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Abstract²� ([LVWLQJ� PRYLQJ� WDUJHW� GHWHFWLRQ� PHWKRGV�
PDLQO\� LQFOXGH� LQWHU�IUDPH� GLIIHUHQFHV�� EDFNJURXQG�
GLIIHUHQFHV�� RSWLFDO� IORZ� DQG� VR� RQ�� )RU� WKH� UHFRJQLWLRQ� RI�
KXPDQ� PRWLRQV� LQ� WKH� SURFHVV� RI� KXPDQ�FRPSXWHU�
FROODERUDWLRQ��H[LVWLQJ�DOJRULWKPV�DUH�XVXDOO\�GLIILFXOW�WR�PHHW�
WKH�UHTXLUHPHQWV�RI�UHDO�WLPH�SURFHVVLQJ�DQG�HDVLO\�LQWHUIHUHG�
E\� OLJKWLQJ� RU� LPDJH� QRLVHV�� ,Q� WKLV� SDSHU�� D� PHWKRG� IRU�
HVWDEOLVKLQJ� D� VWDWLF� EDFNJURXQG� PRGHO� EDVHG� RQ� SL[HO�
KLVWRJUDP�LV�SURSRVHG��7KH�HIIHFW�RI�PRYLQJ�WDUJHWV�DQG�QRLVHV�
RQ�WKH�EDFNJURXQG�PRGHO�LV�H[FOXGHG�GXH�WR�WKH�VHOHFWLYLW\�RI�
WKH�QHZ�DOJRULWKP�WR�WKH�JUD\�YDOXHV��VR�LW�FDQ�GHWHFW�WKH�UHDO�
EDFNJURXQG� PRUH� UHOLDEO\�� &RPSDUHG� ZLWK� RWKHU� PRYLQJ�
WDUJHW�GHWHFWLRQ�PHWKRGV��WKLV�PHWKRG�KDV�WKH�FKDUDFWHULVWLFV�
RI�IDVW�VSHHG��VWURQJ�DQWL�LQWHUIHUHQFH�DELOLW\��DQG�WKH�DELOLW\�
WR�LGHQWLI\�KXPDQ�ERG\�PRYHPHQW�TXLFNO\�DQG�DFFXUDWHO\�� 

Keywords—moving target detection; human motions; static 
background model; pixel histogram 

,�� ,1752'8&7,21�
0RYLQJ�WDUJHW�GHWHFWLRQ�LV�WKH�SURFHVV�RI�VXEWUDFWLQJ�WKH�

UHGXQGDQW� LQIRUPDWLRQ� LQ� WLPH� DQG� VSDFH� RI� WKH� LPDJH�
WKURXJK� WKH� PHWKRG� RI� FRPSXWHU� YLVLRQ�� DQG� HIIHFWLYHO\�
LGHQWLI\LQJ�PRYLQJ� WDUJHWV�� ,W� LV� WKH�EDVLV� IRU� DSSOLFDWLRQV�
VXFK� DV� WDUJHW� FODVVLILFDWLRQ�� PRWLRQ� UHFRJQLWLRQ�� DQG�
EHKDYLRU�XQGHUVWDQGLQJ��DQG�D�NH\�VNLOO�LQ�YLGHR�VHTXHQFH�
LPDJH�SURFHVVLQJ��$W�SUHVHQW��WKH�PHWKRGV�RI�PRYLQJ�WDUJHW�
GHWHFWLRQ� PDLQO\� LQFOXGH� LQWHU�IUDPH� GLIIHUHQFH��
EDFNJURXQG�GLIIHUHQFH��RSWLFDO�IORZ�DQG�VR�RQ�>�@��'XH�WR�
WKH�FRPSOH[LW\�RI� WKH�RSWLFDO� IORZ�PHWKRG�� LW� LV�JHQHUDOO\�
GLIILFXOW� WR�PHHW� WKH� UHTXLUHPHQWV� RI� UHDO�WLPH�SURFHVVLQJ�
DQG� VXVFHSWLEOH� WR� LQWHUIHUHQFH� IURP� OLJKWLQJ� DQG� LPDJH�
QRLVH��7KH�LQWHU�IUDPH�GLIIHUHQFH�PHWKRG�GLUHFWO\�FRPSDUHV�
WKH�GLIIHUHQFH�LQ�JUD\�YDOXHV�RI�FRUUHVSRQGLQJ�SL[HOV�LQ�WZR�
RU�WKUHH�FRQVHFXWLYH�IUDPHV�RI�WKH�YLGHR�VHTXHQFH��DQG�WKHQ�
VHWV�WKH�WKUHVKROG�WR�H[WUDFW�WKH�PRWLRQ�DUHD�RI�WKH�LPDJH�>�@��
+RZHYHU�� WKH� WLPH� LQWHUYDO�EHWZHHQ�DGMDFHQW� IUDPHV� LV�VR�
VKRUW� WKDW� WKH�RYHUODSSLQJ�SDUW�RI� WKH� WDUJHW� LV�QRW�HDV\� WR�
GHWHFW��7KHUHIRUH� LW� LV� JHQHUDOO\�XVHG� IRU� VLPSOH� UHDO�WLPH�
PRWLRQ�GHWHFWLRQ�WR�DYRLG�FUHDWLQJ�D�ODUJH�DPRXQW�RI�KROHV��

7KH� NH\� RI� WKH� EDFNJURXQG� GLIIHUHQFH� PHWKRG� LV� WKH�
HVWDEOLVKPHQW�RI�WKH�EDFNJURXQG�PRGHO��0DQ\�VWXGLHV�KDYH�
EHHQ�GRQH�RQ�WKLV��*OR\HU�HW�DO��DGRSWV�WKH�PHGLDQ�YDOXH�RI�
WKH� SL[HOV� RI� FRQVHFXWLYH� IUDPHV� DV� WKH� EDFNJURXQG� JUD\�

YDOXH� WR� HVWDEOLVK� D� EDFNJURXQG� PRGHO�� EXW� WKLV� PHWKRG�
UHTXLUHV�D�ODUJH�DPRXQW�RI�FDOFXODWLRQ�DQG�GHYLDWLRQV�RIWHQ�
RFFXU� ZLWK� FKDQJLQJ� OLJKWLQJ� >�@�� ,Q� UHVSRQVH� WR� WKLV�
OLPLWDWLRQ�� :UHQ� HW� DO�� DVVXPH� WKDW� SL[HO� YDOXHV� PHHW� D�
FHUWDLQ� GLVWULEXWLRQ�PRGHO�� VXFK� DV� *DXVVLDQ� GLVWULEXWLRQ��
7KHQ�\RX� FDQ�JHW� D� EHWWHU� EDFNJURXQG�XSGDWH�PHWKRG� E\�
MXGJLQJ�ZKHWKHU�WKH�SL[HO�EHORQJV�WR�WKH�IRUHJURXQG�EDVHG�
RQ� WKH� WKUHVKROG�� DQG� FRQVWDQWO\� XSGDWH� LWV� GLVWULEXWLRQ�
SDUDPHWHUV� WKURXJK� WUDLQLQJ� � >�@�� +RZHYHU�� WKH� VLQJOH�
*DXVVLDQ� PRGHO� FDQQRW� DFFXUDWHO\� GHVFULEH� WKH� FRPSOH[�
EDFNJURXQG�PRGHO��VR�6WDXIIHU�HW�DO��UHJDUG�HDFK�SL[HO�JUD\�
YDOXH�DV�D�ZHLJKWHG�PL[WXUH�RI�PXOWLSOH�*DXVVLDQ�PRGHOV�WR�
SURSRVH� D� K\EULG� *DXVVLDQ� PRGHO� EDFNJURXQG� PRGHOLQJ�
PHWKRG�� 7KLV�PHWKRG� FDQQRW� RQO\� DGDSW�ZHOO� WR� FRPSOH[�
VFHQHV��EXW�DOVR�DXWRPDWLFDOO\�FDOFXODWH�PRGHO�SDUDPHWHUV�
WKURXJK� DGMXVWLQJ� WKH� EDFNJURXQG� PRGHO�� %XW� WKH� DFWXDO�
FRPSOH[� EDFNJURXQGV� GR� QRW� DOZD\V� FRQIRUP� WR� WKH�
*DXVVLDQ� GLVWULEXWLRQ�� VR� WKH� PHWKRG� EDVHG� RQ� *DXVVLDQ�
PRGHO� ZLOO� FDXVH� PDQ\� SUREOHPV� >�@�� (OJDPPDO� HW� DO��
SURSRVHG�D�SDUDPHWHU�IUHH�GHWHFWLRQ�PHWKRG�EDVHG�RQ�NHUQHO�
GHQVLW\� HVWLPDWLRQ�� ZKLFK� GRHV� QRW� QHHG� WR� PDNH�
DVVXPSWLRQV� DERXW� WKH� GHQVLW\� GLVWULEXWLRQ� RI� WKH�
EDFNJURXQG��EXW�XVHV�VHYHUDO�LPDJH�VDPSOH�LQIRUPDWLRQ�WR�
HVWLPDWH� SL[HOV� EDVHG� RQ� D� VWDQGDUG� NHUQHO� IXQFWLRQ� >�@��
+RZHYHU��WKHUH�LV�QR�FRPPRQ�NQRZQ�SDUDPHWHU�PRGHO�LQ�
GLIIHUHQW� HQYLURQPHQWV� DQG� WKH� NHUQHO� GHQVLW\� IXQFWLRQ� LV�
HVWLPDWHG�IURP�WKH�GDWD��VR�WKH�FRQVXPSWLRQ�LV�WRR�ODUJH�DQG�
WKH�UHDO�WLPH�SHUIRUPDQFH�LV�QRW�JRRG�>�@��

$W�WKH�VDPH�WLPH�DV�WKH�GHYHORSPHQW�RI�PRYLQJ�WDUJHW�
GHWHFWLRQ�PHWKRGV�EDVHG�RQ�VWDWLVWLFDO�WKHRU\��VFKRODUV�KDYH�
DOVR�SURSRVHG�D�YDULHW\�RI�PRYLQJ�WDUJHW�GHWHFWLRQ�PHWKRGV�
ZLWK� GLIIHUHQW� WKHRUHWLFDO� IRXQGDWLRQV�� VXFK� DV� FOXVWHU�
WKHRU\�EDVHG� PHWKRGV�� IX]]\� WKHRU\�EDVHG� PHWKRGV��
EDFNJURXQG� SUHGLFWLRQ� PHWKRGV� DQG� QHXUDO� QHWZRUN�
PHWKRGV�>����@��7KHVH�VWXGLHV�H[WHQG�WKH�DSSOLFDWLRQ�ILHOGV�
RI�WKH�VNLOO���

*HQHUDOO\��FRPSOH[�DOJRULWKPV�ZLOO�QDWXUDOO\�KDYH�EHWWHU�
UHVXOWV��EXW�WKH�FDOFXODWLRQ�WLPH�LV�WRR�ORQJ�WR�PHHW�WKH�UHDO�
WLPH�UHTXLUHPHQW�>��@��7KHUHIRUH��WKH�FRPPRQO\�XVHG�WDUJHW�
GHWHFWLRQ� PHWKRG� LQ� KXPDQ�FRPSXWHU� LQWHUDFWLRQ� LV� WKH�
PHDQ�PHWKRG�>��@��8VLQJ�WKH�DYHUDJH�YDOXH�RI�WKH�FXUUHQW�
LPDJH�VHTXHQFH�DV�D�UHIHUHQFH�PRGHO��D�EDFNJURXQG�LPDJH�
VLPLODU�WR�WKH�FXUUHQW�VWDWLF�VFHQH�LV�JHQHUDWHG��+RZHYHU��LI�



WKH�PRYLQJ�WDUJHW�GLIIHUV�JUHDWO\�IURP�WKH�EDFNJURXQG��PRUH�
IUDPHV� RI� LPDJHV� DUH� UHTXLUHG� WR� HVWDEOLVK� D� UHOLDEOH�
EDFNJURXQG�PRGHO�� DQG� WKLV� PHWKRG� LV� PRUH� VHQVLWLYH� WR�
QRLVH�>��@�,Q�WKLV�SDSHU��D�PHWKRG�IRU�HVWDEOLVKLQJ�D�VWDWLF�
EDFNJURXQG�PRGHO�EDVHG�RQ�SL[HO�KLVWRJUDP�LV�SURSRVHG��WR�
VROYH� WKH� SUREOHP� RI� UDSLG� UHFRJQLWLRQ� LQ� WKH� SURFHVV� RI�
KXPDQ�FRPSXWHU� FROODERUDWLRQ� >��@� ��7KH�EDVLF� LGHD� LV� WR�
FRXQW�WKH�JUD\�GLVWULEXWLRQ�RI�HDFK�FRORU�FRPSRQHQW�RI�WKH�
SL[HO� DQG� HVWDEOLVK� WKH� FRUUHVSRQGLQJ� KLVWRJUDP� WKURXJK�
QRUPDOL]DWLRQ�>��@��%DVHG�RQ�WKH�H[SHULPHQWDO�UHVXOWV����WKH�
SURSRVHG� PHWKRG� KDV� D� IDVW� VSHHG� DQG� VWURQJ� DQWL�
LQWHUIHUHQFH� DELOLW\�� DQG� FDQ� LGHQWLI\� KXPDQ� PRYHPHQWV�
TXLFNO\�DQG�DFFXUDWHO\������

7KH� UHPDLQGHU� RI� WKLV� SDSHU� LV� RUJDQL]HG� DV� IROORZV��
6HFWLRQ���GHVFULEHV�WKH�PHWKRG�IRU�HVWDEOLVKLQJ�EDFNJURXQG�
PRGHO�EDVHG�RQ�SL[HO�KLVWRJUDP�DQG�UHODWHG�WHFKQLFDO�SRLQWV��
6HFWLRQ� �� LQGLFDWHV� WKH� H[SHULPHQWDO� UHVXOWV� DERXW� WKH�
DGYDQWDJHV� RI� WKH� SURSRVHG� DOJRULWKP� FRPSDUHG� WR� WKH�
FXUUHQW�PDLQVWUHDP�PHWKRG��6HFWLRQ���GUDZV�WKH�FRQFOXVLRQ�
DQG�JLYHV�WKH�GLVFXVVLRQ�RI�IXWXUH�ZRUN��

,,�� 0(7+2'6�
7KH�DOJRULWKP�SURSRVHG�LQ�WKLV�SDSHU�FRQYHUWV�WKH�JUD\�

YDOXHV� RI� WKH� WKUHH� FRORU� FRPSRQHQWV� RI� WKH� SL[HOV� LQ� WKH�
LPDJH� WR� WKH� OHYHO� RI� �� a�0���� E\� ����� WKHQ� WKH� VHOHFWHG�
PD[LPXP�JUD\�YDOXH�FRQYHUWHG�EDFN�WR�WKH�OHYHO�RI��a����
E\�����LV�WKH�FRUUHVSRQGLQJ�EDFNJURXQG�PRGHO�DW�WKH�SL[HO�
SRVLWLRQ��$OWKRXJK�WKH�SHUFHSWLRQ�EDVHG�FRORU�PRGHO��&,(��
+9&�� +69�� LV� PRUH� VXLWDEOH� IRU� LPDJH� H[SUHVVLRQ� DQG�
DQDO\VLV��WKLV�SDSHU�FKRRVHV�WKH�5*%�FRORU�PRGHO�EHFDXVH�
WKH�YLGHR�XVHG�LQ�WKLV�DUWLFOH�LV�LQ�$9,�IRUPDW�WKDW�LWV�LQWHUQDO�
FRORU�GDWD�LV�EDVHG�RQ�5%*�VSDFH��
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,Q�WKLV�SDSHU��WKH�VHOHFWLRQ�RI�0�LV�GLUHFWO\�UHODWHG�WR�WKH�
HIILFLHQF\� RI� WKH� DOJRULWKP� DQG� WKH� TXDOLW\� RI� WKH�
EDFNJURXQG� PRGHO�� 7KHUHIRUH�� KRZ� WR� FKRRVH� WKH�
DSSURSULDWH�0�LV�YHU\�LPSRUWDQW��,Q�DQ�LPDJH��WKH�FRORU�RI�
WKH� EDFNJURXQG� DQG� WKH� WDUJHW� LV� XVXDOO\� GLIIHUHQW�� VR� WKH�
JUD\�VFDOH� LV�GLIIHUHQW� LQ� WKH� WKUHH�FRORU�FRPSRQHQWV��7KH�
JUD\�GLVWULEXWLRQ�RI�DQ�LPDJH�RQ�D�SL[HO�LV�XVXDOO\�FRPSRVHG�
RI�EDFNJURXQG�JUD\��WDUJHW�JUD\��DQG�UDQGRP�QRLVH�JUD\��7KH�
GLVWULEXWLRQ�RI�EOXH��JUHHQ��DQG�UHG�FRORU�FRPSRQHQWV�RI�D�
SL[HO�RQ�DQ�LPDJH�LV�VKRZQ�LQ�)LJ�����

%OXH�FRPSRQHQW� *UHHQ�FRPSRQHQW� 5HG�FRPSRQHQW�

)LJ�����*UD\�VFDOH�KLVWRJUDP�RI�HDFK�FRORU�FRPSRQHQW�RI�D�SL[HO�RQ�DQ�
LPDJH�

,W�FDQ�EH�VHHQ�IURP�WKH�ILJXUH�WKDW�WKH�KLVWRJUDP�RI�DOO�
WKUHH� FRORU� FRPSRQHQWV� DUH� REYLRXVO\� GLYLGHG� LQWR� WZR�
FOXVWHUV�RI�FRQFHQWUDWHG�KLVWRJUDPV�DQG�D�VPDOO�QXPEHU�RI�
LVRODWHG� VKRUW� KLVWRJUDPV�� ZKLFK� FRUUHVSRQG� WR� WKH�
EDFNJURXQG� FRORU� JUD\�� WDUJHW� FRORU� JUD\� DQG� QRLVH� FRORU�
JUD\� UHVSHFWLYHO\�� 6R� WKH� FRUUHVSRQGLQJ� EDFNJURXQG� JUD\�
VFDOH�RI�WKH�FRORU�FDQ�EH�VHOHFWHG�DV�WKH�JUD\�VFDOH�YDOXH�RI�
WKH�FRORU�FRPSRQHQW�RQ�WKH�SL[HO��

+RZHYHU�� WKH�FDOFXODWLRQ�FRQVXPSWLRQ� LV�YHU\� ODUJH� LI�
HDFK�SL[HO� RQ� WKH� LPDJH� VWRUHV� WKUHH�����OHYHO� JUD\� VFDOH�
KLVWRJUDPV��$V�FDQ�EH�VHHQ�IURP�)LJ�����WKH�JUD\�GLVWULEXWLRQ�
RI� WKH� WDUJHW� DQG� EDFNJURXQG� DUH� QRW� FRQFHQWUDWHG� RQ� D�
FHUWDLQ� JUD\� YDOXH�� EXW� GLVWULEXWHG� ZLWKLQ� D� FHUWDLQ� JUD\�
UDQJH��GXH�WR�WKH�LQIOXHQFH�RI�HQYLURQPHQWDO�IDFWRUV�VXFK�DV�
OLJKWLQJ� DQG� WKH� FDPHUD
V� RZQ� IDFWRUV�� 7KH� SHDN� LQ� WKH�
KLVWRJUDP� UHSUHVHQWV� WKDW� WKH� UHODWHG� JUD\� YDOXH� KDV� WKH�
KLJKHVW�SUREDELOLW\�FRPSDUHG�ZLWK�RWKHU�JUD\�YDOXHV��7KRVH�
KLVWRJUDPV�DURXQG�WKH�SHDN�LQGLFDWH�WKDW�WKH�SUREDELOLW\�RI�
UHODWHG�JUD\�YDOXH�LV�ORZ��,I�WKH�JUD\�YDOXH�FRUUHVSRQGLQJ�WR�
WKH� SHDN� LV� VHOHFWHG� DV� WKH� YDOXH� RI� WKH� FRUUHVSRQGLQJ�
FRPSRQHQW�RI�WKH�SL[HO�LQ�WKH�EDFNJURXQG�PRGHO�DW�WKLV�WLPH��
WKH� FRQWULEXWLRQ� RI� WKH� RWKHU� VOLJKWO\� ORZHU� JUD\� YDOXH�
FRUUHVSRQGLQJ�WR�WKH�EDFNJURXQG�PRGHO�ZLOO�EH�LJQRUHG��

7R�VROYH�WKLV�SUREOHP��LW�FDQ�EH�VROYHG�E\�DSSURSULDWHO\�
UHGXFLQJ�WKH�QXPEHU�0�RI�JUD\�OHYHOV��7KHUHIRUH��WKH�JUD\�
OHYHO�IURP���WR�����LV�FRQYHUWHG�WR���WR�0����0� ������DQG�
WKH�JUD\�OHYHO�KLVWRJUDP�LV�HVWDEOLVKHG�DJDLQ��DV�VKRZQ�LQ�
)LJ�����



�
%OXH�FRPSRQHQW� *UHHQ�FRPSRQHQW� 5HG�FRPSRQHQW�

)LJ�����*UD\�VFDOH�KLVWRJUDP�RI�HDFK�FRORU�FRPSRQHQW�RI�D�SL[HO�RQ�DQ�
LPDJH��0 ����

2EVHUYHG�IURP�)LJ������WKH�EDFNJURXQG�DQG�WDUJHW�SDUWV�
DUH� VWLOO� GLVWLQFW� LQ� WKH� KLVWRJUDP�� &RPSDUHG� ZLWK� WKH�
RULJLQDO� KLVWRJUDP�� WKH� KLVWRJUDPV� LQ� D� FHUWDLQ� UDQJH� DUH�
PHUJHG�DQG�WKH�SHDN�YDOXH�LV�JUHDWO\�LPSURYHG��&RPSDUHG�
ZLWK�WKH�VXUURXQGLQJ�KLVWRJUDPV��WKH�JDS�LV�PRUH�REYLRXV��
7KH�SHDN�YDOXH�LV�UHWUDQVIRUPHG�LQWR�WKH�������DUHD��DQG�FDQ�
EH�XVHG�DV�WKH�JUD\�YDOXH�RI�WKH�FRUUHVSRQGLQJ�FRPSRQHQW�
RI�WKH�SL[HO�LQ�WKH�EDFNJURXQG�PRGHO��$IWHU�VXFK�SURFHVVLQJ��
WKH�DPRXQW�RI�GDWD�FDOFXODWLRQ�LV�WKH�SUHYLRXV�0��������$W�
WKH�VDPH�WLPH��GXH�WR�WKH�KLVWRJUDPV�ZLWKLQ�D�FHUWDLQ�UDQJH�
QHDU� WKH�SHDN�DUH�PHUJHG��PRUH�GDWD�DURXQG�WKH�SHDN�FDQ�
DOVR�FRQWULEXWH�WR�WKH�EDFNJURXQG�PRGHO��

,W�FDQ�EH�VHHQ�IURP�WKH�DERYH�DQDO\VLV�WKDW�WKH�VPDOOHU�
WKH�YDOXH�RI�0��WKH�OHVV�WKH�DPRXQW�RI�FDOFXODWLRQ��DQG�LW�ZLOO�
LQHYLWDEO\� UHGXFH� WKH� FRORU� UHVROXWLRQ� RI� WKH� EDFNJURXQG�
PRGHO��+RZHYHU��LQ�SUDFWLFDO�DSSOLFDWLRQV��FRORU�LPDJHV�DUH�
RIWHQ�FRQYHUWHG� LQWR�JUD\VFDOH� LPDJHV�� VR�H[FHVVLYH�FRORU�
UHVROXWLRQ�LV�XQQHFHVVDU\��,Q�RUGHU�WR�PDNH�WKH�EDFNJURXQG�
PRGHO�FDSDEOH�RI�UHSUHVHQWLQJ�D�JUD\�VFDOH�EDFNJURXQG�RI���
WR�����OHYHOV��WKH�PLQLPXP�JUD\�VFDOH�WKDW�FDQ�EH�H[SUHVVHG�
RQ�WKH�FRORU�FRPSRQHQW�VKRXOG�EH����$FFRUGLQJ�WR������WKH�
YDOXH�RI�0�FDQ�EH�LQIHUUHG��
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7KDW� LV�� ZKHQ� 0� LV� JUHDWHU� WKDQ� ���� WKH� JHQHUDWHG�
EDFNJURXQG�PRGHO�KDV�WKH�DELOLW\�WR�H[SUHVV�FRORUV�RI�����
JUD\�OHYHOV��%HFDXVH�LQ�SUDFWLFDO�DSSOLFDWLRQV�� WKH�SXUSRVH�
RI� FUHDWLQJ� D� EDFNJURXQG� PRGHO� LV� RIWHQ� WR� VHSDUDWH� WKH�
EDFNJURXQG�IURP�WKH�WDUJHW��EXW�QRW�FDUH�PXFK�DERXW�KRZ�
PDQ\�FRORUV�LW�FDQ�VKRZ��7KHUHIRUH��WKH�VHOHFWLRQ�RI�WKH�0�
YDOXH� FDQ� FRQWLQXH� WR� GHFUHDVH� ZKLOH� HQVXULQJ� D� FHUWDLQ�
EDFNJURXQG�SHUIRUPDQFH��DQG�WKH�VSHFLILF�YDOXH�VKRXOG�EH�
VXIILFLHQW�WR�VHSDUDWH�WKH�EDFNJURXQG�DQG�WKH�WDUJHW�LQ�WKH�
KLVWRJUDP��

,,,��(;3(5,0(17$/�5(68/76��
7KH�H[SHULPHQW�XVHV�D�YLGHR�LPDJH�ZLWK�D�OHQJWK�RI�����

IUDPHV� DV� WKH� PDWHULDO� WR� HVWDEOLVK� D� EDFNJURXQG� PRGHO�
EDVHG�RQ�WKH�PHWKRG�SURSRVHG�LQ�WKLV�SDSHU�DQG�GLYLGHV�WKH�

WDUJHW� DQG� WKH� EDFNJURXQG�� FRPSDUHG� ZLWK� WKH� FXUUHQW�
PDLQVWUHDP�PHWKRG�RI�EDFNJURXQG�PRGHOLQJ��

)UDPH��� )UDPH���� )UDPH����

)LJ�����2ULJLQDO�YLGHR�LPDJH�

,Q�WKH�H[SHULPHQW��D�WDUJHW�SHUVRQ�GUHVVHG�LQ�GDUN�EODFN�
FORWKHV�ZDONHG�EDFN�DQG�IRUWK�LQ�D�VWDWLF�VFHQH��:H�FKRRVH�
WKH�ILUVW����IUDPHV�DV�WKH�WUDLQLQJ�LPDJHV�RI�WKH�EDFNJURXQG�
PRGHO��DQG�WDNH�0� �����7KH�EDFNJURXQG�PRGHO�REWDLQHG�
E\�WKH�DOJRULWKP�LQ�WKLV�SDSHU�DQG�WKH�PHDQ�YDOXH�PHWKRG�LV�
VKRZQ�LQ�)LJ�����

�
%DFNJURXQG�PRGHO�REWDLQHG�E\�
PHDQ�YDOXH�PHWKRG�

%DFNJURXQG�PRGHO�REWDLQHG�E\�
WKH�QHZ�PHWKRG�

)LJ�� ��� &RPSDULVRQ� RI� WKH� EDFNJURXQG� PRGHOV� REWDLQHG� E\� WKH� WZR�
DOJRULWKPV�

$V�FDQ�EH�VHHQ�IURP�)LJXUH����LQ�WKH�PRGHO�REWDLQHG�E\�
WKH�PHDQ�YDOXH�PHWKRG�� WKH�ZDONLQJ�DUHD�RI� WKH�SHUVRQ�LV�
VOLJKWO\�GDUN��DQG�HYHQ�WUDFHV�RI�WKH�SHUVRQ
V�PRYHPHQW�DUH�
FOHDUO\�YLVLEOH��7KLV� LV�EHFDXVH� WKH� UHJLRQ� LV�GDUNHU� LQ� WKH�
YLGHR��VR�WKH�JUD\�VFDOH�YDOXH�RI�WKH�5*%�FRORU�FRPSRQHQW�
SURFHVVHG�E\� WKH�PHDQ�YDOXH�PHWKRG�ZLOO�DSSHDU�VPDOOHU��
7KH�EDFNJURXQG�PRGHO�HVWDEOLVKHG�E\�WKH�DOJRULWKP�LQ�WKLV�
SDSHU�ZLOO�H[FOXGH�WKH�LQIOXHQFH�RI� WKH�PRYLQJ�WDUJHW�DQG�
QRLVH� RQ� WKH� EDFNJURXQG� PRGHO�� ,W� FDQ� UHIOHFW� WKH� UHDO�
EDFNJURXQG�EHWWHU��

7KH� IROORZLQJ� XVHV� WKH� GLIIHUHQFH� LPDJH� PHWKRG� WR�
VHJPHQW� WKH� WDUJHW� DQG� WKH� EDFNJURXQG� EDVHG� RQ� WKH�
HVWDEOLVKHG�EDFNJURXQG�PRGHO��)LUVW�WKH�EDFNJURXQG�LPDJH�
DQG� WKH� NWK� IUDPH� LPDJH� DUH� FRQYHUWHG� LQWR� JUD\� VFDOH�
LPDJHV��WKH�FRQYHUVLRQ�IRUPXOD�LV�DV������
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7KH� FRQYHUWHG� JUD\� LPDJH� RI� WKH� NWK� IUDPH� DQG� WKH�
EDFNJURXQG�JUD\�LPDJH�DUH�REWDLQHG��$FFRUGLQJ�WR������WKH�
GLIIHUHQFH�LPDJH�FDQ�EH�LQIHUUHG˖�
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7�LV�WKH�GHWHFWLRQ�WKUHVKROG��ZKLFK�FDQ�EH�VHW�DFFRUGLQJ�
WR�WKH�VSHFLILF�VLWXDWLRQ�WR�WU\�WR�VHJPHQW�RXW�WKH�FRPSOHWH�
PRYLQJ�WDUJHW��,Q�WKLV�H[SHULPHQW��7� �����DQG�WKH�REWDLQHG�
GLIIHUHQWLDO�LPDJH�LV�VKRZQ�LQ�)LJ�����D��DQG��E���+RZHYHU��
WKHVH�GLIIHUHQWLDO� LPDJHV�RIWHQ�FRQWDLQ�D� ORW�RI�QRLVHV��7R�
UHPRYH� WKHVH� QRLVHV�� \RX� FDQ� XVH� WKH� RSHQ� RSHUDWLRQ� WR�
SURFHVV�WKH�GLIIHUHQWLDO�LPDJHV�WR�UHGXFH�WKHVH�LQWHUIHUHQFHV��
7KH�SURFHVVLQJ�UHVXOWV�DUH�VKRZQ�LQ�)LJ�����F��DQG��G���
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�D�� 'LIIHUHQFH� LPDJH� REWDLQHG� E\�
PHDQ�YDOXH�PHWKRG�

�E�� 'LIIHUHQFH� LPDJH� REWDLQHG� E\�
WKH�QHZ�PHWKRG�

�
�F��7KH�SURFHVVLQJ�UHVXOW�RI�SLFWXUH�
�D��

�G��7KH�SURFHVVLQJ�UHVXOW�RI�SLFWXUH�
�E��

)LJ�� ��� &RPSDULVRQ� RI� WKH� GHWHFWLRQ� UHVXOWV� RI� PRYLQJ� WDUJHWV� E\� WZR�
DOJRULWKPV��IUDPH�����

,W� FDQ� EH� VHHQ� IURP� )LJ�� �� WKDW� ZKHQ� 7�  � ���� ERWK�
DOJRULWKPV�FDQ�FRPSOHWHO\�VHJPHQW�WKH�PRYLQJ�WDUJHW��7KH�
GLIIHUHQFH� LPDJH� REWDLQHG� E\� WKH� QHZ� DOJRULWKP� LQ� WKLV�
SDSHU�LV�PRUH�LGHDO��$OWKRXJK�WKHUH�LV�DOVR�D�ORW�RI�QRLVH��WKH�
QRLVH�LV�DOPRVW�FRPSOHWHO\�HOLPLQDWHG�DIWHU�EHLQJ�SURFHVVHG�
WR�VHSDUDWH�WKH�WDUJHW�DQG�EDFNJURXQG��DV�VKRZQ�LQ�)LJ�����G���

7KH� EDFNJURXQG� LPDJH� REWDLQHG� E\� WKH� PHDQ� YDOXH�
PHWKRG� FRQWDLQV� REYLRXV� PRYLQJ� WUDFHV�� ZKLFK� DUH�
PLVWDNHQO\�LGHQWLILHG�DV�PRYLQJ�WDUJHWV��$QG�LW�LV�GLIILFXOW�
WR�HOLPLQDWH�WKHVH�IDOVH�WDUJHWV�HYHQ�LI�LW�LV�PRUSKRORJLFDOO\�
SURFHVVHG��DV�VKRZQ�LQ�)LJ�����F���7R�VROYH�WKLV�SUREOHP��WKH�
QXPEHU� RI� LPDJHV� WUDLQHG� LQ� WKH� EDFNJURXQG� PRGHO� FDQ�
LQFUHDVH��EXW�WKLV�UHTXLUHV�PRUH�WUDLQLQJ�WLPH�DQG�PHPRU\�
VSDFH��$QRWKHU�PHWKRG�LV�WR�LQFUHDVH�WKH�WKUHVKROG�7��EXW�LW�
PD\� LGHQWLI\� D� SDUW� RI� WKH� PRYLQJ� WDUJHW� DV� EDFNJURXQG�
LPDJH��FDXVLQJ�WKH�WDUJHW�WR�DSSHDU��KROHV��WKDW�ZLOO�GHVWUR\�
WKH�LQWHJULW\�RI�WKH�WDUJHW���

)URP� WKH� H[SHULPHQWDO� UHVXOWV�� ZH� FDQ� VHH� WKDW� WKH�
DOJRULWKP� SURSRVHG� LQ� WKLV� SDSHU� KDV� REYLRXV� DGYDQWDJHV�
RYHU�WKH�WUDGLWLRQDO�PHDQ�YDOXH�PHWKRG�LQ�WHUPV�RI�PHPRU\�
FRQVXPSWLRQ��SURFHVVLQJ�WLPH��DQWL�LQWHUIHUHQFH�DELOLW\��HWF��
$QG� LW� DOVR� OD\V� D� JRRG� IRXQGDWLRQ� IRU� WKH� VXEVHTXHQW�
VHJPHQWDWLRQ�RI�WKH�EDFNJURXQG�DQG�WDUJHW��VR�DV�WR�GHILQH�
PRUH�DFFXUDWH�SRVLWLRQLQJ�RI�PRYLQJ�WDUJHWV��

,9��&21&/86,21�
0RYLQJ� WDUJHW� GHWHFWLRQ� KDV� DOZD\V� EHHQ� D�KRWVSRW� LQ�

LPDJH�SURFHVVLQJ��7KH�HVWDEOLVKPHQW�RI�EDFNJURXQG�PRGHOV�
LV� WKH� EDVLV� DQG� NH\� WR� PRYLQJ� WDUJHW� GHWHFWLRQ�� 7KH�
WUDGLWLRQDO� PHDQ� EDFNJURXQG� PHWKRG� KDV� D� ORQJ� WUDLQLQJ�
WLPH�DQG�UHTXLUHV�PDQ\�WUDLQLQJ�LPDJHV��7KLV�DUWLFOH�IRFXVHV�
RQ� WKH� DYHUDJH� EDFNJURXQG�PHWKRG�� ,QVXIILFLHQW� WHUPV�� D�
PHWKRG� IRU� EXLOGLQJ� D� EDFNJURXQG�PRGHO� EDVHG� RQ� SL[HO�
KLVWRJUDP� LV� SURSRVHG�� ([SHULPHQWV� VKRZ� WKDW� FRPSDUHG�
ZLWK�WKH�DYHUDJH�EDFNJURXQG�PHWKRG��WKLV�PHWKRG�UHTXLUHV�
IHZHU�WUDLQLQJ�LPDJH�IUDPHV��IDVWHU�PRGHO�EXLOGLQJ��VWURQJ�
DQWL�LQWHUIHUHQFH� DELOLW\�� DQG� KDV� FHUWDLQ� SUDFWLFDO�
DSSOLFDWLRQ� YDOXH�� ,Q� WKH� IXWXUH�� RWKHU� PRUH� FRPSOH[�
DOJRULWKPV�ZLOO�EH�FRPELQHG�WR�KHOS�UHGXFH�WKH�DPRXQW�RI�
FRPSXWDWLRQ�PRUH�HIIHFWLYHO\�DQG�LPSURYH�WKH�UREXVWQHVV�RI�

WKH�V\VWHP��7KH�SURSRVHG�PHWKRG�ZLOO�EH�IXUWKHU�H[SORUHG�
DQG� DSSOLHG� LQWR� WKH� DSSOLFDWLRQV�� VXFK� KXPDQ� PRWLRQ�
DQDO\VLV��KXPDQ�URERW�FROODERUDWLRQ��HWF�>��@���
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