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�
�'HSDUWPHQW� RI� ,QGXVWULDO� (QJLQHHULQJ� DQG�0DQDJHPHQW�� %HQ�*XULRQ�8QLYHUVLW\� RI� WKH�
1HJHY��%H¶HU�6KHYD��,VUDHO���������^KHOPDQ��\DHO�MXDQ`#EJX�DF�LO��
�,QVWLWXWH� IRU�0HGLFDO� ,QIRUPDWLFV��:DVKLQJWRQ�+RVSLWDO�&HQWHU�� ���� ,UYLQJ� 6WUHHW��1:��
:DVKLQJWRQ��'&����������^IHLHG�VPLWK�KDQGOHU�JLOODP`#PHGVWDU�QHW�
�
$EVWUDFW���,Q�WKLV�SDSHU��ZH�GHVLJQHG�D�JHVWXUH�LQWHUIDFH�IRU�XVHUV��VXFK�DV�GRFWRUV�VXUJHRQV��
WR�EURZVH�PHGLFDO�LPDJHV�LQ�D�VWHULOH�PHGLFDO�HQYLURQPHQW��$�YLVLRQ�EDVHG�JHVWXUH�FDSWXUH�
V\VWHP� LQWHUSUHWV� XVHU¶V� JHVWXUHV� LQ� UHDO�WLPH� WR�PDQLSXODWH� WKH� REMHFWV� IRU� DQ� LPDJH� DQG�
GDWD� YLVXDOL]DWLRQ� HQYLURQPHQW��'\QDPLF� QDYLJDWLRQ� JHVWXUHV� DUH� WUDQVODWHG� WR� FRPPDQGV�
EDVHG�RQ�WKHLU�UHODWLYH�SRVLWLRQV�RQ�WKH�VFUHHQ��7KH�JHVWXUH�V\VWHP�UHOLHV�RQ�UHDO�WLPH�UREXVW�
WUDFNLQJ�RI� WKH�XVHU¶V�KDQG�EDVHG�RQ�FRORU�PRWLRQ�FXHV��$�VWDWH�PDFKLQH�VZLWFKHV�EHWZHHQ�
RWKHU� JHVWXUHV� VXFK� DV� ]RRP� DQG� URWDWH�� $� SURWRW\SH� RI� WKH� JHVWXUH� LQWHUIDFH� ZDV�
LPSOHPHQWHG�LQ�D�VWHULOH�PHGLFDO�GDWD�EURZVHU�HQYLURQPHQW���
.H\ZRUGV�� KDQG� JHVWXUH� UHFRJQLWLRQ�� PHGLFDO� GDWDEDVHV�� EURZVLQJ�� LPDJH� YLVXDOL]DWLRQ��
VWHULOH�LQWHUIDFH�
�
�� ,QWURGXFWLRQ�
� &RPSXWHU�LQIRUPDWLRQ�WHFKQRORJ\�LV�LQFUHDVLQJO\�SHQHWUDWLQJ�LQWR�WKH�KRVSLWDO�GRPDLQ��,W�LV�
LPSRUWDQW�WKDW�VXFK�WHFKQRORJ\�EH�XVHG�LQ�D�VDIH�PDQQHU�WR�DYRLG�VHULRXV�PLVWDNHV�OHDGLQJ�WR�
SRVVLEOH� IDWDO� LQFLGHQWV�� .H\ERDUGV� DQG� PLFH� DUH� WRGD\¶V� SULQFLSOH� PHWKRG� RI� KXPDQ� ±�
FRPSXWHU� LQWHUDFWLRQ��8QIRUWXQDWHO\�� LW�KDV�EHHQ�IRXQG�WKDW�D�FRPPRQ�PHWKRG�RI�VSUHDGLQJ�
LQIHFWLRQ�IURP�RQH�SHUVRQ�WR�DQRWKHU�LQYROYHV�FRPSXWHU�NH\ERDUGV�DQG�PLFH�LQ�LQWHQVLYH�FDUH�
XQLWV� �,&8V�� XVHG� E\� GRFWRUV� DQG� QXUVHV� ��>�@�� .LRVNV� XVLQJ� WRXFK� VFUHHQV� �>�@� LQWURGXFHG�
UHFHQWO\�LQWR�KRVSLWDOV��WR�SURYLGH�SDWLHQW�LQIRUPDWLRQ��EULQJ�QR�JXDUDQWHH�WR�VWRS�WKH�VSUHDG�
RI� EDFWHULD� �VXFK� DV� DQ� RXWEUHDN� RI� 6$56��� :KHQ� DQ� HSLGHPLF� FULVLV� HUXSWV� DFFHVV� WR�
LQIRUPDWLRQ� LV� DEVROXWHO\� FULWLFDO�� DQG� NLRVN� XVHUV�PD\� IRUHJR� WKH�ZDVKLQJ� RI� KDQGV� LQ� WKH�
LQWHUHVW�RI�VSHHG���
%\�WKH�HDUO\�����¶V�VFLHQWLVWV��VXUJHRQV�DQG�RWKHU�H[SHUWV�ZHUH�EHJLQQLQJ�WR�GUDZ�WRJHWKHU�

VWDWH�RI�WKH�DUW�WHFKQRORJLHV�WR�GHYHORS�FRPSUHKHQVLYH�IUDPHOHVV�LPDJH�JXLGDQFH�V\VWHPV�IRU�
VXUJHU\��VXFK�DV�WKH�6WHDOWK6WDWLRQ��>�@��7KLV�LV�D�IUHH�KDQG�VWHUHRWDFWLF�SRLQWLQJ�GHYLFH��ZKLFK�
WUDQVPLWV�LWV�SRVLWLRQ�YLD�DWWDFKHG�OLJKW�HPLWWLQJ�GLRGHV��/('V���DQG�FRQYHUWV�WKLV�SRVLWLRQ�LQ�
WR� WKH�FRUUHVSRQGLQJ� ORFDWLRQ� LQ� WKH� LPDJH� VSDFH�RI�D�KLJK�SHUIRUPDQFH�FRPSXWHU�PRQLWRU��
$OVR��WRXFK�VFUHHQV�DUH�D�SRSXODU�PHDQV�RI�LQWHUDFWLRQ��$V�LQ�WUDGLWLRQDO�326��SRLQW�RI�VDOH��
HQYLURQPHQWV��RQH�VW\OH�RI� WRXFK�VFUHHQ�GRHV�QRW�ZRUN� LQ�DOO�KHDOWKFDUH�HQYLURQPHQWV�� ,Q�D�
KRVSLWDO�� GLIIHUHQW�GHSDUWPHQWV�ZLOO� LQVLVW� RQ�GLIIHUHQW� WRXFK� VFUHHQ�FKDUDFWHULVWLFV��0HGLFDO�
RIILFHV�ZDQW� ODUJH�VFUHHQV��ZLWK� ODUJH�EXWWRQV�� WR�KHOS� UHGXFH� WUDLQLQJ� WLPH� �>�@�� ,Q�D�VHWWLQJ�
OLNH�DQ�RSHUDWLQJ�URRP�>25@��WRXFK�VFUHHQ�GLVSOD\V�PXVW�EH�VHDOHG�WR�SUHYHQW�WKH�EXLOGXS�RI�



FRQWDPLQDQWV��DQG�VKRXOG�DOVR�KDYH�VPRRWK�VXUIDFHV�IRU�HDV\�FOHDQLQJ�ZLWK�FRPPRQ�FOHDQLQJ�
VROXWLRQV���
0DQ\� RI� WKHVH� GHILFLHQFLHV� PD\� EH� RYHUFRPH� E\� LQWURGXFLQJ� D� PRUH� QDWXUDO� KXPDQ�

FRPSXWHU�LQWHUDFWLRQ��+&,��PRGH�LQWR�WKH�KRVSLWDO�HQYLURQPHQW��7KH�EDVLV�RI�KXPDQ�KXPDQ�
FRPPXQLFDWLRQ�LV�VSHHFK�DQG�JHVWXUH�LQFOXGLQJ�IDFLDO�H[SUHVVLRQ��KDQG�DQG�ERG\�JHVWXUHV�DQG�
H\H� JD]H�� 6RPH� RI� WKLV� FRQFHSWV� ZKHUH� H[SORLWHG� LQ� V\VWHPV� IRU� LPSURYLQJ� PHGLFDO�
SURFHGXUHV� DQG� V\VWHPV�� ,Q� )$FH� 0286H� �>�@�� D� VXUJHRQ� FDQ� FRQWURO� WKH� PRWLRQ� RI� WKH�
ODSDURVFRSH�E\�VLPSO\�PDNLQJ�WKH�DSSURSULDWH�IDFH�JHVWXUH��ZLWKRXW�KDQG�RU�IRRW�VZLWFKHV�RU�
YRLFH� LQSXW�� &XUUHQW� UHVHDUFK� WR� LQFRUSRUDWH� KDQG� JHVWXUHV� LQWR� GRFWRU�FRPSXWHU� LQWHUIDFHV�
DSSHDUHG� LQ� *UDHW]HO� HW� DO�� �>�@�� 7KH\� GHYHORSHG� D� FRPSXWHU� YLVLRQ� V\VWHP� WKDW� HQDEOHV�
VXUJHRQV� WR�SHUIRUP�VWDQGDUG�PRXVH� IXQFWLRQV� �SRLQWHU�PRYHPHQW�DQG�EXWWRQ�SUHVVHV��ZLWK�
KDQG�JHVWXUHV��=HQJ�HW�DO����>�@�E\�WUDFNLQJ�ILQJHU�SRVLWLRQ�DUH�DEOH�WR�JDWKHU�TXDQWLWDWLYH�GDWD�
DERXW� WKH� EUHDVW� SDOSDWLRQ� SURFHVV� IRU� IXUWKHU� DQDO\VLV�� 2WKHU� V\VWHPV� �>�@� VXJJHVWV� D�
WHOHRSHUDWHG� URERWLF� DUP� XVLQJ� KDQG� JHVWXUHV� IRU� PXOWLSXUSRVH� WDVNV�� $QRWKHU� DVSHFW� RI�
JHVWXUHV� LV� WKHLU� FDSDELOLW\� WR� DLG� KDQGLFDSSHG� SHRSOH� E\� RIIHULQJ� D� QDWXUDO� DQG� DOWHUQDWLYH�
IRUP�RI� LQWHUIDFH��:KHHOFKDLUV�� DV�PRELOLW\� DLGV�� KDYH� EHHQ� HQKDQFHG� DV� URERWLF�LQWHOOLJHQW�
YHKLFOHV�DEOH�WR�UHFRJQL]H�WKH�XVHU¶V�FRPPDQGV�LQGLFDWHG�E\�KDQG�JHVWXUHV��>�@��7KH�*HVWXUH�
3HQGDQW� �>��@� LV� D� ZHDUDEOH� JHVWXUH� UHFRJQLWLRQ� V\VWHP� WKDW� FDQ� EH� XVHG� WR� FRQWURO� KRPH�
GHYLFHV�DQG�SURYLGHV�DGGLWLRQDO�IXQFWLRQDOLW\�DV�D�PHGLFDO�GLDJQRVWLF�WRRO��6WD\LQJ�$OLYH��>��@�
LV�D�YLUWXDO�UHDOLW\�LPDJHU\�DQG�UHOD[DWLRQ�WRRO�WKDW�DOORZV�FDQFHU�SDWLHQWV�WR�QDYLJDWH�WKURXJK�
D�YLUWXDO� VFHQH�XVLQJ����7¶DL�&KL�JHVWXUHV��$� WHOH�UHKDELOLWDWLRQ�V\VWHP� �>��@� IRU�NLQHVWKHWLF�
WKHUDS\� �WUHDWPHQW�RI�SDWLHQWV�ZLWK�DUP�PRWLRQ�FRRUGLQDWLRQ�GLVRUGHUV��ZDV�SURSRVHG�XVLQJ�
SDWLHQW� IRUFH�IHHGEDFN� JHVWXUHV�� )RUFH�IHHGEDFN� ZDV� XVHG�� DV� ZHOO�� LQ� �>��@� WR� JXLGH� WKH�
DGDSWDWLRQ� RI� D� WHDFKDEOH� LQWHUIDFH� IRU� LQGLYLGXDOV�ZLWK� VHYHUH� G\VDUWKULF� VSHHFK��$� KDSWLF�
JORYH�ZDV�XVHG�WR�UHKDELOLWDWH�SRVW�VWURNH�SDWLHQWV�LQ�WKH�FKURQLF�SKDVH�LQ��>��@��7KHVH�SDWLHQWV�
UHFHLYH�WKHUDS\�ZKLOH�EHLQJ�LPPHUVHG�LQ�D�YLUWXDO�HQYLURQPHQW��9(���,Q�WKLV�SDSHU�ZH�H[SORUH�
RQO\� WKH� XVH� RI� KDQG� JHVWXUHV�� ZKLFK� FDQ� LQ� WKH� IXWXUH� EH� IXUWKHU� HQKDQFHG� E\� RWKHU�
PRGDOLWLHV�� *HVWXUH� FDSWXUH� LV� YLVLRQ� EDVHG� DQG� XVHG� WR� PDQLSXODWH� ZLQGRZV� DQG� REMHFWV��
HVSHFLDOO\�LPDJHV��ZLWKLQ�D�JUDSKLFDO�XVHU�LQWHUIDFH��*8,���
:H�SURSRVH�D�GRFWRU�FRPSXWHU�LQWHUDFWLRQ�V\VWHP�EDVHG�RQ�HIIHFWLYH�PHWKRGV�IRU�DQDO\]LQJ�

DQG� UHFRJQL]LQJ� JHVWXUHV� LQ� VWHULOH� G\QDPLF� HQYLURQPHQWV� VXFK� DV� RSHUDWLRQ� URRPV���
0XFK�RI�WKH�UHVHDUFK�RQ�UHDO�WLPH�JHVWXUH�UHFRJQLWLRQ�KDV�IRFXVHG�H[FOXVLYHO\�RQ�G\QDPLF�RU�
VWDWLF� JHVWXUHV�� ,Q� RXU� ZRUN�� ZH� FRQVLGHU� KDQG� PRWLRQ� DQG� SRVWXUH� VLPXOWDQHRXVO\�� 7KLV�
DOORZV�IRU�PXFK�ULFKHU�DQG�UHDOLVWLF�JHVWXUH�UHSUHVHQWDWLRQV��2XU�V\VWHP�LV�XVHU�LQGHSHQGHQW�
ZLWKRXW� WKH� QHHG� RI� D� ODUJH�PXOWL�XVHU� WUDLQLQJ� VHW��2SHUDWLRQ� RI� WKH� JHVWXUH� LQWHUIDFH�ZDV�
WHVWHG� LQ� D� KRVSLWDO� HQYLURQPHQW� LQ� UHDO�WLPH�� ,Q� WKLV� GRPDLQ� WKH� QRQ�FRQWDFW� DVSHFW� RI� WKH�
JHVWXUH� LQWHUIDFH� DYRLGV� WKH� SUREOHP� RI� SRVVLEOH� WUDQVIHU� RI� FRQWDJLRXV� GLVHDVHV� WKURXJK�
WUDGLWLRQDO�NH\ERDUG�PLFH�XVHU�LQWHUIDFHV��
6\VWHP�VSHFLILFDWLRQV��DUFKLWHFWXUH�DQG�PHWKRGRORJ\�DUH�SUHVHQWHG�LQ�6HFWLRQ����,Q�6HFWLRQ�

���LPDJH�SURFHVVLQJ�RSHUDWLRQV�XVLQJ�FRORU�PRWLRQ�IXVLRQ�IRU�VHJPHQWDWLRQ�RI�WKH�KDQG�IURP�
WKH�EDFNJURXQG�DUH�GHVFULEHG��6HFWLRQ���SURYLGHV�GHWDLOV�RI�WKH�WUDFNLQJ�PRGXOH��LWV�PDSSLQJ�
LQWR�QDYLJDWLRQDO�JHVWXUHV��DQG�VWDWH�PDFKLQH�VZLWFKLQJ�EHWZHHQ�RWKHU�JHVWXUHV�VXFK�DV�]RRP�
DQG�URWDWHV��)LQDO�FRQFOXVLRQV�DUH�SURYLGHG�LQ�VHFWLRQ����7KH�DSSHQGL[�SURYLGHV�D�GHVFULSWLRQ�
RI�WKH�*LEVRQ��'�GDWD�EURZVHU�XVHG�DV�RXU�GRPDLQ�RI�DSSOLFDWLRQ��
�



�� 6\VWHP�2YHUYLHZ�
���� 6\VWHP�6SHFLILFDWLRQV�
6RPH�VWUXFWXUDO�FKDUDFWHULVWLFV�RI�D�JHVWXUH�LQWHUDFWLRQ�PRGHO�IRU�D�PHGLFDO�HQYLURQPHQW�DUH�

SUHVHQWHG�LQ� �>��@��DQG�H[WHQGHG�IRU� WKH�25�GRPDLQ�LQ� �>�@��)RU�WKH�FRUUHFW�GHVLJQ�RI�D�KDQG�
JHVWXUH� LQWHUDFWLRQ� V\VWHP� IRU� GRFWRUV�VXUJHRQV�� WKH� IROORZLQJ� VSHFLILFDWLRQV� VKRXOG� EH�
FRQVLGHUHG��>��@������5HDO�WLPH�LQWHUDFWLRQ���GXULQJ�VXUJHU\�WKH�VXUJHRQ�FDQ�ZDWFK�D�FRPSXWHU�
PRQLWRU�WR�VHH�WKH�SRVLWLRQ�RI�KDQG�JHVWXUH�FRPPDQG������)DWLJXH���JHVWXUDO�FRPPDQGV�PXVW�
EH� FRQFLVH� DQG� UDSLG� WR�PLQLPL]H� HIIRUW�� ���� ,QWXLWLYHQHVV� ±� JHVWXUHV� VKRXOG� EH� FRJQLWLYHO\�
UHODWHG� WR� WKH�FRPPDQG�RU�DFWLRQ� LW� UHSUHVHQWV�� ����8QLQWHQWLRQDOLW\� ��PRVW�V\VWHPV�FDSWXUH�
HYHU\� PRWLRQ� RI� WKH� XVHU¶V� KDQG�� DQG� DV� D� FRQVHTXHQFH� XQLQWHQWLRQDO� JHVWXUH� PD\� EH�
LQWHUSUHWHG� E\� WKH� V\VWHP��7KH� V\VWHP�PXVW� KDYH�ZHOO�GHILQHG�PHDQV� WR� GHWHFW� WKH� FRUUHFW�
LQWHQWLRQ� RI� WKH� JHVWXUH�� ���� 5REXVWQHVV� �� WKH� V\VWHP� VKRXOG� EH� FDSDEOH� WR� VHJPHQW� KDQG�
JHVWXUHV�IURP�FRPSOH[�EDFNJURXQGV�FRQWDLQLQJ��REMHFW�PRWLRQ��YDULDEOH�OLJKWLQJ�DQG�UHIOHFWHG�
FRORU�� ���� (DV\� WR� OHDUQ� ±� GRFWRUV�� VXUJHRQV� DUH� WLPH� SUHVVHG� LQGLYLGXDOV�� VR� ORQJ� WUDLQLQJ�
WLPHV� VKRXOG� EH� DYRLGHG�� ���� 8QHQFXPEHUHG� ±GRFWRUV�� VXUJHRQV� PD\� ZHDU� JORYHV� DQG�
IUHTXHQWO\�KROG�LQVWUXPHQWV��VR�DGGLWLRQDO�GHYLFHV�DWWDFKHG�WR�WKH�KDQG��VXFK�DV�GDWD�JORYHV��
FRORUHG� RU� LQIUDUHG� PDUNHUV� PXVW� EH� DYRLGHG�� 7KH� DERYH� FRQVLGHUDWLRQV� VKRXOG� LPSURYH�
FRPSXWHU�XVDELOLW\�IRU�GRFWRUV�VXUJHRQV�LQ�PHGLFDO�HQYLURQPHQWV��
�

���� $UFKLWHFWXUH�DQG�0HWKRGRORJ\�
$�ZHE�FDPHUD�SODFHG� DERYH� D� VFUHHQ� �)LJXUH���D��� FDSWXUHV� D� VHTXHQFH�RI� LPDJHV�RI� WKH�

KDQG�� 7KH� KDQG� LV� WUDFNHG� E\� D� WUDFNLQJ� PRGXOH� ZKLFK� VHJPHQWV� WKH� KDQG� IURP� WKH�
EDFNJURXQG�XVLQJ�FRORU�DQG�PRWLRQ�FXHV��7KLV�LV�IROORZHG�E\�EODFN�ZKLWH��%:��WKUHVKROGLQJ�
DQG� YDULRXV�PRUSKRORJLFDO� LPDJH� SURFHVVLQJ� RSHUDWLRQV�� 7KH� ORFDWLRQ� RI� WKH� KDQG� LQ� HDFK�
LPDJH� LV� UHSUHVHQWHG� E\� WKH� �'� FRRUGLQDWHV� RI� LWV� FHQWURLG�� 7KH� WHPSRUDO� LQIRUPDWLRQ� LV�
UHSUHVHQWHG�E\� WKH�FXUUHQW� IUDPH�QXPEHU��7KLV�VSDWLR�WHPSRUDO�GDWD� LV�PDSSHG� LQWR�D� µIOLFN�
JHVWXUH¶�� $� IOLFN� JHVWXUH� LV� WKH� UDSLG� PRYHPHQW� RI� WKH� KDQG� IURP� D� QHXWUDO� SRVLWLRQ� WR� D�
VSHFLILF�GLUHFWLRQ��DQG�UHWXUQHG�WR�WKH�RULJLQDO�VWDWH��7KH�GLUHFWLRQ�RI�WKH�µIOLFN¶�LV�LQ�RQH�RI�
HLJKW�SRVVLEOH�QDYLJDWLRQ�GLUHFWLRQV�RI� WKH� VFUHHQ� �VHH�)LJXUH���E��� DQG� LV�XVHG� WR�QDYLJDWH�
WKURXJK�D�YLVXDO� LPDJH�GDWD�EURZVHU��7KH�GRFWRUV�VXUJHRQV� LQWHQGHG�DFWLRQV�FRPPDQGV�DUH�
UHFRJQL]HG�E\�H[WUDFWLQJ� IHDWXUHV� IURP� WKH�VSDWLR�WHPSRUDO�GDWD�RI� WKH�JHVWXUHV��:LWK� WKHVH�
DFWLRQV�FRPPDQGV� GRFWRUV� FDQ� EULQJ� XS� ;�UD\V� LPDJHV�� VHOHFW� D� SDWLHQW� UHFRUG� IURP� WKH�
GDWDEDVH�RU�PRYH�REMHFWV�DQG�ZLQGRZV�LQ� WKH�VFUHHQ��$�WZR�OD\HU�DUFKLWHFWXUH�LV�XVHG��7KH�
ORZHU�OHYHO�SURYLGHV�WUDFNLQJ�DQG�UHFRJQLWLRQ�IXQFWLRQV��ZKLOH�WKH�KLJKHU�OHYHO�PDQDJHV�WKH�
XVHU�LQWHUIDFH��
�
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)LJXUH����D��*HVWXUH�FDSWXUH���E��6FUHHQ�1DYLJDWLRQ�0DS�



�� 6HJPHQWDWLRQ�
���� &RORU�&XH�
� 7KH� &$06+,)7� ��>��@� DOJRULWKP� LV� XVHG� WR� WUDFN� DQG� UHFRJQL]H� JHVWXUHV�� :LWKLQ� WKH�
&$06+,)7�PRGXOH��D�SUREDELOLW\�GLVWULEXWLRQ�LPDJH�FRPSULVHG�RI�SL[HOV�UHSUHVHQWLQJ�KDQG�
FRORUV�LV�FUHDWHG�IURP�D��'�KXH�VDWXUDWLRQ�VNLQ�FRORU�KLVWRJUDP��>��@��7KLV�KLVWRJUDP�LV�XVHG�
DV�D�ORRN�XS�WDEOH�WR�FRQYHUW�WKH�DFTXLUHG�FDPHUD�LPDJHV�RI�WKH�KDQG�LQWR�FRUUHVSRQGLQJ�KDQG�
SL[HOV��D�SURFHVV�NQRZQ�DV�EDFN�SURSDJDWLRQ��7KUHVKROGLQJ� WR�EODFN�DQG�ZKLWH�IROORZHG�E\�
PRUSKRORJLFDO� RSHUDWLRQV� LV� XVHG� WR� REWDLQ� D� VLQJOH� FRPSRQHQW� IRU� IXUWKHU� SURFHVVLQJ� WR�
FODVVLI\�WKH�JHVWXUHV��
� 7KH�LQLWLDO��'�KLVWRJUDP�LV�JHQHUDWHG�LQ�UHDO�WLPH�E\�WKH�XVHU�LQ�WKH�µFDOLEUDWLRQ¶�VWDJH�RI�
WKH�V\VWHP��7KH�LQWHUIDFH�SUHYLHZ�ZLQGRZ�VKRZV�DQ�RXWOLQH�RI�WKH�SDOP�RI�WKH�KDQG�JHVWXUH�
GUDZQ� RQ� WKH� VFUHHQ�� 7KH� XVHU� SODFHV� KLV� KDQG�ZLWKLQ� WKH� WHPSODWH�ZKLOH� WKH� FRORU�PRGHO�
KLVWRJUDP� LV� EXLOW� �)LJXUH� ���� DIWHU� ZKLFK� WKH� WUDFNLQJ� PRGXOH� �&DPVKLIW�� LV� WULJJHUHG� WR�
IROORZ�WKH�KDQG��7KLV�DOORZV�LQGLYLGXDOV�ZLWK�GLIIHULQJ�VNLQ�FRORUV�WR�RSHUDWH�WKH�V\VWHP��
�

� �
)LJXUH����8VHU�KDQG�VNLQ�FRORU�FDOLEUDWLRQ�

7KH� FDOLEUDWLRQ� SURFHVV� LV� LQLWLDWHG� E\� GHWHFWLQJ� WKH� PRWLRQ� RI� D� KDQG� ZDYH� ZLWKLQ� WKH�
UHJLRQ� RI� WKH� WHPSODWH�� 7R� DYRLG� IDOVH� PRWLRQ� FOXHV� RULJLQDWHG� E\� QRQ�KDQG� PRWLRQ� D�
EDFNJURXQG�PDLQWHQDQFH�RSHUDWLRQ�LV�PDLQWDLQHG��$�ILUVW�LPDJH�RI�WKH�EDFNJURXQG�LV�VWRUHG�
LPPHGLDWHO\� DIWHU� WKH� DSSOLFDWLRQ� LV� ODXQFKHG�� DQG� WKHQ�EDFNJURXQG�GLIIHUHQFLQJ� LV� XVHG� WR�
LVRODWH� WKH�PRYLQJ�REMHFW��KDQG��IURP�WKH�EDFNJURXQG��6LQFH�EDFNJURXQG�SL[HOV�KDYH�VPDOO�
YDULDWLRQV�GXH� WR� FKDQJHV� LQ� LOOXPLQDWLRQ�RYHU� DQ� H[WHQGHG�SHULRG�RI� WLPH�� WKH�EDFNJURXQG�
LPDJH� LV� G\QDPLFDOO\� XSGDWHG�� %DFNJURXQG� YDULDWLRQV� DUH� LGHQWLILHG� E\� WKUHVKROGLQJ� WKH�
DEVROXWH� GLIIHUHQFH� EHWZHHQ� WZR� FRQVHFXWLYH� IUDPHV�� ,I� WKH� GLIIHUHQFH� LV� XQGHU� VRPH�
WKUHVKROG� W��� WKHQ� WKH� FXUUHQW� LPDJHV� FRQWDLQ� RQO\� D� EDFNJURXQG�� RWKHUZLVH�� DQ� XSSHU�
WKUHVKROG� OHYHO� W�� LV� FKHFNHG� WR� WHVW�ZKHWKHU� WKH� SUHVHQW� REMHFW� LV� D� KDQG�� ,Q� FDVH� WKDW� WKH�
FXUUHQW� LPDJH� LV� D� EDFNJURXQG�� WKH� EDFNJURXQG� VWRUHG� LPDJH� LV� XSGDWHG� XVLQJ� D� UXQQLQJ�
VPRRWKHG�DYHUDJH��VHH�������
�

������������ � MLIML%FFML%FF NN 
�
� � DD � ����

+HUH� %FFN� LV� WKH� XSGDWHG� VWRUHG� EDFNJURXQG� LPDJH� DW� IUDPH� N�� %FFN��� LV� WKH� VWRUHG�
EDFNJURXQG��LPDJH�DW�IUDPH�N���� �LV�WKH�VPRRWKLQJ�FRHIILFLHQW��UHJXODWHV�XSGDWH�VSHHG���I�L�M���
LV�WKH�FXUUHQW�EDFNJURXQG�LPDJH�DW�IUDPH�N��6PDOO�FKDQJHV�LQ�LOOXPLQDWLRQ�ZLOO�RQO\�XSGDWH�
WKH� EDFNJURXQG� ZKLOH� KXJH� FKDQJHV� LQ� LQWHQVLW\� ZLOO� WULJJHU� WKH� WUDFNLQJ� PRGXOH�� ,W� LV�
DVVXPHG�WKDW�WKH�KDQG�LV�WKH�RQO\�VNLQ�FRORUHG�REMHFW�PRYLQJ�RQ�WKH�DUHD�RI�WKH�WHPSODWH��
�



���� 0RWLRQ�&XH�
7KH�JUD\VFDOH�LPDJH�REWDLQHG�IURP�WKH�5*%�FKDQQHOV�LV�VPRRWKHG�XVLQJ�D�*DXVVLDQ�ILOWHU��

7KH� DEVROXWH� GLIIHUHQFH�EHWZHHQ� WZR� FRQVHFXWLYHV� LPDJHV� LV� FRPSXWHG�� DQG� WKUHVKROGHG� WR�
FRQYHUW� WKH� LQWHQVLW\� LPDJH� WR�%:��0RUSKRORJLFDO� RSHUDWLRQV� DVVLVW� XV� WR� FOHDQ� KROHV� DQG�
VPDOO�QRLVH�LQ�WKH�LPDJH��VHH�)LJ����
�

� �

)LJXUH����6HJPHQWDWLRQ�XVLQJ�µPRWLRQ�FXH¶�
���� &RORU�DQG�0RWLRQ�)XVLRQ�
$V� D� UHVXOW� RI� WKH� FRORU� FXH� ZH� KDYH� DQ� LQWHQVLW\� LPDJH� SN�� UHSUHVHQWLQJ� WKH� VNLQ� FRORU�

SUREDELOLW\�DW�IUDPH�N��DQG�D�VHFRQG�%:�LPDJH�XVHG�DV�D�PRWLRQ�LQGLFDWRU� N��REWDLQHG�IURP�
WKH�PRWLRQ�FXH�DW�IUDPH�N��$W�IUDPH�N��,N�LV�WKH�IXVHG�LQWHQVLW\�LPDJH��>��@�DFFRUGLQJ�WR������
�

���
������`������PLQ^��� MLSMLGMLSML, NNNNNN DID ��
 � ����
�
+HUH�G�LV�DQ�DPSOLI\LQJ�IDFWRU��G ����IRU�EHVW�SHUIRUPDQFH���DQG� �LV�D�PRWLRQ�DVVHVVPHQW�

YDULDEOH�ZKLFK�LQFUHDVHV�DQG�GHFUHDVHV�IRU�ODUJH�VPDOO�DPRXQWV�RI�PRWLRQ���0RWLRQ�LQGLFDWLRQ�
UHLQIRUFHPHQW�LV�LQWURGXFHG�WR�RYHUFRPH�WKH�ZHDN�DELOLW\�RI�FRORU�RQO\�KDQGOH�H[WUHPH�FRORU�
FKDQJHV�DQG�QRLVH�IURP�OLJKW�YDULDWLRQV��0RWLRQ�RQO\�FDQQRW�EH�IXOO\�WUXVWHG�EHFDXVH�RI�WKH�
UHVXOWDQW� KDOR� HIIHFW�� UHIOHFWLRQV� DQG� FDVW� VKDGRZV��$OVR�� FRORU� IXVLRQ� DYRLGV� WKH� GHIHFW� RI�
PRWLRQ�RQO\��ZKLFK�GHWHFWV�QRW�RQO\�WKH�KDQG�EXW�WKH�HQWLUH�ERG\�PRYHPHQW�
�

�� +DQG�7UDFNLQJ�DQG�2SHUDWLRQ�0RGHV�
� 7KH� JHVWXUH� LQWHUIDFH� ZDV� LPSOHPHQWHG� LQ� D� PHGLFDO� GDWDEDVH� QDPHG� *LEVRQ� �VHH�
$SSHQGL[���GHYHORSHG�E\�,0,��>��@�IRU�WKH�SXUSRVH�RI�LQWHUDFWLQJ�ZLWK�PHGLFDO�LPDJHV�VXFK�DV�
;�UD\V� DQG� 05,V�� 7KH� ILQLWH� VWDWH� PDFKLQH� �)LJ�� ��� LV� XVHG� WR� LOOXVWUDWH� WKH� RSHUDWLRQDO�����
DUFKLWHFWXUH�RI�JHVWXUH�V\VWHP��*HVWXUH�RSHUDWLRQV�DUH�LQLWLDWHG�E\�D�FDOLEUDWLRQ�SURFHGXUH�LQ�
ZKLFK�D�VNLQ�FRORU�PRGHO�RI�WKH�XVHUV�KDQG�LV�FRQVWUXFWHG��&RQWURO�EHWZHHQ�G\QDPLF�JHVWXUHV�
XVHG� IRU� EURZVLQJ� WKURXJK� LPDJHV� DQG� SRVH� JHVWXUHV� �XVHG� IRU� URWDWLRQ� DQG� ]RRP�� DUH�
DIIHFWHG�E\�PRGH�VZLWFK�JHVWXUHV��6XSHULPSRVHG�RYHU�WKH�LPDJH�LV�D�UHFWDQJXODU�IUDPH��)LJ��
����7KH�DUHD�LQVLGH�WKH�IUDPH�LV�FDOOHG�WKH��QHXWUDO�DUHD��� 0RYHPHQWV� RI� WKH� KDQG� DFURVV� WKH�
ERXQGDU\�RI�WKH�UHFWDQJOH�FRQVWLWXWH�GLUHFWLRQDO�EURZVHU�FRPPDQGV��:KHQ�D�GRFWRU�GHFLGHV�
WR�SHUIRUP�D� VSHFLILF� RSHUDWLRQ�RQ� D�PHGLFDO� LPDJH�� KH�VKH�SODFHV� WKH�KDQG� LQ� WKH� µQHXWUDO�
DUHD¶�PRPHQWDULO\��DQG�DQ�DWWHQWLRQ�ZLQGRZ�HYHQW�LV�FDOOHG��7KH�VSDWLR�WHPSRUDO�LQIRUPDWLRQ�
DQG�RWKHU�DWWULEXWHV�RI�WKH�SRVWXUH�DUH�VHQW�WR�D�³PRGH�GHWHFWRU´�WR�GHWHUPLQH�ZKHWKHU�D�]RRP�
RU�URWDWLRQ�SRVH�JHVWXUH�LV�SUHVHQWHG��
�
���� 'LUHFWLRQDO�1DYLJDWLRQ�
1DYLJDWLRQ� JHVWXUHV� ZHUH� GHVLJQHG� WR� EURZVH� WKURXJK� D� *LEVRQ� GDWD� EURZVHU�� *LEVRQ�

UHSUHVHQWV� DQ� LPDJH� DV� D� �'� REMHFW� ZKHUH� HDFK� LPDJH� LV� D� IODW� UHFWDQJXODU� SODWH� IRUPHG�
DURXQG�D�F\OLQGHU�DQG�DUUDQJHG�LQ�QXPHURXV�OHYHOV��7KH�F\OLQGHU�FDQ�EH�URWDWH�&:�DQG�&&:��



DQG�PRYHG�YHUWLFDOO\�WR�H[KLELW�YDULRXV�OHYHOV�RQ�WKH�VFUHHQ��7KXV�DQ\�LPDJH�RQ�WKH�VFUHHQ�
FDQ�EH�DFFHVVHG�GLUHFWO\�E\�IRXU�QDYLJDWLRQ�FRPPDQGV��
:KHQ� D� GRFWRU�VXUJHRQ� ZLVKHV� WR� EURZVH� WKH� LPDJH� GDWDEDVH�� KH�VKH� PRYHV� WKH� KDQG�

UDSLGO\�RXW�IURP�D�µQHXWUDO�DUHD¶�WRZDUG�DQ\�RI��IRXU�GLUHFWLRQV��DQG�WKHQ�EDFN�WR�WKH�QHXWUDO�
DUHD��7KLV�PRYHPHQW�LV�UHIHUUHG�WR�DV�D��µIOLFN¶�JHVWXUH��
�

6WDUW

&DOLEUDWLRQ

0RGH�
'HWHFWRU

6WRS

)OLFN
*HVWXUHV

/HIW 5LJKW 8S 'RZQ

6ZHHS
*HVWXUH

&ORVHU )XUWKHU

7UDFN�3HQFLO

5RWDWH

%URZVH =RRP 5RWDWH

�
)LJXUH�����6WDWH�PDFKLQH�IRU�WKH�JHVWXUH�EDVHG�PHGLFDO�EURZVHU�

,QWHUDFWLRQ� LV� GHVLJQHG� LQ� WKLV� ZD\� EHFDXVH� WKH� GRFWRU� ZLOO� RIWHQ� KDYH� KLV� KDQGV� LQ� WKH�
µQHXWUDO� DUHD¶� ZLWKRXW� LQWHQGLQJ� WR� FRQWURO� WKH� *LEVRQ� GDWD� EURZVHU�� 2QO\� ZKHQ� D� IOLFN�
JHVWXUH�LV�PRYHG�WRZDUGV�RQH�RI�WKH�IRXU�IRXU�TXDGUDQWV��OHIW��ULJKW��XS��GRZQ���LV�WKH�LPDJH�
F\OLQGHU� PRYHG� LQ� WKH� GLUHFWLRQ� RI� WKH� IOLFN�� )OLFN� GLUHFWLRQV� DUH� GHWHFWHG� ZKHQ� WKH� KDQG��
PRYHV�IURP�WKH�QHXWUDO�DUHD��DFURVV�WKH�ERXQGDU\�RI�WKH�UHFWDQJOH��DQG�UHSRVLWLRQHG�EDFN�LQWR�
WKH�QHXWUDO�DUHD�DJDLQ��VHH�)LJ������
�

� � � �
)LJXUH����)RXU�TXDGUDQWV�PDSSHG�WR�FXUVRU�PRYHPHQWV�

��
���� =RRP�0RGH�
�� 7KH�PDLQ�SXUSRVH�RI� WKH� ]RRP� LV� WR� LQFUHDVH�RU�GHFUHDVH� WKH� VL]H�RI� DQ� LPDJH��2QFH� WKH�
]RRP�PRGH�LV�DFWLYDWHG�WKH�VL]H�RI�LPDJH�LV�LQFUHDVHG�DFFRUGLQJ�WR�WKH�GHWHFWHG�DUHD�RI�WKH�
KDQG�DV�LW�PRYHV�WRZDUG�DQG�DZD\�IURP�WKH�VFUHHQ��7R�JR�EDFN�WR�WKH�QRUPDO�PRGH��WKH�KDQG�
LV�PRYHG�RXW�IURP�WKH�QHXWUDO�DUHD�WR�DQ\�RI�WKH���GLUHFWLRQV��7KH�³]RRP�PRGH´�LV�DFWLYDWHG��
ZKHQ�WKH�KDQG�LV�LQ�WKH�QHXWUDO�DUHD��E\�DQ�DEUXSW�URWDWLRQ��VZHHS�JHVWXUH��RI�WKH�ZULVW��7KH�
URWDWLRQ��VZHHS��PXVW�EH�FRXQWHU�FORFN�ZLVH��IURP�����WR�������7R�WHVW�LI�WKH�KDQG�LV�URWDWHG�
����&&:�IURP�WKH�YHUWLFDO�SRVLWLRQ��LQ�D�VSHFLILHG�DPRXQW�RI�WLPH��WKH�IROORZLQJ�SURFHGXUH�LV�
FRQGXFWHG��

��� $�WHPSRUDO�ZLQGRZ�RI�WKH�ODVW�Z�IUDPHV�LV�FUHDWHG��+HUH�Z ���LV�XVHG��
��� )RXU�UHIHUHQFH�IUDPHV�DUH�PDUNHG��7KH�ILUVW�IUDPH�LV�WKH�FXUUHQW�IUDPH�DW�I� ��

IUDPHV� �FXUUHQW��� I� �Z��� IUDPHV�� I� ����Z� IUDPHV� DQG� I� �Z� IUDPHV�� 7KH�



YDOXH� RI�Z�XVHG�ZDV� ��� IUDPHV�� VR� WKDW� WKH� IRXU� UHIHUHQFH� IUDPHV� DUH� >I� ���
I� �����I� �����I� ���@�

/HW��
D ���7KH�GLIIHUHQFH�RI�WKH�DQJOHV�RI�FRQVHFXWLYH�IUDPHV��

�I�I� ML
D �7KH�DYHUDJH�DQJOH�EHWZHHQ�IUDPHV�IL�DQG�IM��

��VWG �I�I� ML
D ���7KH�DQJOH�VWDQGDUG�GHYLDWLRQ�EHWZHHQ�IUDPHV�IL�DQG�IM��

H ��7KH�HUURU�PDUJLQ�DOORZHG�LV�LQ�GHJUHHV��WKH�HSVLORQ�XVHG�ZDV�����
7R�HQWHU�LQWR�WKH�]RRP�PRGH��HT�����DQG�HT�����PXVW�EH�WUXH��

HDDH 
�d�d
� ������ �I�I��I�I� ���� � ����
HDHD 
d�
d �����VWG�����VWG �I�I��I�I� ���� � ����

�
����� 5RWDWLRQ�
7KH� URWDWLRQ� RSHUDWLRQ� LV� KHOSIXO�ZKHQ� WKH� GRFWRU�ZDQWV� WR� URWDWH� WKH� LPDJH� WR� D� GHVLUHG�

DQJOH��7R�SXUVXH�WKLV�JRDO��WKH�SK\VLFLDQ�VXUJHRQ�SODFHV�D�VWHULOL]HG�VWUDLJKW�LQVWUXPHQW�LQ�WKH�
ILVW� RI� WKH� KDQG�� DQG� KROGV� LW� DW� OHDVW� WKUHH�PHWHUV� IURP� WKH� FDPHUD��:KHQ� WKH� DUHD� RI� WKH�
WUDFNLQJ�ZLQGRZ�EHFRPHV�VPDOOHU�WKDQ�VRPH�WKUHVKROG��WKH�URWDWLRQ�PRGH�LV�DFWLYDWHG��:KHQ�
LQ�URWDWLRQ�PRGH��WKH�DQJOH�WR�ZKLFK�WKH�PHGLFDO�LPDJH�LV�URWDWHG�LV�GHWHUPLQHG�E\�WKH�DQJOH�
PDGH�E\�WKH�LQVWUXPHQW�DQG�WKH�KRUL]RQWDO�D[LV���7KH�LQVWUXPHQW�FDQ�EH�IRXQG�LQ�DQ�LPDJH�E\�
DSSO\LQJ� WKH� 3UREDELOLVWLF�+RXJK� 7UDQVIRUP�� UHIHUUHG� WR� DV� S+7� �>��@�� 7KH� S+7� DOJRULWKP�
ILQGV� DOO� WKH� VWUDLJKW� VHJPHQWV� LQ� DQ� LPDJH� ORQJHU� WKDQ� VRPH� PLQLPXP�� 7KHVH� DUH� JRRG�
FDQGLGDWHV�WR�EH�WKH�VLGHV�RI�WKH�LQVWUXPHQW��KRZHYHU�WKH\�DOVR�PD\�UHSUHVHQW�RWKHU�VWUDLJKW�
OLQHV�VXFK�DV��GRRUV��ZLQGRZV��WDEOHV��ZULVW��HWF��8VLQJ�SULRU�NQRZOHGJH�D�VHW�RI�FULVS�UXOHV�LV�
DSSOLHG� WR� WKH� VHW� RI� OLQHV� WR� ILQG� WKH� EHVW� OLQH� WKDW� UHSUHVHQWV� WKH� LQVWUXPHQW�� 7R� TXLFNO\�
HOLPLQDWH�XQOLNHO\�FDQGLGDWH�OLQHV�IDU�IURP�WKH�KDQG�DQ�H[SDQGHG������WLPHV��ZLQGRZ�DURXQG�
WKH�WUDFNLQJ�ZLQGRZ�LV�FURSSHG�RXW�RI�WKH�LPDJH��VHH�)LJXUH�����
�

�

�
)LJXUH����7UDFNLQJ�ZLQGRZV��RULJLQDO�DQG�UHVL]HG�

$� FDQQ\� HGJH� GHWHFWRU� LV� DSSOLHG� WR� WKH� FURSSHG� LPDJH��ZLWK� WZR� WKUHVKROGV� W� ��� DQG�
W� ����� DQG� D�PDVN� RI� �[��� 7KLV� LV� IROORZHG� E\� WKH� SUREDELOLVWLF�+RXJK�7UDQVIRUP�ZLWK�
GLVWDQFH�UHVROXWLRQ ���DQJOH�UHVROXWLRQ�RI����� WKUHVKROG�RI�����PLQLPXP�OLQH�OHQJWK�RI�����
DQG�WKH�PD[LPXP�JDS�DOORZHG�EHWZHHQ�OLQH�VHJPHQWV�O\LQJ�RQ�WKH�VDPH�OLQH�DV�WZR�SL[HOV��
7KH�HQG�SRLQWV�RI�HDFK� OLQH�VHJPHQW�DUH�UHWXUQHG�IURP�S+7��7KH�FORVHVW�HQG�SRLQW� WR� WKH�
KDQG�LV�GHWHUPLQHG�E\�ILQGLQJ�WKH�PLQLPXP�GLVWDQFH�RI�DOO�HQG�SRLQWV�WR�WKH�FHQWURLG�RI�WKH�
KDQG� WUDFNLQJ� ZLQGRZ��:LWK� ERWK� HQGSRLQWV� LGHQWLILHG� LW� LV� SRVVLEOH� WR� ILQG� WKH� URWDWLRQ�
DQJOH�UHSUHVHQWHG�E\�WKH�KDQG��7KLV�DQJOH�� I�� LV�PHDVXUHG�&:�IURP�WKH�KRUL]RQWDO�RI� WKH�
FXUUHQW� IUDPH� I�� 7R� VHOHFW� DPRQJ� DOO� VHJPHQWV� WKDW� PRVW� OLNHO\� WR� EH� WKH� LQVWUXPHQW� DQ�
HYLGHQFH�WHVW�LV�FRQGXFWHG��7KH�WHVW�LV�FRPSULVHG�RI�D�VHW�RI�TXHULHV��,I�HQRXJK�UHVSRQVHV�DUH�
SRVLWLYH�� LW� LV� DVVXPHG� WKDW� HQRXJK� HYLGHQFH� KDV� EHHQ� DFFXPXODWHG� WR� LQIHU� WKDW� WKH�
LQVWUXPHQW�KDV�EHHQ�LGHQWLILHG���
)RU�HDFK�FDQGLGDWH�OLQH�VHJPHQW�L��IRXQG�LQ�WKH�LPDJH��WKH�IROORZLQJ�WHVWV�DUH�PDGH��
,QLWLDOO\�ILQG�WKH�OHQJWK�RI�DOO�OLQH�VHJPHQWV��



��� ,V�L�WKH�ORQJHVW�RI�WKH�OLQHV"�
��� ,V�WKH�GLIIHUHQFH�EHWZHHQ�WKH�PDMRU�D[LV�RI�WKH�WUDFNLQJ�HOOLSVH�RI�WKH�KDQG�DQG�

I��VPDOO"��
��� ,V� WKH� FKDQJH� EHWZHHQ� I� ±� I���� VPDOO"� �L�H��� ZLWKLQ� VRPH� VPDOO� DQJOH�

FKDQJH��7KLV�LV�WKH�FKDQJH�LQ�WKH�DQJOH�RI�WKH�LQVWUXPHQW�IRXQG�LQ�WKH�SUHYLRXV�
IUDPH��DQG�WKH�DQJOH�LQ�WKH�FXUUHQW�IUDPH��I���

��� 'UDZ�D�OLQH�IURP�WKH�FHQWURLG�RI�WKH�WUDFNLQJ�ZLQGRZ�WR�WKH�IDU�HQGSRLQW�RI�WKH�
LQVWUXPHQW�� )LQG� WKH� VKRUWHVW� GLVWDQFH� IURP� WKH� FORVH� HQGSRLQW� RI� WKH�
LQVWUXPHQW�WR�WKLV�OLQH�WUDFHG��,V�WKLV�GLVWDQFH�VPDOO"�

�
(YHU\�SRVLWLYH�UHVSRQVH�DGGV�RQH�YRWH�WR�WKH�WRWDO�YRWHV�RI�D�FDQGLGDWH�OLQH��7KH�OLQH�ZLWK�

WKH� KLJKHVW� QXPEHU� RI� YRWHV� LV� VHOHFWHG� DV� WKH� VHJPHQW� UHSUHVHQWLQJ� WKH� LQVWUXPHQW�� $Q�
H[DPSOH�RI�VXFFHVVIXO�WUDFNLQJ�RI�DQ�LQVWUXPHQW�LV�VKRZQ�LQ�)LJ�����
��

� � �

� � � � �

� � � � �
)LJXUH����,QVWUXPHQW�YHUWLFHV�GHWHFWLRQ�DQG�WUDFNLQJ�

���� 6OHHS�0RGH�
7KHUH� DUH� RFFDVLRQV�ZKHQ� WKH� GRFWRU�ZLVKHV� WR� GLVFXVV� WKH� FXUUHQW� LPDJH�RU� UHFRUG�ZLWK�

KLV�KHU� FROOHDJXHV� RU� WR� DWWHQG� WR� RWKHU�PDWWHUV��+H�VKH�PLJKW� JHVWLFXODWH�ZKLOH� WDONLQJ�� RU�
SRLQWLQJ�WR�WKH�LPDJH��ZKLFK�PD\�WULJJHU�WKH�UHFRJQLWLRQ�RI�XQLQWHQWLRQDO�JHVWXUHV��7R�DYRLG�
WKLV�GRFWRU�PD\�SODFH�WKH�V\VWHP�³RQ�KROG´�RU�³VOHHS´��:KLOH�WKH�V\VWHP�LV�LQ�VOHHS�PRGH��WKH�
UHFRJQLWLRQ�SURFHVVHV�DUH�GLVDEOHG��7R�VZLWFK�WR�³VOHHS�PRGH´�WKH�XVHU�PRYHV�WKH�KDQG�WR�WKH�
ORZHVW�SDUW�RI� WKH�VFUHHQ��NHHSLQJ�LW�ZLWKLQ�WKH�VFUHHQ�ERXQGDULHV��7R�UHWXUQ�WR�WKH�³QRUPDO�
PRGH´�WKH�XVHU�ZDYHV�WKH�KDQG�RYHU�WKH�VPDOO�UHFWDQJOH�LQ�WKH�ORZHU�OHIW�FRUQHU�RI�WKH�VFUHHQ���
�

�� &RQFOXVLRQV�
$�YLVLRQ�EDVHG�V\VWHP�WKDW�FDQ�LQWHUSUHW�XVHU¶V�JHVWXUHV�LQ�UHDO�WLPH�WR�PDQLSXODWH�ZLQGRZV�

DQG� REMHFWV� ZLWKLQ� D� PHGLFDO� GDWD� YLVXDOL]DWLRQ� HQYLURQPHQW� LV� SUHVHQWHG�� $� KDQG�
VHJPHQWDWLRQ� SURFHGXUH� XVLQJ� FRORU�PRWLRQ� IXVLRQ� H[WUDFWV� ELQDU\� KDQG� EOREV� IURP� HDFK�
IUDPH� RI� DQ� DFTXLUHG� LPDJH� VHTXHQFH�� '\QDPLF� QDYLJDWLRQ� JHVWXUHV� DUH� WUDQVODWHG� WR�
FRPPDQGV�EDVHG�RQ�WKHLU�UHODWLYH�SRVLWLRQV�RQ�WKH�VFUHHQ��6WDWLF�JHVWXUH�SRVHV�DUH�LGHQWLILHG�
WR� H[HFXWH� QRQ�GLUHFWLRQDO� FRPPDQGV�� VXFK� DV� ]RRP� DQG� URWDWH�� � 7KH� JHVWXUH� UHFRJQLWLRQ�
V\VWHP� ZDV� LPSOHPHQWHG� LQ� D� VWHULOH� PHGLFDO� GDWD�EURZVHU� HQYLURQPHQW� �QDPHG� *LEVRQ���



)XWXUH�ZRUN�LQFOXGHV�UHSODFHPHQW�RI�WKH�URWDWLRQ�JHVWXUH�WR�RSHUDWH�ZLWK�WKH�KDQG�SDOP�RQO\��
DQG�WKH�GHYHORSPHQW�RI�WZR�KDQGHG�JHVWXUHV�WR�DFKLHYH�LQFUHDVHG�DFFXUDF\�IRU�WKH�]RRP�DQG�
URWDWLRQ�JHVWXUHV��
�

�� $FNQRZOHGJHPHQW�
� 7KLV�ZRUN�ZDV�SDUWLDOO\�VXSSRUWHG�E\�WKH�3DXO�,YDQLHU�&HQWHU�IRU�5RERWLFV�5HVHDUFK�DQG�
3URGXFWLRQ�0DQDJHPHQW��%HQ�*XULRQ�8QLYHUVLW\�RI�WKH�1HJHY�
�

5HIHUHQFHV�
>�@� 0��6FKXOW]��-��*LOO��6��=XEDLUL��5��+XEHU��)��*RUGLQ��³%DFWHULDO�FRQWDPLQDWLRQ�RI�FRPSXWHU�NH\ERDUGV�LQ�D�
WHDFKLQJ�KRVSLWDO�´�,QIHFW�&RQWURO�+RVS��(SLGHPLRO���YRO�����QR������SS�����������������

>�@� '��1LFKRODV�� 3�� +XQWLQJWRQ�� 3��:LOOLDPV�� 3��9LFNHU\�� ³+HDOWK� LQIRUPDWLRQ�� DQ� HYDOXDWLRQ� RI� WKH� XVH� RI�
WRXFK�VFUHHQ�NLRVNV�LQ�WZR�KRVSLWDOV´��+HDOWK�,QIRUPDWLRQ�/LEUDULDQ�-RXUQDO�������'HF��YRO������QR�����SS���������
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