LQ D W\SLFDO

FRPSXWLQJ HQYLURQPHQW� 7KH PHWKRG LV EDVHG RQ WHPSODWH

PDWFKLQJ IURP D VLQJOH WUDLQLQJ LPDJH DQG WKHUHIRUH EHJLQV

WR IDLO DW KHDG URWDWLRQV WKDW DUH OLNHO\ WR EH HQFRXQWHUHG

XQGHU QRUPDO FRQGLWLRQV� :H IRFXVHG RQ DQ H[WHQVLRQ WR

WKH PHWKRG WR LPSURYH LWV SHUIRUPDQFH ZLWK ODUJH IDFH

URWDWLRQV� EDVHG RQ SUH�GLVWRUWLQJ WKH WHPSODWH XVLQJ JHQHULF

NQRZOHGJH RI IDFLDO JHRPHWU\ DQG WKH HQYLURQPHQW�

6LQFH WKH PHWKRG XVHV �' ZDUSLQJ UDWKHU WKDQ HODERUDWH

�' PRGHOV� LW JDLQV VSHHG DQG UHOLDELOLW\ DQG DYRLGV WKH

QHHG IRU HODERUDWH WUDLQLQJ RU FDOLEUDWLRQ WHFKQLTXHV� ,Q

VSLWH RI LWV VLPSOLFLW\� ZH KDYH VKRZQ WKDW LW VLJQLILFDQWO\

LPSURYHV WKH SHUIRUPDQFH RI WKH IDFH WUDFNLQJ V\VWHP ZLWK

D YDULHW\ RI XVHUV�

2QH VLJQLILFDQW VKRUWFRPLQJ RI WKH WHFKQLTXH LV WKDW LW

GRHV QRW DFFRXQW IRU FKDQJHV LQ WKH DSSHDUDQFH RI WKH IDFH

XQGHU URWDWLRQ WKDW DUH GXH WR GLUHFWLRQDO OLJKWLQJ �H�J� >�@��

)XWXUH ZRUN ZLOO DGGUHVV WKLV LVVXH�

Table 1: Results gathered from several users
looking at different locations on the screen

:DUS WHPSODWH GLG EHWWHU WKDQ RULJLQDO

WHPSODWH

���

2ULJLQDO WHPSODWH GLG EHWWHU WKDQ ZDUS WHPSODWH ���

6XFFHVVIXO PDWFKLQJ RI ZDUSHG WHPSODWHV ZKHQ

RULJLQDO WHPSODWH IDLOHG

��

6XFFHVVIXO PDWFKLQJ RI RULJLQDO WHPSODWH ZKHQ

ZDUSHG WHPSODWHV IDLOHG

�

'
LV
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Figure 6: Performance of the original and pre-distorted templates during facial scanning.
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5HIHUHQFHV

>�@ 3� +HFNEHUW� )XQGDPHQWDOV RI 7H[WXUH 0DSSLQJ DQG ,PDJH

:DUSLQJ� 06 WKHVLV� 'HSW� RI ((&6� 8QLY� RI &DOLIRUQLD DW

%HUNHOH\� 7HFKQLFDO 5HSRUW 1R� 8&%�&)'������� -XQH

����

>�@ +�$� 5RZOH\� 6� %DOXMD DQG 7� .DQDGH� +XPDQ )DFH

'HWHFWLRQ LQ 9LVXDO 6FHQHV� 6FKRRO RI &RPSXWHU 6FLHQFH�

&DUQHJLH 0HOORQ 8QLYHUVLW\ 7HFKQLFDO 5HSRUW 1R� &08��

&6���������5� 1RYHPEHU� ����

>�@ 6� 1L\RJL DQG :� 7� )UHHPDQ� ([DPSOH EDVHG KHDG WUDFNLQJ�

,Q 3URFHHGLQJV �QG ,QWHUQDWLRQDO &RQIHUHQFH RQ $XWRPDWLF

)DFH DQG *HVWXUH 5HFRJQLWLRQ� .LOOLQJWRQ� 97� 86$� �����

>�@ 6� 0F.HQQD DQG 6� *RQJ�� 7UDFNLQJ )DFHV� ,Q 3URFHHGLQJV

�QG ,QWHUQDWLRQDO &RQIHUHQFH RQ $XWRPDWLF )DFH DQG

*HVWXUH 5HFRJQLWLRQ� .LOOLQJWRQ� 97� 86$� �����

>�@ 3�:� +DOOLQDQ� $ /RZ�'LPHQVLRQDO 5HSUHVHQWDWLRQ RI

+XPDQ )DFHV )RU $UELWUDU\ /LJKWLQJ &RQGLWLRQV� ,Q

3URFHHGLQJV ,((( &RQI� RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ

5HFRJQLWLRQ� SDJHV �������� 6HDWWOH� :$� �����

>�@ $�&� $LWFKLVRQ DQG ,� &UDZ� 6\QWKHWLF ,PDJHV RI )DFHV ¤ $Q

$SSURDFK WR 0RGHO�%DVHG )DFH 5HFRJQLWLRQ� ,Q 3URF�

%ULWLVK 0DFKLQH 9LVLRQ &RQIHUHQFH� SDJHV �������� �����

>�@ 3�*� 6FK\QV DQG +� +� %OWKRII� &RQGLWLRQV )RU 9LHZSRLQW

'HSHQGHQW )DFH 5HFRJQLWLRQ� $�,� 0HPR 1R� �����

$UWLILFLDO ,QWHOOLJHQFH /DERUDWRU\� 0DVVDFKXVHWWV ,QVWLWXWH RI

7HFKQRORJ\� �����

>�@ 5� 3DSSX DQG 3� $� %HDUGVOH\� $ 4XDOLWDWLYH $SSURDFK WR

&ODVVLI\LQJ *D]H 'LUHFWLRQ� ,Q 3URFHHGLQJV RI WKH 7KLUG

,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ $XWRPDWLF )DFH DQG

*HVWXUH 5HFRJQLWLRQ� 1DUD� -DSDQ� $SULO �����

>�@ $� 3HQWODQG� %� 0RJKDGGDP DQG 7� 6WDUQHU� 9LHZ�%DVHG

DQG 0RGXODU (LJHQVSDFHV IRU )DFH 5HFRJQLWLRQ� ,Q

3URFHHGLQJV ,((( &RQI� RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ

5HFRJQLWLRQ� SDJHV ������ 6HDWWOH� :$� �����

>��@ 4� &KHQ� +� :X� 7� )XNXPRWR DQG 0� <DFKLGD� �' +HDG

3RVH (VWLPDWLRQ ZLWKRXW )HDWXUH 7UDFNLQJ� ,Q 3URFHHGLQJV

RI WKH 7KLUG ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ $XWRPDWLF

)DFH DQG *HVWXUH 5HFRJQLWLRQ� 1DUD� -DSDQ� $SULO ����

>��@ '� -� %H\PHU� )DFH 5HFRJQLWLRQ 8QGHU 9DU\LQJ 3RVH� ,Q

3URFHHGLQJV ,((( &RQI� RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ

5HFRJQLWLRQ� SDJHV �������� 6HDWWOH� :$� ����� 25�

>��@ '� -� %H\PHU DQG 7� 3RJJLR� )DFH 5HFRJQLWLRQ )URP 2QH

([DPSOH 9LHZ� ,Q 3URFHHGLQJV RI WKH ILIWK ,QWHUQDWLRQDO

&RQIHUHQFH RQ &RPSXWHU 9LVLRQ� �����

>��@ 7� 9HWWHU� /HDUQLQJ QRYHO YLHZV WR D VLQJOH IDFH LPDJH� ,Q

3URFHHGLQJV �QG ,QWHUQDWLRQDO &RQIHUHQFH RQ $XWRPDWLF
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