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LQIRUPDWLRQ� LQWR� D� XVHU¶V� SHUFHSWLRQ� RI� D
WKUHH�GLPHQVLRQDO� HQYLURQPHQW�� � $Q� LPSRUWDQW
SHUIRUPDQFH�JRDO�IRU�DQ�DXJPHQWHG�UHDOLW\�V\VWHP�LV�WKDW
WKH� XVHU� SHUFHLYHV� D� VLQJOH� VHDPOHVV� HQYLURQPHQW�� � ,Q
PRVW� DXJPHQWHG� UHDOLW\� V\VWHPV� WKH� XVHU� YLHZV� D� UHDO
ZRUOG�DXJPHQWHG�RQO\�ZLWK�YLVXDO�LQIRUPDWLRQ�DQG�LV�QRW
SURYLGHG� ZLWK� D� PHDQV� WR� LQWHUDFW� ZLWK� WKH� YLUWXDO
REMHFWV���,Q�WKLV�SDSHU�ZH�GHVFULEH�DQ�DXJPHQWHG�UHDOLW\
V\VWHP� WKDW�� LQ�DGGLWLRQ� WR� YLVXDO� DXJPHQWDWLRQ��PHUJHV
V\QWKHWLF� KDSWLF� LQSXW� LQWR� WKH� XVHU¶V� SHUFHSWLRQ� RI� WKH
UHDO� HQYLURQPHQW�� � 2XU� V\VWHP� XVHV� D� 3+$17R0�
KDSWLF� LQWHUIDFH� GHYLFH� WR� JHQHUDWH� WKH� KDSWLF� VHQVRU\
LQSXW� LQ� UHDO�WLPH�� �7KH� V\VWHP� DOORZV� XVHU� LQWHUDFWLRQV
VXFK� DV� PRYLQJ� RU� OLIWLQJ� D� YLUWXDO� REMHFW�� DQG
GHPRQVWUDWHV� LQWHUDFWLRQV� EHWZHHQ� YLUWXDO� DQG� UHDO
REMHFWV�� � 0HWKRGV� WR� SURYLGH� SURSHU� YLVXDO� RFFOXVLRQ
EHWZHHQ�UHDO�DQG�YLUWXDO�REMHFWV�DUH�DOVR�GHVFULEHG�

��� 7KH�&KDOOHQJH�RI�$XJPHQWHG�5HDOLW\

7KHUH� KDV� EHHQ� FRQVLGHUDEOH� LQWHUHVW� LQ� DXJPHQWHG
UHDOLW\� �$5�� V\VWHPV� WKDW�PL[� OLYH�YLGHR� IURP� D� FDPHUD
ZLWK� FRPSXWHU�JHQHUDWHG� REMHFWV� UHJLVWHUHG� LQ� D� XVHU¶V
WKUHH�GLPHQVLRQDO�HQYLURQPHQW�>�@���$SSOLFDWLRQV�RI� WKLV
SRZHUIXO� YLVXDOL]DWLRQ� WHFKQLTXH� LQFOXGH� PDLQWHQDQFH
WDVNV� >�@�� VXUJLFDO� SODQQLQJ� >��� �@�� � DQG� QHZ� XVHU
LQWHUIDFHV� >�@�� � 7KH� UHVXOWLQJ� $5� V\VWHPV� DOORZ
WKUHH�GLPHQVLRQDO�YLUWXDO�REMHFWV�WR�EH�YLVXDOO\�HPEHGGHG
LQWR�D�XVHU¶V�SHUFHSWLRQ�RI�WKH�HQYLURQPHQW�

,Q� D� W\SLFDO� $5� V\VWHP�� )LJXUH� ��� D� YLGHR� FDPHUD
YLHZV� WKH� UHDO� VFHQH�DQG�JHQHUDWHV� D��'� LPDJH� RI� LW� RQ
WKH� LPDJH� SODQH�� 7KH� XVHU� VHHV� DQ� DXJPHQWHG� YLHZ
FRPSRVHG�RI�D�V\QWKHWLF�JUDSKLFV�LPDJH�PHUJHG�ZLWK�WKH
LPDJH�RI�WKH�UHDO�VFHQH��7R�PDLQWDLQ�WKH�LOOXVLRQ�WKDW�WKH
YLUWXDO�REMHFWV�DUH�LQGHHG�SDUW�RI�WKH�UHDO�ZRUOG�UHTXLUHV�D

FRQVLVWHQW� UHJLVWUDWLRQ� RI� WKHVH� WZR� LPDJHV²WKH� PDMRU
FKDOOHQJH�IRU�DXJPHQWHG�UHDOLW\�V\VWHPV�

7KLV� UHJLVWUDWLRQ� UHTXLUHPHQW� IRU� FUHDWLQJ� D
KLJK�ILGHOLW\� DXJPHQWHG� UHDOLW\� HQYLURQPHQW� FDQ� EH
VWDWHG� LQ� WHUPV� RI� WKH� UHODWLRQVKLSV� WKDW� PXVW� EH
GHWHUPLQHG� DQG� PDLQWDLQHG� �)LJXUH� ���� 7KH
REMHFW�WR�ZRUOG� WUDQVIRUP� �2 � VSHFLILHV� WKH� SRVLWLRQ� DQG

RULHQWDWLRQ� RI� D� YLUWXDO� REMHFW�ZLWK� UHVSHFW� WR� WKH� ZRUOG
FRRUGLQDWH� V\VWHP� WKDW� GHILQHV� WKH� UHDO� VFHQH�� 7KH
ZRUOG�WR�FDPHUD� WUDQVIRUP� �& � GHILQHV� WKH� ORFDWLRQ� DQG

RULHQWDWLRQ�RI�WKH�YLGHR�FDPHUD�WKDW�YLHZV�WKH�UHDO�VFHQH�
)LQDOO\�� WKH� FDPHUD�WR�LPDJH� SODQH� WUDQVIRUP� �3

VSHFLILHV�WKH�SURMHFWLRQ�RSHUDWLRQ�WKH�FDPHUD�SHUIRUPV�WR
FUHDWH�D��'�LPDJH�RI�WKH��'�UHDO�VFHQH���$Q\�HUURUV�LQ�WKH
GHWHUPLQDWLRQ�RI�WKHVH�UHODWLRQVKLSV�DSSHDU�WR�WKH�XVHU�DV
LQFRQVLVWHQFLHV� LQ� WKH� DSSHDUDQFH� DQG� SRVLWLRQ� RI� WKH
YLUWXDO�REMHFWV�LQ�WKH�UHDO�VFHQH�

7R�IDLWKIXOO\�FUHDWH�KDSWLF�LQWHUDFWLRQV�ZLWK�WKH�YLUWXDO
REMHFWV� WKHUH� LV� DOVR� D� UHJLVWUDWLRQ� SUREOHP� EHWZHHQ� WKH
UHDO�ZRUOG�DQG�WKH�V\VWHP�JHQHUDWLQJ�WKH�KDSWLF�GLVSOD\�
7KHUH� LV� D� KDSWLF�WR�ZRUOG� WUDQVIRUP� WKDW� GHILQHV� WKH
UHODWLRQVKLS�EHWZHHQ�WKH�ZRUOG�FRRUGLQDWH�V\VWHP�DQG�WKH
FRRUGLQDWH�V\VWHP�LQ�ZKLFK�WKH�KDSWLF�LQWHUIDFH�RSHUDWHV�
$FFXUDWHO\� FRPSXWLQJ� WKHVH� UHODWLRQVKLSV� ZKLOH
PDLQWDLQLQJ� UHDO�WLPH� UHVSRQVH�DQG�D� ORZ� ODWHQF\� LV� WKH
SULPDU\� SHUIRUPDQFH� JRDO� IRU� D� KDSWLFDOO\� DQG� YLVXDOO\
DXJPHQWHG�UHDOLW\�V\VWHP�

��� $XJPHQWLQJ�5HDOLW\�8VLQJ�$IILQH
5HSUHVHQWDWLRQV

2QO\� ZKHQ� WKH� UHODWLRQVKLSV� EHWZHHQ� WKH� PXOWLSOH
FRRUGLQDWH�V\VWHPV�VKRZQ�LQ�)LJXUH���DUH�NQRZQ�FDQ�WKH
V\QWKHWLF� VHQVRU\� LQIRUPDWLRQ� FRUUHFWO\� PHUJH� LQWR� WKH
XVHU¶V� SHUFHSWLRQ� RI� WKH� UHDO� VFHQH�� 7UDGLWLRQDO� $5
V\VWHPV� DSSURDFK� WKH� SUREOHP� RI� FRPSXWLQJ� WKHVH
WUDQVIRUPV� XVLQJ� VHQVLQJ�� FDOLEUDWLRQ� DQG� PHDVXUHPHQW
WR� H[SOLFLWO\� GHWHUPLQH� HDFK� WUDQVIRUP� >�@�� � 7KHVH
V\VWHPV� XVH� VHQVRUV� WR�PHDVXUH� WKH� FDPHUD¶V� SRVH� ZLWK
UHVSHFW� WR� WKH�ZRUOG�FRRUGLQDWH� V\VWHP� WKXV�GHWHUPLQLQJ
WKH� ZRUOG�WR�FDPHUD� WUDQVIRUP�� &� � 4XDQWLI\LQJ� WKH

7KH� VXSSRUW� RI� WKH� 1DWLRQDO� 6FLHQFH� )RXQGDWLRQ� XQGHU� *UDQW� 1R�
&'$����������DQG�WKH�'HIHQVH�$GYDQFH�5HVHDUFK�3URMHFWV�$JHQF\�XQGHU
*UDQW�1R��'$$%������&�-����LV�JUDWHIXOO\�DFNQRZOHGJHG�



FDPHUD�WR�LPDJH� WUDQVIRUP�� 3 � � UHTXLUHV� NQRZOHGJH� RI

WKH� FDPHUD¶V� LQWULQVLF� SDUDPHWHUV� >�@�� 7KH� WKLUG

WUDQVIRUP�� 2� � LV� FRPSXWHG� E\� PHDVXULQJ� WKH� GHVLUHG

SRVLWLRQ� IRU� WKH� YLUWXDO� REMHFW� LQ� WKH� ZRUOG� FRRUGLQDWH

V\VWHP�� � )URP� WKLV� DOO� WKH� QHFHVVDU\� WUDQVIRUPV� DUH

NQRZQ�VR�WKDW��DW�OHDVW�LQ�SULQFLSOH��YLUWXDO�REMHFWV�FDQ�EH

UHQGHUHG�DQG�PHUJHG�FRUUHFWO\�ZLWK�WKH�OLYH�YLGHR�

7KH�PHWKRGV�EDVHG�RQ�SRVLWLRQ�PHDVXUHPHQWV�H[KLELW

HUURUV� GXH� WR� LQDFFXUDFLHV� DQG� ODWHQFLHV� LQ� SRVLWLRQ

VHQVLQJ��DQG�HUURUV�LQ�WKH�FDPHUD�FDOLEUDWLRQ�SDUDPHWHUV�

$� QRYHO� DVSHFW� RI� RXU� DXJPHQWHG� UHDOLW\� V\VWHP� �QRW

SXUVXHG� KHUH�� LV� WKDW� LW� UHTXLUHV� QR� D� SULRUL� PHWULF

LQIRUPDWLRQ�DERXW� WKH� LQWULQVLF� DQG�H[WULQVLF�SDUDPHWHUV

RI�WKH�FDPHUD��ZKHUH�WKH�XVHU�LV�ORFDWHG�LQ�WKH�ZRUOG��RU

WKH� SRVLWLRQ� RU� JHRPHWU\� RI� REMHFWV� LQ� WKH�ZRUOG� >�@�� ,Q

RXU�V\VWHP�ZH�WUDFN�IRXU�IHDWXUHV�LQ�UHDO�WLPH�DQG�GHILQH

WKH� JOREDO� DIILQH� FRRUGLQDWH� V\VWHP� VROHO\� IURP� WKH

ORFDWLRQ�RI�WKRVH�WUDFNHG�IHDWXUHV�LQ�WKH�YLGHR�LPDJH���$OO

UHODWLRQVKLSV� DUH� GHWHUPLQHG� LQ� WKLV� FRPPRQ� DIILQH

FRRUGLQDWH�V\VWHP

��� $Q�+DSWLF�$XJPHQWHG�5HDOLW\�,QWHUIDFH

1RQH�RI� WKLV�SULRU�ZRUN�KDV� LQFOXGHG�DQ\� LQWHUDFWLRQ

ZLWK� WKH�YLUWXDO� REMHFWV� H[FHSW� IRU� WKH�YLVXDO� FKDQJHV� LQ

WKH�DXJPHQWHG�UHDOLW\�GLVSOD\�ZKHQHYHU�WKH�XVHU�FKDQJHV

YLHZSRLQW��2QH�RI�WKH�UHDVRQV�VWDWHG�E\�0LQH��%URRNV��HW�

DO��>�@�IRU�WKH�SDXFLW\�RI�YLUWXDO�HQYLURQPHQW�DSSOLFDWLRQV

WKDW�KDYH�OHIW� WKH� ODERUDWRU\�VHWWLQJ�LV� WKH� ODFN�RI�KDSWLF

IHHGEDFN���3UHYLRXV�KDSWLF�UHVHDUFK�LV�FRQFHQWUDWHG�LQ�WKH

DUHDV�RI� WHOHPDQLSXODWLRQ�DQG�YLUWXDO� UHDOLW\�� �7KH�ZRUN

LQ� WKHVH� DUHDV� GRHV� QRW�� KRZHYHU�� SURYLGH� LQVLJKWV� LQWR

WKH� SUREOHPV� RI� UHJLVWUDWLRQ� ZLWK� WKH� UHDO� VFHQH� RU

LQWHUDFWLRQV�EHWZHHQ�UHDO�DQG�YLUWXDO�REMHFWV�

����� +DSWLF�WHFKQRORJ\

+DSWLF�WHFKQRORJ\�SURYLGHV�WKH�XVHU�ZLWK�DQ�DELOLW\�WR

H[SHULHQFH� WRXFK� VHQVDWLRQV�� :H� HPSKDVL]H� XVHU

LQWHUDFWLRQ� ZLWK� D� QDWXUDO�VHHPLQJ� DXJPHQWHG

HQYLURQPHQW�UHTXLULQJ�WKH�XVHU�WR�KDYH�D�VHQVH�RI�IHHOLQJ

WKH�YLUWXDO�REMHFWV��WRXFKLQJ�WKHLU�VXUIDFH��DQG�LQWHUDFWLQJ

ZLWK�WKHP� LQ�D�G\QDPLF� IDVKLRQ�� �6RPH�ZRUN� LQ�YLUWXDO

UHDOLW\� DSSOLFDWLRQV� GHPRQVWUDWHG� KDSWLF� LQWHUIDFHV�� � ,Q

3URMHFW�*523(�DW�WKH�8QLYHUVLW\�RI�1RUWK�&DUROLQD�>��@�

WKH� XVHU� H[SORUHV� PROHFXODU� GRFNLQJ� E\� PDQLSXODWLQJ

PROHFXOHV� LQ� DQ� LPPHUVLYH� YLUWXDO� HQYLURQPHQW� XVLQJ� D

ODUJH�VFDOH� IRUFH�UHIOH[LYH�PDQLSXODWRU�� =LHJOHU�� %UDQGW�

HW��DO�� >��@�GHVFULEH�D� VLPXODWRU� IRU� DUWKURVFRSLF� VXUJHU\

WKDW� XVHV� IRUFH� IHHGEDFN� LQ� WKH� YLUWXDO� HQYLURQPHQW� WR

WUDLQ� VXUJHRQV� LQ� WKH� SURFHGXUH�� 8VLQJ� WKH� 5XWJHUV

0DVWHU�,,�IRUFH�IHHGEDFN�GHYLFH�'LQVPRUH��/DQJUDQD��HW�

DO�� >��@� EXLOW� D� YLUWXDO� HQYLURQPHQW� IRU� WUDLQLQJ

SK\VLFLDQV�WR�ORFDWH�DQG�SDOSDWH�WXPRU�PDVVHV�

7KH�ZRUN�RI�6WDWH��+LURWD�HW��DO��>��@�VKRZV�LQWHUDFWLRQ

ZLWK�YLUWXDO�REMHFWV��7KHUH�LV�QHLWKHU�KDSWLF�IHHGEDFN�QRU

G\QDPLF�LQWHUDFWLRQV�EHWZHHQ�WKH�YLUWXDO�DQG�UHDO�REMHFWV

KRZHYHU�� <RNRNRKML�� +ROOLV� HW�� DO�� >��@� GHPRQVWUDWH� D

KDSWLF�LQWHUIDFH�IRU�DQ�$5�V\VWHP�ZLWK�QHLWKHU�PRWLRQ�RI

YLUWXDO� REMHFWV� QRU� LQWHUDFWLRQ� EHWZHHQ� YLUWXDO� DQG� UHDO

REMHFWV�LQ�WKHLU�V\VWHP�

7R�DOORZ�UHDOLVWLF�LQWHUDFWLRQV�ZLWK� WKH�YLUWXDO�REMHFWV

ZH� FKRVH� WKH� 3+$17R0�� >��@�� � 7KLV� GHYLFH� ORRNV

VLPLODU� WR� D� VPDOO� URERW� DUP�ZLWK� D�PRWRU� GULYLQJ� HDFK

MRLQW�� � 7KH� FRQWUROOHU� GULYHV� WKH�PRWRUV� WR� JHQHUDWH� WKH

UHTXHVWHG� IRUFH� IHHGEDFN� DW� WKH� HQG� HIIHFWRU�� D� WKLPEOH

LQWR�ZKLFK� WKH�XVHU� LQVHUWV� D� ILQJHU�� �:LWK� WKH� VXSSOLHG

*+267��OLEUDU\�WKH�V\VWHP�GHILQHV�D�ZRUOG�RI�REMHFWV�LQ

D�KDSWLF�VFHQH�WR�EH�³UHQGHUHG´��0DVV�FDQ�EH�DVVLJQHG�WR

WKH� REMHFWV� VR� ZKHQ� WKH� XVHU� SODFHV� D� ILQJHU� XQGHU� DQ

REMHFW�DQG�OLIWV��WKH�ZHLJKW�RI�WKH�REMHFW�LV�IHOW�UHVWLQJ�RQ

WKH� ILQJHU�� � ,W� LV� DOVR�SRVVLEOH� WR� VLPXODWH�REMHFW� VXUIDFH

FRPSOLDQFH� DQG� WH[WXUH�� )LJXUH� �� VKRZV� WKH� V\VWHP

GLDJUDP�IRU�RXU�KDSWLF�$5�V\VWHP�

����� +DSWLF�JUDSKLF�LQWHUDFWLRQ

,Q�6HFWLRQ���ZH�GHVFULEHG�WKH�PHWKRG�WKDW�ZH�XVH�IRU

UHJLVWHULQJ� WKH� ZRUOG� DQG� JUDSKLFV� FRRUGLQDWH� V\VWHPV�

:H� DFFRPSOLVK� WKLV� UHJLVWUDWLRQ� E\� GHILQLQJ� D� FRPPRQ
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JOREDO� DIILQH� FRRUGLQDWH� V\VWHP�� 7KH� V\VWHP� FUHDWHV� D

VFHQH�JUDSK�FRQWDLQLQJ� WKH�YLUWXDO� REMHFWV�GHILQHG� LQ�DQ

(XFOLGHDQ� FRRUGLQDWH� V\VWHP�� �:H� FRPSXWH� D� WUDQVIRUP

IURP� WKLV� FRRUGLQDWH� V\VWHP� WR� WKH� JOREDO� DIILQH

FRRUGLQDWH�V\VWHP�DV�SDUW� RI� WKH�SURFHVV� WR�SODFH�YLUWXDO

REMHFWV� LQ� RXU� UHDO� VFHQH�� � 7KH� *+267� OLEUDU\� DOORZV

GHILQLWLRQ� RI� D� KDSWLF� VFHQH� LQ� D� PDQQHU� DQDORJRXV� WR

GHILQLQJ�WKH�JUDSKLF�VFHQH�XVHG�IRU�JHQHUDWLQJ�WKH�YLUWXDO

REMHFWV�

2XU�KDSWLF�$5�V\VWHP�PXVW�HVWDEOLVK�WKH�UHODWLRQVKLS

EHWZHHQ�WKH�3KDQWRP¶V�KDSWLF�FRRUGLQDWHV�DQG�WKH�JOREDO

DIILQH� FRRUGLQDWHV� LQ� ZKLFK� DOO� RI� WKH� YLUWXDO� JUDSKLF

REMHFWV�DUH�GHVFULEHG���2QFH�ZH�HVWDEOLVK�WKDW�UHODWLRQVKLS

LW� LV� SRVVLEOH� WR� H[FKDQJH� SRVLWLRQ� LQIRUPDWLRQ� EHWZHHQ

WKH� KDSWLF� DQG� JUDSKLF� VFHQH� VR� WKDW� RXU� V\VWHP� FDQ

LQVWUXFW� WKH�3KDQWRP� WR� JHQHUDWH� KDSWLF� IHHGEDFN� WR� WKH

XVHU� DSSURSULDWH� IRU� WKH� LQWHUDFWLRQV� ZLWK� WKH� YLUWXDO

REMHFWV�

2XU� V\VWHP� FRPSXWHV� WKH� 3KDQWRP� WR� DIILQH

WUDQVIRUP�
DS
7 �� E\� KDYLQJ� WKH� XVHU� PRYH� WKH� 3KDQWRP

HQG� HIIHFWRU� WR� IRXU� SRLQWV� LQ� WKH� ZRUNVSDFH� IRU� ZKLFK

DIILQH� FRRUGLQDWHV� DUH� NQRZQ�� 7KH� V\VWHP� UHFRUGV� WKH

SRVLWLRQ�LQ�WKH�3KDQWRP�FRRUGLQDWH�V\VWHP�DW�HDFK�SRLQW�

DS
7 LV�FRPSXWHG�E\�VROYLQJ�
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D � DQG�
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S � DUH�� UHVSHFWLYHO\�� WKH� DIILQH

FRRUGLQDWHV� RI� WKH� SRLQWV� LQ� WKH� ZRUNVSDFH� DQG� WKHLU

FRUUHVSRQGLQJ�KDSWLF�FRRUGLQDWHV�

$� WLJKW� FRXSOLQJ� H[LVWV� EHWZHHQ� WKH� JUDSKLFV� VFHQH

DQG� KDSWLF� VFHQH� DV� )LJXUH� �� GHSLFWV�� $W� HDFK� F\FOH� RI

RSHUDWLRQ� WKH� V\VWHP� REWDLQV� WKH� FXUUHQW� 3KDQWRP

SRVLWLRQ� DQG� WUDQVIRUPV� LW� LQWR� WKH� JOREDO� DIILQH

FRRUGLQDWH�V\VWHP���7KLV�DIILQH�SRLQW�LV�WKHQ�WUDQVIRUPHG

LQWR�WKH�(XFOLGHDQ�FRRUGLQDWH�V\VWHP�RI�WKH�YLUWXDO�REMHFW

XVLQJ�DQ�LQYHUVH�RI�
DS

7 ��7KH�ORFDWLRQ�RI�WKLV�SRLQW�RQ�WKH

YLUWXDO�REMHFW�GHWHUPLQHV�WKH�DSSURSULDWH�KDSWLF�UHVSRQVH�

7KH�V\VWHP�VHQGV�WKH�FRUUHFW�FRPPDQGV�WR� WKH�3KDQWRP

WR� JHQHUDWH� WKH� IHHGEDFN� DW� WKH� XVHU¶V� ILQJHUWLS�� VR

WH[WXUHV�WKDW�ORRN�GLIIHUHQW�DOVR�IHHO�GLIIHUHQW�

����� 9LUWXDO�WR�YLUWXDO�KDSWLF�LQWHUDFWLRQ

7KH� V\VWHP� DOORZV� VHYHUDO� GLIIHUHQW� LQWHUDFWLRQV�ZLWK

YLUWXDO� REMHFWV�� � �03(*� YLGHR� FOLSV� RI� DOO� WKH

GHPRQVWUDWLRQV� GHVFULEHG� LQ� WKLV� SDSHU� FDQ� EH� IRXQG� DW

KWWS���ZZZ�FV�ULW�HGX�aMUY�UHVHDUFK�DU���� � ,Q� D� W\SLFDO

GHPRQVWUDWLRQ��D�YLUWXDO�JOREH�DSSHDUV� LQ� WKH�DXJPHQWHG

LPDJH���:KHQ�WKH�JOREH�LV�VWDWLRQDU\���)LJXUH����WKH�XVHU
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FDQ�PRYH�D�ILQJHU�RYHU� WKH�VXUIDFH�DQG�UHFHLYH�FRUUHFWO\

UHJLVWHUHG�KDSWLF�VHQVDWLRQV�WR�KHOS�GLVWLQJXLVK�ZDWHU�DQG

ODQG�PDVVHV��$QRWKHU� GHPRQVWUDWLRQ� VSLQV� WKH� JOREH� RQ

LWV� D[LV�� � 7KH� V\VWHP� WUDFNV� WKH� ORFDWLRQ� RI� WKH� DFWLYH

SRLQW�RI�WKH�3KDQWRP�RQ�WKH�JOREH�VXUIDFH�VR� WKDW�KDSWLF
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GHILQHG� LQ� WKH� KDSWLF� VFHQH� VR� WKDW� KDSWLF� LQWHUDFWLRQ

WDNHV� SODFH� EHWZHHQ� UHDO� DQG� YLUWXDO� REMHFWV�� � ,Q� )LJXUH
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RFFOXVLRQV��,Q�RXU�GHPRQVWUDWLRQV��WKH�YHUWLFDO�SDUW�RI�WKH
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DQG� WKH� XVHU¶V� KDQG�� ,Q� WKHVH� H[DPSOHV�� WKH� YLUWXDO
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WR�EH�GHILQHG�DV�D�JUDSKLF�REMHFW�ZLWK�DFWXDO�MRLQW�DQJOHV

PRQLWRUHG�GXULQJ�RSHUDWLRQ�FRQWUROOLQJ�LWV�FRQILJXUDWLRQ�
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REMHFWV� WKDW� KDYH� HQWHUHG� WKH�ZRUNVSDFH� DW� WKH� GHSWK� RI
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KDSWLF� LQWHUIDFH� GHYLFH�� WKXV� DGGLQJ� WRXFK� DV� D� VHFRQG
PRGDOLW\� RI� V\QWKHWLF� VHQVRU\� LQIRUPDWLRQ� DXJPHQWLQJ
WKH� XVHU¶V� SHUFHSWLRQ� RI� D� UHDO� VFHQH�� 7KH� XVHU� FDQ
UHDOLVWLFDOO\� LQWHUDFW� ZLWK� D� YLUWXDO� REMHFW�� � 7KHVH
LQWHUDFWLRQV� LQFOXGH� IHHOLQJ� WKH� VXUIDFH� RI� WKH� REMHFW�
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