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$EVWUDFW

7KH� ZD\� ZH� SHUFHLYH� WKH� UDSLGO\� H[SDQGLQJ� LQIRUPDWLRQ� HQYLURQPHQW� ZLOO� FKDQJH

GUDPDWLFDOO\� RYHU� WKH� QH[W� \HDUV�� $XJPHQWHG� 5HDOLW\� UHVHDUFK� RIIHUV� D� VPRRWK

LPPHUVLRQ� LQWR� WKLV�SDUDOOHO�ZRUOG��E\�RYHUOD\LQJ�VSDWLDOO\�DOLJQHG� WKUHH�GLPHQVLRQDO

FRPSXWHU�JHQHUDWHG� LQIRUPDWLRQ�RQWR�D�KXPDQ·V�YLHZ��+RZHYHU�� WR�PDQLSXODWH� WKH

SHUFHLYHG� LQIRUPDWLRQ� QHZ� W\SHV� RI� LQWHUIDFHV� DUH� QHHGHG� WKDW� DUH� VPRRWKO\

LQWHJUDWHG�DW�WKH�ERUGHU�RI�RXU�UHDO�ZRUOG�DQG�WKH�LQIRUPDWLRQ�VSDFH�

)RU� WKH� LQWHUDFWLRQ�ZLWK� WKLV�YLUWXDO�FRQWHQW� WKH�3HUVRQDO� ,QWHUDFWLRQ�3DQHO� �3,3��� D

WZR�KDQGHG� LQWHUIDFH� IRU� $XJPHQWHG� 5HDOLW\� LV� LQWURGXFHG�� 7KH� XQGHUO\LQJ� GHVLJQ

LGHD�HPSOR\V�H[LVWLQJ�KXPDQ�VNLOOV�IRU�WKH�LQWHUDFWLRQ�LQ�D�QHZ�HQYLURQPHQW��VR�WKDW

WKH�LQWHUDFWLRQ�WDVN�LWVHOI�GRHV�QRW�LQGXFH�DGGLWLRQDO�FRJQLWLYH�ORDG�RQ�WKH�XVHU��7KH

FDUHIXO�FRQFHSWLRQ�RI�WKH�3,3�LQWHUIDFH�HQVXUHV�WKDW�LW�FRQIRUPV�WR�SUHYLRXV�UHVXOWV�LQ

ELPDQXDO�DFWLRQ�DQG�EHQHILWV�IURP�WKH�REVHUYDWLRQV�RI�WKLV�UHVHDUFK�ILHOG�

7KH�UHVXOWV�RI�WKH�DQDO\VLV�RI�H[LVWLQJ�PHWKRGV�WR�LQWHUDFW�LQ�$XJPHQWHG�5HDOLW\�DUH

VXPPDUL]HG� DV� %DVLF� 'HVLJQ� *XLGHOLQHV�� 7KHVH� JXLGHOLQHV� DUH� WKH� EDVLV� IRU� WKH

WKHRUHWLFDO�IRUPXODWLRQ�DQG�FRQFHSWLRQ�RI�WKH�SURSRVHG�LQWHUIDFH��$�ZLGH�VSHFWUXP

RQ�GLIIHUHQW�PHWDSKRUV�LV�SUHVHQWHG�WKDW�EHQHILW�IURP�WKH�XQGHUO\LQJ�LQWHUIDFH�GHVLJQ

DQG�WKXV�LPSURYHV�WKH�XVHU·V�LQWHUDFWLRQ�DELOLWLHV�

7KH� LPSOHPHQWDWLRQ�RI� WKH� GHVFULEHG� WKHRUHWLFDO� UHVHDUFK� DQG� WKH� ILHOG�WHVWLQJ� LQ� D

QXPEHU� RI� DSSOLFDWLRQ� VFHQDULRV� KHOSHG� WR� SURYH� WKH� GHVFULEHG� LGHDV�� 8VLQJ� WKH

H[SHULHQFH� JDLQHG� IURP� WKLV� ZRUN�� WKH� LQWHUIDFH� ZDV� DSSOLHG� WR� GLIIHUHQW

HQYLURQPHQWV�ZLWK�GLYHUV�GHPDQGV��7KH�LQIOXHQFHV�IURP�WKHVH�H[SHULPHQWV�KHOSHG�WR

UHFRJQL]H�WKH�XQLYHUVDO�FKDUDFWHU�RI�WKH�3HUVRQDO�,QWHUDFWLRQ�3DQHO��DQG�WR�FRQFOXGH

WKDW� WKH� 3,3� LQWHUIDFH� FDQ� EH� D� JHQHUDO� WRRO� IRU� LQWHUDFWLQJ�ZLWK� YLUWXDO� FRQWHQW� LQ

PDQ\�GLIIHUHQW�HQYLURQPHQWV�
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.XU]IDVVXQJ�GHU�'LVVHUWDWLRQ

'LH�$UW�XQG�:HLVH��ZLH�ZLU�PLW�GHP�VWlQGLJ�ZDFKVHQGHP�,QIRUPDWLRQVUDXP��GHU�XQV

XPJLEW� XPJHKHQ� ZLUG� VLFK� LQ� GHQ� QlFKVWHQ� -DKUHQ� GUDPDWLVFK� lQGHUQ�� 'LH

)RUVFKXQJ�DXI�GHP�*HELHW�GHU�$XJPHQWHG�5HDOLW\�ELHWHW� HLQH� VDQIWH�0HWKRGH� VLFK

GLHVHU� SDUDOOHOHQ� :HOW� ]X� QlKHUQ�� 6LH� �EHUODJHUW� GHQ� PHQVFKOLFKHQ� %OLFN� PLW

GUHLGLPHQVLRQDOHU�FRPSXWHU�JHQHULHUWHU�,QIRUPDWLRQ��GLH�UlXPOLFKHQ�%H]XJ�KDW��8P

GLHVHQ� ZDKUJHQRPPHQHQ� ,QIRUPDWLRQVUDXP� EHHLQIOXVVHQ� ]X� N|QQHQ� ZHUGHQ� QHXH

6FKQLWWVWHOOHQ� JHEUDXFKW�� GLH� DQ� GHU� *UHQ]H� ]ZLVFKHQ� UHDOHU�� XQG� YLUWXHOOHU� :HOW

DQJHVLHGHOW�VLQG�

'LHVH� $UEHLW� WUlJW� ]X� GLHVHU� 3UREOHPVWHOOXQJ� PLW� GHU� (LQI�KUXQJ� GHV� 3HUVRQDO

,QWHUDFWLRQ�3DQHOV�EHL��'HP�]ZHLKlQGLJHQ� ,QWHUIDFH� OLHJW�GLH� ,GHH� ]X�*UXQGH�� GDVV

H[LVWLHUHQGH� PHQVFKOLFKH� )lKLJNHLWHQ� YHUZHQGHW� ZHUGHQ�� XP� DXI� HLQH� QHXH

8PJHEXQJ� HLQ]XZLUNHQ��=LHO� LVW� DXFK��GDVV� GLH�0DQLSXODWLRQ� VHOEVW� NHLQH� NRJQLWLYH

%HODVWXQJ� GDUVWHOOW�� VRGDVV� VLFK� GHU� %HQXW]HU� DXI� GLH� HLJHQWOLFKH� $XIJDEH

NRQ]HQWULHUHQ� NDQQ�� 'DV� VRUJIlOWLJH� .RQ]HSW� VLFKHUW�� GDVV� GLH� YRUJHVWHOOWH

6FKQLWWVWHOOH� YRUDQJHJDQJHQHQ� (UNHQQWQLVVHQ� DXV� GHP� %HUHLFK� GHU� EHLGKlQGLJHQ

,QWHUDNWLRQ�HQWVSULFKW�XQG�YRQ�GHVVHQ�5HVXOWDWHQ�SURILWLHUW�

'LH� (UJHEQLVVH� GHU� 8QWHUVXFKXQJ� DQGHUHU� ,QWHUDNWLRQVPHWKRGHQ� LQ� $XJPHQWHG

5HDOLW\� 8PJHEXQJHQ� ZXUGHQ� DOV� /HLWIDGHQ� ]XP� (QWZXUI� QHXHU� 6FKQLWWVWHOOHQ

]XVDPPHQJHIDVVW��'LHVH�5LFKWOLQLHQ� OLHJW� DXFK�GHU� WKHRUHWLVFKHQ�)RUPXOLHUXQJ� XQG

$XVDUEHLWXQJ� GHU� YRUJHVWHOOWHQ� 6FKQLWWVWHOOH� ]X� *UXQGH�� (LQ� EUHLWHV� 6SHNWUXP� DQ

$QZHQGXQJVP|JOLFKNHLWHQ� ZLUG� YRUJHVWHOOW�� 'LHVH� SURILWLHUHQ� YRP� ,QWHUIDFHGHVLJQ

XQG�HUZHLWHUQ�VR�GLH�,QWHUDNWLRQVIlKLJNHLWHQ�GHV�%HQXW]HUV�

'LH�EHVFKULHEHQHQ�,GHHQ�NRQQWHQ�PLW�+LOIH�YRQ�YHUVFKLHGHQHQ�,PSOHPHQWLHUXQJHQ

XQG�GHU�(USUREXQJ�LP�SUDNWLVFKHQ�(LQVDW]�EHOHJW�ZHUGHQ��0LW�+LOIH�GHU�JHZRQQHQHQ

(UIDKUXQJHQ� NRQQWH� GLH� 6FKQLWWVWHOOH� DXFK� LQ� DQGHUHQ� YLUWXHOOHQ� 8PJHEXQJHQ

HLQJHVHW]W� ZHUGHQ�� 'LH� (UNHQQWQLVVH� GLHVHU� ([SHULPHQWH� YHUKDOIHQ� ]XP� (UNHQQHQ

GHU� 8QLYHUVDOLWlW� GHV� 3HUVRQDO� ,QWHUDFWLRQ� 3DQHOV�� 'DUDXV� UHVXOWLHUHQG� ZXUGH

IHVWJHVWHOOW��GDVV�GLH�3,3�6FKQLWWVWHOOH�DOV�DOOJHPHLQHV�:HUN]HXJ�I�U�GLH�+DQGKDEXQJ

YRQ�YLUWXHOOHQ�,QKDOWHQ�LQ�YHUVFKLHGHQVWHQ�6]HQDULHQ�EHWUDFKWHW�ZHUGHQ�NDQQ�
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$FNQRZOHGJPHQWV

7KLV�SDJH�LV�GHGLFDWHG�WR�DOO�SHRSOH�KHOSLQJ�WKLV�WKHVLV�WR�LWV�H[LVWHQFH�

)LUVW� ,� ZDQW� WR� H[SUHVV� P\� JUDWLWXGH� WR� P\� VXSHUYLVRU� 0LFKDHO� *HUYDXW]�� ZKR

VXSSRUWHG�P\�WKHVLV�LQ�DOO�SRVVLEOH�ZD\V�DQG�LQVSLUHG�PH�WR�WKLV�LPDJLQDWLRQ��,�OLNH�WR

WKDQN�:HUQHU�3XUJDWKRIHU�IRU�DGRSWLQJ�PH�WR�KLV�JURXS�LQ�9LHQQD�

$V�D�FRKDELWDQW�RI�6WXGLHUVWXEH�,�WKDQN�'LHWHU�6FKPDOVWLHJ�DQG�$QWRQ�)XKUPDQQ��'LHWHU

PRWLYDWHG�PH�LQ�VHYHUDO�GLVFXVVLRQV�DQG�RSHQHG�RXU�H\HV�IRU�WUDQVSDUHQF\��7RQL�VHW�

XS�RXU�FRPPRQ�VQXJJHU\�LQ�HYHU\�PHDQ�

,�DOVR�ZDQW�WR�WKDQN�P\�FROOHDJXHV�(ULN�(FNVWHLQ��5HLQKDUG�6DLQLW]HU��+HUEHUW�%XFKHJJHU�

&KULVWLDQ�)DLVVWQDXHU��DQG� WKH� VWXGHQWV�+HUPDQQ�:XUQLJ� DQG�:ROIJDQJ�*UHLPHO� IRU� WKHLU

JUHDW�ZRUN� LQ� LPSOHPHQWLQJ�3,3�DSSOLFDWLRQV�� ,� UHQGHU� WKDQNV� WR�5REHUW�7REOHU��ZKR

JDYH�PH� KLV� GLJLWDO�1LNRQ� WR�PDNH� VRPH� RI� WKH� SKRWRV� IRU� WKLV� WKHVLV� DQG� +HOZLJ

/|IIHOPDQQ�IRU�FRQWLQXRXVO\�SLFNLQJ�DW�PH�WR�ZULWH�GRZQ�P\�WKHVLV�

,� SDUWLFXODUO\� WKDQN� P\� SDUHQWV� IRU� JURZLQJ� PH� XS� LQ� ORYH� DQG� WR� JURXQG� PH� LQ

VWUXJJOLQJ�

/DVW�EXW�QRW�OHDVW�P\�VSHFLDO�WKDQNV�JR�WR�P\�ZLIH�9HURQLND�IRU�KHU�SDWLHQFH�ZLWK�PH

DQG�P\�OLWWOH�=VyIL��ZKRP�,�PLVVHG�WR�VHH�ZKHQ�VWDQGLQJ�XS�WKH�ILUVW�WLPH��EHFDXVH�RI

ILQLVKLQJ�WKLV�WKHVLV�²�,�KRSH�\RX�ZLOO�IRUJLYH�PH�
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Chapter One - Introduction

6FLHQFH� KHDGV� WKH� JRDO� WR� GHVFULEH� WKH� XQLYHUVH� DV� GHWDLOHG� DV� SRVVLEOH� LQ� HYHU\

GLVFLSOLQH�� WR� RSHQ� WKH�NQRZQ� XQLYHUVH� DW� HDFK� VFDOH��(YHQ� WKRXJK� VRPH�SKLORVRSKLF

JURXSV�GHQ\�HYHQ�WKH�H[LVWHQFH�RI�D�XQLYHUVH��WKH�UHVW�RI�PDQNLQG�DOZD\V�ZDQWHG�WR

DPSOLI\� WKH� RZQ� VHQVHV� WR� JHW� EHKLQG� WKH� GLUHFWO\� SHUFHLYHG� UHDOLW\�� ([DPSOHV� RI

PHWKRGV� IRU� WKLV� DPSOLILFDWLRQ� RI� WKH� VHQVHG� UHDOLW\� UHDFK� IURP� WKH� WDNLQJ� RI

KDOOXFLQRJHQV��WKH�LQYHQWLRQ�RI�WKH�WHOHVFRSH��WKH�GHVLJQ�RI�VSHFWURPHWHUV�WR�WKH�KXJH

DFFHOHUDWRUV�IRU�SLFNLQJ�WKH�EXLOGLQJ�EORFNV�RI�PDWWHU�LQWR�SLHFHV��&RPPRQ�LQ�WKHVH

DSSURDFKHV�LV�WKH�HIIRUW�WR�VKRZ�WKH�LQYLVLEOH�SDUW�RI�UHDOLW\��ZKLFK�ZDV�QRW�SUHVHQW�WR

WKH�VHQVHV�EHIRUH�

7R�VKRZ�DQ�LQYLVLEOH�SDUW�RI�VXUURXQGLQJV�LV�DOVR�WKH�PRVW�LPSRUWDQW�REMHFWLYH�RI�WKH

PHWKRG�FDOOHG�$XJPHQWHG�5HDOLW\��$5��

7KRW�²�(J\SWLDQ�JRG�RI�ZULWLQJ�DQG�VFLHQFH�
�a������%&�
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7KLV�PHWKRG�IRU�YLVXDO�LPSURYHPHQW�RU�HQULFKPHQW�RI�WKH�VXUURXQGLQJ�HQYLURQPHQW�E\�RYHUOD\LQJ

VSDWLDOO\�DOLJQHG�WKUHH�GLPHQVLRQDO�FRPSXWHU�JHQHUDWHG�LQIRUPDWLRQ�RQWR�D�KXPDQ·V�YLHZ�SUHVHQWV�D

V\QWKHWLF�UHDOLW\�GHVLJQHG�WR�DPSOLI\�RXU�SHUFHSWLRQ��$UWLILFLDOO\�JHQHUDWHG�REMHFWV�RU

DQ\�NLQG�RI�DEVWUDFW�LQIRUPDWLRQ�DSSHDUV�WR�WKH�REVHUYHU�EOHQGHG�ZLWK�WKH�HYHU\GD\

UHDOLW\�LQ�WKUHH�GLPHQVLRQV�

:K\�LV�$5�DQ�LQWHUHVWLQJ�WRSLF�DQG�ZLOO�EH�D�XVHIXO�WRRO�LQ�WKH�IXWXUH"�7KH�DELOLW\�WR

UHSUHVHQW�QRW�GLUHFWO\�SHUFHSWLEOH�LQIRUPDWLRQ�ZLWK�YLUWXDO�REMHFWV�PDNHV�WDVNV�HDVLHU

WR�SHUIRUP�IRU�KXPDQV��7KLV�YLVXDO�FRPSXWHU�VXSSRUW�LV�D�VSHFLILF�H[DPSOH�RI�ZKDW

)UHG�%URRNV�GHVFULEHV�LQ�JHQHUDO�DV�LQWHOOLJHQFH�DPSOLILFDWLRQ�>%URRNV������@�

0RUH�WKDQ�MXVW�VLPSOH�YLVXDO�HQKDQFHPHQW�DQG�VXSSRUW��LQWHUDFWLYH�DXJPHQWHG�UHDOLW\

DSSOLFDWLRQV�ZLOO�FKDQJH�WKH�ZD\�RI�LQWHUDFWLRQ�ZLWK�DEVWUDFW�LQIRUPDWLRQ�LQ�IXWXUH��%\

OHWWLQJ�XVHUV�RI�$5�V\VWHPV�WR�PDQLSXODWH�DXJPHQWHG�FRQWHQW��WKH�EOHQG�RI�UHDO�DQG

YLUWXDO�EHFRPHV�\HW�PRUH�HIIHFWLYH� DV� IOH[LELOLW\� LV� LQWURGXFHG� LQWR� WKH� V\VWHP��7KLV

SRZHUIXO� WRRO� KDV� D� JUHDW� SRWHQWLDO� IRU� D� EURDG� UDQJH� RI� DSSOLFDWLRQV�� LQFOXGLQJ

PRELOH�FRQWH[W�VHQVLWLYH�LQIRUPDWLRQ�V\VWHPV��VFLHQWLILF�YLVXDOL]DWLRQ��LQ�SODFH�GLVSOD\

RI� PHDVXUHPHQW� GDWD�� PHGLFLQH� DQG� VXUJLFDO� SODQQLQJ�� HGXFDWLRQ�� WUDLQLQJ� DQG

HQWHUWDLQPHQW�

7R� FRPH� XS� WR� WKH� DSSOLFDWLRQ� H[SHFWDWLRQV� XVHU� LQWHUDFWLRQ� ZLWK� WKH� VXSSRUWLQJ

FRPSXWHU�KDV�WR�XQGHUJR�GUDPDWLF�FKDQJHV�FRPSDUHG�WR�WRGD\·V�LQSXW�GHYLFHV��ZKLFK

FRQFHQWUDWH� RQ� D� WH[W� EDVHG� LQSXW� RU� WZR�GLPHQVLRQDO� VHOHFWLRQ�� :H� DUH� DW� WKH

EHJLQQLQJ�RI�D�QHZ�HUD�RI�LQWHUDFWLRQ�SDUDGLJPV�WR�KDQGOH�WKUHH�GLPHQVLRQDO�FRQWHQW

LQ� D� QDWXUDO� DQG� IOH[LEOH� ZD\�� 3UHVHQW� ZRUN� FRQWULEXWHV� WR� WKLV� HYROXWLRQ� ZLWK� WKH

LQWURGXFWLRQ�RI� WKH�3HUVRQDO� ,QWHUDFWLRQ�3DQHO�²� WKH�3,3�²�� D� WZR�KDQGHG� LQWHUIDFH� IRU

DXJPHQWHG�UHDOLW\�



Chapter Two - State Of the Art

���� ,QWURGXFWLRQ

6LQFH� WKH� EHJLQQLQJ� RI� WLPH�PDQNLQG�ZDV� DOZD\V� IRQG� RI� XVLQJ� LPDJHV� WR� H[SUHVV

YDULRXV� WKRXJKWV�� &DUYHG� LQWR� WKH� ZDOO� RI� D� FDYH�� SDLQWHG� RQWR� SDS\UXV� RU� VLPSO\

GHVFULEHG�ZLWK�ZRUGV�WR�IRUP�D�PHQWDO�LPDJH��3DUWQHUV�LQ�D�GLVFXVVLRQ�HQYLVLRQ�LGHDV

RU� SODQV� WR� VKDUH� D� FRPPRQ� NQRZOHGJH� RQ� DQ� DEVWUDFW� WRSLF�� &RPPXQLFDWLQJ

WKHRUHWLFDO� FRQWHQW� XVLQJ� LPDJHV� PDNHV� FRPSUHKHQVLRQ� PXFK� IDVWHU� DV� KXPDQV

DFTXLUH�WKH�PRVW�LQIRUPDWLRQ�WKURXJK�WKHLU�H\HV�

7KH� LQIRUPDWLRQ� DJH� FUHDWHG� SRZHUIXO� WRROV� WR� FUHDWH�� WUDQVSRUW� DQG� VKRZ� LPDJHV�

6WDWLF�SLFWXUHV��ILJXUHV��DQG�SKRWRJUDSKV�HYROYHG�LQWR�PRYLQJ�SLFWXUHV�DQG�DQLPDWLRQ�

6WRUHG� HDUOLHU� RQ� FHOOXORLG�� QRZDGD\V� RQ� PDJQHWLF� PHGLD� RU� RSWLFDO� GLVFV� DQG

GLVWULEXWHG�YLD�UDGLR�ZDYHV�DQG�FDEOHV��G\QDPLF�LPDJHV�DUH�D�EDVLF�DQG�LQWHJUDO�SDUW�RI

RXU�HYHU\GD\�OLIH��1RZ�ZH�DUH�DERXW�WR�FURVV�WKH�QH[W�IURQWLHU�RI�LQWHUDFWLYH�LPDJHV�

0XOWLPHGLD�DQG�UDQGRP�DFFHVV�YLGHR�PHGLD�DQG�V\VWHPV�DOORZ�E\SDVVLQJ�WKH�OLQHDULW\

(DGZLQ�²�0RQN�DW�WKH�&DQWHUEXU\�$EEH\�



7+(�3(5621$/�,17(5$&7,21�3$1(/�²�$�7:2�+$1'('�,17(5)$&(�)25�$8*0(17('�5($/,7<

&+$37(5�7:2�²�3$*(��

RI� WLPH� DQG� KLVWRU\� RI� D� PRYLQJ� SLFWXUH�� (DFK� WLPH� H[SHULHQFHG� �� WKH� FRQWHQW� LV

SUHVHQWHG� LQ� D� GLIIHUHQW� DQG� QHZ� ZD\�� /HDUQLQJ� DQG� XQGHUVWDQGLQJ� EUHDN� ZLWK

WUDGLWLRQ�� IURP� QRZ� RQ� DFTXLULQJ� NQRZOHGJH� EHFRPHV� D� QRQ�OLQHDU� SURFHVV� RI

LQWHUDFWLYH�LQIRUPDWLRQ�H[SORUDWLRQ�

7KH�QH[W� IURQWLHU� WR�FURVV�ZLOO�EH� WR�H[SORUH��FUHDWH�� DQG�FRPPXQLFDWH� LQIRUPDWLRQ

GLUHFWO\�LQ�WKUHH�GLPHQVLRQV��7KH�H[SHULHQFH�ZLOO�EH�LQWHUDFWLYH�LQ�D�FRPIRUWDEOH�DQG

QDWXUDO�ZD\��5HDOLW\�DQG�V\QWKHWLF�FRQWHQW�ZLOO�EH�VHDPOHVVO\� LQWHJUDWHG� LQ�D�PL[WXUH

WKDW� DPSOLILHV� KXPDQ� LQWHOOLJHQFH�� 7R� ZRUN� ZLWK� WKLV� V\QWKHWLF� FRQWHQW� FRPSOHWHO\

QHZ� LQWHUIDFHV� DUH� QHHGHG�� ,Q� IDFW�� LQWHUIDFHV� RU� LQWHUDFWLRQ� GHYLFHV� ZLOO� EH

IXQGDPHQWDO�SDUW�RI�WKHVH�DXJPHQWHG�HQYLURQPHQWV�

:KHUH� DUH�ZH�QRZ"�+RZ�IDU� LV� WKLV�QH[W� IURQWLHU� DQG�ZKDW� FDQ� WRGD\·V� WHFKQRORJ\

SURYLGH� WR�PDNH� WKH� ILUVW� VPDOO� VWHSV� WRZDUGV� WKLV� IXWXUH"�7KH�QH[W� VHFWLRQ� WULHV� WR

VXPPDUL]H�WKLV�DQG�JLYH�DQ�RYHUYLHZ�RI�WKLV�ILHOG�

���� 6XUYH\�RI�$XJPHQWHG�5HDOLW\

2.2.1 Virtual Reality and Augmented Reality

$V�D�KLJKO\� LQWHUGLVFLSOLQDU\� ILHOG�� VFLHQWLILF�YLVXDOL]DWLRQ� IUHTXHQWO\� UHTXLUHV� H[SHUWV

ZLWK� GLIIHUHQW� EDFNJURXQG� WR� FRRSHUDWH�� &ROODERUDWRUV� PD\� KDYH� GLIIHUHQW

SUHIHUHQFHV�FRQFHUQLQJ�WKH�FKRVHQ�YLVXDO�UHSUHVHQWDWLRQ�RI�WKH�GDWD��RU�WKH\�PD\�EH

LQWHUHVWHG� LQ� GLIIHUHQW� DVSHFWV�� $Q� HIILFLHQW� FROODERUDWLRQ� UHTXLUHV� WKDW� HDFK� RI� WKH

UHVHDUFKHUV�KDYH�D�FXVWRPL]HG�YLHZ�RI�WKH�GDWD�VHW��$W�WKH�VDPH�WLPH��SUHVHQFH�LQ�WKH

VDPH�URRP�LV�SUHIHUUHG�EHFDXVH�RI�WKH�QDWXUDO�LQWHUDFWLRQ�GXULQJ�D�GLVFXVVLRQ��7KHVH

UHTXLUHPHQWV�FDQ�XQLTXHO\�EH�IXOILOOHG�LQ�DQ�DXJPHQWHG�UHDOLW\�V\VWHP�WKDW�FRPELQHV

UHDO� ZRUOG� H[SHULHQFH� RI� WKH� FROODERUDWRUV� DQG� SK\VLFDO� HTXLSPHQW� ZLWK� WKH

YLVXDOL]DWLRQ�RI�WKH�V\QWKHWLF�GDWD�

:K\�LV�$5�'LIIHUHQW"

&RPSDUHG� WR�YLVXDOL]DWLRQ� LQ� LPPHUVLYH�YLUWXDO� UHDOLW\�� DXJPHQWHG�UHDOLW\�DOORZV� WKH

XVH� RI� GHWDLOHG� SK\VLFDO� PRGHOV�� WKH� SURSHUWLHV� RI� ZKLFK� FDQQRW� EH� PHW� E\� WKHLU

YLUWXDO� FRXQWHUSDUWV�� DUELWUDULO\� GHWDLOHG� YLVXDO� UHSUHVHQWDWLRQ�� QR� YLVXDO� RU� WHPSRUDO

DUWLIDFWV�DQG�IRUFH�IHHGEDFN�IRU�IUHH��2QO\�WKRVH�DVSHFWV�RI�WKH�PRGHO�WKDW�FDQQRW�EH
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VHHQ�LQ�UHDOLW\�KDYH�WR�EH�DGGHG�E\�WKH�FRPSXWHU�V\VWHP��)RU�H[DPSOH��RQH�FRXOG�WDNH

WKH�SK\VLFDO�PRGHO�RI�DQ�DLUSODQH�RU�DLUSODQH�ZLQJ�WR�LQYHVWLJDWH�WKH�IORZ�DURXQG�WKLV

REMHFW��ZKLFK�LV�VLPXODWHG�E\�FRPSXWHU�DQG�DGGHG�WR�WKH�GLVSOD\��0DQLSXODWLRQ�RI�WKH

UHDO�ZRUOG�PRGHO��H��J��LWV�RULHQWDWLRQ��LV�PRUH�LQWXLWLYH�DQG�VLPSOHU�WR�VXSSRUW�WKDQ�D

SXUHO\�YLUWXDO�HQYLURQPHQW��$�UHODWHG�H[DPSOH�ZRXOG�EH�WKH�XVH�RI�D�KXPDQRLG�WRUVR

RU�SXSSHW�WKDW�LV�RYHUODLG�ZLWK�PHGLFDO� LQIRUPDWLRQ�IURP�LQVLGH�WKH�KXPDQ�ERG\�LQ

WKH�VW\OH�RI�>%DMXUD������@�

7KLV�FRPELQDWLRQ�RI�FRQYHQWLRQDO�H[SHULPHQWDO�ZRUN�ZLWK�VFLHQWLILF�YLVXDOL]DWLRQ�DQG

DXJPHQWHG�UHDOLW\�WHFKQRORJ\�OHDGV�WR�WKH�FRQFHSW�RI�DQ�DXJPHQWHG�ODERUDWRU\��ZKLFK

ZRXOG� SURYLGH� D� VXSHULRU� UHVHDUFK� HQYLURQPHQW� LQ� ZKLFK� WR� FRQGXFW� H[SHULPHQWV

WKDW� DUH� H[HFXWHG� VROHO\� LQVLGH� WKH� FRPSXWHU��ZKLOH�PDLQWDLQLQJ� D� FRQYHQWLRQDO� DQG

IDPLOLDU�ZRUN�VHWXS�

7KH� 6WXGLHUVWXEH� DSSURDFK� FRQFHQWUDWHV� RQ� WKH� VHDPOHVV� FRPELQDWLRQ� RI� D� SK\VLFDO

ZRUOG� ZRUNVSDFH� DQG� DQ� DXJPHQWHG� HQYLURQPHQW� IRU� PXOWLSOH� XVHUV� LQ� WKUHH

GLPHQVLRQV��ZLWK�XQDIIHFWHG�VRFLDO�FRPPXQLFDWLRQ�FKDQQHOV�DQG�DQ�DXJPHQWHG�XVHU

LQWHUIDFH�WKDW�VXSSRUWV�QDWXUDO�KDQGOLQJ�RI�FRPSOH[�GDWD�DW� LQWHUDFWLYH�UDWHV�� ,Q� WKLV

W\SH� RI� GLVWULEXWHG� PXOWL�XVHU� V\VWHPV� DGHTXDWH� FRPPXQLFDWLRQ� VWUDWHJLHV� IRU

FRQWLQXRXV� V\QFKURQL]DWLRQ� DQG� UHDO�WLPH� SHUIRUPDQFH� DUH� UHTXLUHG� WKDW� DOVR� DOORZ

WKH� LQWHUDFWLRQ� ZLWK� D� VKDUHG� JHRPHWULF� GDWDEDVH�� 6WXGLHUVWXEH� LV� GHVFULEHG� LQ� PRUH

GHWDLO�LQ�FKDSWHU�������

'HVSLWH� WKH�H[WUDRUGLQDU\�UDSLG�GHYHORSPHQW�RI�FRPSXWHUV�DQG�VRIWZDUH�IRU�YLUWXDO

UHDOLW\�� WKH� DFFHSWDQFH� RI� IXOO� LPPHUVLYH� V\VWHPV� IROORZV� WKHVH� JURZWK� UDWHV� UDWKHU

KDUG��7KH�DLP�WR�FUHDWH�WKH�IHHOLQJ�RI�LPPHUVLRQ�E\�SUHVHQWLQJ�FRQYLQFLQJ�VWLPXOL�WR

WKH� XVHU� LV� VWLOO� QRW� UHDOO\� VDWLVI\LQJ�� ZH� DUH� IDU� IURP� KLJK�ILGHOLW\� LQ� YLUWXDO� UHDOLW\�

(VSHFLDOO\� VRFLDO� DVSHFWV� RI� IXOO� LPPHUVLRQ� PD\� SOD\� D� VXEVWDQWLDO� UROH� LQ� GHQ\LQJ

XVDJH�E\�VRPH�SHRSOH�

$XJPHQWHG� UHDOLW\� RIIHUV� D� VPRRWK� LPPHUVLRQ� E\� OHDYLQJ� WKH� FRQQHFWLRQ� WR� UHDO�

ZRUOG� HQYLURQPHQWV� EDVLFDOO\� XQWRXFKHG� DQG� VXSHULPSRVLQJ� FRPSXWHU� JHQHUDWHG

LPDJHU\� RQWR� UHDO� DUWLIDFWV�� 6RFLDO� FRPPXQLFDWLRQ� FKDQQHOV� DV� QDWXUDO� VSHHFK� DQG

SDUDODQJXDJH� DUH� QRW� EORFNHG�� EUHDNLQJ� GRZQ� PHQWDO� EDUULHUV� RI� DSSO\LQJ� YLUWXDO

UHDOLW\� WHFKQRORJ\� WR� D� VSHFLILF� SUREOHP�� 1RW� XQH[SHFWHGO\�� D� ORW� RI� GLIIHUHQW

SUREOHPV� DULVH� LQ� WKH� LQYHVWLJDWLRQ� RI� DXJPHQWHG� UHDOLW\�� OLNH� UHJLVWUDWLRQ� DQG
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RFFOXVLRQ�RI�UHDO�ZRUOG�REVWDFOHV��EXW�PXFK�UHVHDUFK�LV�FRQFHQWUDWLQJ�RQ�WKHVH�WRSLFV

H�J��>%DMXUD������@�DQG�>6WDWH������D@��7UDFNLQJ�SUHFLVLRQ�DQG�WUDFNLQJ�UDQJH�LQ�ODUJHU

HQYLURQPHQWV�� HVSHFLDOO\� IRU� RXWVLGH� DSSOLFDWLRQV� DUH� VWLOO� XQVDWLVI\LQJ� DQG� QHHG

IXUWKHU�LQYHVWLJDWLRQ��KRZHYHU�VRPH�VROXWLRQV�DUH�SURPLVLQJ��OLNH�SUHVHQWHG�LQ�>$XHU�

����@�DQG�>)HLQHU������@�

2.2.2 Augmented Reality Systems

(YROXWLRQ

7KH�HYROXWLRQ�RI� DXJPHQWHG� UHDOLW\� VWDUWHG� LQ� WKH� HDUO\� GD\V�RI� FRPSXWHU� JUDSKLFV�

ZKHQ� 6XWKHUODQG� SLRQHHUHG� UHVHDUFK� RQ� KHDG�PRXQWHG� GLVSOD\V� >6XWKHUODQG�� ����@�

+LV�ZRUN�VWLOO�LQVSLUHV�WKH�YLUWXDO�UHDOLW\�UHVHDUFK�FRPPXQLW\�RI�WRGD\��$OWKRXJK�RQO\

FDSDEOH�RI�VLPSOH�YHFWRU�GUDZLQJV��KLV�SURWRW\SH�KHDG�PRXQWHG�GLVSOD\�ZDV�WKH�ILUVW

ELQRFXODU�VHH�WKURXJK�V\VWHP��HIIHFWLYHO\�WKH�ILUVW�DXJPHQWHG�UHDOLW\�V\VWHP�

)HLQHU� HW� DO�� GHVFULEHG� LQ� >)HLQHU�� ����@� DQG� >)HLQHU�� ����@� D� NQRZOHGJH� EDVHG

DXJPHQWHG�UHDOLW\�V\VWHP��$V�D�GHPRQVWUDWLRQ��WKH\�FKRRVH�WR�FRQILJXUH�WKH�V\VWHP

WR�VXSSRUW�SHRSOH�ZLWK�WKH�PDLQWHQDQFH�RI�ODVHU�SULQWHUV��)LJXUH������+RZHYHU��D�ORW

RI�HIIRUW� LV� UHTXLUHG� WR�JHQHUDWH�DFFXUDWH�PRGHOV�DQG�H[WUHPHO\�SUHFLVH� UHJLVWUDWLRQ�

%DMXUD� HW�� DO�� >%DMXUD�� ����@� GHVFULEHG� D� PHGLFDO� YLVXDOL]DWLRQ� V\VWHP� EDVHG� RQ

DXJPHQWHG� UHDOLW\� WHFKQLTXHV�� $� VHH�WKURXJK� KHDG� PRXQWHG� GLVSOD\� �+0'��� DOVR

GHYHORSHG�DW�81&�>+ROPJUHQ������@��DOORZV�JHRPHWULFDOO\�FRUUHFW� VXSHUSRVLWLRQ�RI

XOWUDVRXQG�GDWD�RI�WKH�XQERUQ�RQWR�WKH�EHOO\�RI�WKH�PRWKHU�WR�EH��VR�WKH�J\QHFRORJLVW

FDQ� H[DPLQH� WKH� SRVLWLRQ� RI� WKH� XQERUQ� ZLWKLQ� WKH� PRWKHU�� $QRWKHU� PHGLFDO

DSSOLFDWLRQ�RI�$5�KDV� EHHQ�SUHVHQWHG�E\� 6WDWH� HW�� DO�� >6WDWH�� ����E@� IRU� XOWUDVRXQG

JXLGHG�QHHGOH�ELRSV\�RI�WKH�EUHDVW��6KDUPD�DQG�0ROLQHURV�>6KDUPD������@�SUHVHQW�D

V\VWHP� IRU�PHFKDQLFDO� DVVHPEO\� JXLGDQFH� XVLQJ� DQQRWDWLRQV� DWWDFKHG� WR� UHDO� ZRUOG

VFHQHU\�

6FLHQWLILF� YLVXDOL]DWLRQ� LQ� YLUWXDO� UHDOLW\� EHFRPHV� LQFUHDVLQJO\� D� ILHOG� RI� LQWHUHVW� IRU

PDQ\�UHVHDUFKHUV��,Q�WKH�HDUO\���LHV�WKH�*523(�SURMHFW�JURXS�DURXQG�)UHG�%URRNV

SURGXFHG�D�KDSWLF�DUP�OLNH�GHYLFH�DQG�D�ODUJH�VWHUHR�GLVSOD\�IRU�WKH�YLVXDOL]DWLRQ�DQG

PDQLSXODWLRQ�RI� FKHPLFDO� GDWD� >%URRNV�� ����@��7KHLU� QDQR0DQLSXODWRU� >7D\ORU�� ����@

�VHH�DOVR�)LJXUH�����DOORZV�SUHFLVH�PDQLSXODWLRQ�RI�D�VFDQQLQJ�WXQQHOLQJ�PLFURVFRSH

DQG� ZRUNV� DOVR� ZLWK� IRUFH� IHHGEDFN�� $QRWKHU� LPSRUWDQW� PLOHVWRQH� IRU� WKH
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FRPELQDWLRQ� RI�95� DQG� VFLHQWLILF� YLVXDOL]DWLRQ�ZDV� WKH� GHYHORSPHQW� RI� WKH� YLUWXDO

ZLQG�WXQQHO�DW�1$6$�$0(6�E\�6WHYH�%U\VRQ��8VLQJ�D�%RRP�GHYLFH�DQG�D�GDWD�JORYH

DV� LQWHUDFWLRQ� WRRO� >%U\VRQ������@�� VFLHQWLVWV�ZHUH�DEOH� WR� VHH�DQG� LQWHUDFW�ZLWK� WUXH

VWHUHRVFRSLF�LPDJHV�RI�D�IORZ�ILHOG�YLVXDOL]DWLRQ��$�IROORZ�XS�SURMHFW��WKH�GLVWULEXWHG

ZLQG� WXQQHO� >%U\VRQ�� ����@� ZDV� GHYHORSHG�� ZKLFK� GLYLGHG� FRPSXWDWLRQ� LQ� D

GLVWULEXWHG�V\VWHP�IRU�EHWWHU�HIILFLHQF\��DQG�DOORZHG�PXOWLSOH�XVHUV�WR�H[SHULHQFH�WKH

VLPXODWLRQ�DW�WKH�VDPH�WLPH��&ROODERUDWLRQ�LQ�D�GLVWULEXWHG�YLUWXDO�HQYLURQPHQW��QRW

QHFHVVDULO\� OLPLWHG� WR� VFLHQWLILF� YLVXDOL]DWLRQ� KDV� EHHQ� SURSRVHG� E\� )DKOpQ� HW�� DO�

>)DKOpQ������@�

&DWHJRUL]DWLRQ

)URP� WKH� GHVLJQ� SULQFLSOHV� SRLQW� RI� YLHZ� WRGD\·V� DXJPHQWHG� UHDOLW\� V\VWHPV� FDQ� EH

FDWHJRUL]HG� LQWR� WZR� PDMRU� JURXSV�� 'HSHQGLQJ� RQ� WKH� DSSOLHG� WHFKQRORJ\� ZH

GLIIHUHQWLDWH�EHWZHHQ�RSWLFDO�YV��YLGHR�EDVHG�$5�V\VWHPV��(DFK�KDV�SDUWLFXODU�DGYDQWDJHV

DQG�GLVDGYDQWDJHV��%RWK�GHVLJQ�SULQFLSOHV�KDYH�WKHLU�VSHFLILF�DSSOLFDWLRQ�ILHOGV��ZKHUH

GHFLVLRQ� LV� HDV\� WR� DFFRPSOLVK��+RZHYHU�� LQ�PDQ\� FDVHV� RQH� KDV� WR� WUDGH� LQ� VRPH

EHQHILW�RI�D�V\VWHP�IRU�D�GUDZEDFN�RI�WKH�RWKHU�WR�JDLQ�PD[LPXP�VXLWDELOLW\�

)URP� WKH� GLVSOD\� GHYLFHV� SRLQW� RI� YLHZ� ZH� FDQ� GLIIHUHQWLDWH� EHWZHHQ� KHDG�PRXQWHG

GLVSOD\V�� KDQG�KHOG� GLVSOD\V�� PRQLWRUV�� DQG� SURMHFWLRQ� GHYLFHV�� 6RPH� UHVHDUFKHUV� GHILQH

DXJPHQWHG� UHDOLW\� LQ� FRPELQDWLRQ� ZLWK� KHDG�PRXQWHG� GLVSOD\V�� 7KH� IROORZLQJ

H[DPSOH�VKRZV�WKDW�D�GHILQLWLRQ�IL[HG�WR�RQH�GLVSOD\�V\VWHP�GRHV�QRW�FRYHU�DOO�ILHOGV

RI�WKLV�HYROYLQJ�WHFKQRORJ\��7KH�JURXS�RI�KDQG�KHOG�GLVSOD\�EDVHG�$5�V\VWHPV�UHSUHVHQWV

D�YHU\�LQWHUHVWLQJ�GRPDLQ�IRU�WKH�QH[W�JHQHUDWLRQ�RI�KDQG�KHOG�GHYLFHV�OLNH�SDOPWRS

FRPSXWHUV�� SHUVRQDO� GLJLWDO� DVVLVWDQWV� �3'$V��� DQG�PRELOH� FRPPXQLFDWLRQ� GHYLFHV�

)ULW]PDXULFH�DQG�5HNLPRWR�SUHVHQWHG� LQ�>)ULW]PDXULFH������@�DQG�>5HNLPRWR������@

V\VWHPV� ZKLFK� DXJPHQW� UHDO� VXUURXQGLQJV� ZLWK� DGGLWLRQDO� LQIRUPDWLRQ� EDVHG� RQ

KDQG�KHOG�GLVSOD\V�

7DEOH� �� VKRZV� DQ� RYHUYLHZ� RI� H[LVWLQJ� DXJPHQWHG� UHDOLW\� V\VWHPV�� %DVHG� RQ� WKH

DERYH� FDWHJRUL]DWLRQ� V\VWHPV� FDQ�EH� LGHQWLILHG�ZLWK�RQH� URZ�FROXPQ�FRPELQDWLRQ�

$GGLWLRQDO� WR� WUXH� DXJPHQWHG� V\VWHPV� WKH� WDEOH� DOVR� FRQWDLQV� 95� V\VWHPV�� QDPHO\

&$9(� DQG� WKH� 5HVSRQVLYH� :RUNEHQFK�� WKDW� GR� QRW� DXJPHQW� UHDOLW\� EXW� SURYLGH� DQ

H[SHULHQFH�IRU�D�JURXS�RI�XVHUV��7KLV�PXOWL�XVHU�IHDWXUH�DV�WKLUG�GLPHQVLRQ�RI�7DEOH��

LV�GLVFXVVHG�EHORZ�LQ�FRPSDULVRQ�WR�PXOWL�XVHU�$5�V\VWHPV�OLNH�6WXGLHUVWXEH�
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'LVSOD\�GHYLFH 'HVLJQ�SULQFLSOH
YLGHR�EDVHG�$5�V\VWHP 2SWLFDO�VHH�WKURXJK

$5�V\VWHP
PXOWL�XVHU�95�V\VWHP

KHDG�PRXQWHG
GLVSOD\

>%DMXUD������@�
>$XHU������@

>)HLQHU������@�
>6FKPDOVWLHJ������@�
>)XKUPDQQ������@�
>6]DODYiUL������D@

KDQG�KHOG
GLVSOD\

>)ULW]PDXULFH������@�
>5HNLPRWR������@

PRQLWRU >3HXFKRW������@�
>6HUUD������@

>&DUOVVRQ������@

SURMHFWLRQ >'DUHOO������@�
>3HWWD������@

>.(2������@�
>6FKPDOVWLHJ������D@

>.U�JHU������@�
>&UX]�1HLUD������D@

7DEOH��� &DWHJRUL]DWLRQ�RI�$XJPHQWHG�5HDOLW\�V\VWHPV�

9LGHR�EDVHG�$5�V\VWHPV�FRPELQH�UHDO�DQG�YLUWXDO�LPDJH�RI�DQ�DXJPHQWHG�HQYLURQPHQW

E\�XVLQJ�FDPHUDV�IRU�WKH�XVHU·V�YLHZ�RI�WKH�UHDO�ZRUOG��)LJXUH����IURP�>$]XPD������@�

&RPELQDWLRQ�RI�ERWK� LPDJHV� LV�FRPSOHWHG� LQ� WKH� ODVW�VWHS�RI� WKH� UHQGHULQJ�SLSHOLQH�RI

WKH�XQGHUO\LQJ�FRPSXWHU�V\VWHP��7KLV�KHOSV�WR�FRUUHFW�WLPLQJ�ODJV��JLYHV�IXOO�FRQWURO

RYHU� WKH� WUDQVSDUHQF\�RI�D�YLUWXDO�REMHFW�� WKH�FRQWUDVW� UDWLR�RI�ERWK� LPDJHV�DQG� WKH

DFTXLUHG�YLGHR� LPDJH�FDQ�EH�XVHG�IRU�DGGLWLRQDO� WUDFNLQJ�VWUDWHJLHV��$� OLVW�RI�YLGHR�

EDVHG� $5� V\VWHPV� FDQ� EH� IRXQG� LQ� >$]XPD�� ����@�� >(GZDUGV�� ����@� JLYHV� D

GHVFULSWLRQ�IRU�PRGLI\LQJ�DQ�+0'�WR�D�YLGHR�VHH�WURXJK�+0'�

)LJXUH��� &RQFHSWXDO� GLDJUDP� RI� YLGHR�EDVHG� DXJPHQWHG� UHDOLW\� V\VWHPV
>$]XPD������@�
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)LJXUH��� &RQFHSWXDO� GLDJUDP� RI� VHH�WKURXJK� DXJPHQWHG� UHDOLW\� V\VWHPV
>$]XPD������@�

2SWLFDO� VHH�WKURXJK� $5� V\VWHPV� XWLOL]H� VSHFLDO� RSWLFV� WR� FRPELQH� WKH� LPDJHV� RI� UHDO

VXUURXQGLQJV� UHDFKLQJ� WKH� H\H�ZLWK� FRPSXWHU� JHQHUDWHG� RYHUOD\V� �)LJXUH� ���� 7KHVH

V\VWHPV� WHQG� WR� EH� PXFK� VLPSOHU� LQ� GHVLJQ� FRPSDUHG� WR� YLGHR� EDVHG� VROXWLRQV�

$GYDQWDJHV� RI� VXFK� V\VWHPV� DUH� VLPSOLFLW\� DQG� VDIHW\� LQ� FRQFHUQ� RI� V\VWHP

EUHDNGRZQV��)XUWKHUPRUH�WKH�UHDO�LPDJH�NHHSV�WKH�RULJLQDO��KLJK��UHVROXWLRQ�DQG�QR

H\H�RIIVHW�KDV�WR�EH�WDNHQ�FDUH�RI�DV�LQ�YLGHR�EDVHG�VROXWLRQV��8S�WR�WKH�SUHVHQW�GD\

DOO� RSWLFDO� VHH�WKURXJK� V\VWHPV� HPSOR\� VHH�WKURXJK� +0'V� OLNH� GHVFULEHG� LQ

>6]DODYiUL������@��>%LOOLQJKXUVW������@��>)HLQHU������@��DQG�>)HLQHU������@��WKRXJK�WKHVH

V\VWHPV� GHSHQG� PDLQO\� RQ� WKH� DYDLODELOLW\� RI� WKHVH� GHYLFHV�� &XUUHQWO\� 621<·V

*ODVVWURQ� >*ODVVWURQ�� ����@� VHULHV� RIIHUV� D� JRRG� SULFH�SHUIRUPDQFH� UDWLR� IRU� VHH�

WKURXJK�+0'�DSSOLFDWLRQV��6FKPDOVWLHJ�SUHVHQWV�LQ�>6FKPDOVWLHJ������D@�WKH�LGHD�RI

DXJPHQWHG�95��DV�D�PL[WXUH�RI�DXJPHQWHG��DQG�YLUWXDO�HQYLURQPHQWV�

0XOWL�XVHU�V\VWHPV

0RVW� H[LVWLQJ� DXJPHQWHG� DSSOLFDWLRQV� DUH� VLQJOH� XVHU� VHWXSV�� RU� GR� QRW� H[SORLW� WKH

PXOWL�XVHU�FKDUDFWHU�RI�WKHLU�V\VWHPV��6RPH�RI�WKH�IHZ�H[FHSWLRQV�DUH�GHVFULEHG�KHUH

LQ� GHWDLO� DV� SUHVHQW� ZRUN� FRQWULEXWHV� WR� WKHVH� VHW�XSV�� WKH� &$9(� V\VWHP�� WKH

5HVSRQVLYH�:RUNEHQFK��WKH�7UDQV9LVLRQ�VHWXS��WKH�6KDUHG�6SDFH�DQG�6WXGLHUVWXEH�

,Q� WKH� &$9(� V\VWHP� >&UX]�1HLUD�� ����D@� DQG� >&UX]�1HLUD�� ����E@� XVHUV� VHH

VWHUHRVFRSLF� ��'� VFHQHV� ZLWK� /&'�VKXWWHU� JODVVHV� RQ� ODUJH� SURMHFWLRQ� ZDOOV

VXUURXQGLQJ�WKHP��)LJXUH�����3RVLWLRQ�DQG�RULHQWDWLRQ�RI�RQH�XVHU·V�KHDG�LV�WUDFNHG�

VR�WKDW�WKH�LPDJHV�RQ�DOO�ZDOOV�FRUUHVSRQG�WR�WKLV�YLHZHU·V�SRVLWLRQ��7KH�YLHZHUV�KDYH
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WKH�LPSUHVVLRQ�WR�EH�VXUURXQGHG�E\�D���'�YLUWXDO�VFHQH��+RZHYHU�WKH�&$9(�LV�QRW

DQ�$5�VHWXS�LQ�WKH�FRPPRQ�VHQVH��GXH�WR� LWV�VL]H� LW�FDQ� LQFRUSRUDWH�UHDO�PRFN�XSV

DQG�WKXV�PL[�UHDOLW\�DQG�YLUWXDOLW\��$�GLVDGYDQWDJH�RI�WKLV�V\VWHP�LV�WKDW�WKH�SUHVHQWHG

LPDJHV� ILW� WR� WKH�KHDG�SRVLWLRQ�RQO\� IRU�RQH�YLHZHU��QRWLFHDEOH�YLVXDO� DUWLIDFWV� H[LVW

IRU�DOO�RWKHU�YLHZHUV��,QWHUDFWLRQ�ZLWK�WKH�DSSOLFDWLRQ�FDQ�WDNH�SODFH�LQ�WZR�GLIIHUHQW

ZD\V�� )LUVW� WKH� &$9(� V\VWHP� KDV� LQ� PRVW� LQVWDOODWLRQV� D� FRQWURO� GHVN�� ZKHUH� DQ

RSHUDWRU� FDQ� FRQWURO� DQ\� DSSOLFDWLRQ� LQWHUIDFH� IURP� D� FRQVROH�� ,QVLGH� WKH�&$9(� D

ZDQG�DV�VKRZQ�LQ�)LJXUH���LV�XVHG�WR�FRQWURO�YLHZSRLQW�DQG�WR�DFFRPSOLVK�DSSOLFDWLRQ

VSHFLILF� FRQWURO� WDVNV�� 7KLV� ZDQG� LV� D� KDQGOH� ZLWK� �� EXWWRQV� DQG� LV� PDJQHWLFDOO\

WUDFNHG�LQ�SRVLWLRQ�DQG�RULHQWDWLRQ�

)LJXUH��� 7KH�&$9(�V\VWHP��7KH�VHWXS� ILJXUH� VKRZV� WKH�SURMHFWLRQ�GHYLFHV
DQG�JLYHV�DQ� LPSUHVVLRQ�RI� WKH�QHFHVVDU\�HIIRUW� IRU� WKH� LQVWDOODWLRQ
RI�WKLV�V\VWHP�

)LJXUH��� 7KH�ZDQG�XVHG�LQ�PRVW�&$9(�LQVWDOODWLRQV�
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7KH�5HVSRQVLYH�:RUNEHQFK� >.U�JHU������@�XVHV�RQH�GLVSOD\�DUHD��ZKLFK� LV�EXLOW� LQWR�D

WDEOHWRS��$�&57�SURMHFWRU�LV�SURMHFWLQJ�WKH�FRPSXWHU�JHQHUDWHG�LPDJHV�IURP�EHKLQG

WKH�SURMHFWLRQ�VFUHHQ��/LNH�LQ�WKH�&$9(��YLHZHUV�ZHDU�/&'�VKXWWHU�JODVVHV�DQG�RQO\

WZR�XVHUV�FDQ�VHH� WKH�REMHFWV� LQ�FRUUHFW� VWHUHRVFRS\�DW�D�PD[LPXP�DV�SUHVHQWHG� LQ

>$JUDZDOD�� ����@�� )XUWKHUPRUH�� D� UHODWLYHO\� VWHHS� YLHZLQJ� DQJOH� LV� QHFHVVDU\� WR

DFKLHYH�D�JRRG��'�LPSUHVVLRQ�� L�H�� WKH�YLHZHUV�KDYH�WR�VWD\�FORVH�WR�WKH�WDEOH��9HU\

VLPLODU� V\VWHPV� KDYH� EHHQ� SUHVHQWHG� RI� GLIIHUHQW� JURXSV� LQ� WLJKW� FRRSHUDWLRQ� ZLWK

PDQXIDFWXUHUV� RI� WKHVH� V\VWHPV�� ,PPHUVD'HVN� >3\UDPLG�� ����@�� ,PPHUVLYH� :RUNEHQFK

>)DNH6SDFH������D@��%DURQ�7DEOH� >%DUFR������@� �)LJXUH���� WUDGHPDUNV�FRYHU� WKH�VDPH

PHWDSKRU�IRU�D�WDEOH�PRXQWHG�SURMHFWLRQ�V\VWHPV�ZLWK�VOLJKW�GLIIHUHQFHV�LQ�WLOWLQJ�RI

WKH�WDEOH�RU�WKH�PRELOLW\�RI�WKH�ZKROH�DSSDUDWXV��+RZHYHU��QR�LQWHUDFWLRQ�GHYLFH�KDV

EHHQ� GLUHFWO\�PDWHG�ZLWK� WDEOH� OLNH� GLVSOD\� V\VWHPV��PRVW� DSSOLFDWLRQV� XVH� VR� IDU� D

&\EHU*ORYH� >9LUWH[�� ����@� RU� 3,1&+� *ORYHV� >)DNH6SDFH�� ����E@�� $� PRGLILHG

WUDQVSDUHQW�YHUVLRQ�RI�WKH�3HUVRQDO�,QWHUDFWLRQ�3DQHO�KDV�EHHQ�VXFFHVVIXOO\�LPSOHPHQWHG

DQG�WHVWHG�ZLWK�DQ�XUEDQ�GHVLJQ�DSSOLFDWLRQ�DV�SUHVHQWHG�ODWHU�LQ�FKDSWHU�����

)LJXUH��� 7KH�%DURQ�7DEOH��D�WDEOH�OLNH�GLVSOD\�V\VWHP�
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)LJXUH��� 7KH� 7UDQV9LVLRQ� V\VWHP� LQ� DFWLRQ� ZKLOH� WR� VFLHQWLVWV� LQWHUDFW� ZLWK
YLUWXDO�REMHFWV�

&RPPRQ� WR�ERWK�SUHVHQWHG� V\VWHPV� LV� WKDW� LPDJH� JHQHUDWLRQ� LV� SHUIRUPHG�E\� RQH

GLVSOD\� V\VWHP� IRU� DOO� SDUWLFLSDQWV� RI� WKH� H[SHULHQFH�� 7KLV� IDFW� OLPLWV� WKH� UDQJH� RI

DSSOLFDWLRQV� WR� D� VXEVHW��ZKHUH� FRUUHFW� VWHUHRVFRSLF� YLHZ� IRU� DOO� SDUWLFLSDQWV� LV� QRW

FUXFLDO��7R�DFFRPSOLVK�WKLV�5HNLPRWR�SUHVHQWHG�LQ�>5HNLPRWR������@�WKH�7UDQV9LVLRQ

V\VWHP�D�PXOWL�XVHU�VHWXS�XVLQJ�KDQG�KHOG�GLVSOD\V� �)LJXUH����� ,Q� WKLV� V\VWHP� LPDJH

JHQHUDWLRQ� PRYHG� IURP� RQH� FRPPRQ� GLVSOD\� XQLW� WR� SHUVRQDO� SDOPWRS� VFUHHQV�

KRZHYHU� WKH� SUHVHQWHG� DXJPHQWDWLRQ� LV� RQO\� D� PRQRVFRSLF� LPDJH�� $Q� LQWHUHVWLQJ

IHDWXUH�RI�WKLV�V\VWHP�LV�WKDW�WKH�GLVSOD\�GHYLFH�LWVHOI�UHSUHVHQWV�DQ�LQWHUDFWLRQ�GHYLFH�

&KDSWHU�������GHVFULEHV�WKLV�LQWHUDFWLRQ�PHWDSKRU�LQ�PRUH�GHWDLO�

&ORVHVW� WR� RXU� ZRUN� 6WXGLHUVWXEH� V\VWHP� LV� WKH� SURWRW\SH� LPSOHPHQWDWLRQ� RI� 6KDUHG

6SDFH� >%LOOLQJKXUVW�� ����@� VKRZQ� LQ� )LJXUH� ��� 8VHUV� ZHDULQJ� KHDG�PRXQWHG� VHH�

WKURXJK�GLVSOD\V�FDQ�GLVFXVV�VKDUHG�LQIRUPDWLRQ�LQ�WKUHH�GLPHQVLRQV�IORDWLQJ�DURXQG

WKHP�LQ�VSDFH�DQG�LQWHUDFW�XVLQJ�JHVWXUHV�DQG�VSHHFK�FRPPDQGV��$V�WKH�IRFXV�RI�WKLV

ZRUN� LV�RQ�XELTXLWRXV� FRPSXWLQJ� DQG�QRW� LQ� VLWX� FRRSHUDWLYH�ZRUN��GLVWULEXWLRQ�RI

GDWD�� LQIRUPDWLRQ� VKDULQJ� DQG� LQWHUDFWLRQ� WHFKQLTXHV� IDFH� GLIIHUHQW� SUREOHPV� DV

SUHVHQWHG�LQ�RXU�ZRUN�
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)LJXUH��� 7ZR�XVHUV�FRPPXQLFDWH�XVLQJ�WKH�6KDUHG�6SDFH�V\VWHP�

6WXGLHUVWXEH

7KH� ,QVWLWXWH� RI� &RPSXWHU� *UDSKLFV� RI� WKH� 9LHQQD� 8QLYHUVLW\� RI� 7HFKQRORJ\

GHYHORSV�LQ�FRRSHUDWLRQ�ZLWK�WKH�&RPSXWHU�9LVLRQ�*URXS�RI�WKH�*UD]�8QLYHUVLW\�RI

7HFKQRORJ\�D�PXOWL�XVHU�DXJPHQWHG�UHDOLW\�V\VWHP�FDOOHG�6WXGLHUVWXEH��7KH�SURMHFW�ZDV

QDPH� VHOHFWHG�� DIWHU� WKH�SOD\�)DXVW� E\� -RKDQQ�:ROIJDQJ� YRQ�*RHWKH�� LQ�ZKLFK� WKH

OHDGLQJ� FKDUDFWHU� XVHV� D� VWXG\� URRP� IRU� SHUIRUPLQJ� UHVHDUFK� DQG� SKLORVRSK\�� WKH

6WXGLHUVWXEH��)LJXUH����

)LJXUH��� 6WXGLHUVWXEH�²�XQYHLOLQJ�KLGGHQ�VHFUHWV�

,Q� >*HUYDXW]�� ����@�� >6FKPDOVWLHJ�� ����@�� >)XKUPDQQ�� ����@� DQG� PRUH� GHWDLOHG� LQ

>6]DODYiUL������D@�ZH�SURSRVHG�D�V\VWHP�FDSDEOH�RI�YLVXDOL]DWLRQ�RI�WKUHH�GLPHQVLRQDO

VFLHQWLILF� GDWD� IRU� PXOWLSOH� VLPXOWDQHRXV� YLHZHUV� ZLWKLQ� RQH� URRP� LQ� FRQWUDVW� WR

RXWVLGH� $5� DSSOLFDWLRQV�� 7KH� FKRLFH� RI� WKLV� VHWWLQJ� OLPLWV� WKH� FRPSOH[LW\� RI� WKH

SUREOHP�� DV� WKH� ´UHDO�ZRUOGµ� LV� OLPLWHG� WR� D� URRP��ZKLFK� LV� FRPSOHPHQWHG� E\� WKH
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´YLUWXDO� ZRUOGµ�� (DFK� YLHZHU� ZHDUV� PDJQHWLFDOO\� WUDFNHG� VHH�WKURXJK� +0'V

SURYLGLQJ� D� VWHUHRVFRSLF� UHDO�WLPH� GLVSOD\�� DQG� FDQ� IUHHO\� ZDON� DURXQG� LQ� RUGHU� WR

REVHUYH�WKH�DXJPHQWHG�HQYLURQPHQW�IURP�GLIIHUHQW�YLHZSRLQWV��)LJXUH����

)LJXUH��� 6WXGLHUVWXEH�LQ�D�FRQFHSWXDO�GUDIW��²�7KUHH�SHRSOH�ZHDULQJ�VHH�WURXJK
JODVVHV�DW�D�PHHWLQJ��YLHZLQJ�D�YLUWXDO�JOREH��1RWH�WKDW�WKH�WDEOH�LV�DQ
REMHFW�LQ�WKH�UHDO�ZRUOG��WKH�JOREH�MXVW�DQ�LPDJH�RYHUODLG�RQ�WKH�UHDO
VXUURXQGLQJV�E\�WKH�KHDGVHW�

7KH�PL[WXUH�EHWZHHQ�UHDO�DQG�YLUWXDO�YLVXDO�H[SHULHQFH��FUHDWHG�LQ�RXU�V\VWHP�E\�VHH�

WURXJK�+0'V�� LV� D�NH\� IHDWXUH�RI�RXU� V\VWHP��7KXV�� LW� LV�SRVVLEOH� WR�PRYH�DURXQG

IUHHO\�ZLWKRXW� IHDU� WR�EXPS� LQWR�REVWDFOHV�� DV�RSSRVHG� WR� IXOO\� LPPHUVLYH�GLVSOD\V�

ZKHUH�RQO\�YLUWXDO�REMHFWV�FDQ�EH�SHUFHLYHG��7KLV�HQDEOHV�D�ZRUN�JURXS�WR�GLVFXVV�WKH

YLHZHG� REMHFW�� EHFDXVH� WKH� SDUWLFLSDQWV� DUH� VHHLQJ� RQH� DQRWKHU� DQG� FDQ� WKHUHIRUH

FRPPXQLFDWH�LQ�WKH�XVXDO�ZD\��)LJXUH�����

)LJXUH���� 7ZR�XVHUV�LQYHVWLJDWH�WKH�5|VVOHU�DWWUDFWRU�LQ�6WXGLHUVWXEH�
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7KH�IROORZLQJ�NH\�SURSHUWLHV�VXPPDUL]H�WKH�DWWULEXWHV�RI�WKH�V\VWHP�

◊ 9LUWXDOLW\�²�9LHZLQJ�DQG�H[DPLQLQJ�RI�REMHFWV� WKDW�DUH�QRW�DFFHVVLEOH�GLUHFWO\�RU

WKDW�GR�QRW�H[LVW�LQ�WKH�UHDO�ZRUOG�FDQ�EH�FDUULHG�RXW�LQ�WKLV�HQYLURQPHQW�

◊ $XJPHQWDWLRQ� ²� 5HDO�ZRUOG� REMHFWV� FDQ� EH� DXJPHQWHG� ZLWK� VSDWLDOO\� DOLJQHG

LQIRUPDWLRQ��7KLV�DOORZV�VPRRWK�H[WHQVLRQ�RI�UHDO�REMHFWV�ZLWK�YLUWXDO�SURSHUWLHV

LQ�GHVLJQ�SURFHVVHV��OLNH�YDULDWLRQV�RI�QHZ�SDUWV�IRU�DQ�H[LVWLQJ�V\VWHP�

◊ 0XOWL�XVHU� VXSSRUW� ²� 0XFK� UHVHDUFK� KDV� EHHQ� GHYRWHG� WR� WKH� TXHVWLRQ� KRZ

FRQYHQWLRQDO�VRIWZDUH�DQG�GHVNWRS�FRPSXWHUV�FDQ�EH�HQKDQFHG�ZLWK�PHDVXUHV�WR

VXSSRUW�HIIHFWLYH�JURXS�LQWHUDFWLRQ��)RUWXQDWHO\��D�EHQHILW�RI�DXJPHQWHG�UHDOLW\�LV

WKDW� VRSKLVWLFDWHG�JURXSZDUH�PHFKDQLVPV�DUH�QRW� UHDOO\�QHHGHG� WR�SHUIRUP�UHDO

ZRUN��1RUPDO�KXPDQ�LQWHUDFWLRQV��YHUEDO��JHVWXUHV��HWF���DUH�HDVLO\�SRVVLEOH�LQ�DQ

DXJPHQWHG� UHDOLW\� VHWXS�� DQG� WKH\� DUH� SUREDEO\� ULFKHU� WKDQ� DQ\� FRPSXWHU�

JRYHUQHG�LQWHUDFWLRQ�FDQ�HYHU�EH�

◊ ,QGHSHQGHQFH� ²� 8QOLNH� WKH� &$9(� DQG� WKH� 5HVSRQVLYH� :RUNEHQFK�� FRQWURO� LV� QRW

OLPLWHG�WR�D�JXLGLQJ�SHUVRQ��ZKLOH�RWKHU�XVHUV�DFW�DV�SDVVLYH�REVHUYHUV��(DFK�XVHU

KDV�WKH�RSWLRQ�WR�PRYH�IUHHO\�DQG�LQGHSHQGHQWO\�RI�WKH�RWKHU�XVHUV��,Q�SDUWLFXODU�

HDFK� XVHU� PD\� IUHHO\� FKRRVH� D� YLHZSRLQW� ZLWK� VWHUHRVFRS\� IRU� FRUUHFW� GHSWK

SHUFHSWLRQ�� %XW� QRW� RQO\� LV� REVHUYDWLRQ� LQGHSHQGHQW�� LQWHUDFWLRQ� FDQ� DOVR� EH

SHUIRUPHG�RQ�D�SHUVRQDO�EDVH�

◊ 6KDULQJ�YV��,QGLYLGXDOLW\�²�,QYHVWLJDWHG�REMHFWV�DUH�LQ�JHQHUDO�VKDUHG�DPRQJ�XVHUV��LQ

WKH�VHQVH�RI�YLVLELOLW\��WKLV�PHDQV�WKDW�DOO�SDUWLFLSDQWV�FDQ�VHH�WKH�VDPH�FRKHUHQW

PRGHO��FRQVLVWHQW�LQ�LWV�VWDWH�RYHU�WLPH��%\�SUHVHQWLQJ�WKH�YLVXDO�VHQVDWLRQ�GLUHFWO\

WR� HDFK�XVHU�ZLWK� WKH� OLJKWZHLJKW� VHH�WURXJK�+0'V�� WKH�GLVSOD\HG�GDWD� VHW� FDQ

DOVR�EH�GLIIHUHQW�IRU�HDFK�YLHZHU��DV�UHTXLUHG�E\�WKH�DSSOLFDWLRQ·V�QHHGV�DQG�WKH

LQGLYLGXDO·V� FKRLFH�� 3HUVRQDO� SUHIHUHQFHV� RQ�GLIIHUHQW� OD\HUV� RI� LQIRUPDWLRQ� FDQ

EH� VZLWFKHG� RQ� DQG� RII�� DV� NQRZQ� IURP� &$'� SDFNDJHV�� $� XQLTXH� 6($0

PHFKDQLVP� >6FKPDOVWLHJ�� ����E@� HQDEOHV� LQWHUDFWLYH� UHYHDOLQJ� DQG� KLGLQJ� RI

LQIRUPDWLRQ�LQ�GLIIHUHQW�OD\HUV�LQ�WKUHH�GLPHQVLRQV�

◊ ,QWHUDFWLRQ�DQG�,QWHUDFWLYLW\�²�:LWK�WKH�VXSSRUW�RI�DXJPHQWHG�WRROV�OLNH�WKH�SURSRVHG

3HUVRQDO� ,QWHUDFWLRQ� 3DQHO�� YLVXDOL]HG� GDWD� FDQ� EH� H[SORUHG� LQWHUDFWLYHO\�� &KDQJHV

LQKHUHQW�LQ�WKH�VFLHQWLILF�VLPXODWLRQ�FDQ�EH�YLHZHG�LPPHGLDWHO\�
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)LJXUH���� 3,3�DSSOLFDWLRQ�LQ�6WXGLHUVWXEH�

&XUUHQW� ZRUN� IRFXVHV� RQ� WKH� GHVLJQ� RI� WKH� 3HUVRQDO� ,QWHUDFWLRQ� 3DQHO� �)LJXUH� ����

+RZHYHU��WKLV�GHVLJQ�SURFHVV�LV�WLJKWO\�FRQQHFWHG�WR�WKH�GHYHORSPHQW�RI�6WXGLHUVWXEH

DW� WKH� ,QVWLWXWH� RI� &RPSXWHU� *UDSKLFV� RI� 9LHQQD� 8QLYHUVLW\� RI� 7HFKQRORJ\�

7KHUHIRUH� WKURXJKRXW� WKLV� ZRUN� 6WXGLHUVWXEH� ZLOO� EH� RIWHQ� UHIHUHQFHG� DV

LPSOHPHQWDWLRQ�SODWIRUP�RU�WHVW�EHG�IRU�3,3�IHDWXUHV�DQG�DSSOLFDWLRQV�

���� ,QWHUDFWLRQ�LQ�$XJPHQWHG�5HDOLW\

2.3.1 Interacting with Information

,Q� UHDO� HQYLURQPHQWV� SHRSOH� DUH� XVHG� WR� LQWHUDFW� ZLWK� REMHFWV�� 2XU� HYHU\GD\

H[SHULHQFH� LV� WR� JUDE� WKLQJV�� PDQLSXODWH�� DQG� SXW� WKHP� DZD\�� ,Q� WKH� ODVW� GHFDGHV

´QRQ�UHDOµ�HOHPHQWV�SRSXODWH�RXU�HQYLURQPHQW��ZH�LQWHUDFW�PRUH�DQG�PRUH�ZLWK�SXUH

LQIRUPDWLRQ��&RPSXWHUV� DUH� FXUUHQWO\� WKH�PRVW�ZLGHVSUHDG�ZD\� WR� LQWHUDFW� GLUHFWO\

ZLWK� LQIRUPDWLRQ�� 6DGO\� QRW� FRPSXWHUV� GLG� HYROYH� WR� LQWHUIDFH� KXPDQV� DV� EHVW� DV

SRVVLEOH�
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)LJXUH���� &ROOHFWLRQ� RI� WUDGLWLRQDO� �'� LQSXW� GHYLFHV� �PRXVH�� NH\ERDUG�� DQG
WDEOHW��

(QJLQHHUV�GHYHORSHG�DW� WKH�FXUUHQW� OHYHO�RI� WHFKQRORJ\�GHYLFHV�DQG�PHWDSKRUV� WKDW

ZHUH� HDV\� WR� XQGHUVWDQG� DQG� FKHDS� WR� LPSOHPHQW� LQ� PDVVHV� �)LJXUH� ����� 0RVW� RI

WKHVH�GHYLFHV�KDG�RQH�LQ�FRPPRQ��7KH\�PRUH�RU�OHVV�PDLQO\�VXSSRUWHG�WKH�WHFKQLFDO

QHHGV� RI� FRPSXWHUV�� 8VHUV� KDG� WR� DGDSW� WR� WKH� LQSXW� GHYLFHV� DQG� WKH� LQWHUDFWLRQ

PHWDSKRUV�

1HZ�FRPSXWHU�JHQHUDWLRQV�LQFRUSRUDWLQJ�JUDSKLFV�KDUGZDUH�DOORZHG�WKH�YLVXDOL]DWLRQ

RI� WKUHH�GLPHQVLRQDO� SUREOHPV� DW� LQWHUDFWLYH� UDWHV�� 7KH� LQWURGXFWLRQ� RI

6WHUHRJUDSKLFV·V�&U\VWDO�(\HV�JODVVHV�LQ������IRU��'�RXWSXW�RQ�ZRUNVWDWLRQ�PRQLWRUV

DOORZHG�VHHLQJ�WKHVH�YLVXDOL]DWLRQV�HYHQ�LQ�VWHUHRVFRSLF��'�IRU�D�EURDG�FRPPXQLW\�

7KUHH�GLPHQVLRQDO�DSSOLFDWLRQV�HPHUJLQJ�RQ�WKHVH�PDFKLQHV�UHTXLUHG�D�QHZ�ZD\�RI

LQWHUDFWLRQ� ZLWK� WKH� FRPSXWHU�� 5HVHDUFKHU� ILUVW� HPSOR\HG� H[LVWLQJ� �'� KDUGZDUH

LQWHUIDFHV�WR�LPSOHPHQW�QHZ�LQWHUDFWLRQ�PHWDSKRUV��>&KHQ������@�DQG�>1LHOVRQ������@

JLYH� DQ� H[DPSOH� RI� XVLQJ� �'� GHYLFHV� IRU� �'� URWDWLRQ� DQG�PDQLSXODWLRQ��+RZHYHU

PDSSLQJ��'�LQSXW�WR��'�DFWLRQV�SOD\V�HYHQ�WRGD\�D�VLJQLILFDQW�UROH� LQ�'HVNWRS�95

DSSOLFDWLRQV�� WKLV� W\SH�RI� LQWHUDFWLRQ� ODFNV�GLUHFW� FRUUHVSRQGHQFH�RI� UHDO� DQG�YLUWXDO

VSDFH�

5HPRYLQJ� WKH� QHFHVVLW\� RI�PHQWDO� DEVWUDFWLRQ� RI� VSDFH� D� QHZ� JHQHUDWLRQ� RI� LQSXW

GHYLFHV� ZDV� FUHDWHG�� 7KHVH� ZHUH�PDLQO\� FRQVWUXFWHG� DURXQG� VSHFLILF� WDVNV� OLNH� �'

PRGHOLQJ��VFHQH�FRPSRVLWLRQ�� OD\RXW�SODQLQJ��HWF��%HFDXVH�RI� WKLV��D�ZLGH�YDULHW\�RI

FRPSOHWHO\� GLIIHUHQW� �'� LQSXW� GHYLFHV� KDYH� EHHQ� LQWURGXFHG�� &KULV�+DQG� JLYHV� LQ

>+DQG������@�DQG� >+DQG������@�D�JRRG�RYHUYLHZ�RQ� WKLV�GHYHORSPHQW�RI��'� LQSXW

GHYLFHV�IURP�WKH�HDUO\�EHJLQQLQJV�LQ�PLG���·V�
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:KHUHDV�FRQYHQWLRQDO�GHVNWRS�LQSXW�GHYLFHV��H�J��NH\ERDUG�DQG�PRXVH�KDYH�UHDFKHG

D� KLJK� GHJUHH� RI� VSHFLDOL]DWLRQ� GXULQJ� D� V\QWKHWLF� HYROXWLRQDU\� SURFHVV�� �'� LQSXW

GHYLFHV� KDYH� VWLOO� VLJQLILFDQW� GLVDGYDQWDJHV�� +LJK� DFFXUDF\� PHFKDQLFDO� GHYLFHV� DUH

VRPHZKDW� EXON\� RU� ERXQG� WR� FHUWDLQ� DSSOLFDWLRQV� DQG� GR� QRW� VXSSRUW� JHQHUDOL]HG

LQWHUDFWLRQ�WHFKQLTXHV�>7D\ORU������@��)LJXUH������6L[�GHJUHH�RI�IUHHGRP��'2)��PLFH

OLNH�WKH�6SDFHEDOO������)/;�>/DEWHF������@�LQ�)LJXUH����DQG�GDWD�JORYHV�>97,������@�

>1LQWHQGR������@�LQ�)LJXUH����H[WHQG�WKH�SRVVLEOH�VHW�RI�LQWHUDFWLRQV�E\�DGGLQJ�QHDUO\

XQFRQVWUDLQHG� WKUHH� GLPHQVLRQDO�PRYHPHQW� DQG� FDSWXULQJ� GR]HQV� RI� SRVLWLRQ� DQG

RULHQWDWLRQ� GDWD�� +RZHYHU�� WKHVH� GHYLFHV� VXIIHU� HLWKHU� IURP� XQVDWLVI\LQJ� ORZ

LQWHUDFWLRQ� EDQGZLGWK� RU� DQ� RYHUORDGHG� PHWDSKRU� OLNH� FRPSOH[� JHVWXUH� ODQJXDJHV

>6WXUPDQ������@��6LQFH�QR�GLUHFW�WDFWLOH�IHHGEDFN�RI�WKH�YLUWXDO�REMHFWV�LV�SURYLGHG�LQ

PRVW�V\VWHPV��LQH[SHULHQFHG�XVHUV�IHHO�GLVRULHQWHG�DQG�ILQG�LW�UDWKHU�GLIILFXOW�WR�ZRUN

ZLWK� IO\LQJ� EXWWRQV�� PHQXV�� ´�'� ZLGJHWVµ� >&RQQHU�� ����@� DQG� VLPLODU� PHWDSKRUV

IORDWLQJ� DURXQG� WKHP��)LQDOO\��3LHUFH� HW�� DO�� UHSRUW� LQ� >3LHUFH�� ����@�RQ� LPDJH�SODQH

LQWHUDFWLRQ�WHFKQLTXHV�IRU�LPPHUVLYH�YLUWXDO�HQYLURQPHQWV�DQG�OHW�XVHUV�LQWHUDFW�ZLWK

�'� SURMHFWLRQV� RI� �'� REMHFWV�� DQ� DSSURDFK� WKDW� VXSSRUWV� PDQLSXODWLRQ� RI� GLVWDQW

REMHFWV�LQ�9(�

)LJXUH���� 7KH�QDQR0DQLSXODWRU�
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)LJXUH���� 6SDFHEDOO������)/;���GHJUHH�RI�IUHHGRP�LQSXW�GHYLFH�

)LJXUH���� 97,�&\EHU*ORYH�DQG�0DWWHO�1LQWHQGR�3RZHUJORYH�

7R�RYHUFRPH�PDQ\�GUDZEDFNV�RI�RWKHU� GHYLFHV�:ORND�SUHVHQWHG� LQ� >:ORND�� ����@

WKH�9LUWXDO�7ULFRUGHU��7KLV�GHYLFH�UHVHPEOHV�D�MR\VWLFN�OLNH�KDQGOH�ZLWK�EXWWRQV�RQ�WKH

WRS��7KH�WULFRUGHU�LV�UHSUHVHQWHG�LQ�WKH�95�V\VWHP�ZLWK�D�YLVXDO�FORQH�PDNLQJ�LW�HDV\

WR� LGHQWLI\��$GGLWLRQDOO\� WKH�YLVXDO� VLPLODULW\�KHOSV� WR� VXVSHQG�GLVEHOLHI��$SSOLFDWLRQ

FRQWURO�LV�HDV\�WR�IXOILO�ZLWK�D�PHQX�DSSHDULQJ�DW�WKH�WLS�RI�WKH�WULFRUGHU��7KLV�PHQX�LV

DWWDFKHG� WR� WKH� LQSXW� GHYLFH�� VR� WDUJHW� DFTXLVLWLRQ� LV� RQO\� UHODWLYH�� HQKDQFLQJ� WKH

SHUIRUPDQFH�RI�LQWHUDFWLRQ��)O\LQJ�PHQXV�DUH�ERXQG�WR�D�SK\VLFDO�SURS��PDNLQJ�WKHP

HDV\�WR�XVH�

$�VHOHFWLRQ�SURFHVV�VKRXOG�QRZ�IROORZ�WKLV�HDUO\�SKDVH�RI�HYROXWLRQ��ZKLFK�JHQHUDWHG

DQ� HQRUPRXV� QXPEHU� RI� GLIIHUHQW� DSSURDFKHV�� +LJKO\� VSHFLDOL]HG� WRROV� SHUIRUP

SRVVLEO\�PXFK�EHWWHU� LQ�FHUWDLQ�DSSOLFDWLRQ�VFHQDULRV��EXW�IDLO� LQ�PRUH�JHQHUDO� WDVNV�
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+RZHYHU� WKLV�PLJKW�NHHS� WKHVH�PHWDSKRUV�DOLYH� LQ� WKHLU�DSSOLFDWLRQ�ILHOG�� LW�KLQGHUV

WKHLU� JHQHUDO� DFFHSWDQFH��*HQHUDOL]DWLRQ�ZDV�RIWHQ�GLVDSSURYHG� DW� WKH�EHJLQQLQJ�RI

WKH� HYROXWLRQ� SURFHVV� RI� LQSXW� GHYLFHV� >%X[WRQ�� ����@� EORFNLQJ� SRVVLEOH� QHZ� DQG

GLIIHUHQW�JDGJHWV��7RGD\�ZH�FDQ�ORRN�EDFN�DQG�WHOO�WKDW�PDQ\�GHYHORSPHQWV�GLG�QRW

VXUYLYHG� WKH� VWUXJJOH� IRU� DFFHSWDQFH�� $� IHZ� KDUGZDUH� YHQGRUV� OLNH� 3ROKHPXV�

/RJLWHFK�DQG�93/�OLFHQVHG�WKH�UDWKHU�VXFFHVVIXO�GHYLFHV��RWKHU�UHPDLQHG�SURWRW\SHV

RU�FXVWRP�VROXWLRQV�IRUHYHU��:H�FDQ�OHDUQ�IURP�WKHLU�GHVLJQ�IODZV��H[WUDFW�WKH�JRRG

LGHDV�DQG�GHGXFW�JHQHUDOL]HG�LQWHUIDFHV�OLNH�WKH�SURSRVHG�3HUVRQDO�,QWHUDFWLRQ�3DQHO�

2.3.2 Interaction Metaphors for Augmented Reality

,QWHUDFWLRQ�PHWDSKRUV�IRU�$XJPHQWHG�5HDOLW\�V\VWHPV�ZHQW�WKURXJK�D�VLPLODU�SURFHVV

RI�GHYHORSPHQW��+RZHYHU�WKH�RYHUDOO�QXPEHU�RI� LQWHUIDFHV� LV�PXFK�VPDOOHU� WKDQ� LQ

FRPPRQ�95�DSSOLFDWLRQV��GXH�WR�WKH�GLYHUVLW\�RI�$5�V\VWHPV�LQ�JHQHUDO�LQWHUIDFHV�DUH

GLVWULEXWHG�DORQJ�D�EURDGHU�VSHFWUXP�

0DQ\�HDUO\�$5�DSSOLFDWLRQV�IRFXVVHG�RQ�WKH�DXJPHQWDWLRQ�RI�UHDO�HQYLURQPHQWV�ZLWK

DGGLWLRQDO� SDVVLYH� GDWD� WKDW� FRXOG� EH� EURZVHG� LQ� DQ� LQWHUDFWLYH� PDQQHU�� $PVHOHP

>$PVHOHP�� ����@�� )LW]PDXULFH� >)LW]PDXULFH�� ����@� DQG�5HNLPRWR� >5HNLPRWR�� ����@

VKRZ�RQH�KDQGHG�LQWHUDFWLRQ�PHWDSKRUV�XVLQJ�D�KDQG�KHOG�GLVSOD\��++'��GHYLFH�IRU

WKH� H[SORUDWLRQ�RI� VSDWLDOO\� DOLJQHG�GDWDEDVHV��7KH�PDJQHWLF� WUDFNHG� GLVSOD\� FDQ� EH

FDUULHG�DURXQG�VKRZLQJ�VLWXDWHG�JUDSKLFV�DXJPHQWHG�RYHU�WKH�UHDO�HQYLURQPHQW��8VHU

LQWHUDFWLRQ�FRYHUV�PDLQO\�D�EURZVLQJ� WDVN�RI� ODUJH�� VSDWLDOO\�GLVWULEXWHG�PXOWL�PHGLD

GDWDEDVH�� EXW� LPSOHPHQWDWLRQV� DOVR� LQFOXGH� IHDWXUHV�� OLNH� ]RRPLQJ�� OD\HUV� DQG

EURZVLQJ�RI�UHPRWH�HQYLURQPHQWV�

)HLQHU·V�ZRUN�JRHV�D�VWHS�IXUWKHU�LQ�LQWHUDFWLRQ�ZLWK�ERWK�WKH�UHDO�DQG�WKH�YLUWXDO�SDUW

RI�DQ�DXJPHQWHG�HQYLURQPHQW��,Q�>)HLQHU������@�DQG�>)HLQHU������@�KH�GHVFULEHV�DQ

$5� V\VWHP� IRU� WKH� PDLQWHQDQFH� RI� ODVHU� SULQWHUV�� ,Q� WKLV� V\VWHP� DGGLWLRQDO

LQIRUPDWLRQ�LV�RYHUODLG�RYHU�WKH�UHDO�SDUW�IRU�VXSSRUWLQJ�WKH�PDLQWHQDQFH�WDVN��)LJXUH

����� :LWK� WKH� $5&�V\VWHP� VKRZQ� LQ� )LJXUH� ��� KH� H[WHQGV� WKLV� DSSURDFK� IRU� D

FRQVWUXFWLRQ� WDVN� LQ� >:HEVWHU�� ����@�� 8VHUV� DUH� JLYHQ� WR� D� EDU�FRGH� UHDGHU� IRU

LGHQWLI\LQJ� SDUWV� XVHG� WR� FRQVWUXFW� WKH� DOXPLQXP� FRQVWUXFWLRQ� IUDPH�� 8VLQJ

DXJPHQWHG�RYHUOD\V� WKH� V\VWHP�VKRZV��'�SRVLWLRQ�RI� WKH�QH[W�SDUW� WR�EH� LQVWDOOHG�

7KLV� DSSURDFK� GRHV� DOVR� QRW� DOWHU� WKH� VWRUHG� LQIRUPDWLRQ�� KRZHYHU� LW�PRGLILHV� WKH
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GLVSOD\HG� LQIRUPDWLRQ� VWHS�E\�VWHS��7KH�7RXULQJ�0DFKLQH� DSSURDFK� LQ� >)HLQHU�� ����@

H[WHQGV� WKHVH� GHYHORSPHQW� IRU� RXWVLGH� VFHQDULRV� FRPELQLQJ� DQ�+0'� IRU� VLWXDWHG

LQIRUPDWLRQ� DQG� D� KDQG�KHOG� SHQ� EDVHG� SHUVRQDO� GLJLWDO� DVVLVWDQW� �3'$�� IRU

LQWHUDFWLRQ�DQG�DGGLWLRQDO�LQIRUPDWLRQ�UHWULHYDO��)LJXUH������,QIRUPDWLRQ�GLVSOD\HG�LQ

WKH�+0'�FDQ�EH�FRQILJXUHG�ZLWK�WKH�3'$��7KH�XVHU�LV�DOVR�YLVXDOO\�QRWLILHG�LQ�WKH

+0'�ZKHQHYHU�DGGLWLRQDO�GDWD�LV�DYDLODEOH�DQG�FRXOG�EH�UHWULHYHG�RQ�WKH�3'$�

)LJXUH���� .$50$���WKH�NQRZOHGJH�EDVHG�$5�V\VWHP�SURYLGHV�VLWXDWHG�YLVXDO
KHOS�LQIRUPDWLRQ�

)LJXUH���� $5&� ²� &RQVWUXFWLQJ� DOXPLQXP� IUDPH� V\VWHPV� XVLQJ� DXJPHQWHG
KHOS� LQIRUPDWLRQ��$�PDJQHWLFDOO\� WUDFNHG�EDU�FRGH� UHDGHU� SURYLGHV
LQWHUDFWLRQ�ZLWK�WKH�V\VWHP�

)LJXUH���� 0$56� ²� 7KH� 7RXULQJ� 0DFKLQH� DOORZV� EURZVLQJ� VLWXDWHG
LQIRUPDWLRQ�LQ�RXWVLGH�VFHQDULRV��H�J��WKH�&ROXPELD�8QLYHUVLW\�
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)LJXUH���� 7UDQV9LVLRQ� ²� %\� SXVKLQJ� WKH� REMHFW� VHOHFWRU� EXWWRQ� D� EHDP� LV
HPLWWHG� SHUSHQGLFXODU� WR� WKH� VXUIDFH� RI� WKH� KDQG�KHOG� GLVSOD\
GHYLFH�� 7KH� ILUVW� REMHFW� KLW� E\� WKH� EHDP� LV� VHOHFWHG� IRU� IXUWKHU
PDQLSXDOWLRQ�

)LQDOO\�� WKH� HDUOLHU� SUHVHQWHG� 7UDQV9LVLRQ� >5HNLPRWR�� ����@� V\VWHP� LQ� )LJXUH� ��

HPSOR\V� DOVR� LQWHUDFWLYH� PDQLSXODWLRQ� RI� �'� GDWD� LQ� DQ� $5�V\VWHP�� 7KH� GLVSOD\

GHYLFH�LWVHOI�UHSUHVHQWV�DQ�LQWHUDFWLRQ�GHYLFH�WKDW�LV�FRQWUROOHG�ZLWK�WZR�EXWWRQV��2QH

LV�XVHG�IRU�REMHFW�VHOHFWLRQ�DQG�PDQLSXODWLRQ��%\�SXVKLQJ�WKLV�EXWWRQ�D�YLUWXDO�EHDP

LV�HPLWWHG�SHUSHQGLFXODU�WR�WKH�VXUIDFH�RI�WKH�GLVSOD\�GHYLFH��7KH�ILUVW�REMHFW�KLW�E\

WKH� EHDP� LV� VHOHFWHG� DQG� FDQ� EH� PDQLSXODWHG�� $� VLPLODU� DSSURDFK� LV� XVHG� LQ

>)ULW]PDXULFH�� ����@� WR� PDNH� REMHFW� VHOHFWLRQV�� %\� SXVKLQJ� WKH� RWKHU� ²� PHQX� ²

EXWWRQ� D� SLH� PHQX� DSSHDUV� RQ� WKH� GLVSOD\�� PHQX� LWHPV� DUH� VHOHFWHG� E\� WLOWLQJ� WKH

GLVSOD\�DQG�UHOHDVLQJ�WKH�EXWWRQ��7KLV�XQLTXH�WHFKQLTXH�ILWV�YHU\�ZHOO�WR�WKLV�W\SH�RI

GHYLFH�� KRZHYHU� WKH� RWKHU� KDQG� RI� WKH� XVHU� LV� QRW� LQYROYHG� LQ� LQWHUDFWLRQ�� 7ZR�

KDQGHG�LQWHUDFWLRQ�LQ�WKLV�FRQWH[W�FRXOG�LPSURYH�WKH�TXDOLW\�RI�LQWHUDFWLRQ��7R�VKRZ

KRZ� WKLV� FDQ� EH� SURYHQ�� WKH� IROORZLQJ� FKDSWHU� VXPPDUL]HV� H[LVWLQJ� ZRUN� RQ

ELPDQXDO�LQWHUDFWLRQ�ZLWK�QRQ�UHDO�FRQWHQW�
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���� %LPDQXDO�,QWHUDFWLRQ

2.4.1 Psychology

7ZR�KDQGHG�LQSXW�KDV�RIWHQ�EHHQ�YLHZHG�DV�D�WHFKQLTXH�WR�LPSURYH�WKH�HIILFLHQF\�RI

KXPDQ�FRPSXWHU� LQWHUDFWLRQ�� E\� HQDEOLQJ� WKH� XVHU� WR� SHUIRUP� WZR� VXE�WDVNV� LQ

SDUDOOHO�>%X[WRQ������@��UDWKHU�WKDQ�VHTXHQWLDOO\�VHOHFWHG�PRGHV��:KHQ�LQWHUDFWLQJ�LQ

WKUHH�GLPHQVLRQV��+LQFNOH\�IRXQG�WKDW�XVLQJ�WZR�KDQGV�QRW�RQO\�LPSURYHV�HIILFLHQF\�

EXW�FDQ�DOVR�KHOS�WR�PDNH�VSDWLDO�LQSXW�FRPSUHKHQVLEOH�WR�WKH�XVHU�>+LQFNOH\������D@�

(QDEOLQJ� WKH� XVH� RI� ERWK� KDQGV� FDQ� DOORZ� XVHUV� WR� JURXQG� WKHPVHOYHV� LQ� WKH

LQWHUDFWLRQ�VSDFH�� LQ�HVVHQFH�WKH�XVHU·V�RZQ�ERG\�EHFRPHV�D�VSDWLDO�UHIHUHQFH��0LQH

H[SORLWV� WKLV� DELOLW\� FDOOHG� SURSULRFHSWLRQ� WR� HQKDQFH� WKH� SUHFLVLRQ� RI� UHPRWH

PDQLSXODWLRQ� RI� REMHFWV�� ZKLFK� DUH� RXW� RI� UHDFK� RI� WKH� XVHU� >0LQH�� ����@�� 6DFKV

REVHUYHG� DQ� HYHQ� PRUH� LQWHUHVWLQJ� SKHQRPHQRQ�� ´WKH� VLPXOWDQHRXV� XVH� RI� WZR

�VSDWLDO� LQSXW�� VHQVRUV� WDNHV� DGYDQWDJH� RI� SHRSOH·V� LQQDWH� DELOLW\� NQRZLQJ� SUHFLVHO\

ZKHUH� WKHLU�KDQGV�DUH� UHODWLYH� WR�HDFK�RWKHUµ� >6DFKV������@��7KLV�DELOLW\�DULVHV� IURP

WKH�NLQDHVWKHWLF�IHHGEDFN�>+DQG������@�WKDW�DOORZV�XV�WR�NQRZ�WKH�SRVLWLRQ�RI�RXU�OLPEV

UHODWLYH�WR�RXU�ERG\��+LQFNOH\��3DXVFK�DQG�*REOH�GRFXPHQWHG�LQ�>+LQFNOH\������E@

DQG�>*REOH������@�WKHLU�REVHUYDWLRQ�ZLWK�VHYHUDO�KXQGUHG�WHVW�XVHUV�RI�D�WZR�KDQGHG

VSDWLDO� LQWHUIDFH� IRU� QHXURVXUJLFDO� YLVXDOL]DWLRQ��7KLV� LQIRUPDO� VWXG\� UHDIILUPHG� DQG

VWUHQJWKHQHG� 6DFKV·V� REVHUYDWLRQ�� PRVW� WHVW� XVHUV� FDQ� RSHUDWH� WKLV� LQWHUIDFH

HIIHFWLYHO\�ZLWKLQ�WKHLU�ILUVW�PLQXWH�RI�XVH�ZLWK�OLWWOH�RU�QR�WUDLQLQJ�DW�DOO��)LQGLQJV�RI

%X[WRQ�>%X[WRQ������@�DQG�.DEEDVK�>.DEEDVK������@�FRXOG�EH�UHLQIRUFHG�WKDW�XVHUV

DUH� DEOH� WR� WUDQVIRUP� HYHU\GD\� VNLOOV� IRU� PDQLSXODWLQJ� WRROV� ZLWK� WZR� KDQGV� WR

KXPDQ�FRPSXWHU� LQWHUIDFHV��1HZHU� VWXGLHV� LQ� >6KDZ�� ����@�� >+LQFNOH\�� ����D@� DQG

>=HOH]QLN�� ����@� DJDLQ� YDOLGDWHG� WKHVH� UHVXOWV� ZKLOH� SHUIRUPLQJ� GLIIHUHQW� WHVWV� LQ

YDU\LQJ� VRIWZDUH� HQYLURQPHQWV� DQG� DSSOLFDWLRQ� VFHQDULRV�� ,Q� >6KDZ�� ����@� 6KDZ

DQDO\]HG�SDLQ�DQG�IDWLJXH� LQ�D�'HVNWRS�95�HQYLURQPHQW��5HVXOWV� VKRZ� WKDW� D�ZHOO�

GHVLJQHG�WZR�KDQGHG�PHWDSKRU�FDQ�QRW�RQO\�EH�PRUH�HIILFLHQW�LQ�IXOILOOLQJ��'�WDVNV�

EXW�DOVR�²�EHLQJ�OHVV�IDWLJXLQJ�WKDQ�D�RQH�KDQGHG�LQWHUIDFH�²�EH�D�PRUH�FRPIRUWDEOH

KXPDQ�FRPSXWHU�LQWHUIDFH�UHSODFLQJ�RWKHU�PHWDSKRUV�

0XFK�RI�WKH�DERYH�FLWHG�ZRUN�URRWV�EDFN�LQ�*XLDUG·V�HDUO\�DQDO\VLV�RI�KXPDQ�VNLOOHG

ELPDQXDO�DFWLRQ�>*XLDUG������@��+H�SURYLGHV�DQ�LQVLJKWIXO�WKHRUHWLFDO�IUDPHZRUN�IRU

K\SRWKHVL]LQJ� ZKLFK� FODVVHV� RI� WZR�KDQGHG� LQWHUIDFHV�PLJKW� LPSURYH� SHUIRUPDQFH
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ZLWKRXW� LQGXFLQJ� DGGLWLRQDO� FRJQLWLYH� ORDG�� *XLDUG� KDV� SURSRVHG� WKH� IROORZLQJ

SULQFLSOHV�EDVHG�RQ�KLV�REVHUYDWLRQ�RI�ULJKW�KDQGHG�VXEMHFWV�

◊ ´0RWLRQ�RI� WKH� ULJKW�KDQG� W\SLFDOO\� ILQGV� LWV� VSDWLDO� UHIHUHQFHV� LQ� WKH� UHVXOWV� RI

PRWLRQ�RI�WKH�OHIW�KDQG�µ�)RU�H[DPSOH��ZKHQ�ZULWLQJ��WKH�OHIW�KDQG�FRQWUROV�WKH

SRVLWLRQ� DQG� RULHQWDWLRQ� RI� WKH� SDJH��ZKLOH� WKH� ULJKW� KDQG� SHUIRUPV� WKH� DFWXDO

ZULWLQJ�E\�PRYLQJ�WKH�SHQ�UHODWLYH�WR�WKH�OHIW�KDQG�

◊ 7KH� ULJKW� DQG� OHIW� KDQGV� DUH� LQYROYHG� LQ� DV\PPHWULF� WHPSRUDO�VSDWLDO� VFDOHV� RI

PRWLRQ�� ,Q� WKH� ZULWLQJ� WDVN�� IRU� H[DPSOH�� WKH� PRYHPHQWV� RI� WKH� OHIW� KDQG

DGMXVWLQJ� WKH� SDJH� DUH� ORZ� LQ� WHPSRUDO� DQG� VSDWLDO� IUHTXHQF\� FRPSDUHG� WR� WKH

KLJK�IUHTXHQF\��GHWDLOHG�ZRUN�GRQH�E\�WKH�ULJKW�KDQG�

◊ ´7KH� FRQWULEXWLRQ� RI� WKH� OHIW� KDQG� WR� JOREDO�PDQXDO� SHUIRUPDQFH� VWDUWV� HDUOLHU

WKDQ�WKDW�RI�WKH�ULJKW�µ�7KH�OHIW�KDQG�ILUVW�SRVLWLRQV�WKH�SDSHU��WKHQ�WKH�ULJKW�KDQG

EHJLQV�WR�ZULWH�

7KURXJKRXW� WKLV� WKHVLV� WKH�SKUDVHV�GRPLQDQW�KDQG� DQG�QRQ�GRPLQDQW�KDQG�ZLOO�EH�XVHG

IURP�QRZ�RQ�WR�GHVFULEH�ULJKW�DQG�OHIW�KDQG�IRU�ULJKW�KDQGHG�VXEMHFWV�DQG�VLPLODU�OHIW

DQG�ULJKW�KDQG�IRU�OHIW�KDQGHG�VXEMHFWV�DV�DFFHSWHG�LQ�KXPDQ�FRPSXWHU�OLWHUDWXUH�

*XLDUG·V� FRQFOXVLRQV� LPSO\� WKDW� ELPDQXDO� LQWHUDFWLRQ� FDQ� ULVH� RYHUDOO� SHUIRUPDQFH�

HVSHFLDOO\� LQ� FDVHV� ZKHUH� DV\PPHWULF� GLYLVLRQ� RI� ODERU� LV� DSSOLHG� WR� WKH� KDQGV�

1HYHUWKHOHVV�WKH�DSSOLFDWLRQ�RI�D�ELPDQXDO�LQWHUIDFH�IRU�D�VSHFLILF�WDVN�QHHGV�FDUHIXO

DQDO\VLV��VLQFH�WKH�HQULFKHG�LQWHUIDFH�PD\�SRVVLEO\�GHJUDGH�WKH�TXDOLW\�RI� LQWHUDFWLRQ

LQ�VRPH�FDVHV��OLNH�LQ�>.DEEDVK������@��ZKHUH�WKH�WZR�KDQGHG�PHWDSKRU�FRPSOLHG�WR

DERYH�JXLGHOLQHV��EXW�LQ�VRPH�FDVHV�LQGXFHG�DQ�DGGLWLRQDO�FRJQLWLYH�ORDG�

2.4.2 Bimanual Interfaces for 3D Interaction

/RQJ�EHIRUH�WKH�QHFHVVDU\�FRPSXWHU�KDUGZDUH�ZDV�UHDOO\�DYDLODEOH��WKH�YLVLRQDU\�LGHD

RI�D�PRELOH�SHQ�EDVHG�FRPSXWHU�ZDV�SXEOLVKHG�LQ�WZR�SDSHUV��$�JURXS�RI�UHVHDUFKHUV

DW� WKH�8QLYHUVLW\� RI� ,OOLQRLV� GHVFULEHG� LQ� >0HO�� ����@� WKHLU� FRQFHSW� RI�7DEOHW� ²� WKH

SHUVRQDO� FRPSXWHU� LQ� WKH� \HDU� ������ ,W� LV� D� QRWHERRN� VL]HG�/&'�GLVSOD\�ZLWK� SHQ

EDVHG� LQSXW�� LQFRUSRUDWLQJ� ZLUHOHVV� FRPPXQLFDWLRQ� RYHU� LQIUDUHG� DQG� UDGLR� ZDYH

FRQQHFWLRQV�� 7KH� DXWKRUV� SUHGLFW� WKDW� E\� WKH� \HDU� ����� WKLV� GHYLFH� FRXOG� EH� D

FRPSDQLRQ�WKURXJKRXW�RXU�HYHU\GD\�OLIH�
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0DUN�:HLVHU�VKRZV�LQ�>:HLVHU������@�VRPH�\HDUV�ODWHU�SURWRW\SHV�RI�D�VLPLODU�FRQFHSW

GHYHORSHG�DW�;HUR[�3DOR�$OWR�5HVHDUFK�&HQWHU��$OWKRXJK�WKH�SUHGLFWLRQ�GLG�QRW�KROG

LQ�HYHU\�GHWDLO��PRVW�RI�LW�ZDV�UHDOL]HG�ZKHQ�ORRNLQJ�DW�FRPPHUFLDOO\�DYDLODEOH�3HUVRQDO

'LJLWDO� $VVLVWDQWV� �3'$V�� OLNH� WKH� HDUOLHU� $SSOH·V� 1HZWRQ� 0HVVDJH� 3DG� RU� �&RP·V

3DOP�9,,��)LJXUH�����

:KHUH�LV�WKH�FRQQHFWLRQ�WR�DXJPHQWHG�UHDOLW\�RQH�PLJKW�DVN"�7KHVH�HDUO\�YLVLRQV�RI

WZR�KDQGHG�GHYLFHV�LQIOXHQFHG�WKH�GHYHORSPHQW�RI�PDQ\�IROORZLQJ�LQWHUIDFHV��8VLQJ

$5�WHFKQRORJ\�PDQ\�DVSHFWV�RI�WKH�LGHDV�WKDW�ZHUH�VHW�DW�WKDW�WLPH�FRXOG�EH�DFKLHYHG

LQ� WKH� ODVW� GHFDGH�� %XW� UHVHDUFK� HYHQ� H[FHHGHG� DOO� H[SHFWDWLRQV� OLNH� WKH� IROORZLQJ

H[DPSOHV�DQG�FXUUHQW�ZRUN�VKRZ�

6DFKV�HW��DO��FDUULHG�RXW�DQ�HDUO\�H[DPSOH�RI�ELPDQXDO��'�LQWHUDFWLRQ�UHVHDUFK�LQ�QRQ�

LPPHUVLYH�GHVNWRS�DSSOLFDWLRQV��7KH\�VKRZ�LQ�WKHLU�SDSHU���'UDZ�>6DFKV������@�KRZ

LQVXIILFLHQW�VRSKLVWLFDWHG�&$'�WRROV�VHUYH�VKDSH�GHVLJQ��%HLQJ�XQDEOH�WR�URXJK�RXW

LQLWLDO�LGHDV�GLUHFWO\�ZLWK�WKHVH�LQWHUDFWLRQ�WHFKQLTXHV��GHVLJQHUV�SUHIHU�WR�XVH�SHQ�DQG

SDSHU�LQVWHDG��$�VXIILFLHQWO\�LQWXLWLYH�DQG�HDV\�WR�XVH�DSSURDFK�RI�´GHVLJQ�GLUHFWO\�LQ

�'µ�� XVLQJ� WZR� KDQG�KHOG� VL[�GHJUHH�RI�IUHHGRP� VHQVRUV� LQ� IRUP� RI� D� VW\OXV� DQG

SDOHWWH�KDV�EHHQ�SURSRVHG��)LJXUH������7KH�SDOHWWH�LV�XVHG�WR�GHILQH�D�UHIHUHQFH�IUDPH

WR�ZKLFK�REMHFWV�EHLQJ�GUDZQ�DUH�DWWDFKHG��JLYLQJ�WKH�SRVVLELOLW\�RI�PRYLQJ�WKH�REMHFW

LQVWDQWO\� LQWR�WKH�ULJKW�DQJOH�IRU�YLHZLQJ�RQ�WKH�PRQLWRU��:KLOH�JLYLQJ�WKH�SDOHWWH�D

VHFRQGDU\�SUREOHP��WKH�SHQ�LV�HPSOR\HG�WR�GUDZ�DQG�HGLW�IUHH�IRUP�FXUYHV�GLUHFWO\�LQ

�'��+RZHYHU��WKH�V\VWHP�ZDV�QRW�DQ�LPPHUVLYH�DQG�KHDG�WUDFNHG�DSSOLFDWLRQ��LW�ZDV

VXLWDEOH�IRU�&$'�VKDSH�GHVLJQ�

)LJXUH���� 6FUDWFKSDGV�DQG�3'$��7KH� OHIW�SLFWXUH�VKRZV�D�FRQFHSW�SURWRW\SH
PRGHO�IURP�;HUR[�3$5&�LQ�������7KH�ULJKW�SLFWXUH�VKRZV��&RP·V
3DOP� 9,,� DYDLODEOH� IRU� ����� �� 86'� LQ� PDMRU� FRPSXWHU� VWRUHV� LQ
�����
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)LJXUH���� 'HVLJQHU� VNHWFKLQJ� DXWRPRELOH� SDUWV�ZLWK� WKH���'UDZ� LQWHUIDFH�� DQ
HDUO\� H[DPSOH� RI� WZR�KDQGHG� �'�LQWHUDFWLRQ� GHYLFH� IRU� GHVNWRS
DSSOLFDWLRQV�

*REOH� DQG� D� JURXS�RI� UHVHDUFKHUV� DW� WKH�8QLYHUVLW\� RI�9LUJLQLD� GHYHORSHG� D� KLJKO\

VSHFLDOL]HG�WZR�KDQGHG�LQWHUIDFH�IRU�QHXURVXUJLFDO�SODQQLQJ�>*REOH������@��7KH�VHWXS

FRQVLVWHG�RI�PDJQHWLFDOO\� WUDFNHG�SURSV� LQ� IRUP�RI� D�GROO·V� KHDG� IRU�KHDG�YLHZLQJ�� D

FURVV�VHFWLRQLQJ� SURS� WR� DGMXVW� FXWWLQJ�SODQHV� DQG� D� WUDMHFWRU\�VHOHFWLRQ� SURS� WR� LQGLFDWH� WKH

GHVLUHG�DSSURDFK� WR�D� VXUJLFDO� WDUJHW� LQ� WKH�YLUWXDO�KHDG� �)LJXUH������7KH�SUHVHQWHG

�'�LPDJH�RI�WKH�SDWLHQW·V�KHDG�RQ�WKH�PRQLWRU�FRXOG�EH�URWDWHG�E\�URWDWLQJ�WKH�GROO·V

KHDG�� KHOG� LQ� WKH� QRQ�GRPLQDQW� KDQG�� 8VLQJ� WKH� GRPLQDQW� KDQG� WKH� VXUJHRQ� FDQ

GHILQH� HLWKHU� FXWWLQJ� SODQHV� IRU� WKH� YLVXDOL]DWLRQ� RI� WKH� �'� GDWD� RU� GHWHUPLQH

WUDMHFWRULHV�IRU�D�WDUJHW��,Q�FRPSOLDQFH�ZLWK�*XLDUG·V�REVHUYDWLRQV�WKH�QRQ�GRPLQDQW

KDQG� IXOILOOV� WKH� URXJK�� ORZ� IUHTXHQF\� WDVN� RI� SRVLWLRQLQJ� ILUVW�� WKHQ� WKH� GRPLQDQW

KDQG�DFFRPSOLVKHV�WKH�ILQH�JUDLQHG��KLJK�IUHTXHQF\�WDVNV��$�PDMRU�UHVXOW�RI�WKLV�ZRUN

ZDV� DOVR� WKH� LQWURGXFWLRQ�RI� LQVWUXPHQWHG� SURSV� �VWDQG�LQV�� DV� D� JHQHUDO�PHWDSKRU

IRU� LQWHUDFWLRQ� GHYLFHV� WKDW� FRUUHVSRQG� LQ� SK\VLFDO� SURSHUWLHV� ZLWK� WKH� YLUWXDO

FRXQWHUSDUW�IRU�HDVLHU�DFFHSWDQFH�DQG�LPSURYHG�SHUIRUPDQFH�
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)LJXUH���� 1HXURVXUJLFDO� SODQQLQJ�ZLWK� SURSV��8VLQJ� WKH� GROO·V� KHDG� DQG� WKH
SODQH� D� FXWWLQJ� SODQH� FDQ� EH� GHILQHG� �XSSHU� URZ��� 8VLQJ� WKH
WUDMHFWRU\�WRRO�D�WUDMHFWRU\�LV�VHW�LQ�WKH�ORZHU�URZ�

%LOOLQJKXUVW� SUHVHQWV� LQ� >%LOOLQJKXUVW�� ����@� WKH� �'� 3DOHWWH�� D� YLUWXDO�UHDOLW\� FRQWHQW

FUHDWLRQ� WRRO��7KH�SK\VLFDO� LQWHUIDFH� LV� VLPLODU� WR� WKH���'UDZ� LQWHUIDFH��KRZHYHU� WKH

SDOHWWH� LV�D�SUHVVXUH�VHQVLWLYH�:DFRP�WDEOHW� DQG� WKH�XVHU�ZHDUV�&U\VWDO(\HV� VKXWWHU

JODVVHV� IRU� VWHUHRVFRSLF� RXWSXW� RQ� D�PRQLWRU�� &RPPDQGLQJ� LV� VXSSRUWHG� E\� YRLFH

LQSXW�IRU�VLQJOH�VSRNHQ�SKUDVHV�

6KDZ�GHVFULEHV� LQ� >6KDZ�� ����@� DQ� LQWHUIDFH� XVLQJ� WZR�PRGLILHG�PDJQHWLF� WUDFNLQJ

VHQVRUV�� &RQWUDU\� WR� WKH� DERYH� SUHVHQWHG� DSSURDFKHV� 6KDZ� GRHV� QRW� XVH� SURSV� DV

LQWHUDFWLRQ�GHYLFHV��,Q�IDFW�WKH�SUHVHQWHG�7+5('�V\VWHP�XVHV�WZR�FXVWRP�PDGH���

EXWWRQ� 3ROKHPXV� UHFHLYHUV�� FDOOHG� EDWV�� 7KH� XVHU� LQWHUDFWV� XVLQJ� WKH� EDWV� LQ� ERWK

KDQGV�VZLWFKLQJ�EHWZHHQ�GLIIHUHQW�FRQWH[WV�XVLQJ�WKH�EXWWRQV��7KH�GLUHFW�PDQQHU�RI

REMHFW�PDQLSXODWLRQ�LPSURYHV�XVHU�SHUIRUPDQFH�HVSHFLDOO\�ZKHQ�SHUIRUPLQJ�FRPSOH[

�'�RSHUDWLRQV�

0XOWL*HQ·V�6PDUW6FHQH�SURGXFW�DV�SXEOLVKHG� LQ� >0DSHV������@�XVHV� WZR�PDJQHWLFDOO\

WUDFNHG�GDWD�JORYHV�LQVWHDG�RI�EDWV��8VLQJ�WKH�JORYHV�WKH�XVHU�FDQ�SHUIRUP�D�YDULHW\�RI

�'�RSHUDWLRQV�DQG�JHVWXUHV��,W�FRQFHQWUDWHV�RQ�V\PPHWULF�WZR�KDQGHG�WHFKQLTXHV�IRU

VFDOLQJ�� URWDWLQJ�� DQG�VWUHWFKLQJ�REMHFWV� DQG�QDYLJDWLQJ� WKURXJKRXW� WKH� VFHQH��8VHUV

FDQ�DOVR�DOLJQ�REMHFWV�ZLWK�ERWK�KDQGV�YLD�DQFKRUV�DQG�FRQVWUDLQWV�
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&XWOHU�HW��DO��GHVFULEH�LQ�>&XWOHU������@�D�ZLGH�YDULHW\�RI�GLIIHUHQW�REMHFW�PDQLSXODWLRQ

WRROV�WKDW�FDQ�EH�XVHG�ZLWK�WKH�5HVSRQVLYH�:RUNEHQFK�VHWXS��7KH�EDVLF�EXLOGLQJ�EORFNV

IRU�WKH�LQWHUIDFH�DUH�WZR�)DNHVSDFH�3,1&+�JORYHV�DQG�D�VW\OXV��DOO�WUDFNHG�ZLWK�D���

'2)�3ROKHPXV�VHQVRU��8VHU·V�ZHUH�DOORZHG�WR�XVH�RQH�RU� WZR�GHYLFHV��ZKHUHDV� LQ

FDVH� RI� WZR� LQSXW� GHYLFHV� ERWK� FRPELQDWLRQV� RI� JORYH�JORYH� DQG� JORYH�VW\OXV�ZHUH

HQFRXUDJHG�� 7KH� FDWHJRUL]DWLRQ� RI� WKH� ORQJ� OLVW� RI� WRROV� LV� RULHQWHG� RQ� *XLDUG·V

FODVVLILFDWLRQ�RI�PDQXDO�DFWLYLWLHV�LQWR�XQLPDQXDO��ELPDQXDO�V\PPHWULF�DQG�ELPDQXDO

DV\PPHWULF�DFWLRQV��,Q�WKLV�ZRUN�UHVXOWV�QRW�RQO\�UHLQIRUFH�*XLDUG·V�REVHUYDWLRQV�RQ

DV\PPHWULF�GLYLVLRQ�RI�ODERU��EXW�DOVR�QRWLFHG�WKDW�XVHUV�SHUIRUPHG�LQ�FRPSDULVRQ�WR

D� V\PPHWULF� SDLU� RI� JORYHV� EHWWHU� ZKHQ� WKH\� XVHG� WKH� DV\PPHWULF� FRPELQDWLRQ� RI

JORYH�DQG�VW\OXV�

$�FRPSOHWHO\�GLIIHUHQW� DSSURDFK� WR��'�LQWHUDFWLRQ� LV�GLVFXVVHG� LQ� >=HOH]QLN������@�

=HOH]QLN� HW�� DO�� SUHVHQW� D� PHWDSKRU� XVLQJ� WZR� HVVHQWLDOO\� �'� LQSXW� GHYLFHV

VLPXOWDQHRXVO\� IRU� �'� REMHFW� PDQLSXODWLRQ� DQG� FDPHUD� FRQWURO�� 7KHLU� FRQFOXVLRQ

VKRZ� WKDW� D� FDUHIXO� GHVLJQHG� PDSSLQJ� RI� �'� SDUDPHWHUV� RQWR� �'� GHYLFHV� FDQ

LPSURYH� HIILFLHQF\�RI� FRPSOH[�PDQLSXODWLRQ� WDVNV��ZKHQHYHU� WKH�PHWDSKRU� XVHG� LV

FRPPRQ�HQRXJK�WR�XVHUV��8VLQJ�HQWLUHO\�LQGHSHQGHQW�GHJUHHV�RI�IUHHGRP�RQ�WKH�WZR

GHYLFHV�UHVXOWV�LQ�FRQIXVLQJ�VHW�XSV�DQG�XVHUV�IHHO�GLVRULHQWHG��$JDLQ�WKH�REVHUYDWLRQV

RI�*XLDUG�VHHP�WR�KROG��WKH�DXWKRUV�UHSRUW��´7KH�EHVW�FKRLFH�RI�PDSSLQJV�VHHP�WR

EH�WKH�RQHV�WKDW�KDYH�WKH�VWURQJHVW�SK\VLFDO�DQDORJV��7KXV��WHFKQLTXHV�LQ�ZKLFK�RQH

KDQG�SLQV�GRZQ�D�SRLQW�LQ�WKH�VFHQH��DQG�WKH�RWKHU�KDQG�PDQLSXODWHV�UHODWLYH�WR�WKDW

SRLQW�VHHP�WR�ZRUN�SDUWLFXODUO\�ZHOO�µ

2.4.3 Two-Handed Interaction in Immersive Environments

'HVNWRS�EDVHG� ELPDQXDO� LQWHUIDFHV� VKRZHG� KRZ� DV\PPHWULF� GLYLVLRQ� RI� ODERU� FDQ

LPSURYH�SHUIRUPDQFH��EXW�DOVR�SRLQWHG�RXW�WKH�IXQGDPHQWDO�LPSRUWDQFH�RI�FDUHIXOO\

GHVLJQHG� LQWHUIDFHV�� ,PPHUVLYH� HQYLURQPHQWV� SODFH� HYHQ� PRUH� UHTXLUHPHQWV� RQ

LQWHUIDFHV��3DUWLFLSDQWV�RI�LPPHUVLYH�YLUWXDO�HQYLURQPHQWV�DUH�YLVXDOO\�FXW�RII�RI�WKH

UHDO�VXUURXQGLQJV��8VHU�LQWHUIDFHV�IRU�VXFK�VFHQDULRV�KDYH�WR�FRQVLGHU�WKDW�UHORFDWLRQ

RI�GHYLFHV�LV�KDUGO\�SRVVLEOH�ZLWKRXW�D�JRRG�YLUWXDO�UHSUHVHQWDWLRQ��3K\VLFDO�SURSHUW\

RI�WKH�KDUGZDUH�SOD\V�D�VLJQLILFDQW�UROH�LQ�WKH�VXVSHQVLRQ�RI�GLVEHOLHI�RI�WKH�SUHVHQWHG

YLUWXDO�HQYLURQPHQW�
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)LJXUH���� 9LUWXDO�5HDOLW\�RQ�WKH�:,0��/HIW� LPDJH�VKRZV�WKH�DFWXDO� LQWHUIDFH�
5LJKW�LPDJH�LV�SUHVHQWHG�WR�WKH�XVHU�LQ�+0'�

6RZL]UDO�DQG�$QJXV�VKRZ�LQ�>6RZL]UDO������@�DQG�>$QJXV������@�KRZ�WR�DGGUHVV�WKLV

SUREOHP�LQ�DQ�LPPHUVLYH�VHWXS�DW�WKH�%RHLQJ�95�JURXS�IRU�D�PDLQWHQDQFH�WDVN��7KH\

XVH�D���EXWWRQ�PRXVH��HTXLSSHG�ZLWK�RQH�3ROKHPXV�)DVWUDN�UHFHLYHU�IRU� LQWHUDFWLQJ

LQ��'��7KLV�9LUWXDO�7ULFRUGHU� LV� WKH�KDQGOH�RI�D�SDGGOH�OLNH� LQWHUIDFH��ZKHUH�D� VTXDUH

GLVSOD\�VXUIDFH�LV�DXJPHQWHG�LQ�DGGLWLRQ�WR�WKH�UHDO�SURS��7KXV�D�GHYLFH�ZDV�FUHDWHG

WKDW�JLYHV�VXIILFLHQW�WDFWLOH�IHHGEDFN�IRU�KROGLQJ�WKH�GHYLFH�DQG�LV�IOH[LEOH�HQRXJK�WR

IXOILO�GLIIHUHQW� LQWHUDFWLRQ� WDVNV��$SSOLFDWLRQV� DUH� FRQWUROOHG�HLWKHU�ZLWK� WKH�EXWWRQV

RQ�WKH�KDQGOH�RU�ZLWK�WKH�RWKHU�KDQG��7KH�LQGH[�ILQJHU�RQ�WKH�XVHU·V�RWKHU�KDQG��RU�D

VW\OXV� KHOG� LQ� WKDW� KDQG�� LV� DOVR� SRVLWLRQ� WUDFNHG�� 7KH� DSSOLFDWLRQ� HQFRXQWHUV

LQWHUVHFWLRQ�RI�WKH�YLUWXDO�GLVSOD\�DQG�WKH�SRLQWLQJ�GHYLFH��VR��'�DSSOLFDWLRQ�FRQWURO

FDQ�EH�SHUIRUPHG� IURP�ZLWKLQ� WKH�YLUWXDO� HQYLURQPHQW��+RZHYHU�� WKH�GUDZEDFN�RI

WKLV� DSSURDFK� LV� WKDW� WKH� YLUWXDO� GLVSOD\� VXUIDFH� JLYHV� QR� KDSWLF� IHHGEDFN� RI� WKH

SHUIRUPHG�RSHUDWLRQ�

$�GLIIHUHQW�SUREOHP� LV�DGGUHVVHG�E\�3DXVFK�HW�� DO�� >3DXVFK������@�� >6WRDNOH\������@�

1DYLJDWLRQ�LQ�LPPHUVHG�YLUWXDO�HQYLURQPHQWV�PD\�EHFRPH�D�GLIILFXOW� WDVN�IRU�VRPH

XVHUV��VLQFH�DGDSWDWLRQ�WR�QHZ�PHWDSKRUV�UHTXLUHV�DQ�LQWURGXFWRU\�SKDVH��,Q�DGGLWLRQ

WR� WKH� ILUVW� SHUVRQ� YLHZ� WKH� GHYHORSHU� RI� WKH�:RUOG� LQ� 0LQLDWXUH� �:,0�� PHWDSKRU

VXSSO\�D�*RG·V� H\H� YLHZ�RI� WKH� OLIH�VL]HG�VXUURXQGLQJ�VSDFH�RQ�D�KDQG�KHOG�FOLSERDUG

�)LJXUH� ����� 1DYLJDWLRQ�� ORFRPRWLRQ� DQG� REMHFW� PDQLSXODWLRQ� FDQ� EH� DFKLHYHG� DW

GLIIHUHQW�VFDOHV�E\�GLUHFWO\�PDQLSXODWLQJ�REMHFWV�RQ�WKH�:,0�ZLWK�D�EXWWRQ�EDOO�KHOG

LQ� WKH�XVHU·V�RWKHU�KDQG� DQG�JHWWLQJ� IHHGEDFN�RQ� WKH� VFDOH�RI� LPPHUVLRQ��(GZDUGV

DQG� +DQG� >(GZDUGV�� ����@� GHVFULEH� VLPLODU� DSSURDFKHV� LQ� WKHLU� ZRUN� DERXW� WKH

SURWRW\SH� RI� WKHLU� XVHU� LQWHUIDFH� 0D36� IRU� QDYLJDWLRQ� SODQQLQJ� DQG� YLHZSRLQW

PDQLSXODWLRQ�� ZKLFK� WKH\� LPSOHPHQWHG� DV� DQ� H[WHQVLRQ� WR� LPPHUVLYH� 950/�

>+DUWPDQ������@�EURZVHUV�� ,Q� WKHLU� LPSOHPHQWDWLRQ� WKH�XVHU� LQWHUIDFH� LV�SDUW�RI� WKH
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YLUWXDO�HQYLURQPHQW�LWVHOI�DQG�VXSSRUWV�D�ZLGH�YDULHW\�RI�QDYLJDWLRQ�PHWDSKRUV��7KH

HPSOR\HG� 9LUWXDO)OH[RU� LQWHUIDFH� GHYLFH� LV� YHU\� VLPLODU� WR� WKH� 9LUWXDO� 7ULFRUGHU

DSSURDFK� LQ� >6RZL]UDO������@�� >$QJXV������@�� DQG� >:ORND������@�� LW� DOVR�H[WHQGV� WKH

UHDO� GHYLFH� ZLWK� YLUWXDO� PDSV�� $� PRUH� UHFHQW� ZRUN� RI� 3RXS\UHY� SUHVHQWV� LQ

>3RXS\UHY������@�WKH�9LUWXDO�1RWHSDG��D�WZR�KDQGHG�FRPELQDWLRQ�RI�D�VPDOO�SUHVVXUH

VHQVLWLYH�WDEOHW�DQG�D�GDWD�JORYH��)LJXUH������7KH�ZRUN�IRFXVHV�RQ�WDNLQJ�KDQGZULWWHQ

QRWHV� LQ�DQ� LPPHUVLYH�HQYLURQPHQW� IRU�DQQRWDWLRQ��$SSOLFDWLRQ�FRQWURO� LV� DFKLHYHG

XVLQJ�RQH�OHWWHU�FRPPDQGV�ZULWWHQ�GLUHFWO\�RQ�WKH�VXUIDFH�RI�WKH�SDQHO�

)LJXUH���� 9LUWXDO�1RWHSDG�²�DOORZV�WDNLQJ�QRWHV�LQ�DQ�LPPHUVLYH�HQYLURQPHQW�

2.4.4 Summary of AR Systems and Interaction Metaphors

$V� UHVXOW� RI� WKLV� VXUYH\� RQ� DXJPHQWHG� UHDOLW\� V\VWHPV� DQG� WZR�KDQGHG� LQWHUDFWLRQ

WHFKQLTXHV�D�VXPPDU\�VKHHW�FRXOG�EH�FUHDWHG�DV�VKRZQ� LQ�7DEOH����6RPHWLPHV� LW� LV

KDUG�WR�GLVWLQJXLVK�EHWZHHQ�D�ZKROH�V\VWHP�DQG�D�VWDQGDORQH� LQWHUDFWLRQ�PHWDSKRU�

%HFDXVH�RI�WKLV��WKH�QDPH�LQ�WKH�ILUVW�FROXPQ�RI�WKH�VKHHW�UHIHUV�WR�V\VWHPV�DQG�RU�WR

LQWHUDFWLRQ�PHWDSKRUV��,Q�RQH�FDVH��9LUWXDO�7ULFRUGHU��WKHUH�LV�DOVR�D�GRXEOH�QDPLQJ

LQ� OLWHUDWXUH�� :KHQ� D� PHWDSKRU� LV� WZR�KDQGHG�� WKH� PDUN� IRU� WKH� RQH�KDQGHG

LQWHUDFWLRQ� W\SH�ZDV� RQO\� VHW� LI� DXWKRUV� H[SOLFLWO\� VWDWHG� WKLV�� 7KH� FDWHJRUL]DWLRQ� RI

LQWHUDFWLRQ� WDVNV� SHUIRUPHG� ZLWK� WKH� GHYLFH� LV� GLYLGHG� LQWR� REMHFW� PDQLSXODWLRQ�

YLHZSRLQW�PDQLSXODWLRQ��DQG�V\VWHP�FRQWURO�DFFRUGLQJ�WR�>+DQG������@��+RZHYHU�LQ

VRPH�FDVHV�²�ZKHQ�WKH�GHYLFH�LV�XVHG�LQ�GLIIHUHQW�DSSOLFDWLRQV�²�DIILOLDWLRQ�WR�RQH�RU

WKH� RWKHU� JURXS� LV� DSSOLFDWLRQ� GHSHQGHQW�� ,Q� WKLV� FDVH� WKH� WDEOH� WULHV� WR� FRYHU� DOO

SRVVLELOLWLHV�RI�WKH�GHYLFH�
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7DEOH��� 6XPPDU\� RI� SUHVHQWHG� $XJPHQWHG� 5HDOLW\� 6\VWHPV� DQG� %LPDQXDO
,QWHUDFWLRQ�0HWDSKRUV
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2.4.5 Basic Design Guidelines for AR Interfaces

)URP� WKH� DERYH� UHYLHZ� RI� GLIIHUHQW� FRQFHSWV� LW� LV� SRVVLEOH� WR� H[WUDFW� EDVLF� GHVLJQ

JXLGHOLQHV�IRU�D�QHZ�WZR�KDQGHG�LQWHUIDFH�IRU�DXJPHQWHG�UHDOLW\�DSSOLFDWLRQV�

◊ 6LPSOH� HYHU\GD\� PHWDSKRU� ²� 7KH� XQGHUO\LQJ�PHWDSKRU� VKRXOG� EH� WDNHQ� IURP� UHDO�

ZRUOG�DSSOLFDWLRQV�RU�HYHU\GD\�NQRZOHGJH��EHFDXVH�XVHUV�FDQ�WKHQ�XVH�WKHLU�VNLOOV

IURP�WKHVH�DSSOLFDWLRQV�

◊ $EVWUDFW�IURP�RULJLQDO�LGHDV�²�0HWDSKRUV�VKRXOG�DOZD\V�EH�D�GHULYDWLRQ�IURP�RULJLQDO

VRXUFHV�RI�LGHDV�DQG�QRW�LQYROYH�QHVWHG�OHYHOV�RI�DEVWUDFWLRQ�

◊ 0HWDSKRU�QRW�RYHUORDGLQJ�XVHU�²�7KH�VHOHFWHG�PHWDSKRU�VKRXOG�QRW�LQGXFH�DGGLWLRQDO

FRJQLWLYH� ORDG�DQG�WKH� LQWHUDFWLRQ�ZLWK�WKH�GHYLFHV�VKRXOG�QRW�GLVWUDFW�IURP�WKH

WDVN�WR�EH�SHUIRUPHG�

◊ &DUHIXOO\�FKRVHQ�SURSV�²�3URSV�VKRXOG�EH�D�VLPSOH�DEVWUDFWLRQ�RI�WKH�XQGHUO\LQJ�UHDO�

ZRUOG�GHYLFHV�

◊ &RUUHVSRQGHQFH� RI� YLUWXDO� DQG� UHDO� UHSUHVHQWDWLRQ� ²�7KH�GHVLJQ�RI� VLPLODU�SURSV� LQ� WKH

UHDO� DQG� YLUWXDO� SDUW� RI� DQ� DXJPHQWDWLRQ� KHOSV� WR� VXVSHQG� GLVEHOLHI� LQ� WKH

SUHVHQWHG�PL[HG�UHDOLW\��$OVR�WKH�YLUWXDO�UHSUHVHQWDWLRQV�VKRXOG�EH�ZHOO�UHJLVWHUHG

ZLWK�SK\VLFDO�GHYLFHV�WR�DYRLG�FRQIOLFWLQJ�VHQVXDO�SHUFHSWLRQV�

◊ 7ZR�KDQGHG�LQWHUDFWLRQ�VKRXOG�KDUPRQL]H�ZLWK�*XLDUG·V�REVHUYDWLRQV�²�6HYHUDO�UHVHDUFKHUV

SURYHG�WKH�JHQHUDOLW\�RI�*XLDUG·V�REVHUYDWLRQV�RQ�DV\PPHWULF�GLYLVLRQ�RI�ODERU�LQ

KXPDQ� VNLOOHG� ELPDQXDO� DFWLRQ�� WKH� ELPDQXDO� IUDPH� RI� UHIHUHQFH�� DQG� KRZ� D

FDXWLRXV� GHVLJQ� RI� D� WZR�KDQGHG� LQWHUIDFH� FDQ� LPSURYH� XVHU� SHUIRUPDQFH� IRU

FHUWDLQ�WDVNV�

◊ &RQVLGHUDWLRQ�RI�HUJRQRPLF�IDFWRUV�²�)DWLJXH�DQG�RWKHU�NLQGV�RI�HUJRQRPLF�GLVFRPIRUW

DULVLQJ� XVLQJ� LQWHUIDFHV� FDQ� TXLFNO\� OHDG� WR� HPEDUUDVVPHQW� DQG� IUXVWUDWLRQ�

WKHUHIRUH�HUJRQRPLF�FRQVLGHUDWLRQV�OLNH�ZHLJKW�DQG�VL]H�VKRXOG�LQIOXHQFH�GHVLJQ

SURSRVDOV�

7KH�IROORZLQJ�FKDSWHUV�ZLOO�VKRZ�KRZ�FRQFHSW�DQG�LPSOHPHQWDWLRQ�RI�WKH�3HUVRQDO

,QWHUDFWLRQ�3DQHO�ZDV�DFFRPSOLVKHG�XVLQJ�WKLV�UHVLSH�



Chapter Three - Conception

���� )XQGDPHQWDO�'HVLJQ�*RDO

7KH� SUHYLRXV� FKDSWHU� RXWOLQHG� FXUUHQW� UHVHDUFK� DQG� GHYHORSPHQW� LQ� WKH� ILHOG� RI

$XJPHQWHG�5HDOLW\��7KLV�WHFKQRORJ\�ZLOO�SOD\�D�VLJQLILFDQW�UROH�LQ�WKH�IXWXUH�RI�KRZ�ZH

LQWHUDFW� ZLWK� WKH� JURZLQJ� QXPEHU� RI� FRPSXWHUV� LQ� RXU� HQYLURQPHQW�� ,Q� WKH� QH[W

GHFDGHV� WKLV� SDUDOOHO� LQIRUPDWLRQ� ZRUOG� RI� FRQQHFWHG� FRPSXWHU� QHWZRUNV� ZLOO� EHFRPH

LQWHJUDO�SDUW�RI�RXU�HYHU\GD\�OLIH�DQG�ZLOO�PRUH�LQIOXHQFH�RXU�ZD\�RI�OLYLQJ��DFWLQJ�DQG

WKLQNLQJ��WKDQ�DQ\WKLQJ�HOVH�EHIRUH�LQ�KLVWRU\�RI�PDQNLQG�

7R� VWD\� LQ� FRQWDFW� ZLWK� WKLV� YLUWXDO� SDUW� RI� RXU� ZRUOG� ZH� KDYH� WR� LQWURGXFH� QHZ

SRZHUIXO� SDUDGLJPV� IRU� LQWHUDFWLRQ� DQG� FRPPXQLFDWLRQ�� $5� WHFKQRORJ\� WRJHWKHU

ZLWK� WKH� UHVHDUFK�RQ�8ELTXLWRXV�&RPSXWLQJ� WULHV� WR�JLYH� WHFKQRORJLFDO� DQVZHUV� WR� WKH

SURSKHFLHV� RI� WKLV� EULJKW� IXWXUH� DQG� VKDSHV� WKLV� WRPRUURZ·V� ZRUOG�� &XUUHQW� ZRUN

FRQWULEXWHV� WR� WKLV� VWUHDP�ZLWK� WKH� LQWURGXFWLRQ� RI� D� QHZ� LQWHUIDFH� IRU� DXJPHQWHG

UHDOLW\��7KH�IXQGDPHQWDO�GHVLJQ�JRDO�RI�WKLV�ZRUN�LV�WR�

5��Y��G��:H\GHQ�²�6W��/XNH�SDLQWV�WKH�0DGRQQD�
�a�����
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)XQGDPHQWDO�'HVLJQ�*RDO

&UHDWH�D�JHQHUDO�LQWHUIDFH�IRU�LQWHUDFWLRQ�ZLWK�YLUWXDO�FRQWHQW

LQ�DXJPHQWHG�UHDOLW\�VHWXSV��VR� WKDW� LQWHUDFWLRQ� LV�DV�QDWXUDO

DV�SRVVLEOH�DQG�XVHUV�DUH�VXSSRUWHG�LQ�WKH�EHVW�SRVVLEOH�ZD\

WR�SHUIRUP�WKH�WDVNV�WKH\�LQWHQGHG�WR�

���� 7KH�3HUVRQDO�,QWHUDFWLRQ�3DQHO

,QYHVWLJDWLQJ� LQWHUDFWLRQ� WDVNV� LQ� $5� V\VWHPV�� DQDO\]LQJ� WKHLU� DGYDQWDJHV� DQG

GUDZEDFNV� ZH� RXWOLQHG� D� FRQFHSW� IRU� D� QHZ� GHYLFH�� :H� LQWURGXFH� D� WZR�KDQGHG

DXJPHQWHG� LQSXW� GHYLFH� WKDW� FRQVLVWV� RI� D� UHDO� DQG� D� YLUWXDO� SDUW�� 7KH� UHDO� SDUW� LV

FRPSRVHG�RI�D�QRWHERRN�VL]HG�KDQG�KHOG�SDQHO�DQG�D�VW\OXV�WKDW�DOORZV�XVHUV�WR�XVH

HYHU\GD\�NQRZOHGJH�DQG�VXEFRQVFLRXV�VNLOOV�DERXW�PDQLSXODWLRQ��0DQNLQG�XVHV� WKLV

W\SH�RI�GHYLFHV�IRU�HRQV�RI�WLPH��KLVWRULFDO�DQFHVWRUV�UHDFK�EDFN�DV�IDU�DV�WKH�DQFLHQW

WLPHV�RI�(J\SW��DFFRPSDQ\�XV�LQ�IRUP�RI�VODWH�DQG�FUD\RQ��SDOHWWH�DQG�EUXVK�DQG�DUH

SDUW�RI�RXU�PRGHUQ�OLIH�LQ�IRUP�RI�FOLSERDUG�DQG�SHQ��)LJXUH�����

7KH� YLUWXDO� SDUW� FRPSOHWHV� WKH� UHDO� SDUW� ZLWK� WKUHH�GLPHQVLRQDO� DXJPHQWHG

LQIRUPDWLRQ�GLVSOD\HG�GLUHFWO\�DW�WKH�VXUIDFH�RI�WKH�SDQHO��7R�UHSUHVHQW�WKH�VXLWDELOLW\

RI�RXU�WRRO�IRU�D�ZLGH�UDQJH�RI�LQWHUDFWLRQ�VW\OHV�DQG�WR�H[SUHVV�LWV�SHUVRQDO�FKDUDFWHU

ZH�FDOOHG�WKLV�KDUGZDUH�VHWXS�WKH�3HUVRQDO�,QWHUDFWLRQ�3DQHO��3,3��

)LJXUH���� +LVWRULFDO�DQFHVWRUV�RI�WKH�3HUVRQDO�,QWHUDFWLRQ�3DQHO��7KRW�²�(J\SWLDQ
JRG�RI�ZULWLQJ�DQG�VFLHQFH��VODWH�DQG�FKDON��FOLSERDUG�DQG�SHQ�
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'HILQLWLRQ�RI�WKH�3HUVRQDO�,QWHUDFWLRQ�3DQHO

7KH� 3HUVRQDO� ,QWHUDFWLRQ� 3DQHO� LV� D� JHQHUDO� WZR�KDQGHG

DXJPHQWHG� LQSXW�GHYLFH� WKDW�FRQVLVWV�RI�D� UHDO�DQG�D�YLUWXDO

SDUW�� VXSSRUWLQJ� D�ZLGH� UDQJH�RI� DSSOLFDWLRQ� VFHQDULRV��7KH

UHDO�SDUW� LV� FRPSRVHG�RI� D�QRWHERRN� VL]HG�KDQG�KHOG�SDQHO

DQG� D� VW\OXV�� 7KH� YLUWXDO� SDUW� KROGV� WKUHH�GLPHQVLRQDO

LQIRUPDWLRQ�DW� WKH� VXUIDFH�RI� WKH�SDQHO� WKDW� FDQ�EH�GLUHFWO\

PDQLSXODWHG�ZLWK�WKH�VW\OXV�

8VLQJ� WKLV� HYHU\GD\� PHWDSKRU� QR� VSHFLDO� DEVWUDFWLRQ� LV� QHHGHG� IRU� WKH� EDVLF

XQGHUVWDQGLQJ�RI� WKH� LQWHUIDFH�� ,W�XQLILHV� WKH�DGYDQWDJHV�RI� VLPSOLFLW\�DQG�IOH[LELOLW\

DQG� WKXV� VXSSRUWV� D�PXOWLWXGH�RI� LQWHUDFWLRQ� VW\OHV��7KH�SK\VLFDO�QDWXUH�RI� WKH�SHQ

DQG�SDQHO�PDNHV�LW�D�YHU\�VLPSOH��\HW�HIIHFWLYH�DQG�SUHFLVH�GHYLFH�IRU�LQWHUDFWLRQ��WKDW

VXSSRUWV� WDFWLOH� IHHGEDFN� DQG� KDV� JRRG� HUJRQRPLFV�� +RZHYHU�� WKH� VXUIDFH� RI� WKH

SDQHO� LV� D� YLUWXDOO\� XQOLPLWHG� LQWHUDFWLRQ� VXUIDFH� DQG� DQ� LQIRUPDWLRQ� GLVSOD\� RI

FRPSXWHU�JHQHUDWHG��DXJPHQWHG��LQIRUPDWLRQ��)LJXUH�����

7KHUH� DUH� PDQ\� GLIIHUHQW� SRVVLELOLWLHV� WR� XVH� WKH� 3,3� DV� LQWHUDFWLRQ� WRRO� LQ� WKH

DXJPHQWHG�HQYLURQPHQW��,Q�WKH�IROORZLQJ�FKDSWHUV�ZH�ZLOO�VKRZ�IHDWXUHV�IRU�JHQHUDO

REMHFW� DQG� YLHZSRLQW� PDQLSXODWLRQ� WDVNV�� DSSOLFDWLRQ� VSHFLILF� DQG� PLVFHOODQHRXV

FRQWURO�WDVNV�

)LJXUH���� &RQFHSW�RI� WKH�3HUVRQDO� ,QWHUDFWLRQ�3DQHO��(YHU\WKLQJ�GUDZQ� LQ�UHG� LV
DXJPHQWHG�WR�UHDOLW\��ZKLFK�LV�VKRZQ�KHUH�LQ�EODFN�
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���� 3,3�9DULDQWV�LQ�WKH�'HVLJQ�3URFHVV

,Q�WKH�GHVLJQ�SURFHVV�WKH�FRQFHSWXDO�GHILQLWLRQ�RI�WKH�3HUVRQDO�,QWHUDFWLRQ�3DQHO�ZDV

UHILQHG�LQ�VHYHUDO�ZD\V��7KUHH�DFWXDO�GHVLJQ�YDULDQWV�ZHUH�WKHRUHWLFDOO\�HODERUDWHG��:H

WRRN�SURV�DQG�FRQV�RI�WKH�YDULDQWV�LQWR�DFFRXQW�FRQVLGHULQJ�HUJRQRPLF�DQG�VXLWDELOLW\

WR� RXU� EDVLF� GHILQLWLRQ� RI� WKH� SUREOHP��$OO� GHVLJQ� YDULDQWV� XVH� VRIW�� DQG� KDUGZDUH

WHFKQRORJ\� WKDW� LV� GHILQLWHO\� RU� LV� URXJKO\� DYDLODEOH��$FFRUGLQJ� WR� WKH� GHILQLWLRQ� DOO

WKUHH�YDULDQWV�DUH�FRPSRVHG�RI�D�OLJKWZHLJKW��QRWHERRN�VL]HG�KDQG�KHOG�SDQHO�DQG�D

SHQ��)XUWKHUPRUH�ERWK�SDQHO�DQG�SHQ�DUH�WUDFNHG�LQ�SRVLWLRQ�DQG�RULHQWDWLRQ�HLWKHU

E\� VWDQGDUG�PDJQHWLF� WUDFNHUV� RU� E\� RSWLFDO� WUDFNLQJ� IRU� WKH� FRUUHFW� UHJLVWUDWLRQ� RI

UHDO�DQG�YLUWXDO�ZRUOG�

3.3.1 Pressure-sensitive Flat-Panel Display with Pen Observed

with Stereoscopic Glasses

7KH� VHWXS� VKRZQ� LQ� )LJXUH� ��� UHVHPEOHV� KDUGZDUH� DV� VKRZQ� LQ� >0HO�� ����@� DQG

>:HLVHU������@�DQG�DQ�HQKDQFHG�YHUVLRQ�RI�WRGD\·V�FRPPHUFLDOO\�DYDLODEOH�KDQG�KHOG

SDOPWRS�FRPSXWHUV�OLNH�$SSOH·V�1HZWRQ�0HVVDJH�3DG�RU�WKH��&RP�3DOP�9,,��8VLQJ

/&'�VKXWWHU�JODVVHV�RU�SDVVLYH�SRODUL]HG�JODVVHV��WKH�FRQWLQXRXVO\�XSGDWHG�FRPSXWHU

LPDJHU\�RQ�WKH�GLVSOD\�VKRZV�WKUHH�GLPHQVLRQDO�LPDJHV�DSSHDULQJ�WR�HVFDSH�IURP�WKH

IODW� GLVSOD\�� IORDWLQJ� DERYH� LW·V� VXUIDFH� DV� LI� LW� ZRXOG� EH� D� SRUWDEOH� ´5HVSRQVLYH

:RUNEHQFKµ� >.U�JHU�� ����@�� %HLQJ� SRUWDEOH� WKH� GLVSOD\� RIIHUV� H[SORUDWLRQ� RI� DQ

DXJPHQWHG�HQYLURQPHQW�DV�SURSRVHG�LQ�>$PVHOHP������@�DQG�>5HNLPRWR������@��7KH

SUHVVXUH�VHQVLWLYH�VXUIDFH�DOORZV�QRW�RQO\�FOLFN�DFWLRQV��EXW�DOVR�ILQH�JUDLQHG�VHQVLQJ

RI�SHQ�DFWLRQV��ZKLFK�FDQ� LPSURYH� WKH� LQWHUDFWLRQ�FDSDELOLWLHV��7KH�GLVDGYDQWDJH�RI

WKLV�WHFKQRORJ\�LV�EHVLGHV�WKH�GHPDQGLQJ�KDUGZDUH��WKH�OLPLWDWLRQ�E\�D�UHODWLYHO\�VWHHS

YLHZLQJ�DQJOH��GXH�WR�WKH�GLVSOD\�WHFKQRORJ\�XVHG��:LWK�D�VLJQLILFDQW�LPSURYHPHQW�LQ

VL]H�� DYDLODELOLW\� DQG�FRVW�RI� WKH� UHFHQWO\�SUHVHQWHG�DXWRVWHUHRVFRSLF�GLVSOD\V� >'�'�

����@�WKLV�YDULDQW�KDV�DOVR�WKH�SRWHQWLDO�WR�SUHVHQW��'�LPDJHV�ZLWKRXW�DQ\�JODVVHV�



7+(�3(5621$/�,17(5$&7,21�3$1(/�²�$�7:2�+$1'('�,17(5)$&(�)25�$8*0(17('�5($/,7<

&+$37(5�7+5((�²�3$*(���

)LJXUH���� 3UHVVXUH�VHQVLWLYH� IODW�SDQHO� GLVSOD\� ZLWK� SHQ� REVHUYHG� ZLWK
VWHUHRVFRSLF�JODVVHV�

3.3.2 Pressure-sensitive Flat Panel with Pen and a See-through

Head Mounted Display

$OO� EHQHILWV� IURP� XVLQJ� D� SUHVVXUH�VHQVLWLYH� GHYLFH� UHPDLQ� LQ� WKH� VHWXS� VKRZQ� LQ

)LJXUH�����RQO\�WKH�GLVSOD\�VXUIDFH�PRYHG�IURP�WKH�VXUIDFH�RI�WKH�SDQHO�WR�WKH�H\HV�

6\QWKHWLF�LPDJHU\�LV�GLVSOD\HG�DW�UHDO�WLPH�WR�WKH�XVHU�LQ�D�VHH�WURXJK�KHDG�PRXQWHG

GLVSOD\��+0'���7KH�OHYHO�RI�DXJPHQWDWLRQ�DQG�LPPHUVLRQ�LQFUHDVHV��VLQFH�LQ�D�PXOWL�

XVHU� VFHQDULR� XVHUV� ZLWKRXW� +0'V� GR� QRW� VHH� DQ\WKLQJ� RQ� WKH� ERDUG�� \HW� WKH\

UHFRJQL]H� WKH�SDQHO�EHLQJ� DQ� LQSXW�GHYLFH� VXSSRUWLQJ� FRPSXWHU�KXPDQ� LQWHUDFWLRQ�

)XUWKHUPRUH� D� +0'� V\VWHP� DOORZV� QRW� RQO\� SURMHFWLRQ� RQ� D� SDQHO� EXW� H[WHQGV

DXJPHQWDWLRQ� LQWR� WKH�ZKROH� HQYLURQPHQW��$� GUDZEDFN� RI� WKLV� V\VWHP� LV�� WKDW� IXOO

LQWHUDFWLRQ� LV� OLPLWHG� WR� D� VSHFLILF� SDUW� RI� WKH� SDQHO��'HVSLWH� WKH� EHQHILW� RI� SUHFLVH

LQWHUDFWLRQ�RQ�WKH�SDQHOV�VXUIDFH� WKH�IDWLJXLQJ�ZHLJKW�RI�HYHQ�VPDOO�SDQHOV�� OLNH� WKH

:DFRP�$UW3DG� ,,� FDQ� FRQVWUDLQ� ZRUN� DQG�PD\� EH� GLVWXUELQJ� IRU� WKH� XVHU� RYHU� D

ORQJHU�WLPH�RI�XVDJH�
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)LJXUH���� 3UHVVXUH�VHQVLWLYH� IODW�SDQHO� ZLWK� SHQ� DQG� D� VHH�WKURXJK� KHDG
PRXQWHG�GLVSOD\�

3.3.3 “Dumb” Panel and Pen in Combination with a See-

through Head Mounted Display

,Q� WKLV� YDULDQW� QHLWKHU� SDQHO�� QRU� SHQ� KDV� DQ\� EXLOW�LQ� KDUGZDUH� LQWHOOLJHQFH� DSDUW

IURP�WKH�WUDFNHUV�PRXQWHG�RQ�WKHP��VLPLODU�WR�DOO�RWKHU�YHUVLRQV�DERYH��)LJXUH�����

7KH� WKUHH�GLPHQVLRQDO� LPDJHU\� LV�SUHVHQWHG� WR� WKH�XVHU�RQ�D� VHH�WKURXJK�+0'�� LQ

DFFRUGDQFH� WR� KLV� DFWXDO� YLHZSRLQW� DQG� YLHZLQJ� GLUHFWLRQ�� 3RVLWLRQ� DQG� RULHQWDWLRQ

WUDFNLQJ� RI� DOO� WKUHH� SDUWV� �SDQHO�� SHQ� DQG�+0'�� DOORZV� WKH� FRUUHFW� HYDOXDWLRQ� RI

VSDWLDO� UHODWLRQV� IRU� SHUVSHFWLYH�PDWFKLQJ� RI� WKH� UHDO� DQG� DXJPHQWHG� HQYLURQPHQW�

7KH� SK\VLFDO� SURSHUWLHV� RI� WKH� GHYLFHV� VXSSRUW� H[FOXVLYHO\� WDFWLOH� IHHGEDFN� WR� WKH

XVHU��HQULFKLQJ�WKH�LQWHUDFWLRQ�
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)LJXUH���� ´'XPEµ� SDQHO� DQG� SHQ� LQ� FRPELQDWLRQ� ZLWK� D� VHH�WKURXJK� KHDG
PRXQWHG�GLVSOD\�

$OWKRXJK�EHLQJ�WHFKQLFDOO\�SODXVLEOH�WKH�ILUVW�YDULDQW�UHTXLUHV�VWLOO�H[WHQVLYH�KDUGZDUH

GHYHORSPHQW��ZKLFK�ZRXOG� LPSOHPHQW�RXU� LGHD�KDUGZLUHG��)XUWKHUPRUH�ZH�VHH� WKH

YLHZLQJ�DQJOH�FRQVWUDLQW�RI�FXUUHQW�/&'�WHFKQRORJ\� WR�EH�YHU\�KLQGHULQJ��KRZHYHU

WKLV�PLJKW�EH�UHVROYHG�LQ�IXWXUH��:KHUHDV�D�VLPSOH�VHOHFWLRQ�VLJQDO�IRU�D�SLFN�HYHQW�RQ

WKH�SDQHO�� FRPLQJ�GLUHFWO\� IURP� WKH�KDUGZDUH�ZRXOG�EH�KHOSIXO�� WKH� VHFRQG�YDULDQW

KDV� VHYHUDO� OLPLWDWLRQV�� 7KH� VHQVLWLYH� DUHD� LV� IL[HG� LQ� LWV� VL]H� DQG� SURSHUWLHV�

)XUWKHUPRUH�PRVW� SUHVVXUH� VHQVLWLYH� SDQHOV� DUH� WRR�PDVVLYH� IRU� FRQWLQXRXV� KDQG�

KHOG�XVDJH�DQG� WKH�GHYLFH� LQWHUIHUHV�ZLWK�FXUUHQW� VWDWH�RI� WKH� DUW�PDJQHWLF� WUDFNLQJ

V\VWHPV�

)RU�RXU� LPSOHPHQWDWLRQ�ZH�XVHG� WKH� WKLUG�YDULDQW��RIIHULQJ� WKH�ZLGHVW� VSHFWUXP�RI

GHJUHHV�RI� IUHHGRP� LQ�GHVLJQLQJ� WKH� LQWHUIDFH� LWVHOI� DQG�EHLQJ� WKH�PRVW� IOH[LEOH� IRU

UDSLG� SURWRW\SLQJ�� DV� LW� KDV� KDUGO\� DQ\� KDUGZDUH� OLPLWDWLRQV� DQG� VRIWZDUH� GHVLJQ

GHWHUPLQHV�WKH�IXOO�IXQFWLRQDOLW\�
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���� )HDWXUHV�RI�WKH�3K\VLFDO�,QWHUIDFH

3.4.1  “2D in 3D”

2XU� FRPELQDWLRQ�RI� DQ� LQWHUIDFH�ZLWK� DQ� HPSW\� IODW� VXUIDFH� DQG� VRSKLVWLFDWHG� VHH�

WKURXJK�+0'�GLVSOD\�WHFKQRORJ\�DOORZV�WKH�SURMHFWLRQ�RI�WKUHH�GLPHQVLRQDO�LPDJHU\

HYHU\ZKHUH� DURXQG� WKH� XVHU�� EXW� JLYHV� DOVR� DQ� RSSRUWXQLW\� WR� UHF\FOH� �'� *8,

HOHPHQWV�� 7KH� 3HUVRQDO� ,QWHUDFWLRQ� 3DQHO� VXSSRUWV� WKLV� PL[WXUH� RI� WKH� �'� GHVNWRS

PHWDSKRU� DQG� WKH� �'� GLVSOD\�� VR� �'� LQWHUDFWLRQ� DQG� WKUHH�GLPHQVLRQDO� GLUHFW

PDQLSXODWLRQ�DUH�GRQH� LQ�SDUDOOHO��8QOLNH�PDQ\�RWKHU� LQWHUIDFHV� LW� LPSOHPHQWV�D��'

LQWHUIDFH� LQ��'�� OLNH�D�QRWHERRN�RU�D�SLHFH�RI�SDSHU�ZLWK� LWV� IODW� VXUIDFH� LQ� WKH� UHDO

ZRUOG��UDWKHU�WKDQ�D�FRPELQDWLRQ�RI��'�DQG��'��UHTXLULQJ�D�PHQWDO�VZLWFK�IURP�IODW

WR�VSDWLDO��,Q�RXU�HYHU\GD\�OLIH�ZH�DUH�XVHG�WR�ZRUN�´RQµ��'�VXUIDFHV�OLNH�SDSHU��GHVN

DQG� EODFNERDUG�� :H� DOVR� RUJDQL]H� LQWHUDFWLRQ� HOHPHQWV� RQ� �'� VXUIDFHV� ²� OLNH� IRU

H[DPSOH� NQREV� DQG� EXWWRQV� RQ� D� VZLWFKERDUG� RU� D� NH\ERDUG�� 7KLV� VFKHPDWLF

RUJDQL]DWLRQ�RI�FRQWURO�VHHPV�RSHUDWRUV�WR�KHOS�WR�NHHS�D�JRRG�RYHUYLHZ�ZKHQ�XVLQJ

WKHVH� LQWHUIDFHV�� ,Q� DGGLWLRQ� WKH� VDPH� IODW� FRQFHSW� OHG� WR� WKH� FRQYHQWLRQDO� �'

FRPSXWHU�GHVNWRS�LQWHUIDFHV�

,Q�PRUH�GHWDLO� WKLV� FRQFHSW�RI��'� LQ� �'� LPSOLHV� WKDW� D� FRQYHQWLRQDO� �'�FRPSXWHU

GLVSOD\�FDQ�EH�SURMHFWHG�RQWR�WKH�ERDUG��VXSSRUWLQJ�WKH��'�GHVNWRS�PHWDSKRU�EHWWHU

WKDQ�´IO\LQJ�PHQXVµ�RU�EXWWRQV�>%XWWHUZRUWK������@��>+DUPRQ������@��>-DFRE\������@�

+DYLQJ� WKH� WDFWLOH� IHHGEDFN� RI� WKH� VXUIDFH� DQG� WKH� ILQH�JUDLQHG� LQWHUDFWLRQ� RI� RQH

KDQG�LQ�WKH�IUDPH�RI�DFWLRQ�RI�WKH�RWKHU�KDQG��XVHUV�FDQ�HDVLO\�LQWHUDFW�ZLWK�GHVNWRS

HOHPHQWV�� 1RWH� WKH� LQWHUIDFH� GRHV� QRW� IORDW� DURXQG� LQ� VSDFH�� EHFDXVH� LW� LV� VWLOO

´GLUHFWO\µ� FRQQHFWHG� WR� WKH�XVHU·V�KDQG��7KLV� LPLWDWHV�KROGLQJ� LW� LQ� WKH�KDQG��7KXV

ORFDWLQJ� XVHU� LQWHUIDFH� HOHPHQWV� EHFRPHV� UDWKHU� HDV\�� 'LDORJ� ER[HV� IRU� WKH

PDQLSXODWLRQ� RI� SDUDPHWHUV� DUH� ODLG� RQWR� WKH� SDQHO� DQG� VHOHFWLRQ� RU� JHQHUDWLRQ� RI

RWKHU�HYHQWV�LV�GRQH�ZLWK�WKH�SHQ��,Q�DGGLWLRQ�WR�DOO�WKHVH��'�XVHU�LQWHUIDFH�HOHPHQWV

�'�XVHU� LQWHUIDFH�HOHPHQWV�VXFK�DV��'�ZLGJHWV�DUH� LQFRUSRUDWHG� LQ� WKH� LQWHUIDFH�RI

WKH�3,3��VXSSRUWLQJ�WKUHH�GLPHQVLRQDO�WDVNV�EHWWHU�WKDQ��'�HOHPHQWV��5LVLQJ�WKH�WLS

RI� WKH� SHQ� IURP� WKH� VXUIDFH� RI� WKH� SDQHO� PDNHV� LW� WR� D� VL[�GHJUHH� RI� IUHHGRP

PDQLSXODWLRQ� GHYLFH� IRU� GLUHFW�PDQLSXODWLRQ� RU� VHOHFWLRQ�� ,Q� FRPELQDWLRQ�ZLWK� WKH

SDQHO�RU�ZLWKRXW� LW�� VLPLODU� WR� UHDO�ZRUOG�SHQV��ZH�XVH� IRU�SRLQWLQJ�RU� DV� DQ� DLG� WR

HQYLVLRQ� RWKHU� REMHFWV� LQ� GLVFXVVLRQV� DQG� WKH� ¶UHDFK� LQ� ZLWK� D� KDQG�KHOG� VW\OXV·
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PHWDSKRU�GHVFULEHG�LQ�>6HUUD������@��$JDLQ��WKH��'� LQ��'�D[LRP�PDNHV�WKLV�PL[WXUH

QDWXUDO�DQG�QR�FRJQLWLYH�VZLWFK�LV�QHFHVVDU\�

3.4.2 Asymmetric Bimanual Interaction

/RRNLQJ� DW� WKH�EDVLF� GHVLJQ� JXLGHOLQHV� LQ� FKDSWHU� ������ WKH�3,3� LQWHUIDFH� FRQIRUPV

SUHYLRXV� UHVXOWV� LQ� ELPDQXDO� DFWLRQ� >*XLDUG�� ����@�� >+LQFNOH\�� ����E@�� >+LQFNOH\�

����E@�� >.DEEDVK�� ����@� DQG� >6DFKV�� ����@�� 7KH� SDQHO� GHILQHV� D� EDVH� LQ� WKUHH�

GLPHQVLRQDO�VSDFH�ZLWK�WKH�QRQ�GRPLQDQW�KDQG�DQG�GHWHUPLQHV�WKH�UHODWLYH�IUDPH�RI

DFWLRQ�RI�WKH�GRPLQDQW�KDQG��7KLV�LPSRUWDQW�IHDWXUH�RI�WKH�LQWHUIDFH�SURPLVHV�EHWWHU

SHUIRUPDQFH�UHVXOWV�DOUHDG\�LQ�WKH�GHVLJQ�SURFHVV��3UHYLRXV�WHVWV�VKRZHG�WKDW�WDUJHW

DFTXLVLWLRQ�DFFXUDF\�DQG�WLPH�LQ�WKLV�UHODWLYH�IUDPH�LV�VXSHULRU�FRPSDUHG�WR�DEVROXWH

IUDPHV� RI� UHIHUHQFH� IRU� LQWHUDFWLRQ�� 7KH� DELOLW\� WR� DFW� LQ� D� ERG\� UHODWHG� IUDPH� RI

UHIHUHQFH�²�FDOOHG�SURSULRFHSWLRQ�²�LV�YHU\�KHOSIXO�IRU�QDYLJDWLRQ�LQ�DQ�HQYLURQPHQW��EXW

UHVXOWV� LQ� ORZHU� SHUIRUPDQFH� ZKHQ� XVHG� IRU� GLUHFW� REMHFW� PDQLSXODWLRQ� LQ� WUHH�

GLPHQVLRQDO�VSDFH�

$SDUW�IURP�WKH�EHORZ�SURSRVHG�LQWHUDFWLRQ�PHWDSKRUV�WKH�DV\PPHWULF�GHVLJQ�RI�WKH

LQWHUIDFH� LWVHOI� �GLIIHUHQW� GHYLFHV� LQ� WKH� GRPLQDQW� DQG� WKH� QRQ�GRPLQDQW� KDQG�

LQGXFHV�DQ�DV\PPHWULF�GLYLVLRQ�RI�ODERU��7KLV�VXEFRQVFLRXV�HYHU\GD\�VNLOO�FDXVHV�WKDW

XVHUV�ILUVW�SRVLWLRQ�WKH�SDG�DQG�GR�WKH�ILQHU�LQWHUDFWLRQ�DIWHU�WKDW�ZLWK�WKHLU�GRPLQDQW

KDQG��DV� WKH�FRJQLWLYH� ORDG�RI�FRDUVH�DQG� ILQH� WDVNV� LV� DV\PPHWULF��2XU� LQWHUIDFH� LV

ZHOO� VXLWHG� IRU�ERWK� ULJKW�� DQG� OHIW�KDQGHG�XVHUV�� D� V\VWHP�GHVLJQ� LVVXH�ZDV��QRW� WR

LQFRUSRUDWH�SUHIHUHQFHV�

7KH�LQWHUDFWLRQ�ZLWK�WKH�3HUVRQDO�,QWHUIDFH�3DQHO�SURILWV�IURP�WKH�H[LVWLQJ�NLQDHVWKHWLF

IHHGEDFN�WKDW�DOORZV�XV�WR�NQRZ�WKH�SRVLWLRQ�RI�RXU�OLPEV�UHODWLYH�WR�RXU�ERG\��7KLV�LV

D�YHU\� LPSRUWDQW�IHDWXUH�IRU�UHORFDWLQJ� WKH�GHYLFHV�GXULQJ� LQWHUDFWLRQ�VLQFH� WKH�XVHU

GRHV� QRW� KDYH� WR� KROG� WKH� GHYLFHV� LQ� IURQW� RI� KLP�� $� W\SLFDO� LQWHUDFWLRQ� VFHQDULR

ZRXOG� EH�PDQLSXODWLQJ� VRPH� FRQWUROV� RQ� WKH� SDQHO�� UHOHDVLQJ� WKH� GHYLFH� DQG� WKHQ

ORRNLQJ� DW� WKH� DXJPHQWHG� HQYLURQPHQW� WR� JHW� IHHGEDFN�RI� WKH� FKDQJHV��1RZ�XVHUV

FDQ�DJDLQ�OLIW�WKH�GHYLFHV�LQWR�WKH�ILHOG�RI�YLVLRQ�RI�WKH�+0'V�RU�WLOW�WKH�KHDG�ZLWK�D

SLWFK� PRWLRQ� WR� VHH� WKH� GHYLFHV�� :LWKRXW� NLQDHVWKHWLF� IHHGEDFN� ZRXOG� KDYH� WR� ORRN

DURXQG�WR�ILQG�WKH�GHYLFHV�DJDLQ�
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3.4.3 Haptics

2XU� SDLU� RI� PDJQHWLF� WUDFNHG� SHQ� DQG� SDG� JLYHV� VXIILFLHQW� WDFWLOH� IHHGEDFN� DQG� LV

IDPLOLDU�WR�LQH[SHULHQFHG�LQGLYLGXDOV��HQDEOLQJ�WKHP�FRQFHQWUDWLRQ�RQ�WKH�WDVNV�WR�EH

SHUIRUPHG��5DWKHU� WKDQ�RIIHULQJ� YLUWXDO� GHYLFHV� IRU�PDQLSXODWLRQ� WDVNV�ZH�SURSRVH

H[WHQGHG� GHYLFHV�� ([WHQGLQJ� WKH� UHDO� ZRUOG� WRROV� E\� DGGHG� YLUWXDO� VKDSH� DQG

IXQFWLRQDOLW\�ZKLOH� SUHVHUYLQJ�SDUWV� RI� WKH� WRRO� EHLQJ� DOZD\V� LGHQWLFDO�� XVHUV� IHHO� WR

KROG� DOO� WRROV� LQ� WKHLU� KDQGV��2XU� LPSOHPHQWDWLRQ�ZLWK� VHH�WKURXJK� KHDG�PRXQWHG

GLVSOD\V�DXJPHQWV�V\QWKHVL]HG�LPDJHU\�RQWR�UHDO�ZRUOG�REMHFWV��EXW�²�DV�LOOXVWUDWHG�LQ

ODWHU�VHFWLRQV�²�WKLV�LQWHUDFWLRQ�WHFKQLTXH�VHUYHV�ZHOO� LQ�ERWK�YLUWXDO�DQG�DXJPHQWHG

HQYLURQPHQWV�� 7DFWLOH� SURSHUWLHV� RI� WKH� LQWHUIDFH� GHYLFH� DUH� NHSW� LQ� D� YLUWXDO

HQYLURQPHQW�� VR� WKDW�FRKHUHQFH� LQ� VKDSH�RI� WKH� UHDO� WRRO� DQG� WKH�YLUWXDO� WRRO�KHOSV

VDWLVI\LQJ� WKH�QHHG� IRU�FRQYLQFLQJ� VWLPXOL� OLNH�DOVR� VKRZQ� LQ� >+LQFNOH\������E@�DQG

>:ORND������@�

&RLQFLGHQFH� EHWZHHQ� UHDO� SURSV� DQG� YLUWXDO� UHSUHVHQWDWLRQ� RI� WKH� WRROV� PDGH� LW

QDWXUDO�WR�OD\�GRZQ�DQG�ILQG�DJDLQ�WKH�WRROV��HYHQ�LQ�WKH�HQYLURQPHQW�RI�RXU�FURZGHG

ODE��'HVSLWH�RXU�LPSOHPHQWDWLRQV�JDWKHU�DURXQG�DXJPHQWHG�UHDOLW\�DSSOLFDWLRQV��PRVW

RI� WKH� 3HUVRQDO� ,QWHUDFWLRQ� 3DQHOV� IXQFWLRQDOLW\� FDQ� EH� WUDQVODWHG� WR� YLUWXDO

HQYLURQPHQWV��6LQFH�WKH�´GXPEµ�SDQHO�GRHV�QRW�UHTXLUH�WR�EH�VHHQ�ZKHQ�UHSUHVHQWHG

DFFRUGLQJO\�LQ�WKH�YLUWXDO�VSDFH��IXOO�LPPHUVLRQ�RI�WKH�XVHU�LQWR�D�YLUWXDO�HQYLURQPHQW

LV�DOVR�SRVVLEOH�

6L]H�FRUUHVSRQGHQFH�RI�UHDO�DQG�YLUWXDO�LQWHUIDFH�LV�LPSRUWDQW�LQ�WKH�FDVH�RI�WKH�SDQHO�

:H�YDULHG�WKH�SHQ�WKLFNQHVV�LQ�GLIIHUHQW�DSSOLFDWLRQV��ZKLFK�GLG�QRW�PDNH�DQ�LPSDFW

RQ�WKH�VHQVH�RI�FRUUHVSRQGHQFH�

7KH�VXUIDFH�SURSHUWLHV�RI� WKH�DFWXDO� VHWXSV�DV� VKRZQ� LQ� FKDSWHU�����ZHUH�GLIIHUHQW�

8VHUV� H[SUHVVHG� WR� OLNH� D� OLWWOH� URXJKQHVV� RI� WKH� SDQHO�� VR� VOLGLQJ� DFWLRQV� RQ� WKH

VXUIDFH�ZRXOG�SURYLGH�WKH�WDFWLOH�IHHGEDFN�RI�VFUDWFKLQJ�DERYH�WKH�VXUIDFH�

+DUGO\�DQ\�WHVW�SHUVRQ�GLG�UHSRUW�SUREOHPV�RI�IDWLJXH��7KH\�LPPHGLDWHO\�UHDOL]HG�WKDW

ZHDULQJ�D�+0'�DOORZV� WR�FKDQJH� WKH�SRLQW�RI�YLHZ�UDWKHU�TXLFNO\�� VR� ORZHULQJ� WKH

DUP��XVLQJ�WKH�3,3�VLWWLQJ�RU�HYHQ�SODFLQJ�LW�IRU�D�VKRUW�WLPH�RQ�D�GHVN�GRHV�QRW�KDYH

DQ�LPSDFW�RQ�LWV�XVH�
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���� 0HWDSKRUV�IRU�,QWHUDFWLRQ�7DVNV

7KH� GLVFXVVLRQ� RI� WKH� SK\VLFDO� LQWHUIDFH� OHDG� WR� D� WKHRUHWLFDO� VHWXS� IRU� WKH� V\VWHP

KDUGZDUH�� +RZHYHU�� WKH� YLUWXDO� SDUW� RI� WKH� 3HUVRQDO� ,QWHUDFWLRQ� 3DQHO� LV� HQWLUHO\

GHSHQGV� RQ� WKH� XQGHUO\LQJ� VRIWZDUH� FRPSRQHQWV�� 7R� FRPSOHPHQW� WKH� LQWHUIDFH� D

ZLGH�YDULHW\�RI� LQWHUDFWLRQ�PHWDSKRUV�ZHUH� LQYHVWLJDWHG�WKDW�FRXOG�EHQHILW� IURP�WKH

KDUGZDUH� VHWXS�� 7KH� ULJKW� FRPELQDWLRQ� RI� WKH� LQWHUDFWLRQ� PHWDSKRUV� ZLWK� WKH

SURSRVHG� KDUGZDUH� VKRXOG� FUHDWH� D� XQLTXH� WRRO� WKDW� FRPELQHV� SK\VLFDO� DQG� YLUWXDO

DWWULEXWHV�DQG�PHHWV�WKH�EDVLF�GHVLJQ�JRDOV�JRYHUQLQJ�WKLV�UHVHDUFK�ZRUN�

2QH�EDVLF�LVVXH�ZH�ZLOO�IROORZ�LV�WR�DYRLG�FRQWH[W�VZLWFKLQJ�IURP�WKH�YLUWXDO�SDUW�RI

WKH�DXJPHQWDWLRQ�WR�UHDO�ZRUOG��)RU�WKLV�UHDVRQ�WKH�YLUWXDO�RYHUOD\�RQ�WKH�3,3�KDV�WR

EHKDYH� OLNH� WKH� UHDO�ZRUOG�� ,Q� WKLV� VHQVH� WKH� IHZHU� QHZ�PHWDSKRUV� DQG� DEVWUDFWLRQ

OHYHOV�ZH�LQWURGXFH�WKH�PRUH�QDWXUDO�WKH�LQWHUDFWLRQ�ZLOO�EH�

$V�WKH�3,3�LV�D�PXOWL�SXUSRVH�LQWHUDFWLRQ�GHYLFH��WKH�ZLGH�UDQJH�RI�DSSOLFDWLRQV�KDV

WR�EH�FDWHJRUL]HG�IRU�IXUWKHU�LQYHVWLJDWLRQ��:H�FODVVLILHG�XVHU�LQWHUDFWLRQ�WDVNV�XVLQJ

+DQG·V� FDWHJRULHV� SUHVHQWHG� LQ� >+DQG�� ����@��7KH� SUHVHQWHG� LQWHUDFWLRQ�PHWDSKRUV

DUH� FDWHJRUL]HG� LQ� REMHFW� PDQLSXODWLRQ�� YLHZSRLQW� PDQLSXODWLRQ� DQG� DSSOLFDWLRQ� FRQWURO

UHVSHFWLYHO\��,Q�WKH�EHJLQQLQJ�ZH�ZLOO�IROORZ�WKLV�FODVVLILFDWLRQ�DQG�VKRZ�WKH�XVDELOLW\

RI�WKH�3,3�WR�FHUWDLQ�JHQHUDO�WDVNV��/DWHU�ZH�GHVFULEH�PHWDSKRUV�IRU�VSHFLDO�WDVNV�DQG

VSHFLI\�FHUWDLQ�IHDWXUHV�LQ�PRUH�GHWDLO�WKDW�JRYHUQ�WKH�VXEVHTXHQW�LPSOHPHQWDWLRQ�

3.5.1 Object Manipulation Tasks

0RGHOLQJ� RI� REMHFWV� KDV� EHHQ� DQ� LVVXH� IURP� WKH� EHJLQQLQJ� RI� FRPSXWHU�KXPDQ

LQWHUDFWLRQ��:RUNLQJ�ZLWK�REMHFWV�GLUHFWO\� LQ� WKUHH�GLPHQVLRQV� UDWKHU� WKDQ�ZLWK��'

SURMHFWLRQV� LPSURYHV� XQGHUVWDQGLQJ� RI� VKDSH� DQG� UHODWLRQV�� ,Q� DXJPHQWHG

HQYLURQPHQWV�RQH�KDV�WKH�SRVVLELOLW\�WR�FRPSDUH�D�UHDO�PRGHO�ZLWK�WKH�PRGHOHG�FRS\

RI�LW��2YHUOD\LQJ�RI�UHDO�DQG�YLUWXDO�PRGHO�RU�H[WHQGLQJ�D�UHDO�REMHFW�ZLWK�YLUWXDO�SDUWV

�H�J���VHHLQJ�XOWUDVRXQG�LPDJHU\�LQ�WKH�SDWLHQW�>%DMXUD������@��RU�DQQRWDWLQJ�UHDO�ZRUOG

REMHFWV�>5RVH������@�HPSOR\�WKH�UHDO�FDSDELOLWLHV�RI�$5�
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)LJXUH���� 'LUHFW� VHOHFWLRQ�RI�REMHFWV�E\� LQVHUWLQJ� WKH�SHQ� LQWR� WKH�´IORDWLQJµ
PRGHO��EDFNJURXQG�LOOXVWUDWHV�DXJPHQWDWLRQ��

%DVLF�REMHFW�PDQLSXODWLRQ�WDVNV��OLNH�REMHFW�VHOHFWLRQ��WUDQVIRUPDWLRQ�DQG�RQ�D�KLJKHU�OHYHO

GUDJ�DQG�GURS�RI�REMHFWV�LQ�WKUHH�GLPHQVLRQV�KDYH�EHHQ�LQYHVWLJDWHG�E\�PDQ\�UHVHDUFK

JURXSV�>%XWWHUZRUWK������@�� >&RQQHU������@��,Q�RXU�VHWXS��WKH�SHQ�DORQH�LV�XVHG�IRU

�'� SRLQWLQJ��� VHOHFWLRQ� RSHUDWLRQV� RU� GLUHFW� PDQLSXODWLRQ� RI� WKH� GLVSOD\HG� PRGHO�

ZKHUH�D��'�PRXVH�LV�QRUPDOO\�XVHG��7KLV�IHDWXUH�LV�VHDPOHVVO\�LQWHJUDWHG�ZLWKLQ�WKH

H[WHQGHG� 3,3� IXQFWLRQDOLW\�� VR� WKDW� WKH� 3,3� VXSSRUWV� D� VXSHUVHW� RI� ´VWDQGDUGµ� �'

RSHUDWLRQV�LQ�YLUWXDO�DQG�DXJPHQWHG�UHDOLW\�

)XUWKHUPRUH� VKRZLQJ� WKH� VHOHFWHG� LWHP� VLPXOWDQHRXVO\� RQ� WKH� SDQHO� �)LJXUH� ���� HQULFKHV

VHOHFWLRQ� RI� REMHFWV� IORDWLQJ� LQ� WKH� DXJPHQWHG� VFHQH�� 7KH� FRQWHPSRUDU\� GLVSOD\

SHUPLWV� DGGLQJ�DGGLWLRQDO� LQIRUPDWLRQ� WR� WKH� VHOHFWLRQ� �H�J���SK\VLFDO�SURSHUWLHV� OLNH

YROXPH��HWF���RQ�WKH�SDQHO�

7KH�3,3�LV�FDSDEOH�WR�EH�XVHG�DV�D�YLVLEOH��'�FOLSERDUG�FDUU\LQJ�D�FROOHFWLRQ�RI��'�RU

�'�GDWD�LWHPV�WKDW�DUH�VKRZQ�DERYH�WKH�SDQHO·V�VXUIDFH�DQG�FDQ�IUHHO\�EH�DFFHVVHG�E\

WKH�XVHU��2EMHFWV�PD\�EH�GUDJJHG�RXW�IURP�WKH�VXUIDFH�RI�WKH�3,3�DQG�GLUHFWO\�SODFHG

RU� PRYHG� LQ� WKH� DXJPHQWDWLRQ� �)LJXUH� ����� 7KLV� PHFKDQLVP� JLYHV� D� QDWXUDO

LQWHUDFWLYH� IHHOLQJ� RI� KDQGOLQJ� VSDWLDO� DOLJQHG� GDWD��2QFH�PRUH� WKH� WDFWLOH� IHHGEDFN

VXSSRUWV� LQWHUDFWLRQ�� JLYLQJ� WKH� XVHU� WKH� IHHOLQJ�� WR� KROG� WKH� LWHPV� LQ� WKH� KDQG�

&RUUHFW�SODFHPHQW�RI�WKH�REMHFWV�RQ�WKH�VXUIDFH��DOORZV�WR�SLFNLQJ�RQ�WKH�SDQHO��DV�LI

IRUFH�IHHGEDFN�ZRXOG�KDYH�EHHQ�DGGHG�

%HVLGHV�GLUHFW�PDQLSXODWLRQ��KDQGOLQJ�REMHFWV�ZLWK�DEVWUDFW�PHWDSKRUV�OLNH��'�ZLGJHWV

FDQ� EH� XVHIXO� IRU� FHUWDLQ� DSSOLFDWLRQV��8QOLNH�PDQ\� RWKHU� ZRUNV�� WKH�PDQLSXODWLRQ

GUDJJHUV� DUH� LQ� RXU� FDVH� QRW� DWWDFKHG� WR� WKH� REMHFW� EXW� WR� WKH� VXUIDFH� RI� WKH� 3,3�
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HQDEOHG� E\� WKH� PL[WXUH� RI� �'� DQG� �'� GHVNWRS� HOHPHQWV�� GHVFULEHG� DERYH�

$GYDQWDJHV� RI� WZR�KDQGHG� LQWHUDFWLRQ� DQG� LQ� SDUWLFXODU� WKH� 3,3�� OLNH� IUDPH� RI

UHIHUHQFH� DQG� SDQHO� DWWDFKHG� LQWHUIDFH� HOHPHQWV�� LPSURYH�ZRUN�ZLWK� WKHVH� DEVWUDFW

WRROV�)LJXUH����DQG�)LJXUH����

)LJXUH���� �´'UDJ�	�'URSµ�REMHFWV�IURP�D�FOLSERDUG�LQWR��'�VSDFH�

)LJXUH���� ,Q� DGGLWLRQ� WR� GLUHFW�PDQLSXODWLRQ�� ZLGJHWV� FDQ� EH� XVHG� IRU� H[DFW
VFDOLQJ�«

)LJXUH���� «�RU�URWDWLRQ�RI�REMHFWV�
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)LJXUH���� *HQHUDO�3,3�WRROV��FRORULQJ�EUXVK��

$��'�WRRO�SDOHWWH� LQ�)LJXUH�����FRPSDUDEOH�WR�WKH�REMHFW�EURZVHU�FOLSERDUG� LQ�)LJXUH

���� FRQWDLQV� DOO� EDVLF� IXQFWLRQDOLW\� RI� WKH�3,3��$PRQJ�RWKHUV� IHDWXUHV� OLNH� FXW� DQG

SDVWH� WRROV��0DJLF�/HQVHV� >%LHU������@�DQG�FRORULQJ�EUXVKHV�DUH�VXSSRUWHG��$WWDFKLQJ

WKHVH�DXJPHQWHG�WRROV� WR� WKH� WLS�RI� WKH�SHQ� OLNH�VKRZQ� LQ� >6HUUD������@�� WKH�XVHU� LV

JLYHQ�WKH�IHHOLQJ�RI�KROGLQJ�DQ�´H[WHQGHGµ�WRRO�LQ�KLV�RU�KHU�KDQG�

3.5.2 Navigation Tasks

$V�REMHFW�PDQLSXODWLRQ�FRQFHQWUDWHV�RQ�KDQGOLQJ�DQG�HGLWLQJ�RI�REMHFWV��QDYLJDWLRQ�LV

QHFHVVDU\�IRU�FKDQJLQJ�YLHZSRLQW�SRVLWLRQ�DQG�RULHQWDWLRQ�LQ�RUGHU�WR�H[SORUH�D�VSHFLILF�SDUW

RI� WKH� HQYLURQPHQW�� +DQG� JHQHUDOL]HV� LQ� >+DQG�� ����@� WKH� WHUP� RI� QDYLJDWLRQ� E\

VD\LQJ��´9LHZSRLQW�PDQLSXODWLRQ�HQFRPSDVVHV�WKH�WDVNV�RI�QDYLJDWLQJ�LQ�WKH�YLUWXDO�HQYLURQPHQW�E\

PRYHPHQW� RI� WKH� SRLQW�RI�YLHZ� �L�H�� WKH� FDPHUD� RU� ¶YLUWXDO� H\H·��� DV� ZHOO� DV� FRQWUROOLQJ� WKH� YLHZLQJ

SDUDPHWHUV�VXFK�DV�=RRP�)DFWRU�DQG�)LHOG�RI�9LHZ�µ

,Q� RXU� DXJPHQWHG� UHDOLW\� VHWXS� WKH� XVHU� LV� ZHDULQJ� D� +0'�� �'2)�WUDFNHG� ZLWK

PDJQHWLF�VHQVRUV��0RYHPHQW�RI� WKH�KHDG�FRUUHVSRQGV�DXWRPDWLFDOO\� WR�D�FKDQJH�RI

WKH�YLHZSRLQW��WKXV�FRLQFLGHQFH�EHWZHHQ�UHDO�DQG�YLUWXDO�LPDJHU\�LV�HQVXUHG�

$GGLWLRQDO� WR� WKH� RZQ� YLHZSRLQW� PRYHPHQW�� QDYLJDWLRQ� PHWDSKRUV� GHVFULEHG� LQ

>+LQFNOH\�� ����D@� DUH� VXSSRUWHG� LQ� RXU� $5� VHWXS� ZLWK� WKH� 3,3� LQWHUIDFH�� 7KH

´H\HEDOO�LQ�KDQGµ�PHWDSKRU�LV�LQ�RXU�FDVH�D�´ORRN�ZKHUH�\RX�SRLQWµ�YLHZSRLQW��IRU�WKDW

YLUWXDO�FDPHUD�SRVLWLRQ�DQG�RULHQWDWLRQ�LV�GHILQHG�ZLWK�WKH�SHQ��ZKLOH�WKH�RII�VFUHHQ

UHQGHUHG�FDPHUD�LPDJH�LV�GLVSOD\HG�RQ�WKH�SDQHO��DV�VKRZQ�LQ�)LJXUH����
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)LJXUH���� &DPHUD�SRVLWLRQLQJ�ZLWK�WKH�SHQ�

)LJXUH���� (QODUJHG�YLHZ�RI�D�GHWDLO�

0DJQLILHG�GHWDLOV��HYHQ�IURP�WKH�LQVLGH�RI�D�VLPXODWHG�REMHFW��FDQ�HQKDQFH�ZRUNLQJ�LQ

WKH� DXJPHQWHG� HQYLURQPHQW� DQG� DUH� VXSSRUWHG� E\� WKH� 3,3�� )LJXUH� ��� VKRZV� D

]RRPHG�GHWDLO�RQ�WKH�3,3��ZKLOH�REVHUYDWLRQ�RI� WKH�ZKROH�REMHFW� LV�VWLOO�SRVVLEOH� LQ

SDUDOOHO�

'XULQJ�QDYLJDWLRQ�WKH�SDQHO�FDQ�DFW�DV�D�YLUWXDO�SKRWR� FDPHUD� WR� WDNH�D�´VQDSVKRWµ�RI

WKH�VFHQH·V�VWDWH��7KH�FXUUHQWO\�GLVSOD\HG�LPDJH�RU�GHWDLO�LV�LPPHGLDWHO\�IUR]HQ�RQ�WKH

SDQHO·V�VXUIDFH�DQG�H�J���SULQWHG�RXW�RQ�D�UHPRWH�SULQWHU�

&RQVLGHULQJ�WKDW�$5�DSSOLFDWLRQV�QHHG�WKH�FRUUHVSRQGHQFH�EHWZHHQ�UHDO�DQG�YLUWXDO

HQYLURQPHQW��QDYLJDWLRQ�DQG�ORFRPRWLRQ�LQGHSHQGHQW�IURP�WKH�UHDO�YLHZSRLQW�LV�QRW

XVHG�� DV� LW�ZRXOG�GHVWUR\� WKH� DXJPHQWDWLRQ��+RZHYHU�� IRU� VSHFLILF�95� DSSOLFDWLRQV

WKH�3,3� LV�DEOH� WR�VXSSRUW�IXUWKHU�QDYLJDWLRQ�PHWDSKRUV� OLNH�VSHFLI\LQJ�GLUHFWLRQ�RI

PRYHPHQW�ZLWK� WKH�SHQ�RU�´VSDFHVKLSµ� FRQWURO� JDGJHWV� ��'�EXWWRQV�RU��'�ZLGJHWV��RQ

WKH�SDQHO·V�VXUIDFH�
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0DS�EDVHG�WHFKQLTXHV�FRPSOHWH�WKH�OLVW�RI�SRVVLEOH�QDYLJDWLRQ�PHWKRGV��7KH�´VFHQH�LQ�

KDQGµ�PHWDSKRU� VLPLODU� WR� WKH�:,0� LQWHUIDFH� >3DXVFK�� ����@� DQG� >6WRDNOH\�� ����@

DQG�WKH�0D36�LQWHUIDFH�LQ�>(GZDUGV������@�FDQ�EH�VXSSRUWHG��VKRZLQJ�DQ�RYHUYLHZ

RI� WKH�VXUURXQGLQJ�HQYLURQPHQW��7KH�GLVSOD\HG�PDS� FDQ�EH� VFUROOHG�ZLWK�DUURZV�RQ� WKH

SDQHO·V� VXUIDFH�RU�JUDEEHG�ZLWK� D�SHQ�FOLFN� DQG�GUDJJHG� LW� WR� DQ\�GLUHFWLRQ�FDXVLQJ

WKH�PDS�WR�VOLGH��JUDE�	�GUDJ���7KH�UHSUHVHQWDWLRQ�RI�WKH�XVHU�LQ�WKH�HQYLURQPHQW�LV

IL[HG�DW�D�ORFDWLRQ��H�J��FHQWHU��RI�WKH�SDQHO��$V�PRYHPHQW�LV�WUDQVODWHG�LQ�DQ�DEVROXWH

ZD\�� UHOHDVLQJ� DQG� JUDEELQJ� DJDLQ� FRXOG� EH� QHFHVVDU\� IRU� ODUJHU� GLVWDQFHV�� 7R

RYHUFRPH�WKLV�GUDZEDFN�DQ�DYDWDU�JUDE�PHWKRG�LV�LQWURGXFHG�VLPLODU�WR�WKH�SUHVHQWHG

DSSURDFK�LQ�>3DXVFK������@��7KH�DYDWDU�UHSUHVHQWDWLRQ�RI�WKH�XVHU�LQ�WKH�9(�RQ�WKH

SDQHO� LV� JUDEEHG� DQG�´GUDZQµ� WKURXJK�HQYLURQPHQW� UHODWLYH� WR� WKH�JUDEELQJ�SRLQW�

:KLOH�PDQLSXODWLQJ�WKH�DYDWDU�WKH�PDS�LV�VFUROOHG�DFFRUGLQJO\�LQWR�WKH�RWKHU�GLUHFWLRQ

VR�WKDW�WKH�UHSUHVHQWDWLRQ�QHYHU�´IDOOV�RIIµ�WKH�PDS��7KH�VSHHG�RI�WKLV�VFUROO�FDQ�YDU\

VLPLODU� WR� WKH� GHSWK� PRGXODWHG� IO\LQJ� DSSURDFK� LQ� >:DUH�� ����@�� +RZHYHU� VSHHG

PDJQLWXGH�ZRXOG� EH� FRQWUROOHG� ZLWK� WKH� GLVWDQFH� RI� WKH� DYDWDU� IURP� WKH� JUDEELQJ

SRLQW�� 0RYLQJ� WKH� SDQHO� WRZDUGV� RU� DZD\� IURP� WKH� H\H� GXULQJ� QDYLJDWLRQ� FDXVHV

]RRPLQJ�RI�WKH�PDS�IRU�GLIIHUHQW�VSHHGV�RI�ORFRPRWLRQ�

,W� LV� YHU\� LPSRUWDQW� WR� VXPPDUL]H� WKDW� DOO� QDYLJDWLRQ�PHWDSKRUV� SUHVHQWHG� KHUH� LQ

FRPELQDWLRQ�ZLWK�WKH�3HUVRQDO�,QWHUDFWLRQ�3DQHO�KDYH�RQH�LQ�FRPPRQ��:KLOH�XVLQJ

ZKDWHYHU�PHWDSKRU�IRU�QDYLJDWLRQ�ZLWK�WKH�3,3��WKH�XVHU�VWLOO�NHHSV�WKH�FRQQHFWLRQ�WR

WKH� HQYLURQPHQW� DQG� GRHV� QRW� KDYH� WR�PDNH� D� FRJQLWLYH� VZLWFK�� EHFDXVH� WKH� RZQ

YLHZ�LV�NHSW�DQG�WKH�QDYLJDWLRQ�GLVSOD\�LV�RQ�WKH�SDQHO�

3.5.3 Application Control Tasks

7KH�GHVLJQ�RI�RYHUDOO�FRQWUROV�LV�FUXFLDO�IRU�D�V\VWHP��7KH�XVHU�PD\�QRW�EH�IRUFHG�WR

QHHG� YHU\� VSHFLDO� VNLOOV� IRU� WKH� JHQHUDO� FRQWUROV� RI� WKH� DSSOLFDWLRQ�� DV� KH� ZDQWV� WR

FRQFHQWUDWH�RQ�WKH�WRSLF�RI�WKH�DSSOLFDWLRQ��,PPHUVLYH�DXJPHQWHG�DSSOLFDWLRQV�QHHG

HDV\� WR� XQGHUVWDQG� FRQWUROV��ZKLFK� KDYH� WR� EH� ´LQVLGHµ� WKH� DXJPHQWDWLRQ�� )RU� WKH

IHHOLQJ�RI�JRRG�LPPHUVLRQ�LW�LV�YHU\�LPSRUWDQW�QRW�WR�OHDYH�DQG�MRLQ�WKH�DXJPHQWDWLRQ

IRU�RSHUDWLRQV� OLNH� UHFRQILJXUDWLRQ�RI� WKH� V\VWHP�� VWDUWLQJ�D�QHZ�VHVVLRQ�� HWF��0DQ\

VROXWLRQV�WUDQVIHU�FRQYHQWLRQDO�DSSOLFDWLRQ�FRQWUROV�WR�$5�RU�95�V\VWHPV��OLNH�IO\LQJ

PHQXV�>%XWWHUZRUWK������@��>+DUPRQ������@�ZKLFK�KDYH�GUDZEDFNV��QRW�FRQVLGHULQJ

WKH� WKUHH� GLPHQVLRQDO� EHKDYLRU� RI� WKLV� DSSOLFDWLRQV�� WKH� UHGXFHG� DEVROXWH� WDUJHW
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DFTXLVLWLRQ� VNLOOV� LQ� VSDFH� DQG� WKH� ODFN�RI� WDFWLOH� IHHGEDFN� >+LQFNOH\�� ����D@��2WKHU

H[DPSOHV�DWWDFK�PHQXV�WR�WKH�LQWHUIDFH�>:ORND������@��VR�WDUJHW�DFTXLVLWLRQ�KDV�RQO\

WR�EH�UHODWLYH��HQKDQFLQJ�SHUIRUPDQFH�

7KH�3,3�RIIHUV�WKH�SRVVLELOLW\�WR�FRQWDLQ�DQG�PDQLSXODWH�DOO�WKH�QHFHVVDU\�FRQWUROV�LQ

D�GHVNWRS�PDQQHU�DV�GHVFULEHG�DERYH�DQG�VKRZQ�LQ�)LJXUH�����*HQHUDO�FRQWUROV�IRU

DQ� $5� V\VWHP� OLNH� 6WXGLHUVWXEH� FDQ� HDVLO\� EH� PDGH� DYDLODEOH� E\� WKH� 3,3�� VR

UHFRQILJXUDWLRQ� RI� WKH� DSSOLFDWLRQ� FDQ� ODUJHO\� EH� DFKLHYHG� ZLWKRXW� OHDYLQJ� WKH

DXJPHQWHG�HQYLURQPHQW��$�WRRO�SDOHWWH�)LJXUH����JURXSV�IXQFWLRQV�DQG�PDNH�WKHP

HDVLO\� DFFHVVLEOH�� $� FRQYHQWLRQDO� �'� FRPSXWHU� GLVSOD\� FDQ� EH� SURMHFWHG� RQWR� WKH

ERDUG� VLPLODU� WR� >$QJXV�� ����@�� VXSSRUWLQJ� D� �'� GHVNWRS� PHWDSKRU� EHWWHU� WKDQ

´IO\LQJ� PHQXVµ� VR� WUDGLWLRQDO� �'� XVHU� LQWHUDFWLRQ� DQG� SDUDPHWHU� PDQLSXODWLRQ� LV

SRVVLEOH��,Q�DGGLWLRQ�WR�´IODWµ��'�XVHU�LQWHUIDFH�HOHPHQWV��WKUHH�GLPHQVLRQDO�ZLGJHWV

WKDW�´IORDWµ�DERYH� WKH�SDQHO·V� VXUIDFH�DUH� VXSSRUWHG� �H�J��� VHOHFWLRQ�RI� D�SRLQW�RQ�D

VSKHUH���FOLSERDUG�IXQFWLRQDOLW\�DQG�GUDJ�DQG�GURS�LQ��'�FDQ�DOVR�EH�LPSOHPHQWHG�DV

SRLQWHG�RXW�DERYH�LQ�WKH�REMHFW�PDQLSXODWLRQ�VHFWLRQ�

)LJXUH���� &RQWUROOLQJ� JHQHUDO� SDUDPHWHUV� RI� DQ� DSSOLFDWLRQ�� VXFK� DV� V\VWHP
VHWXS��HWF�

3.5.4 Precision Enhancing Techniques

$OWKRXJK�EHLQJ� LQ� IDFW� DQ� LPSOHPHQWDWLRQ� LVVXH�ZH�KDYH� WR� FRQVLGHU� DOUHDG\� LQ� WKH

FRQFHSWLRQ� SKDVH� WKH� ORZ� UHVROXWLRQ� RI� +0'V� DQG� WKH� ODFN� RI� KDSWLF� IHHGEDFN�

7KHVH� GUDZEDFNV� GHFUHDVH� RYHUDOO� SUHFLVLRQ� RI� V\VWHPV� EDVHG� RQ� WKLV� KDUGZDUH�

$GGLWLRQDOO\�PDJQHWLF�WUDFNHUV�SURYLGH�QRLV\�SRVLWLRQ�DQG�RULHQWDWLRQ�PHDVXUHPHQWV

GHFUHDVLQJ�SHUIRUPDQFH�LQ�REMHFW�PDQLSXODWLRQ�WDVNV��'XH�WR�WKDW�REMHFWV�FDQ�QRW�EH

SODFHG�YHU\�H[DFWO\�LQ�VSDFH��(VSHFLDOO\��PRYLQJ�RQH�REMHFW�IDFH�DOLJQHG�RQWR�DQRWKHU�
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ZKLFK�LV�D�YHU\�RIWHQ�SHUIRUPHG�WDVN��LV�UHDOO\�KDUG�WR�DFKLHYH��7R�RYHUFRPH�WKH�OLPLWHG

SUHFLVLRQ�RI�WKH�DSSOLHG�95�KDUGZDUH�ZH�HQKDQFH�PDQLSXODWLRQ�SUHFLVLRQ�RQ�WKH�VFHQH

OHYHO��LQVWHDG�RI�DSSO\LQJ�TXDOLW\�HQKDQFLQJ�WHFKQLTXHV�RQ�UDZ�WUDFNHU�PHDVXUHPHQWV�

OLNH�ILOWHULQJ�RU�SUHGLFWLRQ�DV�GRQH�WUDGLWLRQDOO\��:H�LGHQWLILHG�VQDSSLQJ�PHFKDQLVPV�DV�D

YHU\�SRZHUIXO�WRRO�IRU�DOLJQLQJ�REMHFWV�SUHFLVHO\��VSHHGLQJ�XS�PDQLSXODWLRQ�WDVNV�

5HODWHG�ZRUN

6HYHUDO�VROXWLRQV�KDYH�EHHQ�SURSRVHG�IRU� WKH�SUREOHP�RI�SUHFLVH�REMHFW�SODFHPHQW�

&ROOLVLRQ�GHWHFWLRQ�>&RKHQ������@��DQ�RIWHQ�XVHG�DSSURDFK�LQ�FRPPRQ�95�V\VWHPV�

GRHV� QRW� DGG� YHU\�PXFK� YDOXH� WR� WKDW� SUREOHP��7KH� DYRLGDQFH� RI� LQWHUSHQHWUDWLRQ

GRHV�RQO\�KHOS�D�OLWWOH�IRU�WKH�DOLJQPHQW�WDVN�DQG�LV�FRPSXWDWLRQDOO\�H[SHQVLYH�

,Q�>0LQH������@�SURSULRFHSWLRQ� LV�H[SORLWHG�WR�HQKDQFH�WKH�SUHFLVLRQ�PDLQO\�RI�UHPRWH

PDQLSXODWLRQ�RI�REMHFWV�ZKLFK�DUH�RXW�RI�UHDFK�RI�WKH�XVHU�

%LHU·V� IDPRXV� ZRUN� RQ� VQDS� GUDJJLQJ� LQ� �'� >%LHU�� ����@� ZDV� RQH� RI� WKH� ILUVW

VROXWLRQV� IRU� GLUHFW� �'�PDQLSXODWLRQ�ZLWK� KLJK� SUHFLVLRQ�� $OWKRXJK� KLV�PHWKRG� LV

YHU\� LQWXLWLYH�� LW� FDQ� QRW� EH� VWUDLJKWO\� XVHG� IRU� GLUHFW� PDQLSXODWLRQ�� WRR� PDQ\

DGGLWLRQDO�FRPPDQGV�KDYH�WR�EH�VHW�XS�GXULQJ�WKH�WDVN�

7KH�ZKROH� ILHOG� RI� FRQVWUDLQW� EDVHG�PRGHOLQJ� �VXPPDUL]HG� LQ� >-XVWHU�� ����@�� GHDOV

DOVR� ZLWK� KLJK� SUHFLVLRQ�� 7KHUH�� FRQVWUDLQWV� DUH� XVHG� WR� DXWRPDWLFDOO\� NHHS� VRPH

NLQHPDWLF� UHODWLRQVKLSV� EHWZHHQ� SDUWV� RI� WKH� VFHQH�� 6RPH� V\VWHPV� PDLQWDLQ� D

FRQVWUDLQW�JUDSK�WR�VWRUH�WKLV�FRQVWUDLQWV�IRU�IXUWKHU�XVH�>)D������@��7KH\�GHVFULEH�D

PHWKRG�WR�LQWURGXFH�QHZ�FRQVWUDLQWV�LQWR�WKH�JUDSK�GXULQJ�LQWHUDFWLYH�PDQLSXODWLRQ�

2XU�DSSURDFK

:H� XVH� IDFH�VQDSSLQJ�� ZKHUH� REMHFWV�� ZKLFK� DUH� FORVH� WR� HDFK� RWKHU� DUH� DOLJQHG

DXWRPDWLFDOO\�E\�FDOFXODWLQJ�DQ�DOLJQPHQW�FRQVWUDLQW�EHWZHHQ�WKH�IDFHV�²�WKH�REMHFWV

VQDS� RQWR� HDFK� RWKHU�� ,I� DQ� REMHFW� KDV� WR� EH� SODFHG� RQWR� DQRWKHU� REMHFW�� WKH� XVHU

VLPSO\�PRYHV�LW�FORVH�WR�WKH�RWKHU�DQG�IDFH�VQDSSLQJ�DOLJQV�WKHP�DXWRPDWLFDOO\�

2XU� PHWKRG� LV� VLPLODU� WR� WKH� LQWHUDFWLYH� FRQVWUDLQW� EDVHG� PRGHOLQJ� WHFKQLTXH

SURSRVHG� E\� )D� HW�� DO�� >)D�� ����@�� 7KH� REMHFWLYH� RI� WKHLU� ZRUN� LV� WR� EXLOG� XS� D

FRQVWUDLQW� JUDSK� GXULQJ� REMHFW� PDQLSXODWLRQ�� $� FRQVWUDLQW� UHFRJQLWLRQ� WDVN� ILQGV

SRVVLEOH� FRQVWUDLQWV� GXULQJ� WKH�PRYHPHQW� RI� RQH� REMHFW� DQG� GLVSOD\V� WKHP� WR� WKH
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XVHU��,I�WKH�XVHU�GRHV�QRW�PRYH�IXUWKHU�IRU�D�FHUWDLQ�DPRXQW�RI�WLPH��WKH�FRQVWUDLQW

ZLOO�EH�VHW�XS�LQ�WKH�FRQVWUDLQW�JUDSK�DQG�PDLQWDLQHG�IRU�IXUWKHU�XVH�

,Q�FRPSDULVRQ�WR�)D·V�DXWRPDWLF�FRQVWUDLQW�UHFRJQLWLRQ�SURFHVV��RXU�DSSURDFK�GRHV

QRW� LQWURGXFH� H[SOLFLW� FRQVWUDLQWV�� ZKLFK� FDQ� EH� LQVHUWHG� DQG� GHOHWHG� IURP� D� GDWD

VWUXFWXUH��'XULQJ�GUDJJLQJ�RI�DQ�REMHFW�E\�WKH�XVHUV·�SHQ�IRU�HDFK�IUDPH�DOO�SRVVLEOH

VQDSSLQJ�FRQGLWLRQV�DUH�FKHFNHG�DQG�WKH�RQH�ZLWK�WKH�KLJKHVW�SULRULW\� LV�SHUIRUPHG

LPPHGLDWHO\�� 7KH� GUDJJHG� REMHFW� LV� PRYHG� DFFRUGLQJ� WR� WKH� JHRPHWULF� FRQVWUDLQWV

GHILQHG� E\� WKH� WZR� JHRPHWULHV�� %HFDXVH� WKH� GHWHFWLRQ� DQG� FDOFXODWLRQ� SURFHVV� LV

LQYRNHG�DIWHU�HYHU\�SHQ�PRYHPHQW�� WKH� WZR� IDFHV�NHHS�VQDSSHG�XQWLO� WKH� VQDSSLQJ

FRQGLWLRQ�LV�QR�ORQJHU�YDOLG��,I�WKH�XVHU�UHOHDVHV�WKH�REMHFW�GXULQJ�D�VQDS��WKH�REMHFW

VWD\V�DOLJQHG�ZLWK�WKH�RWKHU��EXW�QR�FRQVWUDLQW�LV�NHSW�IRU�WKH�IXWXUH�

%HVLGHV� WKH�GHVFULEHG� DGYDQWDJH�RI� IDVW� DQG�SUHFLVH�REMHFW� SODFHPHQW� WKH� VQDSSLQJ

PRYHPHQW� LWVHOI�JLYHV�IHHGEDFN�IRU�WKH�XVHU�WKDW�KH�KDV�SODFHG�WKH�REMHFW�FRUUHFWO\�

6R� WKHUH� LV�QR� DGGLWLRQDO� HIIRUW� QHHGHG� WR� VKRZ� WKDW� D� SRVLWLRQLQJ� DFWLRQ�KDV�EHHQ

FRPSOHWHG��,W�DOORZV�GLIIHUHQW�W\SHV�RI�FRQVWUDLQHG�PRWLRQ�E\�OHDYLQJ�RQH�RUH�PRUH

GHJUHHV�RI�IUHHGRP�XQWRXFKHG�DIWHU�DSSO\LQJ�WKH�VQDSSLQJ�FRQVWUDLQW�

3.5.5 Spatially Controlled Semantics

$�VSHFLDO�ZD\�RI�V\VWHP�FRQWURO�ZH�KDYH�GHVLJQHG�LV�WKH�FRQFHSW�RI�VSDWLDOO\�FRQWUROOHG

VHPDQWLFV�� $� ORW� RI� DFWLRQV� ZKLOH� PDQLSXODWLQJ� YLUWXDO� FRQWHQW� LQ� DXJPHQWHG

HQYLURQPHQWV�GR�KDYH�DGGLWLRQDO�WR�WKHLU�JHRPHWULF�DOVR�VHPDQWLF�PHDQLQJ��7KLV�FDQ

EH�DOVR�REVHUYHG�LQ�RXU�UHDO�HQYLURQPHQW��)RU�H[DPSOH�SXWWLQJ�D�GRFXPHQW�LQ�D�ILOH

DVVRFLDWHV� LW� WR� D� JURXS�RI�RWKHU�GRFXPHQWV�RQ� D�KLJKHU� OHYHO�� WKDQ� MXVW� WKH� VSDWLDO

UHODWLRQVKLS��)RU�H[DPSOH�REMHFW�SODFHPHQW�XVLQJ�VQDSSLQJ�LV�QRW�SXUHO\�D�JHRPHWULF

DOLJQPHQW� WDVN�� 7KLV� W\SH� RI� PDQLSXODWLRQV� DOVR� HIIHFWV� VHPDQWLF� PHDQLQJ�� 7KH

SUREOHP� LV� WR� UHDG� WKH� VHPDQWLF�PHDQLQJ� RXW� RI� WKH� JHRPHWULF� DFWLRQ��0LQH� HW�� DO�

>0LQH�� ����@� LQWURGXFHG� WKH� LGHD� RI� JHVWXUHV� WR� LGHQWLI\� WKLV� W\SH� RI� DFWLRQV� DQG

WULJJHU�VHPDQWLF�PHDQLQJ��2QH�QLFH�H[DPSOH�ZDV�WKH�LQWHUSUHWDWLRQ�RI�WKH�PRYHPHQW

RI�WKURZLQJ�DQ�REMHFW�RYHU�WKH�VKRXOGHU�DV�GHOHWLQJ�WKLV�REMHFW�

%XNRZVNL�HW��DO�GHVFULEH�LQ�>%XNRZVNL������@�D�VRIWZDUH�IUDPHZRUN�WR�SRSXODWH��'

HQYLURQPHQWV�ZLWK�REMHFWV�RQ�WKH�´:$/.(',7µ�GHVNWRS�EDVHG��'�GHVLJQ�V\VWHP�

7KH\�PDS� �'� FXUVRU� SRVLWLRQV� LQWR� �'� VSDFH� DQG� HQKDQFH� REMHFW� SODFHPHQW�ZLWK
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SVHXGR�SK\VLFDO�EHKDYLRU��,Q�D�VHFRQG�VWHS�WKH\�DVVRFLDWH�REMHFWV�LPSOLFLWO\�EDVHG�RQ

JHRPHWULF� FKDUDFWHULVWLFV�� OLNH� GLVWDQFH� WR� QHDUE\� HQWLWLHV�� $VVRFLDWHG� JURXSV� DUH

G\QDPLF�DQG�FDQ�KDYH�KLHUDUFKLFDO�VWUXFWXUH��7KLV�ZRUN�KDV�VKRZQ�WKDW�´PDJLFµ�²�L�H�

SVHXGR�SK\VLFDO� UXOHV� ²� FDQ� HQKDQFH� LQWHUDFWLRQ� ZLWK� �'� LQWHUIDFHV� DQG� LQFUHDVH

SURGXFWLYLW\�

2XU�DSSURDFK

:H�LQWURGXFH�WKH�JHQHUDO�FRQFHSW�RI�UHJLRQV�DV�DQ�H[WHQVLRQ�WR�SUHYLRXV�DSSURDFKHV�

5HJLRQV�DUH�G\QDPLF��ORJLFDO�JURXSV�RI�REMHFWV�LQ�D�VFHQH��7KH\�DFW�DV�D�FRQWDLQHU�WR

KROG�JURXSV�WRJHWKHU��LGHQWLI\LQJ�VRPH�NLQG�RI�DVVRFLDWLRQ�RI�PHPEHUV��5HJLRQV�FDQ

DOVR�EH�SODFHG�LQWR�UHJLRQV��DOORZLQJ�WKH�KLHUDUFKLFDO�DVVRFLDWLRQ�RI�REMHFWV�FRQWDLQHG

LQ�WKHVH�JURXSV��5HJLRQV�DUH�XQDPELJXRXV�WR�REMHFWV�ORFDWHG�LQ�WKHP�

7R�HPSOR\�WKLV�RUJDQL]LQJ�PHWKRG�LQ�DQ�DXJPHQWHG�LQWHUDFWLRQ�VFHQDULR��UHJLRQV�DUH

DVVLJQHG�WR�JHRPHWULF�REMHFWV�ZLWK�VRPH�VSDWLDO�H[WHQW��7KXV�UHFRJQL]LQJ�JHRPHWULF

FRQGLWLRQV� EHWZHHQ� WKLV� H[WHQW� DQG� DUELWUDU\� REMHFWV� LQ� WKH� VFHQH� FDQ� IRUP� ORJLFDO

JURXSV��$Q�REMHFW� LV�PRYHG�IURP�RQH�UHJLRQ� LQWR�DQRWKHU� LI� LW� LV�PRYHG� LQ���VSDFH

RXW� RI� WKH� DUHD� RI� RQH� UHJLRQ� LQWR� WKH� DUHD� RI� DQRWKHU� UHJLRQ�� 7KHUH� DUH� WKUHH

SUREOHPV�ZLWK�WKLV�DSSURDFK�

◊ ,W� LV� YHU\� WLPH� FRQVXPLQJ� WR� FDOFXODWH� JHRPHWULF� LQWHUVHFWLRQV� EHWZHHQ� UHJLRQV

DQG�LQGLYLGXDO�REMHFWV��HVSHFLDOO\�LI�WKHUH�DUH�PDQ\�UHJLRQV�LQ�WKH�HQYLURQPHQW�

◊ $V�UHJLRQV�QRW�QHFHVVDULO\�KDYH�D�JHRPHWULF�H[WHQW�DVVRFLDWHG�DQG�DUH�RQO\�ORJLFDO

JURXSLQJV��WKH�XVHU�QHHGV�D�VHSDUDWH�IHHGEDFN�IRU�HQWHULQJ�DQG�OHDYLQJ�D�UHJLRQ�

◊ ,I� UHJLRQV� RYHUODS�� WKHUH� KDV� WR� EH� D� VLPSOH� GHFLVLRQ�PHFKDQLVP� WR� GHFLGH� IRU

HDFK�REMHFW�WR�ZKLFK�UHJLRQ�LW�EHORQJV�

)RU�VLPSOH�WDVNV�OLNH�VKRZQ�LQ�RXU�GLUHFW�PDQLSXODWLRQ�VFHQDULR�RI�D�JDPH�GHVFULEHG

LQ� FKDSWHU� ������� ZH� LGHQWLILHG� WKH� JHRPHWULF� FRQGLWLRQ� WR� EH� LGHQWLFDO� ZLWK� WKH

VQDSSLQJ�FRQGLWLRQ�RI�WZR�IDFHV�RU�D�IDFH�DQG�D�SODQH�

8VLQJ�WKLV�DSSURDFK��VQDSSLQJ�LV�D�PHFKDQLVP�WR�UHDG�RXW�VHPDQWLF�PHDQLQJV�IURP�WKH�JHRPHWULF

DFWLRQV��7KH� VDPH� LQWHUDFWLRQ�HYHQW� FDQ�EH�XVHG� IRU�SUHFLVH�GLUHFW�PDQLSXODWLRQ� DQG

VHPDQWLF�FRQWURO��6QDSSLQJ�FRQVWUDLQWV�JLYH�WKH�QHFHVVDU\�YLVXDO�IHHGEDFN�RI�GRFNLQJ�

,Q�SDUDOOHO� WR� WKH� JHRPHWULF� GRFNLQJ� D� VHPDQWLF� DFWLRQ� LV� WULJJHUHG� WR� DVVRFLDWH� WKH
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PDQLSXODWHG� REMHFW� WR� WKH� WDUJHW�� ZKHUH� LW� ZDV� PRYHG�� :H� FDOO� WKLV� SURFHVV� RI

DVVRFLDWLRQ� WR� GLIIHUHQW� ORJLFDO� JURXSV� UHJLRQ� WUDQVLWLRQ�� 2YHUODSSLQJ� JHRPHWULF

FRQGLWLRQV� DUH� UHVROYHG� E\� VQDSSLQJ� SULRULWLHV�� DVVLJQHG� NQRZOHGJH�EDVHG�� 7KLV� LV

GRQH�LQ�DGYDQFH��LQ�WKH�GHVLJQ�SURFHVV�RI�DSSOLFDWLRQV�

7KH�WKHRUHWLFDO�GHVLJQ�RI�WKH�PHWKRG�IRU�VSDWLDO�FRQWUROOHG�VHPDQWLFV�UHDG�RXW�IURP

JHRPHWULF� DFWLRQV� VKRXOG� EH� D� SRZHUIXO� WHFKQLTXH� IRU� PDQLSXODWLRQ� RI� REMHFWV� LQ

DXJPHQWHG�UHDOLW\�HQYLURQPHQWV��LI�REMHFWV�UHSUHVHQW�QRW�RQO\�JHRPHWU\��EXW�DOVR�DUH

IXQFWLRQDO�SDUW�RI�D�VLPXODWLRQ�

3.5.6 Privacy and Publicity

0RVW�PXOWL�XVHU�95�DQG�$5�DSSOLFDWLRQV�SUHVHQW�WKH�V\QWKHWLF�HQYLURQPHQW�WR�HDFK

XVHU� LQ� WKH� VDPH� ZD\�� DOEHLW� IURP� GLIIHUHQW� YLHZSRLQW� RU� UHVROXWLRQ� GXH� WR� /2'

VHOHFWLRQ� DOJRULWKPV�� /LNH� HDUO\� �'� FROODERUDWLYH� V\VWHPV� WKH\� VLPSO\� UHSOLFDWH� WKH

FRPPRQ� GDWDEDVH� DQG� VKRZ� WKH� VDPH� YLVXDO� FRQWHQW�� :H� LQWHQG� WR� XVH� WKH� 3,3

LQWHUIDFH� LQ� PXOWL�XVHU� VLWXDWLRQV�� ZKHUH� LW� LV� FUXFLDO� WKDW� WKH� 3HUVRQDO� ,QWHUDFWLRQ

3DQHO� EHFRPHV� UHDOO\� SHUVRQDO�� 0XOWLSOH� XVHUV� FROODERUDWLQJ� LQ� RQH� DXJPHQWHG

HQYLURQPHQW� PD\� FRPPXQLFDWH� WKHLU� LGHDV� DQG� VKDUH� LQIRUPDWLRQ�� $V� GHVFULEHG

EHORZ�LQ�FKDSWHU��������ZH�DUH�FXUUHQWO\�ZRUNLQJ�RQ�WKH�6WXGLHUVWXEH�V\VWHP�WR�UHDOL]H

VXFK� D� V\VWHP� IRU� DXJPHQWHG� VFLHQWLILF� YLVXDOL]DWLRQ�� (YHQ� PRUH� WKDQ� VFLHQWLILF

YLVXDOL]DWLRQ� JDPLQJ� LQ� DQ� DXJPHQWHG� HQYLURQPHQW� QHHGV� D� SULYDF\� DQG� SXEOLFLW\

PDQDJHPHQW� RI� YLVXDO� LQIRUPDWLRQ�� ,QGXFHG� E\� WKHVH� UHTXLUHPHQWV� WRJHWKHU� ZLWK

(FNVWHLQ� DQG� *HUYDXW]� ZH� GHYHORSHG� D� VHFXULW\� PDQDJHPHQW� DSSURDFK�� ZKLFK� LV

KLJKO\�IOH[LEOH��DQG�VXLWV�GLIIHUHQW�$5�RU�95�DSSOLFDWLRQ�VFHQDULRV�>6]DODYiUL������@�

5HODWHG�ZRUN

6PLWK�DQG�0DULDQL�GHVFULEH�LQ�>6PLWK������@�D�PHFKDQLVP�WR�SUHVHQW�VXEMHFWLYH�YLHZV

LQ� DQ� H[LVWLQJ� GLVWULEXWHG� PXOWL�XVHU� HQYLURQPHQW�� 4XHU\� UHVXOWV� LQ� WKH� VKDUHG

GDWDEDVH� DUH�SUHVHQWHG� VXEMHFWLYHO\� WR�XVHUV�E\� DVVLJQLQJ�REMHFW�PRGLILHUV� WR� IRXQG

HQWLWLHV��7KXV�UHODWLRQVKLSV�DQG�UHSUHVHQWDWLRQ�RI� WKH�UHTXHVWHG�GDWD�FDQ�EH�WDLORUHG

WR�XVHU� VSHFLILF�QHHGV�DQG�DGGLWLRQDO� LQIRUPDWLRQ� LV�QRW� FOXWWHULQJ�XS� WKH� VFHQH� IRU

RWKHU�SDUWLFLSDQWV�
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$JUDZDOD�HW��DO��SUHVHQW�WKH�WZR�XVHU�:RUNEHQFK�LQ�>$JUDZDOD������@��LQWURGXFLQJ�WKH

SRWHQWLDO� WR� GLVSOD\� FXVWRPL]HG� YLHZV� WR� WZR� XVHUV�� 7KH\� DOVR� SURSRVH� GLIIHUHQW

SDUWLWLRQLQJ�WHFKQLTXHV�WR�SUHVHQW�LQIRUPDWLRQ�

:KLOH� WKHVH�VROXWLRQV�SURYLGH�VHFXULW\� IRU�YLVXDO� LQIRUPDWLRQ��PXOWL�XVHU� LQWHUDFWLRQ

LQ�VKDUHG�HQYLURQPHQWV�OHDGV�WR�HYHQ�PRUH�FRPSOH[�SUREOHPV��%UROO�RIIHUV�LQ�>%UROO�

����@� D�JRRG�RYHUYLHZ�RQ�ZKDW�GLVWULEXWHG� DSSOLFDWLRQ�PLJKW� LPSOHPHQW� WR�KDQGOH

FRQFXUUHQW�REMHFW�DFFHVV��7KH�SDSHU�LGHQWLILHV�ORFNLQJ�DQG�WKH�XVH�RI�PDVWHU�HQWLWLHV

DV�SULPDU\�VROXWLRQV�IRU�PXOWL�XVHU�LQWHUDFWLRQ�LQ�95�V\VWHPV�

7KH�DVSHFW�RI�DOORZLQJ�XVHUV�WR�NHHS�LQGLYLGXDO�LQIRUPDWLRQ�RQ�WKHLU�3,3V�LPSOLFDWHV

WKH� VKDULQJ� RU� FRQFHDOLQJ� RI� WKLV� LQIRUPDWLRQ�� ZKLOH� WKH� RYHUDOO� DSSHDUDQFH� RI� WKH

DXJPHQWDWLRQ�VKRXOG�VWD\�XQWRXFKHG��2QH�FRQFHSW�WR�EXLOG�D�EULGJH�EHWZHHQ�SULYDWH

DQG�SXEOLF�LV�WR�SODFH�´SXEOLF�SURMHFWLRQ�ZDOOVµ�LQWR�WKH�HQYLURQPHQW��7KHVH�ZDOOV�DUH

VWDWLF�� YLUWXDO�REMHFWV� LQ� WKH� DXJPHQWHG� HQYLURQPHQW� DQG� DUH� ORJLFDOO\� FRQQHFWHG� WR

RQH�XVHU·V�3,3��UHIOHFWLQJ�DOO�FKDQJHV�LPPHGLDWHO\�WR�WKH�SXEOLF��7KHUHE\��D�VLQJOH�XVHU

LQWHUDFWLRQ� WRRO� FDQ� EH� WUDQVIRUPHG� LQWR� D� PXOWL�XVHU� SUHVHQWDWLRQ� VSRW�� ZKHUH

SHUVRQDO�LGHDV�FDQ�EH�VKDUHG�

$QRWKHU�ZD\� WR� VKDUH� LGHDV� LV� WR� DOORZ�´JLYLQJµ� WKH� FRQWHQW�RI� RQH·V�3,3� WR� RWKHU

XVHUV�� 7KLV� FDQ� EH� DFKLHYHG� ZLWK� WKH� H[WHQVLRQ� RI� WKH� SUHVHQWHG� GUDJ� DQG� GURS

PHFKDQLVP� WR� PRYH� WKH� ZKROH� FRQWHQWV� RI� RQH� 3,3� PD\� EH� ORJLFDOO\� PRYHG� WR

DQRWKHU�XVHUV�LQWHUDFWLRQ�SDQHO�

7KH� QDWXUH� RI� RXU� LPSOHPHQWDWLRQ� HQYLURQPHQW� LPSOLFDWHV� WKDW� DOO� DXJPHQWHG

LQIRUPDWLRQ� LV� DXWRPDWLFDOO\� KLGGHQ� IRU� QRW� LPPHUVHG� XVHUV�� 3DUWLFLSDQWV� LQ� WKH

LPPHUVHG� HQYLURQPHQW� PD\� VHH� SXEOLF� REMHFWV� VWDQGLQJ� DURXQG� WKHP�� EXW� SULYDWH

LQIRUPDWLRQ� RQ� DQRWKHU� XVHU·V� 3,3� VKRXOG� EH� SRVVLEO\� KLGGHQ� DZD\��$V� HYHU\� XVHU

ZHDUV�D�VHH�WKURXJK�+0'�RQ�KLV�RZQ�DQG�WKXV� LPDJHU\� LV�UHQGHUHG�IRU�HYHU\�XVHU

LQGLYLGXDOO\�� ILOWHULQJ� RI� SDUWV� RI� WKH� VFHQH�� H�J�� LQIRUPDWLRQ� RQ� RWKHU� XVHUV� 3,3�� LV

HDVLO\�DFKLHYHG�
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)LJXUH���� 2EMHFW� WUDQVLWLRQV� EHWZHHQ� UHJLRQV� FDQ� EH� WULJJHUHG� E\� HYHQWV
FRPLQJ� IURP� VQDSSLQJ�� WKH� SHQ� RU� WKH� DSSOLFDWLRQ� LWVHOI�� /D\HUV
HQFRGH�SULYDF\�LQIRUPDWLRQ�IRU�SOD\HUV�DQG�DUH�DVVLJQHG�WR�UHJLRQV�
7UDQVLWLRQ� RI� DQ� REMHFW� �GRWV� LQ� WKH� UHJLRQV�� LQWR� UHJLRQV� ZLWK
GLIIHUHQW� SULYDF\�� ZLOO� FKDQJH� WKH� VHFXULW\� VWDWH� RI� WKH� REMHFWV
DXWRPDWLFDOO\�

2XU�DSSURDFK

)RU�WKH�VHFXULW\�PDQDJHPHQW�ZH�LQWURGXFH�D�FRQFHSW�VLPLODU�WR�WKDW�IRXQG�LQ�&$'

RU�*,6�SDFNDJHV�IRU�OD\HULQJ�LQIRUPDWLRQ��2XU�LQYHVWLJDWLRQV�OHDG�WR�WKH�UHVXOW��WKDW�LQ

PRVW�VFHQDULRV�JURXSV�RI� REMHFWV�ZLWK� WKH� VDPH� VHFXULW\� VWDWXV�FDQ�EH� LGHQWLILHG��6R�XVXDOO\

WKH�QXPEHU�RI�GLIIHUHQW� VHFXULW\� VWDWXVHV� LV�PXFK� OHVV� WKHQ� WKH�QXPEHU�RI�REMHFWV�

ZKLFK�KDYH�WR�EH�FRQVLGHUHG�IRU�VHFXULW\�PDQDJHPHQW�

)XUWKHUPRUH��GUDIWLQJ�WKH�V\VWHP�GHVLJQ�IRU�D�JDPLQJ�DSSOLFDWLRQ�GHVFULEHG�ODWHU�ZH

GLVFRYHUHG� WKDW� HVSHFLDOO\� LQ� JDPLQJ� VFHQDULRV� VHFXULW\� ´SUHVHWVµ� FDQ� EH� IRXQG� IRU

FHUWDLQ�SDUWV�RI�WKH�JDPH��7KHVH�SDUWV�GR�QRW�FKDQJH�GXULQJ�WKH�SOD\��H�J��WKH�WDEOH�LV

DOZD\V� YLVLEOH� IRU� HDFK� SDUWLFLSDQW�� EXW� RQH� SOD\HU·V� JDPH�SLHFHV� UHPDLQ� RQO\

DFFHVVLEOH�IRU�KLP��RU�KHUVHOI��7KLV�GHILQHV�VHFXULW\�FKDUDFWHULVWLFV�IRU�ORJLFDO�SDUWV�RI

WKH�JDPH�DQG�WKXV�IRU�ORJLFDO�JURXSV�RI�JDPH�SLHFHV��:H�LGHQWLILHG�UHJLRQV�²�GHVFULEHG

LQ�WKH�SUHYLRXV�VHFWLRQ�²�DV�WKH�JURXSV�WR�KROG�D�VSHFLILF�VHFXULW\�VWDWH�RU�SUHVHW�IRU

DOO�REMHFWV�LQ�WKH�ORJLFDO�JURXS��7KLV�DSSURDFK�LV�VLPSOH�\HW�SRZHUIXO�HQRXJK�WR�PHHW

PRVW�UHTXLUHPHQWV��,W�LV�WUDQVSDUHQW�WR�WKH�DSSOLFDWLRQ�DQG�GRHV�QRW�FDXVH�DGGLWLRQDO

PDQDJHPHQW�ORDG�DV�SUHVHQWHG�LQ�)LJXUH����
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3ULYDWH�+HOS

$GGLWLRQDO� WR� VLPSOH� PRGLILFDWLRQ� RI� REMHFW� DSSHDUDQFH�� WKH� SUHVHQWHG� VHFXULW\

OD\HULQJ�PHFKDQLVP�LV�HDVLO\�DSSOLHG�WR�DFKLHYH�SULYDWH�KHOS��3ULYDWH�KHOS�LV�DQ\�NLQG�RI

KHOS�LQIRUPDWLRQ�RU�DQQRWDWLRQ�VLPLODU�WR�>+DUPRQ������@��ZKLFK�FDQ�RQO\�EH�VHHQ�E\

WKH�XVHU��ZKR� UHTXHVWHG� WKH�KHOS��2WKHU�XVHUV� VKRXOG�QRW� VHH� WKH�KHOS� LQIRUPDWLRQ

DQG�ZRXOG�EH�SUREDEO\�GLVWXUEHG�E\�LW��6RPHWLPHV�LW�LV�GHVLUDEOH�WKDW�WKH�DSSOLFDWLRQ

JLYHV�D�KLQW� WR�D�VSHFLILF�XVHU��ZKLFK�RWKHU�XVHUV�VKRXOG�QRW�VHH��H�J�� LQ�D� WHDFKHU�²

VWXGHQW�FROODERUDWLRQ��ZKHUH�RQO\�WKH�WHDFKHU�FDQ�VHH�WKH�ULJKW�DQVZHU�

7R�LPSOHPHQW�SULYDWH�KHOS�DOO�WKH�JHRPHWU\��ZKLFK�IRUP�WKH�KHOS�LQIRUPDWLRQ��KDV�WR

OLH�RQ�D�VSHFLDO�KHOS�OD\HU��2QO\� WKH�XVHU��ZKR�VKRXOG�VHH�WKH�KHOS� LQIRUPDWLRQ��KDV

ULJKWV�RQ� WKH�KHOS�OD\HU��2WKHU�XVHUV�GR�QRW�KDYH� ULJKWV�RQ� WKLV� OD\HU�DQG� WKHUHIRUH

WKH\�FDQ�QRW�VHH��QRU�PDQLSXODWH�WKH�KHOS�LQIRUPDWLRQ�

7KH� DSSOLFDWLRQ� GRPDLQ� RI�PXOWL�SOD\HU� JDPHV� LV� D� JRRG� WHVW�EHG� IRU� RXU� VHFXULW\

PDQDJHPHQW� DSSURDFK�� )RU� WKDW� UHDVRQ� ZH� KDYH� LPSOHPHQWHG� D� PXOWL�XVHU� JDPH

0DK�-RQJJ��ZKLFK�LV�GHVFULEHG�LQ�FKDSWHU��������'HSHQGLQJ�RQ�WKH�GHILQLWLRQ�RI�OD\HUV�

LQGHSHQGHQW�VXEMHFWLYH�YHUVLRQV�RI� WKH�VDPH�VFHQH�FDQ�EH�SUHVHQWHG� WR�SDUWLFLSDQWV

SURYLGLQJ�D�SULYDWH�YLHZ��7KH�SULYDWH�VSDFH�RI�RQH�XVHU�LV�SURWHFWHG�IURP�RWKHU�XVHUV�

ZKLOH�SXEOLF�VSDFHV�DOORZ�DFFHVV�WR�HYHU\ERG\��,QGHSHQGHQW�IURP�YLVXDO�DSSHDUDQFH�

PDQLSXODWLRQ�RU�VQDSSLQJ�FKDUDFWHULVWLFV�PD\�EH�KLGGHQ�IURP�RWKHUV��$VVLJQPHQW�RI

ULJKWV�UHPDLQV�DQ�RSHQ�TXHVWLRQ�DQG�DSSOLFDWLRQ�SURJUDPPHUV�KDYH�WR�DGMXVW�VHFXULW\

SUHVHWV� FDUHIXOO\� WR� SURYLGH� PHDQLQJIXO� FRPELQDWLRQV�� ,Q� GLUHFW� PDQLSXODWLRQ

VFHQDULRV� OLNH� D� JDPH� LW� LV� FUXFLDO� WR� EULQJ� LQ� LGHDV� IRU� VHFXULW\� PDQDJHPHQW

SRVVLELOLWLHV�� VR� WKDW� WKH� LQWHUDFWLRQ� PHWDSKRU� FRQWUROOLQJ� WKLV� DSSOLFDWLRQ� JHWV

DFFHSWHG�LQ�PXOWL�XVHU�HQYLURQPHQWV�

3.5.7 Application Specific Metaphors

6FLHQWLILF�9LVXDOL]DWLRQ

$V� RXU� ILUVW� PDMRU� DSSOLFDWLRQ� IRU� 6WXGLHUVWXEH� ZH� GHYHORSHG� D� VKDUHG� PXOWL�XVHU

DXJPHQWHG� UHVHDUFK� HQYLURQPHQW� IRU� VFLHQWLILF� YLVXDOL]DWLRQ��ZKHUH�ZH� LQWHQGHG� WR

PDNH�H[WHQVLYH�XVH�RI�WKH�3HUVRQDO�,QWHUDFWLRQ�3DQHO��*U|OOHU��:HJHQNLWWO�LQ�>*U|OOHU�

����@� DQG� /|IIHOPDQQ� LQ� >/|IIHOPDQQ�� ����@� ZRUN� ZLWK� )XKUPDQQ� >)XKUPDQQ�

����@�LQ�RXU�ODE�RQ�WKH�YLVXDOL]DWLRQ�DQG�LQYHVWLJDWLRQ�RI�QRQ�OLQHDU�G\QDPLF�V\VWHPV�
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)LJXUH���� 7KH��´:RQGHUODQGµ�PRGHO�RQ�WKH�3,3�>*U|OOHU������@�

,Q� D� FRRSHUDWLRQ�ZH�ZRUN� RQ� WKH� YLVXDOL]DWLRQ� RI� VWUHDP� VXUIDFHV�� WUDMHFWRULHV� DQG

ORFDO� EHKDYLRU� RI� WKHVH� V\VWHPV� LQ� DXJPHQWHG� HQYLURQPHQWV�� )LJXUH� ��� VKRZV� WKH

PRGHO�RI�WKH�:RQGHUODQG�HFRQRPHWULF�G\QDPLF�V\VWHP�RQ�WKH�3,3�ZKLOH�SHUIRUPLQJ

LQWHUDFWLRQ�ZLWK�DXJPHQWHG�EXWWRQV�SURMHFWHG�RQ�WKH�SDQHO·V�VXUIDFH�

,Q� WKLV� DSSOLFDWLRQ� WKH� 3,3� FDQ� EH� IUHHO\� FRQILJXUHG� ZLWK� VSHFLDO� LQWHUDFWLRQ

PHWDSKRUV�IRU�VFLHQWLILF�YLVXDOL]DWLRQ��,Q�WKH�VLPSOHVW�FDVH�VWHHULQJ�SDUDPHWHUV�RI�WKH

XQGHUO\LQJ�VLPXODWLRQ�FDQ�EH�PDSSHG�HDVLO\�RQWR�WKH�3,3�DQG�PRGLILHG�ZLWK�WKH�SHQ�

2WKHU�PHWDSKRUV� LQFOXGH� GHILQLQJ� �'� FURVV� VHFWLRQV� DQG� �'� SURMHFWLRQV� ZLWK� WKH

SDQHO� DV� VKRZQ� LQ�)LJXUH�����5HSUHVHQWDWLRQV� FDQ�EH�GLVSOD\HG� ULJKW�RQ� WRS�RI� WKH

3,3�DQG�H[FKDQJHG�DPRQJ�UHVHDUFKHUV��7KH�DXJPHQWHG�UHDOLW\�VHWXS�DOVR�DOORZV�WKH

XVH�RI�DQ�DGGLWLRQDO�KLJK�UHVROXWLRQ�&57�PRQLWRU�IRU�WKH�GLVSOD\�RI�KLJK�TXDOLW\��'

LPDJHV� �H�J��� WKH� PHQWLRQHG� FURVV� VHFWLRQV�� ZLWKRXW� OHDYLQJ� WKH� DXJPHQWHG

HQYLURQPHQW�

3URELQJ� IURP� FHUWDLQ� SRLQWV� RI� WKH� WKUHH� GLPHQVLRQDO� UHSUHVHQWDWLRQV� LQFOXGH� WKH

GLVSOD\�RI�WHPSRUDO�EHKDYLRU�)LJXUH����DQG�WKH�UHSUHVHQWDWLRQ�RI�KLJKHU�GLPHQVLRQDO

SDUDPHWHUV�E\�H[DFW�QXPHULFDO�GDWD�RU�JUDSKLFDO�UHSUHVHQWDWLRQV�RQ�WKH�SDQHO��)LJXUH

�����,Q�FRQWUDVW�WR�SURELQJ��ZKHUH�LQIRUPDWLRQ�LV�H[WUDFWHG�IURP�WKH�PRGHO��WKH�SHQ

FDQ�DOVR�EH�XVHG� WR� VSHFLI\� WKH�RULJLQ�RI�SDUWLFOHV� LQWURGXFHG� LQWR� WKH� IORZ� �)LJXUH
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�����:LWK�WKH�3,3�DOO�WKHVH�IXQFWLRQV�DUH�VXSSRUWHG�E\�RQO\�RQH�GHYLFH��ZKLFK�ILWV�WR

WKH�DFWXDO�QHHGV�E\�FKDQJLQJ�LWV�DSSHDUDQFH�

)LJXUH���� )RU�VFLHQWLILF�YLVXDOL]DWLRQ�WKH�3,3�FDQ�EH�XVHG� WR�VSHFLI\�DQG�HGLW
FXWWLQJ�SODQHV�«

)LJXUH���� «� RU� PHDVXUH� VLPXODWHG� SDUDPHWHUV� DW� JLYHQ� ORFDWLRQV� DQG� VKRZ
LQVWDQWO\�WKHLU�HYROXWLRQ�DV��'�JUDSK�RQ�WKH�SDQHO�

)LJXUH���� 0XOWLGLPHQVLRQDO� SDUDPHWHUV� DW� DQ\� SRLQW� DUH� VKRZQ� XVLQJ� JO\SKV
RQ�WKH�3,3�RU�GLUHFWO\�DW�WKH�PHDVXULQJ�SRLQW�
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)LJXUH���� ,QWURGXFLQJ� SDUWLFOHV� GLUHFWO\� LQ� DQ� RQJRLQJ� G\QDPLF� VLPXODWLRQ
VKRXOG�EH�YHU\�LQWXLWLYH�

3.5.8 Organization of Interaction Elements

7KH� H[KDXVWLQJ� OLVW� RI� GLIIHUHQW� IXQFWLRQV� WKDW� FDQ� EH� LPSOHPHQWHG� ZLWK� WKH� 3,3

LQWHUIDFH� LV� DQ� DUJXPHQW� IRU� LWVHOI� WR� FUHDWH� DQ� RUJDQL]DWLRQDO� VWUXFWXUH� IRU� WKHVH

IXQFWLRQV�� 6RPH� PHWDSKRUV� VKRZHG� WKDW� WKH� SDUDOOHO� DFFHVV� WR� GLIIHUHQW� WRROV� RU

REMHFWV� LQ� D� GHVNWRS�OLNH� PDQQHU� FRXOG� EH� XVHIXO�� &RQVLGHULQJ� WKH� EDVLF� GHVLJQ

JXLGHOLQHV�ZH�ZHQW�EDFN�WR�WKH�EDVLF�PHWDSKRU�RI�WKH�3HUVRQDO�,QWHUDFWLRQ�3DQHO��7KH

SDQHO�LV�D�UHSUHVHQWDWLRQ�RI�D�QRWHERRN�WKDW�ZH�XVH�WR�ZULWH�RQ��:KHQ�D�VKHHW�LV�IXOO

ZH� DGYDQFH� WR� WKH�QH[W�SDJH�� ,Q� ILOHV� FRQWDLQLQJ� D� ODUJH�QXPEHU�RI� VKHHWV� WDEV� DUH

XVHG�WR�KDYH�TXLFN�DFFHVV�WR�D�VSHFLILF�VKHHW�WKDW�LV�ORFDWHG�VRPHZKHUH�DPRQJ�RWKHU

SDJHV�

:H�DEVWUDFWHG�IURP�WKLV�UHDO�ZRUOG�H[DPSOH�WKH�FRQFHSW�RI�VKHHWV�RQ�WKH�3,3��6KHHWV

DUH� XVHG� IRU� WKH� RUJDQL]DWLRQ� RI� LQWHUDFWLRQ� HOHPHQWV� RQ� WKH� 3HUVRQDO� ,QWHUDFWLRQ

3DQHO·V�VXUIDFH��(YHU\�VKHHW�FDQ�KROG�RQH�RU�PRUH�LQWHUDFWLRQ�HOHPHQWV�WKDW�EHORQJ�WR

DQ�LQWHUDFWLRQ�WDVN�RU�VFHQDULR��6KHHWV�FDQ�EH�DFFHVVHG�ZLWK�WDEV�WKDW�DUH�ORFDWHG�DW�WKH

ERUGHU� RI� WKH� 3,3� �)LJXUH� ����� %\� FKRRVLQJ� D� WDE� D� GLIIHUHQW� VHW� RI� LQWHUDFWLRQ

HOHPHQWV�RU�FRQWUROV�DSSHDUV�RQ� WKH�SDQHOV�VXUIDFH��7KLV�FKDQJH�IURP�RQH�VKHHW� WR

DQRWKHU�FDQ�DOVR�LPSOLFDWH�DQ�DSSOLFDWLRQ�VZLWFK�LQVLGH�WKH�DXJPHQWDWLRQ�
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)LJXUH���� 7KH�FRQFHSW�RI�VKHHWV�DQG�WDEV�KHOSV�WR�EULQJ�RUGHU�LQWR�WKH�FKDRV�

7KH� RSSRVLWH� ZD\� RI� VKHHW� DFWLYDWLRQ� LV� DOVR� SRVVLEOH�� ZKLFK� PHDQV� WKDW� DQ

DSSOLFDWLRQ� RU� D� VHOHFWHG� REMHFW� FDQ� SURMHFW� KLV� LQWHUIDFH� RQ� WKH� SDQHO·V� VXUIDFH�� ,Q

PRELOH�YHUVLRQV�D�VKHHW�VZLWFK�LQGXFWLRQ�FDXVHG�E\�D�SK\VLFDO�ORFDWLRQ�FKDQJH�ZRXOG

DOORZ�WR� LPSOHPHQW�VSDWLDOO\�DZDUH� LQWHUIDFHV� OLNH� LQ� >)ULW]PDXULFH������@��7KLV�KLJK

IOH[LELOLW\� DOORZV�SODFLQJ�DOO� LQWHUIDFH�HOHPHQWV�RQWR� WKH�3,3�� VR� WKDW� WKH� LQWHUDFWLRQ

WDVNV�FDQ�EHQHILW�PRVW�IURP�WKH�LQWHUDFWLRQ�GHYLFH�IHDWXUHV��7KH�FRQFHQWUDWHG�SODFH�RI

LQWHUDFWLRQ� ILQDOO\� DOVR� KHOSV� WR� DYRLG� VFHQH� FOXWWHU�� FRPPRQ� WR� PDQ\� $5� DQG� 95

V\VWHPV�

3.5.9 Summary

7KH� SUHVHQWHG� FRQFHSWV� IRU� LQWHUDFWLRQ� PHWDSKRUV� ZLWK� WKH� 3HUVRQDO� ,QWHUDFWLRQ

3DQHO� VKRZ�D�ZLGH� VSHFWUXP�RI�DSSOLFDWLRQ�VFHQDULRV��ZKHUH�DQG�KRZ� WKH� LQWHUIDFH

FDQ�EH�XVHG�WR�LQWHUDFW�ZLWK�YLUWXDO�FRQWHQW��7KH�SK\VLFDO�DV\PPHWULF�FRPELQDWLRQ�RI

D� SDQHO� DQG� D� SHQ� FDXVHV� WKH� GHYLFH� WR� VXSSRUW� ERWK� WZR�� DV� ZHOO� DV� RQH�KDQGHG

LQWHUDFWLRQ� PHWDSKRUV�� $OWRJHWKHU� ��� GHJUHHV�RI�IUHHGRP� QRW� RQO\� DOORZ

LPSOHPHQWLQJ� FRPSOH[� QDWXUDO� LQWHUDFWLRQ�� EXW� DOVR� UHTXLUH� WKLV� FRPSUHKHQVLYH

FRQFHSW� SKDVH� WR� UHILQH� LQLWLDO� LGHDV� DQG� DYRLG� GHVLJQ� IODZV�� 7KH� QH[W� FKDSWHU

GHVFULEHV�KRZ�KDUGZDUH�DQG�VRIWZDUH�FRPSRQHQWV�RI�WKH�3HUVRQDO�,QWHUDFWLRQ�3DQHO

ZHUH�FRQVWUXFWHG�EDVHG�RQ�WKHVH�WKHRUHWLFDO�UHVXOWV�



Chapter Four - Implementation

���� +DUGZDUH�6HW�XS

'XULQJ�WKH�UHVHDUFK�ZRUN�D�QXPEHU�RI�SURWRW\SHV�ZHUH�LPSOHPHQWHG�ERWK�UHJDUGLQJ

KDUGZDUH� DQG� VRIWZDUH� �)LJXUH� ����� 7KH� IROORZLQJ� VKRUW� RYHUYLHZ� VKRXOG� PDLQO\

SRUWUD\� WKH� HQJLQHHULQJ� SURFHVV� WKDW� ZDV� LQYROYHG� LQ� WKH� FRQVWUXFWLRQ� RI� WKLV� QHZ

LQWHUIDFH�

,Q�PRVW�H[LVWLQJ�LPSOHPHQWDWLRQV�WKH�SDQHO�DQG�SHQ�LV�WUDFNHG�ZLWK�3ROKHPXV�)DVWUDN

VL[�GHJUHH�RI�IUHHGRP� WUDFNLQJ� VHQVRUV��$OVR� WKH�+0'�ZH�XVH� WR�RYHUOD\� JUDSKLFV

RQWR�WKH�UHDO�HQYLURQPHQW�LV�HTXLSSHG�ZLWK�DQ�HOHFWURPDJQHWLF�UHFHLYHU��)LJXUH�����

7KH� EDVH� XQLW� RI� WKH� WUDFNHU� VHUYHV� WKH� HOHFWURPDJQHWLF� HPLWWHU� DQG� SURFHVVHV

PHDVXUHPHQWV� RI� IRXU� UHFHLYHUV� DW� ��� +]� HDFK� �ZH� XVHG� WKH� IRXUWK� UHFHLYHU� IRU

DQRWKHU�+0'���7KH�XQLW�LV�FRQQHFWHG�WR�D�WUDFNHU�VHUYHU�YLD�VHULDO�FRQQHFWLRQV��ZKLFK

LV�LPSOHPHQWHG�RQ�D�GHGLFDWHG�/LQX[�3&�

&VRQWYiUL�.RV]WND�7LYDGDU�²�6HOEVWELOGQLV�
������
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)LJXUH���� 7KH�SK\VLFDO�VHWXS�RI�WKH�3HUVRQDO�,QWHUDFWLRQ�3DQHO�

)LJXUH���� +0'�DQG�SURSV�HTXLSSHG�ZLWK�D�3ROKHPXV�)DVWUDN�HOHFWURPDJQHWLF
UHFHLYHU�

7KH�WUDFNHU�VHUYHU�VHQGV�SRVLWLRQ�DQG�RULHQWDWLRQ�GDWD�XVLQJ�7&3�,3�SURWRFROV�RYHU�DQ

(WKHUQHW�QHWZRUN�FRQQHFWLRQ�WR�D�PXOWLFDVW�JURXS��7R�UHFHLYH�WKH�PHDVXUHPHQW�GDWD

UHQGHULQJ� FOLHQWV� PD\� FRQQHFW� WR� WKLV� PXOWLFDVW� JURXS� LQGHSHQGHQWO\�� 7KLV

DUFKLWHFWXUH�LV�VKRZQ�IRU�WKH�JDPLQJ�VFHQDULRV�LQ�)LJXUH����

'XULQJ� FXUUHQW� UHVHDUFK� ZRUN� UHQGHULQJ� FOLHQWV� FKDQJHG� DOO� WKH� WLPH�� DV� UHQGHULQJ

SHUIRUPDQFH� RI� ZRUNVWDWLRQV� JRW� EHWWHU� DQG� EHWWHU�� +RZHYHU�� IRU� WKH� ILUVW

LPSOHPHQWDWLRQV� WKUHH�GLPHQVLRQDO� UHQGHULQJ�ZDV� GRQH�RQ� D�6LOLFRQ�*UDSKLFV� ,QGLJR�

0D[LPXP�,PSDFW�FRPSXWHU��/DWHU�ZH�XVHG�6LOLFRQ�*UDSKLFV�2��ZRUNVWDWLRQV��FXUUHQWO\

6*,� 2FWDQH� DQG� ODWHO\� DOVR� 3&V� DUH� HPSOR\HG� IRU� UHQGHULQJ�� $OO� VRIWZDUH

LPSOHPHQWDWLRQV� ZHUH� GHYHORSHG� LQ� &�&��� XVLQJ� WKH� 6*,� 2SHQ� ,QYHQWRU� JUDSKLFV

OLEUDULHV�>6WUDXVV������@��2SHQ�,QYHQWRU�LV�DQ�REMHFW�RULHQWHG��'�KLJK�OHYHO�JUDSKLFV

OLEUDU\�EDVHG�RQ�D�VFHQH�JUDSK�DSSURDFK�
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)LJXUH���� 9LUWXDO� ,�2� L�JODVVHV�� KHDG�PRXQWHG� GLVSOD\� ZLWK� D� PRXQWHG
3ROKHPXV�)DVWUDN�UHFHLYHU�

7KH�UHVXOWLQJ�LPDJH�LV�VXSHULPSRVHG�RQWR�WKH�UHDO�HQYLURQPHQW�XVLQJ�D�9LUWXDO�,�2�L�

*ODVVHV��KHDG�PRXQWHG�GLVSOD\��)LJXUH������7KLV�EUDQG�RI�+0'�ZDV�YHU\�ORZ�SULFHG�

DV�LW�ZDV�WDUJHWHG�WRZDUGV�WKH�PDVV�PDUNHW��,W�KDV�D�UHVROXWLRQ�RI����[���[��IRU�HDFK

H\H� DQG� VXSSRUWV� OLQH�LQWHUOHDYHG� VWHUHR� YLGHR�PRGHV�� 7KH� ILHOG�RI�YLHZ� �)29�� LV� ��

GHJUHHV� GLDJRQDO�� ZKLFK� LV� TXLWH� QDUURZ� IRU� D� JRRG� LPPHUVLRQ�� 8QIRUWXQDWHO\� WKH

FRPSDQ\� SURGXFLQJ� WKHVH� JODVVHV�ZHQW� EDQNUXSW� DQG� RQO\� UHPDLQLQJ� VWRFNV� RI� WKH

JODVVHV�DUH�DYDLODEOH�

2QH� \HDU� DJR� 621<� LQWURGXFHG� WKH� QHZ� *ODVVWURQ� VHULHV� RI� VHH�WKURXJK� KHDG�

PRXQWHG� GLVSOD\V� LQ� D� PRQRVFRSLF� YHUVLRQ�� WKLV� \HDU� WKH� VWHUHRVFRSLF� PRGHO� ZDV

SUHVHQWHG� >*ODVVWURQ�� ����@� �)LJXUH� ����� 7KH� DSSHDUDQFH� RI� WKLV� GHYLFH� LV� D� QHZ

RSSRUWXQLW\� WR�JHW�+0'V�ZLWK�D�JRRG�SULFH�SHUIRUPDQFH�UDWLR��7KLV� LV�RQH�FUXFLDO

IDFWRU�IRU�WKH�VSUHDGLQJ�RI�WKH�LQWHUIDFH�LQWR�UHDO�ZRUOG�DSSOLFDWLRQV��7KH�*ODVVWURQ

VHULHV� KDV� VHYHUDO� GLIIHUHQW�PRGHOV��ZKLFK�GLIIHU� LQ� UHVROXWLRQ� DQG� WKH� FDSDELOLW\� WR

GLVSOD\� VWHUHRVFRSLF� LPDJHV�� 7KH� PRGHO� /',�'���%(� LV� D� KLJK�UHVROXWLRQ� PRGHO

�����E\�����WUXH�5*%�SL[HOV�RQ�HDFK�H\H��VXSSRUWLQJ�ILHOG�LQWHUOHDYHG�VWHUHR�5*%�

VLJQDOV�� 8QIRUWXQDWHO\� WKLV� GHYLFH� KDV� DOVR� D� QDUURZ� ILHOG�RI�YLHZ� ZLWK� ��� GHJUHHV

KRUL]RQWDOO\�DV�LW�ZDV�GHVLJQHG�IRU�ZDWFKLQJ�79�DQG�'9'�ILOPV�RQ�WKH�URDG�
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)LJXUH���� 621<�*ODVVWURQ�/',�'���%(�VWHUHRVFRSLF�KHDG�PRXQWHG�GLVSOD\�

7KH� 3HUVRQDO� ,QWHUDFWLRQ� 3DQHO� SURSV� KDG� GXULQJ� WKH� WLPH� RI� WKLV� UHVHDUFK� ZRUN

GLIIHUHQW�PDQLIHVWDWLRQV�WKDW�ZLOO�EH�GHVFULEHG�JHQHUDWLRQ�IRU�JHQHUDWLRQ�

4.1.1 Generation 0

5LJKW� DIWHU� WKH� ILUVW� WKHRUHWLFDO� LQVSLUDWLRQ� ZH� ZDQWHG� WR� H[DPLQH� RXU� LGHD� YHU\

TXLFNO\��)RU�WKH�SDQHO�ZH�XVHG�WKH�UHDU�RI�DQ�$��GRVVLHU�WKDW�ZDV�FXW�RII��DQG�HTXLSSHG

LW�ZLWK�WKH���'2)�UHFHLYHU�XVLQJ�YHOFUR�IDVWHQHU��$�IUHH�SODVWLF�SRLQWHU�IURP�D�ER[�RI

WUDQVSDUHQFLHV� �DFNQRZOHGJPHQWV� WR��0��ZDV� HTXLSSHG�ZLWK� DQRWKHU� UHFHLYHU�XVLQJ

WKH�VDPH�´VRSKLVWLFDWHGµ�PHWKRG��)LJXUH�����

7KH�HXSKRULD�RI�WKH�ILUVW�VXFFHVVIXO�3HUVRQDO�,QWHUDFWLRQ�3DQHO�LQ�KDUGZDUH�ZDV�JUHDW�

DV�WKH�FRQFHSW�FRXOG�EH�DW�OHDVW�EH�H[DPLQHG�LQ�UHDOLW\��7KH�XQGHUO\LQJ�VRIWZDUH�ZDV

DQ�DSSOLFDWLRQ�WR�GLVSOD\�D�VFLHQWLILF�YLVXDOL]DWLRQ�RI�WKH�:RQGHUODQG�PRGHO�>*U|OOHU�

����@� DERYH� WKH� VXUIDFH� RI� WKH� 3,3�� LPLWDWLQJ� KROGLQJ� LW� LQ� WKH� KDQG�� $OVR� WZR

EXWWRQV� ZHUH� SODFHG� RQ� WKH� SDQHO� WR� VZLWFK� EHWZHHQ� GLIIHUHQW� YDULDQWV� RI� WKH

YLVXDOL]DWLRQ�
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)LJXUH���� *HQHUDWLRQ���RI�WKH�3HUVRQDO�,QWHUDFWLRQ�3DQHO�LQWHUIDFH�

7KH�KDSSLQHVV�RI�WKH�ILUVW�UHVXOWV�IDGHG�ZKLOH�ORRNLQJ�FULWLFDO�DW�WKH�GHYLFH��7KH�UHDU

RI� WKH�GRVVLHU�ZDV�QRW�ULJLG�HQRXJK�DQG�WKH�IL[LQJ�RI� WKH�UHFHLYHU� WXUQHG�RXW� WR�EH

WRR� ORRVH�� ERWK� FDXVLQJ� UHJLVWUDWLRQ�SUREOHPV��7KH� \HOORZ� FRORU�RI� WKH�GRVVLHU�ZDV

DOVR�FKRVHQ�XQIRUWXQDWH��7KH�RYHUODLG�JUDSKLFV�ZDV�WLQWHG�DQG�KDG�D�VPDOO�FRQWUDVW�WR

WKH�\HOORZ�EDFNJURXQG��7KH�SHQ�ZDV�DOVR�FRPSOHWHO\�SDVVLYH��RQO\�WKH�RIIVHW�IURP�WKH

PRXQWLQJ� SRLQW� WR� WKH� WLS� RI� WKH� SHQ� UHVXOWHG� LQ� D� SRVLWLRQ� ZH� XVHG� DV� KRW� VSRW�

*UDEELQJ�RI�REMHFWV�RU�DQ\�RWKHU�PRGH�FKDQJH�ZDV�QRW�SRVVLEOH�ZLWKRXW�DW�OHDVW�RQH

EXWWRQ�RQ�WKH�SHQ�

4.1.2 Generation 1

/HDUQLQJ�IURP�WKH�DERYH�IDXOWV�WKH�QH[W�KDUGZDUH�WRJHWKHU�ZLWK�)XKUPDQQ�ZH�EXLOW

KDG�D�PRUH�FDUHIXO�GHVLJQ��)RU�WKH�SDQHO�ZH�XVHG�D�OLJKWZHLJKW��PP�WKLQ�FKLSERDUG

����E\����FP���ZKLFK�ZH�SDLQWHG�EODFN�IRU�EHWWHU�YLVXDO�SURSHUWLHV��*HQHUDWLRQ���RI

WKH� 3,3� LQWHUIDFH� LV� SUHVHQWHG� DW� WKH� EHJLQQLQJ� RI� WKLV� FKDSWHU� LQ� )LJXUH� ���

+RUL]RQWDOO\�FHQWHUHG��YHUWLFDOO\���FP�DERYH�WKH�PLGGOH�OLQH��RQ�WKH�EDFN�RI�WKH�SDQHO

ZH�JOXHG�D�VPDOO�SLHFH�RI�SODVWLF�RQ�WKH�ERDUG��)LJXUH������7KH�UHFHLYHU�ZDV�PRXQWHG

RQ�WKLV�VKRH�XVLQJ�VPDOO�SODVWLF�VFUHZV��7KLV�VSHFLDO�QRQ�PHWDOOLF�GHVLJQ�LV�QHFHVVDU\

QRW�WR�LQWHUIHUH�ZLWK�WKH�HOHFWURPDJQHWLF�ILHOG�XVHG�IRU�WUDFNLQJ��7KH�SHQ�LV�PDGH�RI

���FP�ORQJ���PP�GLDPHWHU�SODVWLF�WXEH��WKH�UHFHLYHU�LV�PRXQWHG�DW�WKH�EDFN�HQG�RI
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WKH�WXEH��,W� LV�HTXLSSHG�ZLWK�D�EXWWRQ�DW�WKH�WLS�DQG�WZR�RQ�WKH�VLGH��FRQYHQLHQW�WR

RSHUDWH�WKHP��7KLV�VHWXS�WXUQHG�RXW�WR�EH�YHU\�VXFFHVVIXO��VHUYLQJ�IRU�D�ORQJ�WLPH�DV

WHVW�EHG�IRU�D�QXPEHU�RI�H[SHULPHQWV�

4.1.3 Generation 2

$IWHU� D� QXPEHU� RI� HQFRXUDJLQJ� DSSOLFDWLRQV�� WKH� 3HUVRQDO� ,QWHUDFWLRQ� 3DQHO� ZDV

LQFRUSRUDWHG� LQ� WKH� 6WXGLHUVWXEH�V\VWHP�� :LWK� WKH� LQVWDOODWLRQ� RI� WKH� QHZ

6WXGLHUVWXEH�DW�WKH�,QVWLWXWH�RI�&RPSXWHU�*UDSKLFV�LQ�9LHQQD�WZR�QHZ�3,3�LQWHUIDFHV

ZHUH�FRQVWUXFWHG��7KLV�WLPH�WKH�SDQHOV�ZHUH�PDGH�RXW�RI�EODFN�3OH[LJODV�IRU�D�PRUH

UREXVW� GHVLJQ� DQG� SURIHVVLRQDO� ORRN�� 3HQV� DUH� VLPLODU� WR� WKH� SUHFHGLQJ� JHQHUDWLRQ�

PRXQWLQJ�RI�WKH�UHFHLYHU�LV�FKDQJHG�WR�EH�PRUH�VWDEOH��,Q�WKLV�V\VWHP�DQ�$VFHQVLRQ

)ORFN�RI�%LUGV�WUDFNHUV�DUH�XVHG�WR�REWDLQ�SRVLWLRQ�DQG�RULHQWDWLRQ�RI�SURSV�

:RUNLQJ�ZLWK�WKH�QHZ�SDQHO�XVHUV�UHSRUWHG�IDWLJXH�DIWHU�VRPH�SHULRG�RI�WLPH�ZKHQ

KROGLQJ�WKH�SDQHO��7KH�3OH[LJODV�SDQHO�WXUQHG�RXW�WR�EH�WRR�KHDY\�IRU�D�ORQJHU�WLPH�RI

XVH�� +RZHYHU� ORRNLQJ� PRUH� VW\OLVK� DQG� EHLQJ� PRUH� VWDEOH� WKLV� FKDQJH� GLG� QRW

DGYDQFH� WKH� GHVLJQ�� ,Q� IXWXUH� RWKHU� PDWHULDOV� DQG� KDUGZDUH� HOHPHQWV� ZLOO� EH

LQYHVWLJDWHG�ZKHQ�EXLOGLQJ�QHZ�LWHPV��XS�WR�QRZ�WKH�FKLSERDUG�VHHPV�WR�EH�WKH�EHVW

VROXWLRQ�IRU�EXLOGLQJ�WKH�SDQHO�

���� 'HVLJQ�RI�WKH�9LUWXDO�3DUW

&RPSOHWLQJ�WKH�KDUGZDUH�VHWXS��WKH�YLUWXDO�SDUW�RI�WKH�3,3�LQWHUIDFH�ZDV�GHVLJQHG�WR

IXOILO� HUJRQRPLF� FRQVLGHUDWLRQV� DQG�EH� DV� IOH[LEOH� DV� SRVVLEOH� WR� FRQIRUP�GLIIHUHQW

DSSOLFDWLRQ�VFHQDULRV�

4.2.1 GUI-Design

7KH� ILUVW�SURWRW\SH� DSSOLFDWLRQ�KDG� D�YHU\� VLPSOH� JUDSKLFDO� XVHU� LQWHUIDFH� �*8,�� DV

GHVFULEHG� DERYH�� 2QO\� WZR� EXWWRQV� ZHUH� SODFHG� RQ� WKH� SDQHO·V� VXUIDFH� WR� VZLWFK

EHWZHHQ�GLIIHUHQW�YHUVLRQV�RI�WKH�PRGHO��7KHVH�EXWWRQV�ZHUH�PRGHOHG�DV�IODW�EORFNV�

WULJJHULQJ�DQ�DFWLRQ�ZKHQHYHU�WKH�KRW�VSRW�RI�WKH�SHQ�HQWHUHG�WKHP��8VLQJ�WKH�\HOORZ

GRVVLHU�DV�EDFNJURXQG�WKH�FRORU�DQG�FRQWUDVW�RI�WKH�GLVSOD\HG�HOHPHQWV�ZDV�IDU�IURP

RSWLPDO��)LJXUH�����
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%RWK� WKHRUHWLFDO� DV� ZHOO� DV� WHFKQLFDO� LVVXHV� LQIOXHQFHG� WKH� IXUWKHU� LPSOHPHQWDWLRQ

SURWRW\SHV�� )ROORZLQJ� OLVW� JLYHV� D� VXPPDU\� RI� RXU� LGHDV� DQG� H[SHULHQFHV� ZKLOH

LPSOHPHQWLQJ� DSSOLFDWLRQV� IRU� WKH�3,3� LQWHUIDFH��&RQVLGHULQJ� WKHVH� LVVXHV� FDQ� KHOS

IXWXUH�3,3�DSSOLFDWLRQV�WR�EHQHILW�IURP�D�QXPEHU�RI�H[SHULPHQWV�

◊ 7KH� VL]H�RI� WKH� UHDO� SDQHO�ZDV� FKRVHQ� WR�EH� IDPLOLDU� �DERXW� WKH� VL]H�RI� DQ�$��

VKHHW�� DQG� DOORZ� HQRXJK� URRP� IRU� LQWHUDFWLRQ� HOHPHQWV�� 7KH� YLUWXDO� SDQHO� KDV

H[DFWO\�WKH�VDPH�VL]H�DV�WKH�UHDO�FRXQWHUSDUW�DQG�LV�UHJLVWHUHG�ZLWK�LW�LQ�D�UDQJH�RI

����PP� FRUUHFWO\��5HJLVWUDWLRQ� LV� FRPSOHWHO\� VWDWLF� EXW� LV� VXUSULVLQJO\� VXIILFLHQW

JRRG�HQRXJK�WR�DOORZ�SUHFLVH�RSHUDWLRQV�ZLWK�WKH�HOHPHQWV�RQ�WKH�SDQHO�DV�ORQJ

DV�WKH�XVHU�LV�LQ�WKH�JXDUDQWHHG�UDQJH�RI�WKH�WUDFNHU�HPLWWHU��+RZHYHU�WKH�TXDOLW\

RI�PHDVXUHPHQWV�GHFUHDVHV�UDSLGO\�ZKHQ�OHDYLQJ�WKH�VXUURXQGLQJV�RI�WKH�HPLWWHU�

1RLVH�UXLQV�WKH�PHDVXUHG�GDWD� LQ�VRPH�FDVHV�VR�PXFK�WKDW�VXEVHTXHQW�SRVLWLRQ

PHDVXUHPHQWV�DUH�GLVWULEXWHG�DURXQG�WKH�UHDO�SRVLWLRQ�LQ�D�VSKHUH�ZLWK�D�GLDPHWHU

RI�DERXW�����FP�FDXVLQJ� MLWWHU��7KLV�IDFW�LQIOXHQFHV�VL]H�DQG�GHVLJQ�RI�LQWHUDFWLRQ

HOHPHQWV�DV�GHVFULEHG�ODWHU��2QH�RI�WKH�PDMRU�JRDOV�RI�WKH�FRRSHUDWLRQ�ZLWK�WKH

,&*�DW�*UD]�8QLYHUVLW\�RI�7HFKQRORJ\� LV� WR� LQFUHDVH� WKLV�DFFXUDF\�XVLQJ�K\EULG

WUDFNLQJ�WHFKQRORJLHV�DV�GHVFULEHG�LQ�>$XHU������@�DQG�>$XHU������@�

◊ 8VHUV�KROG�WKH�SDQHO�ZLWK�WKH�QRQ�GRPLQDQW�KDQG�DQG�LQWHUDFW�ZLWK�WKH�SHQ�KHOG

LQ�WKH�GRPLQDQW�KDQG��8VLQJ�VHH�WKURXJK�+0'V�WKH�YLUWXDO�SDUW�RI�WKH�SDQHO� LV

DOZD\V�LQ�IURQW�RI�WKH�UHDO�FRXQWHUSDUWV��:KLOH�WKH�QRQ�GRPLQDQW�KDQG�LV�LQ�IURQW

RI�WKH�SDQHO�WR�VHOHFW�DQ�HOHPHQW�WKH�YLUWXDO�UHSUHVHQWDWLRQ�RI�WKH�SDQHO�KLGHV�KLV

KDQG�DQG�WKH�UHDO�SHQ��7KH�IDFW�WKDW�XVHUV�FDQQRW�VHH�WKHLU�KDQG�ZKLOH�LQWHUDFWLQJ

ZDV�QRW�QRWHG�DV�EHLQJ�GLVWXUELQJ��EHFDXVH�WKLV�ZD\�WKH�LQWHUIDFH�RQ�WKH�SDQHO�LV

DOZD\V� YLVLEOH�� KRZHYHU� FDQ� FRQIOLFW� GHSWK� SHUFHSWLRQ� LVVXHV�� 7KLV� REVHUYDWLRQ

LQGXFHG�WKDW�LW�LV�DOVR�LPSRUWDQW�WR�KDYH�D�YLUWXDO�UHSUHVHQWDWLRQ�RI�WKH�SHQ�LQ�WKLV

VHH�WKURXJK�VLWXDWLRQ�

◊ ([SHULPHQWLQJ�ZLWK�WKH�ILUVW�LPSOHPHQWDWLRQ�RI�WKH�3,3�KDUGZDUH�ZH�IRXQG�WKDW

D� YLUWXDO� UHSUHVHQWDWLRQ� RI� WKH� SDQHO� LWVHOI� LV� LPSRUWDQW�� DV� FRQWUDVW� RI� WKH

LQWHUDFWLRQ� HOHPHQWV� DORQH� RQ� WKH� \HOORZ� GRVVLHU� ZDV� SRRU�� :H� GHVLJQHG� WKLV

EDFNJURXQG� WR� KDYH� D� FRQYHQLHQW� FRORU� DQG� EH� LQ� D� EHWWHU� FRQWUDVW� ZLWK� WKH

HOHPHQWV� RQ� LW�� +RZHYHU� QRW� WR� GLVWUDFW� DWWHQWLRQ� IURP� RWKHU� SDUWV� RI� WKH

DXJPHQWDWLRQ�DQG�WR�EH�EHWWHU� LQWHJUDWHG� LQWR� WKH�UHDO�HQYLURQPHQWV�ZH�FKRRVH

VLPSOH�DQG�ORZ�VDWXUDWLRQ�FRORUV��:LWK�IROORZLQJ�JHQHUDWLRQV�RI� WKH�3,3��ZKHUH
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WKH�SDQHO�ZDV�SDLQWHG�EODFN�� WKLV�SUREOHP�GLPLQLVKHG��KRZHYHU�WKH�IOH[LELOLW\� WR

FRQWURO� WKH� EDFNJURXQG� FRORU� XVLQJ� WKH� YLUWXDO� SUHVHQWDWLRQ� WXUQHG� RXW� WR� EH

XVHIXO��(VSHFLDOO\� LQ�JDPLQJ�DSSOLFDWLRQV�� WKLV�DELOLW\�JLYHV�PXFK�IUHHGRP�LQ�WKH

RSWLFDO�GHVLJQ�RI�WKH�JDPH��DV�GHVFULEHG�LQ�FKDSWHU�����

◊ 2ULHQWDWLRQ� RI� WKH� SDQHO� SOD\V� QR� UROH� LQ� WKH� PHDQ� RI� WUDFNLQJ�� $OWKRXJK� WKH

XQGHUO\LQJ�PHWDSKRU�RI�WKH�QRWHERRN�LV�YHUWLFDOO\�RULHQWHG�ZH�UHFRPPHQG�XVLQJ

WKH� SDQHO� KRUL]RQWDOO\� RULHQWHG�� 'XH� WR� HYROXWLRQ�� WKH� KXPDQ� YLVXDO� V\VWHP� LV

PRUH� ODQGVFDSH�RULHQWHG�DQG�IHHOV�PRUH�FRPIRUWDEOH�ZLWK�D�KLJKHU�DVSHFW�UDWLR�

7KLV�FDXVHV�DOVR�WKH�WUHQG�WR�ZLGH�VFUHHQ�WHOHYLVLRQ�IRUPDWV�ZLWK�DQ�DVSHFW�UDWLR

RI� ������ %XW� WKHUH� LV� DQRWKHU� JRRG� UHDVRQ� XVLQJ� WKH� 3,3� LQ� WKH� UHFRPPHQGHG

PDQQHU�� 7KH� HPSOR\HG� L�JODVVHV�� KHDG�PRXQWHG� GLVSOD\V� KDYH� D� QDUURZ� ILHOG� RI

YLHZ�DW�DQ�DVSHFW�UDWLR�RI������7R�VHH�WKH�ZKROH�VXUIDFH�RI�WKH�3,3�LQWHUIDFH�XVHUV

KDYH� WR� KROG� WKH� SDQHO� DW� DSSUR[LPDWHO\� ������ FP� LQ� IURQW�� 8VLQJ� DQ� XSULJKW

SDQHO�ZRXOG� LQFUHDVH� WKLV� GLVWDQFH� WR� DQ� LQFRQYHQLHQW� YDOXH��8QIRUWXQDWHO\� WKH

*ODVVWURQ� YLVRUV� KDYH� DERXW� WKH� VDPH� QDUURZ� ILHOG�RI�YLHZ� DQG� DUH� DOVR� DW� WKH

VDPH�DVSHFW�UDWLR��+0'V�ZLWK�EHWWHU�)29�YDOXHV�²�LQ�WKLV�FDVH�HVSHFLDOO\�LQ�WKH

YHUWLFDO�GLUHFWLRQ�²�ZRXOG�DOORZ�XVLQJ�D�YHUWLFDOO\�RULHQWHG�SDQHO�

◊ :H�IRXQG�WKDW�LW�LV�XVHIXO�WR�KDYH�DQ�DSSUR[LPDWHO\���FP�ZLGH�ERUGHU�DORQJ�WKH

HGJH�RI�WKH�SDQHO��PRGHOHG�LQ�D�GLIIHUHQW�FRORU��WR�GLIIHUHQWLDWH�EHWZHHQ�DQ�DFWLYH

UHJLRQ�ZKHUH� LQWHUDFWLRQ� HOHPHQWV� ZLOO� EH� SODFHG� DQG� DQ� LQDFWLYH� UHJLRQ�ZKHUH

XVHUV� FDQ�KROG� WKH� SDQHO�� /DWHU�ZH� XVHG� WKLV� ERUGHU� DW� WKH� WRS�RI� WKH� SDQHO� WR

LQFRUSRUDWH�WDEV�XVHG�WR�VZLWFK�EHWZHHQ�GLIIHUHQW�VHWV�RI�LQWHUDFWLRQ�HOHPHQWV�

◊ 'XULQJ�WHVW� LPSOHPHQWDWLRQV�ZH�FRQVLGHUHG�DOVR�XVLQJ�WKH�EDFN�RI�WKH�SDQHO��DV

WKLV�ZRXOG�GRXEOH� WKH� VXUIDFH� WR� LQFRUSRUDWH� LQWHUDFWLRQ� HOHPHQWV��7KLV� IHDWXUH

ZDV�IRXQG�FXPEHUVRPH�WR�EH�XVHG�LQ�JHQHUDO��EXW�DV�VKRZQ�LQ�FKDSWHU������LW�FDQ

EH�HPSOR\HG�LQ�FHUWDLQ�FDVHV�

7KH�OLVW�PDLQO\�FRQWDLQV�RXU�UHIOHFWLRQV�RQ�WKH�JHQHUDO�*8,�GHVLJQ�RI�WKH�ZKROH�3,3

LQWHUIDFH��7KHVH�JXLGHOLQHV�DUH�QRW�RQO\�EDVHG�RQ�WKHRUHWLF�DVVXPSWLRQV�LOOXVWUDWHG�LQ

FKDSWHU� ������� EXW� LQYROYH� DOVR� WKH� UHVXOWV� RI� D� ORQJ� HQJLQHHULQJ� SURFHVV�� 7KH

IROORZLQJ� VHFWLRQ� GHVFULEHV� WKH� HYROXWLRQ� DQG� WKH� SDOHWWH� RI� DYDLODEOH� LQWHUDFWLRQ

HOHPHQWV�LQ�PRUH�GHWDLO�
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4.2.2 Interaction Elements

)ROORZLQJ�WKH�EDVLF�GHVLJQ�JXLGHOLQHV�IRU�$5� LQWHUIDFHV� WKH� LQWHUDFWLRQ�HOHPHQWV�RQ

WKH� 3HUVRQDO� ,QWHUDFWLRQ� 3DQHO� ZHUH� GLUHFWO\� DEVWUDFWHG� IURP� UHDO� ZRUOG� LQWHUIDFHV�

+RZHYHU�PRVW�RI� WKHP�DUH� WRGD\� DOVR�SDUW� RI� FRQYHQWLRQDO� �'�GHVNWRS�*8,V��ZH

IRXQG�LW�LPSRUWDQW�WR�ORRN�DW�WKH�UHDO�VRXUFHV�RI�DEVWUDFWLRQ�

:KHQ� ORRNLQJ� DW� RXU� VXUURXQGLQJV�ZH�ZLOO� ILQG� D� ORW� RI� NQREV�� GLDOV�� KDQGOHV� DQG

GLIIHUHQW�RWKHU�HOHPHQWV�ZH�XVH�WR�FRQWURO�GHYLFHV�LQ�RXW�HYHU\GD\�OLIH��:H�DUH�XVHG

WR� RSHUDWH� WKHP� DQG� DUH� IDPLOLDU�ZLWK� WKHLU� IXQFWLRQDOLW\�� 7KH� LQWHUDFWLRQ� HOHPHQWV

VKRXOG�EHQHILW�RI�WKHVH�VNLOOV�LQ�WKH�EHVW�SRVVLEOH�ZD\��)RU�WKLV�UHDVRQ�WKH�GHVLJQ�RI

WKH�HOHPHQWV�ZDV�RULHQWHG�UDWKHU�RQ�WKH�UHDO�FRQWUROV�WKDQ�RQ�WKH��'�FRXQWHUSDUWV�

%XWWRQV

)LUVW�D�VHULHV�RI�EXWWRQV�ZDV� LPSOHPHQWHG��ZKLFK�KDG�GLIIHUHQW�EHKDYLRUV�� IRXQG� LQ

UHDO� FRXQWHUSDUWV� �)LJXUH������$Q� LPSRUWDQW�EDVLF� UXOH� IRU� DOO�EXWWRQV�ZDV� WR�QRWLI\

XVHU�RQ�VXFFHVVIXO�RSHUDWLRQ�DV�WKH�SUHFLVLRQ�RI�WKH�KDUGZDUH�FRXOG�FDXVH�ODSVHV�

◊ +LJKOLJKWLQJ� EXWWRQ�� 7KLV� W\SH� RI� EXWWRQ� KLJKOLJKWV� LWVHOI� ZKHQHYHU� LW� LV� WRXFKHG

ZLWK�WKH�SHQ�

◊ 7H[W� EXWWRQ�� 7R� LGHQWLI\� IXQFWLRQDOLW\� DQ� LQVFULSWLRQ� FDQ� EH� XVHG� SODFHG� RQ� WKH

EXWWRQ��%\�SXVKLQJ�LW�WKLV�FDQ�WXUQ�LQWR�D�GLIIHUHQW�WH[W�DFNQRZOHGJLQJ�WKH�DFWLRQ�

H�J��´2.µ�RU�D�FKHFN�PDUN��%HFDXVH�WKH�LQVXIILFLHQW�UHVROXWLRQ�RI�+0'V�ZH�WU\

WR�DYRLG�WKH�GLVSOD\�RI� WH[W� LQ��'�ZKHQHYHU�SRVVLEOH��DQG� WKHUHIRUH� WKLV�EXWWRQ

W\SH�DV�ZHOO�

◊ 6KDSHG� EXWWRQV�� 6KDSH� RI� WKH� EXWWRQV� FDQ� EH� XVHG� WR� LQGLFDWH� WKHLU� IXQFWLRQDOLW\

ZLWKRXW� DQ\� DGGLWLRQDO� LQIRUPDWLRQ��:H� LPSOHPHQWHG� D� VHULHV� RI� DUURZ� VKDSHG

EXWWRQV��ZKLFK�ZH�XVHG�WR�F\FOH�WKURXJK�D�OLVW�RI�REMHFWV�RU�VFUROO�D�PDS�LQWR�IRXU

GLUHFWLRQV�

◊ $QLPDWHG�EXWWRQV��7R�UHVHPEOH�WKH�RULJLQDO�FRXQWHUSDUWV�ZH�LPSOHPHQWHG�DQLPDWHG

EXWWRQV�� ZKLFK� DQLPDWH� WKHPVHOYHV� ZKHQ� WRXFKHG�� ,Q� WKH� SURWRW\SH

LPSOHPHQWDWLRQ� WKLV� EHKDYLRU�ZDV� IXOO\� VFULSWHG� XVLQJ� HQJLQHV� LQ�2SHQ� ,QYHQWRU

>6WUDXVV������@�PRGHO�ILOHV�GHVFULELQJ�WKH�JHRPHWU\�RI�WKH�EXWWRQV�
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◊ 9LFLQLW\� EXWWRQ�� 7KLV� LQWHUDFWLRQ� HOHPHQW� LV� QRW� D� EXWWRQ� DV� IRXQG� LQ� UHDOLW\�� EXW

IURP� WKH� LPSOHPHQWDWLRQ� SRLQW� RI� YLHZ� LW� LV� D� EXWWRQ�� 8VLQJ� WKH� VDPH� EXWWRQ

FRGH�ZH�FDQ�SODFH�LQYLVLEOH�´EXWWRQVµ�LQ�WKH��'�VFHQH�WKDW�UHDFW�RQ�WKH�YLFLQLW\�RI

WKH�KRW� VSRW��:H�XVHG� WKLV� WHFKQRORJ\� VXFFHVVIXOO\� IRU�GLVSOD\LQJ� D�KHOS�PHVVDJH

DERYH�WKH�VXUIDFH�RI�WKH�SDQHO��LQGLFDWLQJ�WKDW�WKH�FXUUHQWO\�JUDEEHG�REMHFW�ZLOO�EH

SDVWHG�RQWR�WKH�3,3�FOLSERDUG�ZKHQ�UHOHDVHG��$OWKRXJK�QRW�EHLQJ�D�UHDO�EXWWRQ

WKLV� JHQHUDO�PHWKRG� IRU� QRWLFLQJ� WKH� SUR[LPLW\� RI� WKH� SHQ� FDQ� EH� XVHIXO� IRU� D

VHULHV�RI�DSSOLFDWLRQV�

&RPSDUHG�WR�WKH�EDG�SHUIRUPDQFH�RI�WKHVH�HOHPHQWV�LQ�RWKHU�95�DQG�$5�V\VWHPV�LW

LV� LPSRUWDQW�WR�QRWH�WKDW�XQOLNH� LQ�PDQ\�RWKHU�V\VWHPV�� LQWHUDFWLRQ�HOHPHQWV�RQ�WKH

3,3� DUH� SODFHG� RQ� D� �'� VXUIDFH� LQ� WKH� �'� HQYLURQPHQW�� DOORZLQJ� WDFWLOH� IHHGEDFN

ZKHQ�RSHUDWLQJ�WKH�LQWHUIDFH�

)LJXUH���� %XWWRQV�FDQ�EH�XVHG�WR�LQSXW�QXPEHUV�LQ�WKLV�FDOFXODWRU�DSSOLFDWLRQ�
ZULWWHQ�E\�+HUPDQ�:XUQLJ�
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)LJXUH���� 7KH� LQWURGXFWLRQ�RI� WKH� VSDWLDO� K\VWHUHVLV�PHWKRG�KHOSV� WR�RYHUFRPH
SUREOHPV� RI� IDXOW\� WULJJHULQJ� FDXVHG� E\� QRLV\� WUDFNHU� GDWD�
0HDVXUHPHQWV� PDUNHG� ZLWK� UHG� LQ� OHIW� LPDJH� ZRXOG� FDXVH
UHWULJJHULQJ�RI�EXWWRQ��,Q�WKH�ULJKW�LPDJH�WKHVH�SRLQWV�OLH�LQVLGH�WKH
VSDWLDO�K\VWHUHVLV�

$V�PHQWLRQHG�DERYH�ZH�HQFRXQWHUHG�WKH�MLWWHU�FDXVHG�E\�QRLV\�WUDFNHU�GDWD�WR�KLQGHU

WKH�LQWHUDFWLRQ�ZLWK�*8,�HOHPHQWV�RQ�WKH�3,3��7KH�MLWWHU�LQ�SRVLWLRQ�GDWD�FDXVHG�WKH

KRW�VSRW�RI�WKH�SHQ�WR�HQWHU�DQG�WR�OHDYH�WKH�EXWWRQ��ZKLOH�LQ�UHDOLW\�WKH�XVHU�UHWDLQHG

WKH�VDPH�SRVLWLRQ�ZLWK�WKH�SHQ��7KLV�VXFFHVVLYH�LQ�DQG�RXW�RI�WKH�KRW�VSRW�WULJJHUHG

WKH�EXWWRQ�UHSHDWHGO\��DV�LQ�RXU�LPSOHPHQWDWLRQ�QR�RWKHU�EXWWRQ�FOLFN�ZLWK�WKH�SHQ·V

UHDO�EXWWRQ�LV�QHFHVVDU\�WR�RSHUDWH�WKH�HOHPHQW�

7R� RYHUFRPH� WKLV� ZH� LQWURGXFHG� WKH� PHWKRG� RI� VSDWLDO� K\VWHUHVLV� IRU� LQWHUDFWLRQ

HOHPHQWV��7KH�LGHD�LV�WR�FRYHU�WKH��'�LQWHUDFWLRQ�HOHPHQW�ZLWK�DQ�RIIVHW�VXUIDFH�WKDW

DFWV� DV� D� EXIIHU� IRU� WULJJHULQJ��:KHQ� WKH� KRW� VSRW� HQWHUV� WKH� EXWWRQ� JHRPHWU\�� WKH

DVVRFLDWHG�DFWLRQ�LV�WULJJHUHG��$V�D�FRQVHTXHQFH�RI�WKH�EXLOW�LQ�K\VWHUHVLV�UHWULJJHULQJ

LV� QRW� SRVVLEOH� XQWLO� WKH� KRW� VSRW� OHDYHV� WKH� LQYLVLEOH� RIIVHW� VXUIDFH� DURXQG� WKH

HOHPHQW��)RU�IDVWHU�ERXQGDU\�FKHFNLQJ�LQ�SUDFWLFH�DQ�LQYLVLEOH�FXEH�JHRPHWU\�LV�XVHG

IRU�GHILQLQJ�WKH�VSDFH�RI�K\VWHUHVLV�DURXQG�WKH�EXWWRQ��)LJXUH������8VLQJ�WKLV�PHWKRG

DOO� GLVWXUELQJ� HIIHFWV� RI� QRLV\� SRVLWLRQ� PHDVXUHPHQWV� RI� WKH� WUDFNHU� YDQLVKHG�� ,Q

VHTXHQFH�ZH�DSSOLHG�WKH�VDPH�WHFKQRORJ\�WR�DOO�RI�RXU�LQWHUDFWLRQ�HOHPHQWV�

6OLGHUV

7R�LQSXW�RWKHU�SDUDPHWHUV�WKDQ�%RROHDQ�YDOXHV�ZH�LPSOHPHQWHG�VOLGHUV�WKDW�DOORZHG

VHWWLQJ� FRQWLQXRXV� YDOXHV� RI� DSSOLFDWLRQ� SDUDPHWHUV�� 6OLGHUV� FRQVLVW� RI� D� ERG\� WKDW

VKRZV� WKH� LQWHUYDO� RI� WKH� SDUDPHWHU� WR� EH� PRGLILHG� �)LJXUH� ����� ,Q� WKH� ILUVW

LPSOHPHQWDWLRQ�WKH�VOLGH�ZDV�DFWLYDWHG�ZKHQHYHU�WKH�KRW�VSRW�LQWUXGHG�LW·V�JHRPHWU\�
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7KH�XSGDWH�RI�WKH�VOLGH�SRVLWLRQ�ZDV�LPPHGLDWH��/HDYLQJ�WKH�K\VWHUHVLV�JHRPHWU\�OHIW

WKH� VOLGH� DW� WKH� ODVW�SRVLWLRQ�PHDVXUHG��8VHU� UHSRUWHG�GXULQJ� WHVWV�� WKDW� WKH\�ZRXOG

UDWKHU�´JUDEµ�WKH�VOLGH��PRGLI\�LW��DQG�UHOHDVH�IRU�VHWWLQJ�WKH�GHVLUHG�YDOXH��/HDUQLQJ

IURP�WKLV�:XUQLJ�PRGLILHG�WKH�FRGH�LQ�D�ZD\�WKDW�WKH�VOLGH�KDV�WR�EH�´JUDEEHGµ�E\

SUHVVLQJ�WKH�UHDO�SHQ�EXWWRQ��$V� ORQJ�DV� WKH�EXWWRQ� LV�SUHVVHG�²�HYHQ�ZKHQ� OHDYLQJ

WKH�K\VWHUHVLV�JHRPHWU\�²�WKH�SHUSHQGLFXODU�RQWR�WKH�VOLGHU�LV�HYDOXDWHG�UHVXOWLQJ�LQ�D

QHZ� VOLGHU�YDOXH�� 7KLV� LGHD� RI� PRGLI\LQJ� D� YDOXH� E\� ´JUDEELQJµ� WKH� LQWHUDFWLRQ

HOHPHQW�DQG�SHUIRUPLQJ�WKH�RSHUDWLRQ�DW�D�GLVWDQFH�OHG�WR�WKH�LGHD�RI�GLDOV�

'LDOV

'LDOV� DUH� IODW� F\OLQGHUV� UHVHPEOLQJ� SRWHQWLRPHWHU� OLNH� JDGJHWV�� ZKLFK� FDQ� EH

´JUDEEHGµ�E\� LQVHUWLQJ� WKH�SHQ�DQG�SUHVVLQJ� WKH�SHQ�EXWWRQ� �)LJXUH������6LPLODU� WR

WKH�VOLGHU�DSSURDFK��PDQLSXODWLRQ�LV�PDLQWDLQHG�XQWLO�WKH�EXWWRQ�LV�UHOHDVHG��7KH�YDOXH

LV�GHWHUPLQHG�E\�SURMHFWLQJ�WKH�KRW�VSRW�SRVLWLRQ�RQWR�WKH��'�SODQH�DOLJQHG�ZLWK�WKH

EDVH� RI� WKH� GLDO� �L�H�� WKH� 3,3·V� VXUIDFH�� DQG� FDOFXODWLQJ� WKH� DQJOH� EHWZHHQ� WKH� ODVW

VHWWLQJ� RI� WKH� GLDO� DQG� WKH� YHFWRU� SRLQWLQJ� IURP� WKH� GLDO·V� FHQWHU� WR� WKH� SURMHFWHG

SRLQW��7KLV�DOORZV�WR�PDNH�UDSLG�FKDQJHV�RI�D�SDUDPHWHU�ZKHQ�PDQLSXODWLQJ�WKH�GLDO

QHDU�WR�LW·V�D[LV�DQG�ILQH�JUDLQHG�PRGLILFDWLRQV�ZKHQ�WKH�SHQ�LV�IXUWKHU�DZD\�

)LJXUH���� 7KH� SDQHO� ZLWK� D� VHOHFWLRQ� RI� GLIIHUHQW� EXWWRQV� DQG� SURWRW\SH
VOLGHUV�� ,Q� WKLV� ILJXUH� WKH� K\VWHUHVLV� VSDFH� DURXQG� WKH� EXWWRQV� DQG
VOLGHUV�LV�PDGH�YLVLEOH�IRU�LOOXVWUDWLRQ�
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)LJXUH���� 'LDOV� FDQ� EH� XVHG� IRU� UDSLG� DQG� ILQH�JUDLQHG� SDUDPHWHU
PRGLILFDWLRQV��7KLV�FRORU�VHOHFWRU�DOORZV�VHWWLQJ�5*%�YDOXHV�ZLWK�WKUHH
VOLGHUV�DQG�WKH�WUDQVSDUHQF\�ZLWK�D�GLDO�

,QWHUDFWLRQ�FODVVHV

$V�D� UHVXOW�RI� WKHVH�HOHPHQW�SURWRW\SHV�D�QHZ� LPSOHPHQWDWLRQ� IRU� WKH�6WXGLHUVWXEH

HQYLURQPHQW�ZDV�UHDOL]HG�E\�)XKUPDQQ�DQG�:XUQLJ��)ROORZLQJ� WKH�REMHFW�RULHQWHG

IDVKLRQ� RI�2SHQ� ,QYHQWRU� D� FODVV�OLEUDU\�ZDV� LPSOHPHQWHG�� EDVHG� XSRQ� ,QYHQWRU
V

QRGH� NLWV�� 7KLV� DOORZV� HDV\� LQWHJUDWLRQ� LQWR� $5� DSSOLFDWLRQV� DQG� PDNHV� VRIWZDUH

GHVLJQ�PRUH�UHXVDEOH��$V�D�UHVXOW�RI�WKLV�ZRUN�IROORZLQJ�HQWLWLHV�ZHUH�SURJUDPPHG�

◊ %XWWRQV��UDGLR�EXWWRQV�DQG�FKHFNER[HV��L�H��WRJJOH�EXWWRQV��

◊ 'LDOV�ZLWK�IORDWLQJ�SRLQW��RU�LQWHJHU�VFDOH�

◊ 6OLGHUV�ZLWK�IORDWLQJ�SRLQW��RU�LQWHJHU�VFDOH��DQG

◊ 6OLGHUV�ZLWK�ORJDULWKPLF��RU�H[SRQHQWLDO��IORDWLQJ�SRLQW���VFDOH�

7KHVH� HOHPHQWV� DUH� QRZ� SDUW� RI� WKH� 6WE$3,� ²� WKH� 6WXGLHUVWXEH� DSSOLFDWLRQ

SURJUDPPHU·V� LQWHUIDFH� WKDW� LV�GHYHORSHG� DW� WKH� ,QVWLWXWH�RI�&RPSXWHU�*UDSKLFV� LQ

9LHQQD�>6WE$3,������@�
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8VLQJ� WKH� GHVFULEHG� KDUGZDUH� VHWXS�� WKH� XVHU� LQWHUIDFH� FRQVLGHUDWLRQV�� DQG� WKH

H[KLELWHG� LQWHUDFWLRQ� HOHPHQWV� D� ODUJH� QXPEHU� RI� DSSOLFDWLRQV� ZDV� GHVLJQHG� DQG

LPSOHPHQWHG� LQ� YHU\� GLIIHUHQW� DSSOLFDWLRQ� VFHQDULRV� UDQJLQJ� IURP� 6FLHQWLILF

9LVXDOL]DWLRQ� WR� $XJPHQWHG� *DPLQJ�� 7KH� QH[W� FKDSWHU� JLYHV� DQ� RYHUYLHZ� RI� WKHVH

DSSOLFDWLRQV� VKRZLQJ� ZKDW� ZH� OHDUQHG� IURP� GLIIHUHQW� VFHQDULRV� DQG� KRZ� ZH

WUDQVIHUUHG�DQG�DSSOLHG�WKLV�NQRZOHGJH�WR�RWKHU�SUREOHP�HQYLURQPHQWV�



Chapter Five - Application

8S�WR�WKLV�SRLQW�FRQFXUUHQW�DXJPHQWHG�UHDOLW\�V\VWHPV�DQG�LQWHUDFWLRQ�GHYLFHV�ZHUH

LQYHVWLJDWHG�� IROORZHG� E\� D� GLVFXVVLRQ� RI� WKHRUHWLFDO� FRQFHSWV� DERXW� GHVLJQLQJ� D

XQLYHUVDO� WRRO� IRU� D� ZLGH� UDQJH� RI� LQWHUDFWLRQ� WDVNV�� 7KH� FRQFHSWXDO� GHVFULSWLRQ

RXWOLQHG�D�GHVLJQ�GUDIW�IRU�D�KDUGZDUH�DQG�VRIWZDUH�LPSOHPHQWDWLRQ�RI�WKH�LGHD��1RZ

WKHVH�GUDIWV�DQG�SURWRW\SHV�DUH�EOHQGHG�WRJHWKHU�WR�EXLOG�DSSOLFDWLRQ�OHYHO�VROXWLRQV

IRU�WKH�EDVLF�SUREOHP�RI�LQWHUDFWLRQ�LQ�DXJPHQWHG�UHDOLW\�HQYLURQPHQWV�

7KH�ILUVW�SDUW�RI�WKLV�FKDSWHU�GHVFULEHV�DSSOLFDWLRQ�IUDJPHQWV�DQG�DSSOLFDWLRQV�LQ�WKH

VDPH�RUGHULQJ��OLNH�WKH�XQGHUO\LQJ�PHWDSKRUV�ZHUH�SUHVHQWHG�LQ�WKH�FRQFHSWLRQ�SDUW

RI� WKLV�ZRUN��7KLV�RUGHULQJ� LV�EDVHG�RQ�WKH� WKUHH�EDVLF� LQWHUDFWLRQ�FODVVHV�RI�REMHFW

PDQLSXODWLRQ��YLHZSRLQW�PDQLSXODWLRQ�DQG�V\VWHP�FRQWURO�

3URIHVVLRQDO�ZULWHU�²�ZULWHV�OHWWHUV�RQ�FRPPLVVLRQ�
�a�����
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���� 2EMHFW�0DQLSXODWLRQ���6FHQH�'HVLJQ

7KH�IXQGDPHQWDO�WDVN�RI�REMHFW�PDQLSXODWLRQ�LQ�D�V\QWKHWLF�HQYLURQPHQW�LV�FUXFLDO�WR

DOPRVW� DOO� RWKHU� LQWHUDFWLRQ� SUREOHPV�� 7KHUHIRUH� ZH� LQYHVWLJDWHG� D� ORW� RI� VLPSOH

DSSOLFDWLRQV�LQ�WKLV�GRPDLQ�WR�ILQG�RXW�GHVLJQ�SLWIDOOV�

5.1.1 Drag and Drop

)LUVW� WKH� SHQ� DORQH� DV� �� '2)� LQWHUDFWLRQ� GHYLFH� ZDV� FRQVLGHUHG� WR� PDQLSXODWH

REMHFWV��7KH�WHVW�DSSOLFDWLRQV�ZH�LPSOHPHQWHG�VXSSRUWHG�JUDEELQJ��PDQLSXODWLQJ��DQG

UHOHDVLQJ� ²� D� VLPSOH� GUDJ¶Q·GURS� VHTXHQFH� ²� RI� JHRPHWULF� REMHFWV� LQ� WKH� DXJPHQWHG

VFHQH��)LJXUH������,W�LV�LPSRUWDQW�WR�QRWH�KHUH�WKDW�DOUHDG\�WKLV�VLPSOH�WHVW�DSSOLFDWLRQ

FRQILUPHG�WKH�H[SHFWHG�EHQHILWV�RI�WZR�KDQGHG�LQWHUDFWLRQ��8VHUV�UHSRUWHG�JUDEELQJ

DQ�REMHFW�IURP�WKH�SDQHO��LQ�WKH�ELPDQXDO�IUDPH�RI�UHIHUHQFH��WR�EH�DQ�HDV\�WDVN�HYHQ

LI�REMHFWV�ZHUH�VPDOO��ZKLOH�JUDEELQJ�REMHFWV�IURP�WKH�VFHQH��LQ�DQ�DEVROXWH�IUDPH�RI

UHIHUHQFH��ZDV�PRUH�GHPDQGLQJ��GHVSLWH�RI�VWHUHRVFRSLF�GHSWK�SHUFHSWLRQ��:LWK�QRQ�

VWHUHRVFRSLF�GLVSOD\� WKLV� DEVROXWH� WDUJHW� DFTXLVLWLRQ� WDVN�ZDV� HYHQ�PRUH�GLIILFXOW� WR

DFFRPSOLVK�

)LJXUH���� 6FHQH� GHVLJQ� XVLQJ� GUDJ¶Q·GURS�� ,Q� WKLV� DQG� PDQ\� RWKHU� IROORZLQJ
H[DPSOHV� WKH� ILJXUHV� VKRZ� RQO\� WKH� DXJPHQWDWLRQ� RYHUOD\� WKDW� LV
SUHVHQWHG� LQ�D�VHH�WKURXJK�+0'�WR� WKH�XVHU��%ODFN�UHJLRQV�RI� WKH
RYHUOD\�OHW�WKH�OLJKW�IURP�UHDO�VXUURXQGLQJ�WR�SDVV�WKURXJK�
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3RVLWLRQLQJ� RI� REMHFWV� RYHU� DUELWUDU\� GLVWDQFHV� FDQ� EH� DFKLHYHG� LQ� RQH� VWHS�� DV� WKH

XVHU�FDQ�IUHHO\�ZDON�DURXQG�WKH�URRP�LQ�WKH�WUDFNHU�UDQJH��5RWDWLQJ�REMHFWV�KRZHYHU

VRPHWLPHV�UHTXLUHG�UDWFKHWLQJ�²�WKH�VXEVHTXHQW�JUDEELQJ��URWDWLQJ��DQG�UHOHDVLQJ�RI�DQ

REMHFW�²�WR�UHDFK�WKH�GHVLUHG�RULHQWDWLRQ��$JDLQ��DV�XVHUV�FDQ�PRYH�IUHH�LQ�WKH�URRP�

ZDONLQJ� RU� WXUQLQJ� DURXQG� WR� WKH� QHZ� RULHQWDWLRQ� RI� WKH� REMHFW� FDQ� DYRLG� WKLV

UDWFKHWLQJ�

$�VLPSOH�ERXQGLQJ�ER[�FKHFN�GHFLGHG�ZKDW�WR�GR�ZKHQHYHU�RQH�RI�WKH�SHQ�EXWWRQV

ZDV�SXVKHG��7R�PDNH�WKH�EXLOW�LQ�EER[�FKHFN�RI�2SHQ�,QYHQWRU�PRUH�HIILFLHQW��ZH

VLPSO\�GLYLGHG�REMHFWV� LQ�WKH�VFHQH�LQWR�GLIIHUHQW�JURXSV��,QHUW�REMHFWV� IRUP�WKH�VWDWLF

SDUW�RI�WKH�DXJPHQWDWLRQ��,Q�RXU�FDVH�ZH�PRGHOHG�D�ZLUHIUDPH�PRGHO�RI�RXU�ODE�WR

YLVXDOO\�FKHFN�UHJLVWUDWLRQ�RI�WKH�UHDO��DQG�YLUWXDO�VSDFH��$OO�WKHVH�REMHFWV�ZHUH�VWRUHG

LQ�D�VHSDUDWRU�QRGH�GLUHFWO\�XQGHU�WKH�URRW�QRGH�

1RQ�VWDWLRQDU\�REMHFWV�DUH�FROOHFWHG�XQGHU�D�VSHFLDO�VHSDUDWRU�LQ�WKH�VFHQH�JUDSK�WKDW�LV

FKHFNHG� IRU� FROOLVLRQV� ZKHQ� FOLFNLQJ� WKH� EXWWRQ�� 3URYLGHG� WKDW� WKH� FKHFN� ZDV

VXFFHVVIXO�WKH�LQWHUVHFWLQJ�JHRPHWU\�LV�FRSLHG�RU�PRYHG�²�GHSHQGLQJ�RQ�ZKLFK�RI�WKH

WZR�EXWWRQV�ZDV�SUHVVHG�²�WR�D�VHSDUDWRU�EHORZ�WKH�WUDFNHU�WUDQVIRUPDWLRQ�QRGH�RI

WKH�SHQ��$IWHU�DSSO\LQJ�WKH�QHFHVVDU\�WUDQVIRUPDWLRQV�IURP�VFHQH�WR�ZRUOG�DQG�IURP

ZRUOG�WR�SHQ�FRRUGLQDWH�V\VWHPV��WKH�JUDEEHG�REMHFW�VHDPV�WR�EH�DWWDFKHG�WR�WKH�KRW

VSRW�²�DW�WKH�SRLQW�ZKHUH�LW�ZDV�JUDEEHG�

)RU� WKH� SDQHO� D� VLPLODU� VHSDUDWRU�ZDV� HVWDEOLVKHG� XQGHU� LWV� WUDQVIRUPDWLRQ� QRGH� WR

KROG�REMHFWV��$�YLFLQLW\�EXWWRQ�FXEH�FRYHUV�WKH�ZKROH�VSDFH�DERYH�WKH�SDQHO·V�VXUIDFH

�DERXW����FP�KLJK���:KHQ�DQ�REMHFW� LV�UHOHDVHG�ZKLOH�WKLV�EXWWRQ�ZDV�WULJJHUHG��L�H�

WKH�XVHU�ZDQWHG�WR�GURS�LW�RQ�WKH�SDQHO�DQG�WKH�SHQ�LV�DERYH�WKH�SDQHO��� WKH�REMHFW

ZLOO� EH�PRYHG� IURP� WKH� SHQ� FRQWDLQHU� WR� WKH� SDQHO� FRQWDLQHU� LQVWHDG� RI� WKH� VFHQH

FRQWDLQHU��7R�QRWLI\�WKH�XVHU�RI�WKH�WULJJHULQJ�RI�WKH�YLFLQLW\�EXWWRQ��WKH�SKUDVH�´3DVWH

KHUHµ�DSSHDUV�RQ�WKH�SDQHO�ZKHQHYHU�WKH�KRWVSRW�LV�LQ�WKH�UDQJH�RI�WKH�VXUIDFH�

7KLV� GHWDLOHG� GHVFULSWLRQ� ZDV� QHFHVVDU\� WR� XQGHUVWDQG� WKH� FRQFHSW� RI� UHJLRQV�

GHVFULEHG�LQ�FKDSWHU��������7KH�GHVFULEHG�GHGLFDWHG�VHSDUDWRUV�LQ�WKH�VFHQH�JUDSK�DUH

WKH� UHJLRQV�� IXQGDPHQWDO� WR� VSDWLDO� FRQWUROOHG� VHPDQWLFV� DQG� WKH� SULYDF\� PDQDJHPHQW

PHWKRGV�
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5.1.2 Precise and Constrained Manipulation

7KH� VLPSOH� GUDJ¶Q·GURS� SURFHVV� LV� QRW� DOZD\V� VXIILFLHQW� WR� PDQLSXODWH� REMHFWV� LQ� D

YLUWXDO�VFHQH��7KH�SUREOHP�RI�PRVW�PRGHOLQJ�DSSOLFDWLRQV�LQ�YLUWXDO�HQYLURQPHQWV�LV

WKH�DOLJQPHQW�RI�REMHFWV�SODFHG�LQWR�WKH�VFHQH��7KLV�UHVXOWV�LQ�PHVV\�VFHQHV�RU�LQ�WKH

ZRUVW�FDVH�WR�IDXOW\�PRGHOV��7KH�SUHFLVLRQ�RI�DQ�DOLJQPHQW�WDVN�LV�HYHQ�PRUH�FUXFLDO

LQ�D�JDPLQJ�DSSOLFDWLRQ�GHVFULEHG�EHORZ��ZKHUH�JDPH�WLOHV�KDYH�WR�EH�DOLJQHG�WR�IRUP

JURXSV��,I�WKH�DOLJQPHQW�UHTXLUHV�WRR�PXFK�FRQFHQWUDWLRQ��SOD\HUV�DUH�GLVWUDFWHG�IURP

WKH�JDPH�LWVHOI�

,Q�WKH�PHQWLRQHG�JDPLQJ�DSSOLFDWLRQ�JDPH�WLOHV�KDG�WR�EH�DOLJQHG�WR�HDFK�RWKHU�DQG

WR�VXSSRUWLQJ�VXUIDFHV�OLNH�WKH�WDEOH�RU�WKH�3,3�KROGLQJ�WKH�XVHU·V�JDPH�WLOHV��7KHVH

UHTXLUHPHQWV� HIIHFWHG� WKH� HPSOR\PHQW� RI� VQDSSLQJ� IRU� REMHFW� PDQLSXODWLRQ�

,QYHVWLJDWLQJ� WKH� SUREOHP� ZH� IRXQG� WKDW� ZH� QHHG� RQO\� D� YHU\� VPDOO� VXEVHW� RI

FRQVWUDLQWV��:H�XVH� IDFH�WR�SODQH� �ELQGLQJ� WKUHH�'2)��DQG� IDFH�WR�IDFH� FRQVWUDLQWV

�ELQGLQJ�DOO���'2)��ZKLFK�DUH�HQRXJK�WR�SODFH�IRU�H[DPSOH�JDPH�WLOHV�LQ�WKH�ERDUG

JDPH�� 7KH� IDFH�WR�SODQH� FRQVWUDLQW� DOORZV� �'� WUDQVODWLRQ� DQG� �'� URWDWLRQ� RQ� WKH

SODQH��VHH�)LJXUH����XSSHU�URZ���ZKLOH�WKH�IDFH�WR�IDFH�FRQVWUDLQW�IL[HV�WKH�WZR�IDFHV

RQWR�HDFK�RWKHU��VHH�)LJXUH����ORZHU�URZ���,Q�ERWK�FDVHV�WKH�VQDSSLQJ�FRQGLWLRQ�IRU

WKH� DXWRPDWLF� UHFRJQLWLRQ� SURFHVV� PHDVXUHV� WKH� GLVWDQFH� DQG� WKH� UHODWLYH� DQJOHV

EHWZHHQ�WKH�IDFHV��7KH�GLVWDQFH�LV�PHDVXUHG�EHWZHHQ�WKH�SODQH�DQG�WKH�FHQWHU�RI�WKH

IDFH� IRU� IDFH�WR�SODQH� FRQVWUDLQWV� DQG� EHWZHHQ� WKH� FHQWHU� RI� WKH� WZR� IDFHV� IRU� WKH

IDFH�WR�IDFH� FRQVWUDLQW�� UHVSHFWLYHO\�� ,I�ERWK��GLVWDQFH� DQG� DQJOH�EHWZHHQ�SODQHV� DUH

ORZHU�WKDQ�D�GHILQHG�OLPLW��WKH�VQDSSLQJ�FRQGLWLRQ�LV�VDWLVILHG��7R�DYRLG�MLWWHU� LQ�WKH

VQDSSLQJ��ZKLFK� UHVXOWV� IURP�QRLV\� WUDFNHU� FRRUGLQDWHV��ZH� DSSOLHG� D� K\VWHUHVLV� RQ

WKH�VQDSSLQJ�FRQGLWLRQ�
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)LJXUH���� )DFH�WR�SODQH� VQDSSLQJ� �XSSHU� URZ�� DQG� IDFH�WR�IDFH� VQDSSLQJ
�ORZHU� URZ��� $� IDFH� LV� DSSURDFKLQJ� D� FRQVWUDLQW� UHJLRQ� �D���PRYHV
LQWR�WKH�UHJLRQ��E���VQDSV�WR�WKH�SODQH�RU�IDFH�UHVSHFWLYHO\��F��

,Q�HQYLURQPHQWV�ZLWK�PDQ\�SRWHQWLDO�VQDSSLQJ�IDFHV�VWLOO�D�KLJK�FRPSXWDWLRQDO�HIIRUW

LV�QHHGHG�WR�ILQG�WKH�QHDUHVW�VQDSSLQJ�IDFH�SDLU��+RZHYHU�WKH�FRQVWUDLQW�UHFRJQLWLRQ

DOJRULWKP�PXVW�EH�YHU\�HIILFLHQW� WR�EH�XVHG�DV� UHDO�WLPH�DSSOLFDWLRQ�� VR�ZH�XVHG�DQ

D[LV�DOLJQHG� ERXQGLQJ�ER[� KLHUDUFK\� IRU� HDFK�� WKH� VWDWLF� SDUW� RI� WKH� VFHQH�� WKH

JHRPHWU\�RQ�HDFK�3,3�DQG�WKH�G\QDPLF�SDUW�RI�WKH�VFHQH��7KLV�DOJRULWKP�LV�VLPLODU�WR

WKH� EURDG� SKDVH� DOJRULWKPV� OLNH� >*RWWVFKDON�� ����@� RU� >&RKHQ�� ����@� IRU� FROOLVLRQ

GHWHFWLRQ�� )RU� D� VPDOO� QXPEHU� RI� GUDJJHG� REMHFWV� �RXU� WHVW� JDPLQJ� DSSOLFDWLRQ

VXSSRUWV�XS�WR�IRXU�SOD\HUV�DQG�HDFK�XVHU�KDV�MXVW�RQH�SHQ��ZH�FDQ�DFKLHYH�UHDO�WLPH

SHUIRUPDQFH�

7KH� UHVXOW� RI� WKH� FRQVWUDLQW� UHFRJQLWLRQ� LV� D� OLVW� RI� YDOLG� VQDSSLQJ� IDFH�SDLUV�� )RU

VLPSOLFLW\�ZH�SURFHVV�RQO\�RQH�VQDSSLQJ�DFWLRQ�DW�D�WLPH��:H�FKRRVH�WKH�QHDUHVW�IDFH

SDLU� �L�H�� KDYLQJ� WKH� VPDOOHVW� GLIIHUHQFH� LQ� DQJOH� DQG� GLVWDQFH�� WR� SHUIRUP� WKH

DFFRUGLQJ� WUDQVIRUPDWLRQ� WR� WKH� GUDJJHG� REMHFW�� 7KLV� NLQG� RI� SULRULW\� VHOHFWLRQ

EHKDYHV� DOVR� YHU\� QDWXUDOO\� EHFDXVH� REMHFWV� VQDS� RQO\� WR� WKH� QHDUHVW� REMHFWV� DV

H[SHFWHG�E\�WKH�XVHU�
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7KLV� WHFKQLTXH� LQFUHDVHV� ERWK� SUHFLVLRQ� DQG� WDVN� FRPSOHWLRQ� WLPHV�� ,QIRUPDO� XVHU

WHVWV�VKRZHG�WKDW�FRQFHQWUDWLRQ�LV�QRW�GLVWUDFWHG�E\�JDPH�WLOH�PDQLSXODWLRQ�IURP�WKH

JDPH� LWVHOI�� +RZHYHU� WKH� SOD\HUV� ZHUH� VXUSULVHG� LQ� WKH� EHJLQQLQJ� DERXW� WKH

´VWLFNLQHVVµ�RI�WKH�VXUIDFHV�ZKHUH�JDPH�WLOHV�FRXOG�EH�SODFHG��(VSHFLDOO\� LQ�WKH�FDVH

RI�WKH�WDEOH��D�ZRUOG�IL[HG�VXUIDFH�LQ�WKH�VFHQH�UHJLVWHUHG�ZLWK�D�UHDO�WDEOHWRS��ZH�KDG

WR�ILQH�WXQH�WKH�VQDS�FRQGLWLRQ��L�H��WKH�GLVWDQFH�ZKHUH�REMHFW�VQDSV�WR�WKH�VXUIDFH��

DV� WKLV� ZDV� QHFHVVDU\� IRU� DUELWUDU\� SODFHPHQW� DQG� PDQLSXODWLRQ� RI� JDPH�WLOHV�

+RZHYHU�LPSOHPHQWHG�LQ�D�JDPLQJ�VFHQDULR�ILUVW��WKH�REMHFW�RULHQWHG�LPSOHPHQWDWLRQ

RI�WKLV�VQDSSLQJ�PHFKDQLVP�DOORZV�RWKHU�DSSOLFDWLRQV�WR�EHQHILW�HDVLO\�RI�WKLV�SUHFLVLRQ

HQKDQFLQJ�WHFKQRORJ\�

5.1.3 Object Browser

$�VLPSOH�\HW�HIIHFWLYH�GHPR�DSSOLFDWLRQ�LV�WKH�REMHFW�EURZVHU��$�OLVW�RI�REMHFWV�GHILQHG

LQ�DQ�,QYHQWRU�VFHQH�ILOH� LV� ORDGHG�RQ�D� VSHFLDO�3,3�VKHHW��8VLQJ� WZR�DUURZ�VKDSHG

EXWWRQV� WKH� XVHU� FDQ� F\FOH� WKURXJK� WKH� OLVW� DQG� H[SORUH� WKH� REMHFWV�� 3DUWV� FDQ� EH

JUDEEHG� DQG� SODFHG� LQWR� WKH� VXUURXQGLQJ� HQYLURQPHQW�� )LJXUH� ��� VKRZV� EURZVLQJ

WKURXJK�D�OLVW�RI�REMHFWV��7KH�VDPH�FRQFHSW�FDQ�EH�XWLOL]HG�WR�VHOHFW�WRROV�IURP�D�OLVW

RI�SRVVLEOH�FDQGLGDWHV��$GGLWLRQDOO\�D�9LUWXDO�7UDVKFDQ��ZKHUH�XQQHFHVVDU\�REMHFWV�FDQ

EH�GLVFDUGHG��ZDV�LPSOHPHQWHG�DV�D�YLFLQLW\�EXWWRQ��)LJXUH������8VHU�QRWLILFDWLRQ�LV�LQ

WKLV�FDVH�WKH�DXWRPDWLF�RSHQLQJ�RI�WKH�FRYHU�

)LJXUH���� 9LUWXDO� 7UDVKFDQ� ²� 8VHUV� PD\� GHOHWH� REMHFWV� IURP� WKH� VFHQH� E\
GLVSRVLQJ�WKHP�
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5.1.4 Room Designer

8QLI\LQJ�DOO�DERYH�HOHPHQWDU\�WDVNV�DQ�H[LVWLQJ�2SHQ�,QYHQWRU�EDVHG�.LWFKHQ�'HVLJQHU

DSSOLFDWLRQ� RI� (ULN� (FNVWHLQ� ZDV� DGRSWHG� WR� ZRUN� LQ� DQ� LPPHUVLYH� DXJPHQWHG

HQYLURQPHQW� �)LJXUH� ����� $Q� HPSW\� IORRU� VXUIDFH� LV� GLVSOD\HG� LQ� WKH� EHJLQQLQJ� LQ

IURQW� RI� WKH� XVHU�� $� OLVW� RI� HOHPHQWV�� WKDW� DUH� QHHGHG� WR� FRQVWUXFW� D� NLWFKHQ� DUH

DUUDQJHG�RQ� WKH�SDQHO��8VLQJ�D�ZDOO�GUDZLQJ� WRRO�ZDOOV� FDQ�EH�GLUHFWO\�GUDZQ� LQWR� WKH

VFHQH�LQ��'��:LWK�VWDQGDUG�,QYHQWRU�PDQLSXODWRUV�WKHVH�ZDOOV�FDQ�ODWHU�EH�PRYHG�RU

UHVL]HG�� ,WHPV� ²� OLNH� FXSERDUGV�� FKDLUV�� HWF�� ²� FDQ� EH� GUDJ·Q·GURSSHG� IURP� D� OLVW� DQG

SODFHG� LQWR� WKH� URRP�� )DFH�WR�SODQH� VQDSSLQJ� DOLJQV� REMHFWV� RQ� WKH� IORRU� DQG

FRQVWUDLQV�PDQLSXODWLRQ� WR� WKH��'�VXUIDFH�RI� WKH�JURXQG��0XOWLSOH� FRQVWUDLQWV� �H�J�

IORRU��ZDOO��KHOS�WR�SODFH�REMHFWV�DV�GHVLUHG�ZLWK�D�KLJK�SUHFLVLRQ��$�VSHFLDO�WRRO�KHOSV

WR�PHDVXUH�GLVWDQFHV�LQ�WKH�IORRU�SODQ�

)LJXUH���� 5RRP� 'HVLJQHU� ²� D� FRPSOH[� �'� PRGHOHU� IRU� UDSLG� SURWRW\SLQJ
NLWFKHQ�OD\RXWV�

7KLV�UDWKHU�FRPSOH[�DSSOLFDWLRQ�VKRZHG�WKDW�GHVLJQLQJ�GLUHFWO\�LQ��'�LV�SRVVLEOH�ZLWK

D�KLJK�DFFXUDF\��7KH�SUHFLVLRQ�HQKDQFLQJ�WRROV�VXSSRUW�UDSLG�SURWRW\SLQJ�DQG�VR�WKH

GHVLJQ�SURFHVV� LV� UDWKHU�D�SURFHVV� VLPLODU� WR�HTXLSSLQJ�D�GROOKRXVH� WKDQ�D� WHFKQLFDO

VNHWFKLQJ� WDVN�� ,Q� D� PXOWL�XVHU� VHWXS� OLNH� 6WXGLHUVWXEH� WKLV� GHVLJQ� SURFHVV� FDQ� EH

VKDUHG�DQG�GLVFXVVHG�ZLWK�RWKHU�XVHUV�
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���� 9LHZSRLQW�0DQLSXODWLRQ

$GGLWLRQDO� WR� WKH� FRQWLQXRXV� XSGDWH� RI� WKH� SRLQW�RI�YLHZ� RI� WKH� XVHU� XVLQJ� KHDG

WUDFNLQJ�IRU� WKH�KHDG�PRXQWHG�GLVSOD\�3,3�DSSOLFDWLRQV�DOVR�PDLQWDLQ� IXUWKHU�YLHZV

RQWR� WKH� YLUWXDO� SDUW� RI� WKH� DXJPHQWHG� HQYLURQPHQW�� 8VLQJ� DGGLWLRQDO� YLHZSRLQW

PDQLSXODWLRQ�WHFKQLTXHV�IRU�QDYLJDWLRQ��L�H��PRGLILFDWLRQ�RI�SRVLWLRQ�DQG�RULHQWDWLRQ

UHODWLYH� WR� WKH� YLUWXDO� VXUURXQGLQJV�� LV� HVSHFLDOO\� KHOSIXO� LQ� ODUJH� 9(� DSSOLFDWLRQV�

+RZHYHU� LQ� DXJPHQWHG� VFHQDULRV� QDYLJDWLRQ� FDQ� GHVWUR\� LPPHUVLRQ�� DV� WKH� YLUWXDO

SDUW� RI� WKH� VFHQH� LV� QRUPDOO\� UHJLVWHUHG� ZLWK� WKH� UHDO� VXUURXQGLQJV�� 7KHUHIRUH� WKH

IROORZLQJ�PDS�EDVHG�WHFKQLTXHV�VXSSRUW�UDWKHU�D�9(�WKDQ�DQ�DXJPHQWHG�VHWXS��7KH

WZR�RWKHU�PHWDSKRUV�LPSOHPHQWHG�²�SKRWR�FDPHUD�DQG�VHDPV�²�KRZHYHU�SURYHG�WR�EH

KHOSIXO�LQ�$5�V\VWHPV�

5.2.1 Map

:H� LPSOHPHQWHG� D� VLPSOH�PDS�EDVHG� QDYLJDWLRQ� PHWDSKRU� IRU� WUDYHOLQJ� WKRXJK� DQ

LQILQLWHO\�ODUJH�IUDFWDO�HQYLURQPHQW��)LJXUH������7KH�G\QDPLF�WHUUDLQ�PRGHO�SURYLGHG

E\� 6FKPDOVWLHJ� ZDV� GLVSOD\HG� ULJKW� XQGHU� WKH� XVHU·V� IHHW� JLYLQJ� WKH� LPSUHVVLRQ� RI

VWDQGLQJ� RQ� WKH� WHUUDLQ�� 7KH� WHUUDLQ�PRGHO�ZDV� LQLWLDOO\� GHYHORSHG� IRU� D� ODUJH�VFDOH

GLVWULEXWHG� HQYLURQPHQW� >6FKPDOVWLHJ�� ����@�� +RZHYHU� WKH� VFDOH� IRU� GLVSOD\LQJ� WKH

PRGHO�ZDV� UDWKHU� VHW� WR� KDYH� WKH� LPSUHVVLRQ� EHLQJ� D� JLDQW� LQ� WKH� V\QWKHWLF� WHUUDLQ

PRGHO��,Q�WKH�DSSOLFDWLRQ�D�PLQLILHG�YHUVLRQ�RI�WKLV�WHUUDLQ�LV�GLVSOD\HG�RQ�WKH�SDQHO·V

VXUIDFH��7KH�PDS�LV�DOLJQHG�WR�WKH��V\QWKHWLF��QRUWK�DQG�LV�SRVLWLRQHG�VR�WKDW�WKH�XVHU

LV�DOZD\V�LQ�WKH�FHQWHU�RI�WKH�PDS��D�WUXH�HJRFHQWULF�ZRUOG���)RXU�DUURZ�VKDSHG�EXWWRQV

DURXQG� WKH� PDS� FDQ� EH� XVHG� WR� VFUROO� WKH� PDS�� 6LPXOWDQHRXVO\� WKH� VXUURXQGLQJ

WHUUDLQ�VFUROOV�XQGHU�WKH�XVHU·V�IHHW�FRUUHVSRQGLQJO\�
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)LJXUH���� 0DS�EDVHG�QDYLJDWLRQ�JLYHV�WZR�SHUVSHFWLYHV�VLPXOWDQHRXV�RQWR�WKH
VDPH�YLUWXDO�HQYLURQPHQW�

7KLV� WHFKQLTXH� SURYLGHV� WZR� SRLQW�RI�YLHZV� RQWR� WKH� VDPH� YLUWXDO� HQYLURQPHQW�

VXSSRUWLQJ�EHWWHU�ZD\�ILQGLQJ�LQ�D�YLUWXDO�HQYLURQPHQW��8VHUV�WHVWLQJ�WKH�DSSOLFDWLRQV

UHSRUWHG�VRPHWLPHV�WR�EH�FRQIXVHG�E\�WKH�IDFW�WKDW�WKH�PDS�LV�DOZD\V�RULHQWHG�LQ�WKH

VDPH�GLUHFWLRQ�RQ�WKH�SDQHO�UHJDUGOHVV�WR�WKHLU�RULHQWDWLRQ�LQ�WKH�YLUWXDO�HQYLURQPHQW�

6KRUWO\� DIWHU� RXU� WHVWLQJ� (GZDUGV� DQG� +DQG� UHSRUWHG� LQ� >(GZDUGV�� ����@� XVLQJ� D

PD]H� UXQQLQJ� WDVN� WKH� VDPH� SUREOHP�� 7KHLU� FRQFOXVLRQ� UHVXOWHG� WKDW� VXEMHFWV

SUHIHUUHG� D� YLHZ�DOLJQHG� PDS� WKDW� URWDWHV� DFFRUGLQJ� WR� WKH� RULHQWDWLRQ� RI� WKH

LQWHUDFWLRQ�GHYLFH�LQ�WKH�HQYLURQPHQW��+RZHYHU�RWKHU�HPSLULFDO�HYDOXDWLRQV�>'DUNHQ�

����@�GHPRQVWUDWH�WKDW�D�YLHZ�DOLJQHG�PDS�LV�PRUH�HIIHFWLYH�IRU�H[SORUDWLRQ��ZKHUHDV

D�IL[HG�PDS�PDLQWDLQV�D�PRUH�FRQVLVWHQW�FRJQLWLYH�PDS�RI�WKH�RYHUDOO�HQYLURQPHQW�

,Q�D�IXWXUH�VWXG\�ZH�ZRXOG�OLNH�WR�SHUIRUP�WKH�VDPH�FRPSDULVRQ�LQFRUSRUDWLQJ�DOVR

RXU� RWKHU� FRQFHSWV� RI� PDS�JUDE� DQG� DYDWDU�JUDE�� 7KLV� VWXG\� FRQFHQWUDWLQJ� RQ

QDYLJDWLRQ� LQ� YLUWXDO� HQYLURQPHQWV� LV� EH\RQG� WKH� VFRSH� RI� WKLV� ZRUN�� KRZHYHU� LQ

>)DLVVWQDXHU�� ����@� ZH� ODLG� WKH� IRXQGDWLRQV� IRU� WKLV� H[SHULPHQWDO� VWXG\� ZLWK� WKH

LPSOHPHQWDWLRQ�RI�WKH�0DSSHU�²�DQ�LQWHUPHGLDWH�PRGXOH�EHWZHHQ�LQSXW�GHYLFH�GULYHUV

DQG�YLUWXDO�HQYLURQPHQW�DSSOLFDWLRQV�
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5.2.2 Photo-Camera

1DYLJDWLQJ�EDFN�LQWR�WKH�DXJPHQWHG�UHDOLW\�GRPDLQ�ZH�VHW�XS�D�9LUWXDO�3KRWR�&DPHUD

RQ� WKH� 3HUVRQDO� ,QWHUDFWLRQ� 3DQHO� �)LJXUH� ����� 7KLV� VSHFLDO� 3,3�VKHHW�PRGLILHV� WKH

DSSHDUDQFH� RI� WKH� SDQHO·V� EDFNJURXQG� LW� UHSODFHV� WKH� ERG\� RI� WKH� SDQHO� ZLWK� D

WUDQVSDUHQW�SODQH��7KLV�JLYHV�WKH�LPSUHVVLRQ��WKDW�WKH�3,3�LWVHOI�LV�WUDQVSDUHQW��YLUWXDO

REMHFWV�FDQ�EH�VHHQ�WKURXJK�LW��$OVR�WZR�EXWWRQV�ZHUH�SODFHG�RQWR�WKH�SDQHO��:KHQ

SXVKHG�WKH�ULJKW�EXWWRQ� IL[HG�WKH�LPDJH�RQ�WKH�SDQHO�SURYLGLQJ�D�VQDSVKRW�IURP�WKH

DFWXDO� SRLQW� RI� YLHZ�� 7KLV� VQDSVKRW� LV� D� WH[WXUH� WKDW� LV� UHQGHUHG� LQ� DQ� RII�VFUHHQ

EXIIHU� DQG� DSSOLHG� WR� WKH� WUDQVSDUHQW� SODQH� RQ� WKH� 3,3�� :H� H[SHULPHQWHG� ZLWK

GLIIHUHQW�PHWKRGV� IRU� HYDOXDWLQJ� WKH� SRLQW�RI�YLHZ� RI� WKH� SKRWR�� /RRNLQJ� WKURXJK

WKH�SODQH� DQG� IL[LQJ� WKH� FXUUHQW� LPDJH� WXUQHG�RXW� WR� EH� VRPHWLPHV� GLIILFXOW� LQ� WKH

PHDQ�RI�DOLJQLQJ�WKH�WKUHH�FRPSRQHQWV�REMHFW�²�YLUWXDO�FDPHUD�²�KHDG�RQWR�WKH�VDPH

OLQH��,QVWHDG�ZH�GHFLGHG�WR�VKRRW�WKH�SLFWXUH�SHUSHQGLFXODU�WR�WKH�SDQHO·V�VXUIDFH�ZLWK

D� UDWKHU�ZLGH�DQJOH� OHQV��7KLV�PHWKRG� DOORZV� WDNLQJ� SLFWXUHV� LQ� DUELWUDU\� GLUHFWLRQV

VLPLODU�WR�WKH�IDPRXV�/202�PRYHPHQW��H�J��WKH�XVHU�FDQ�KROG�WKH�SDQHO�KLJK�RYHU�DQ

REMHFW�DQG�SUHVV�WKH�EXWWRQ�WR�PDNH�D�ELUG·V�H\H�SHUVSHFWLYH�SLFWXUH�

)LJXUH���� 7KH� 9LUWXDO� 3KRWR� &DPHUD� DSSOLFDWLRQ� OHWV� XVHUV� WDNH� SLFWXUHV� RI
YLUWXDO�REMHFWV�LQ�WKH�DXJPHQWDWLRQ�
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7KH�RWKHU�EXWWRQ�LQ�WKH�DSSOLFDWLRQ�SULQWHG�WKH�SKRWRJUDSK�RI�WKH�YLUWXDO�REMHFW�IRU

GRFXPHQWDWLRQ�SXUSRVHV�RQ�D�SULQWHU�ORFDWHG�LQ�RXU�ODE��$V�WKH�VHH�WKURXJK�+0'V

DOORZ�XVHUV�WR�VHH�WKH�UHDO�VXUURXQGLQJV��RQH�FDQ�JR�DQG�SLFN�XS�WKH�SULQWRXW�ZLWKRXW

OHDYLQJ�WKH�DXJPHQWDWLRQ�

,Q�>6FKPDOVWLHJ������D@�D�VQDSVKRW�WRRO�ZDV�XVHG�WR�SURYLGH�VLPLODU�IXQFWLRQDOLW\��7KLV

WRRO�KRZHYHU�VXSSRUWV�DQ�HYHQ�PRUH�VRSKLVWLFDWHG�IXQFWLRQDOLW\��,W�GRHV�QRW�UHQGHU

DQ�H[SOLFLW�LPDJH�RI�WKH�VFHQH�ZKHQ�PDNLQJ�WKH�VQDSVKRW��UDWKHU�LW�VDYHV�WKH�FXUUHQW

VFHQH�GDWDEDVH�LQ�WKH�PRPHQWDU\�YHUVLRQ��7KLV�VQDSVKRW�FDQ�ODWHU�EH�DFWLYDWHG�JLYLQJ

D�KLVWRU\� IXQFWLRQ� IRXQG� LQ�PDQ\�GHVLJQ�DSSOLFDWLRQV��7KH� LPSRUWDQW�DVSHFW�KHUH� LV

WKDW�WKH�VQDSVKRW�LV�D��'�UHSUHVHQWDWLRQ�WKDW�FDQ�EH�H[SORUHG�OLNH�DQ\�RWKHU��'�VFHQH

E\� FKRRVLQJ� D� QHZ� SRLQW�RI�YLHZ�� 7KH� FXUUHQW� GLVSOD\HG� LPDJH� LV� UHQGHUHG� ZLWK� D

WHFKQRORJ\�FDOOHG�6($0�>6FKPDOVWLHJ������E@�

5.2.3 Seams

6FKPDOVWLHJ�H[SORUHG�WKH�SRVVLELOLWLHV�RI�KLV�JHQHUDO�DSSURDFK�WR�RSHQ�ZLQGRZV�RQWR

D�YLUWXDO�HQYLURQPHQW�DQG�VXSSRVHG�WR�LQYHVWLJDWH�WKH�XVH�RI�6($0V�IRU�LQWHUDFWLRQ

WDVNV��$Q� H[DPSOH� LV� VKRZQ� LQ� )LJXUH� ����$SSOLFDWLRQV� LQ� WKH� GRPDLQ� RI� VFLHQWLILF

YLVXDOL]DWLRQ�XVLQJ�WKH�6($0�PHFKDQLVP�DUH�GHVFULEHG�LQ�FKDSWHU�����

7KH� 6($0� ²� 6SDWLDOO\� ([WHQGHG� $QFKRU� 0HFKDQLVP� ²� DSSURDFK� ZDV� RULJLQDOO\

GHVLJQHG�WR�FRQVWUXFW�ODUJH�VFDOH�GLVWULEXWHG�YLUWXDO�HQYLURQPHQWV�E\�SURYLGLQJ�SRUWDOV

WKDW� FDQ� EH� SDVVHG� WR� FRYHU� ODUJH� GLVWDQFHV� ZLWKLQ� WKH� YLUWXDO� HQYLURQPHQW� RU� WR

FRQQHFW� WR� D� QHZ�SDUW� RI� WKH� YLUWXDO� XQLYHUVH��7KH�PHWKRG�PRGLILHV� WKH� UHQGHULQJ

SLSHOLQH� E\� LQVHUWLQJ� DGGLWLRQDO� SDVVHV�� ZKHUH� UHQGHULQJ� RI� WKH� VHFRQGDU\� VFHQH

EHKLQG�WKH�VHDP�SRO\JRQ�LV�DFFRPSOLVKHG�
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)LJXUH���� 6($0V�IRU�LQWHUDFWLRQ��7KH�XVHU�RSHUDWHV�GLVWDQW�REMHFWV�WKURXJK�D
6($0�

���� 6\VWHP�&RQWURO

7KH�VHW�RI�XVHU�LQWHUDFWLRQ�HOHPHQWV�WR�VXSSRUW�V\VWHP��RU�DSSOLFDWLRQ�FRQWURO�DOORZV�XVHUV

WR�PDQDJH�JHQHUDO�WDVNV�WKDW�LQIOXHQFH�WKH�DXJPHQWHG�UHDOLW\�V\VWHP·V�RSHUDWLRQV��:H

UHYLHZ� WKH� LPSOHPHQWHG� PHWDSKRUV� RI� WDEV� DQG� WKH� DSSOLFDWLRQ� ORDGHU� VKRUWO\� DQG

SURJUHVV�WKHQ�WR�KLJKHU�OHYHO�DSSOLFDWLRQV�LQ�WKH�VFLHQWLILF�YLVXDOL]DWLRQ�GRPDLQ�

5.3.1 Tabs and Sheets

$IWHU� LPSOHPHQWLQJ� D� VHULHV� RI� GHPRQVWUDWLRQ� SURWRW\SHV� ZH� UHVHPEOHG� RXU

IXQGDPHQWDO�GHVLJQ�JRDO�WR�FUHDWH�D�QDWXUDO�LQWHUIDFH�WKDW�LV�VHDPOHVVO\�LQWHJUDWHG�LQWR

WKH� DXJPHQWDWLRQ�� )RU� WKLV� UHDVRQ� SHUVLVWHQW� DXJPHQWDWLRQ� LV� VXEVWDQWLDO� QRW� WR� EUHDN� WKH

LPPHUVLRQ� IHHOLQJ� RI� WKH� XVHU�� 7KH� VWDULQJ� RI� D� QHZ� DSSOLFDWLRQ� LQ� WKH� DXJPHQWHG

HQYLURQPHQW�RU�V\VWHP�UHFRQILJXUDWLRQV�VKRXOG�EH�DYDLODEOH�ZLWKLQ�WKH�HQYLURQPHQW

WR�VXSSRUW�WKLV�IHHOLQJ�
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)LJXUH���� 7DEV�DQG�6KHHWV�²�7DEV�DUH�XVHG� WR�VZLWFK�EHWZHHQ�GLIIHUHQW�VKHHWV�
KROGLQJ�D�VHW�RI�LQWHUDFWLRQ�HOHPHQWV�IRU�D�VSHFLILF�DXJPHQWDWLRQ�

7R� VROYH� WKLV�ZH� GHVLJQHG� WKH� FRQFHSW� RI�3,3�VKHHWV� FRQWDLQLQJ� DSSOLFDWLRQ� VSHFLILF

FRQWUROV� �)LJXUH� ����� ,Q� JHQHUDO� RQH� DSSOLFDWLRQ� LV� DVVRFLDWHG� ZLWK� RQH� VKHHW�� %\

LQWURGXFLQJ�WKH�WDEV�FRQFHSW�DSSOLFDWLRQV�FDQ�EH�VZLWFKHG�YHU\�HDVLO\��7KH�DXJPHQWDWLRQ

LV�PDLQWDLQHG�WR�EH�FRQVWDQWO\�H[LVWLQJ�DURXQG�WKH�LPPHUVHG�XVHU��+RZHYHU�WKH�ODVW

WDE�LV�XVHG�WR�H[LW�WKH�ZKROH�DXJPHQWDWLRQ�

5.3.2 Application Loader

7DEV� DQG� VKHHWV� KDG� WR� EH� SUH�FRQILJXUHG� IRU� D� VHVVLRQ� LQ� WKH� DXJPHQWHG

HQYLURQPHQW��7KH�JURZLQJ�QXPEHU�RI�GLIIHUHQW�DSSOLFDWLRQV�DQG�WKH�QHHG�WR�PDLQWDLQ

IOH[LELOLW\� FDOOHG� IRU� WKH� LPSOHPHQWDWLRQ�RI� WKH�$SSOLFDWLRQ�/RDGHU� VKHHW� RU� DOVR� FDOOHG

6\VWHP�VKHHW��)LJXUH������7KLV�VSHFLDO�VKHHW�LV�XVHG�WR�VWDUW�DQ\�DSSOLFDWLRQ�IURP�LQVLGH

WKH� DXJPHQWDWLRQ�� ,QYRNLQJ� WKH� VKHHW� LW� VFDQV� WKH� XVHUV� KRPH� GLUHFWRU\� IRU

DSSOLFDWLRQV�ZULWWHQ� IRU� WKH� ORDGHU��$��'�JUDSKLFDO� UHSUHVHQWDWLRQ� ��'� LFRQ��RI� WKH

DSSOLFDWLRQ�LV� LQVHUWHG�LQ�D� OLVW�GLVSOD\HG�VLPXOWDQHRXVO\�RQ�WKH�3,3��&OLFNLQJ�RQ�WKH

FRUUHVSRQGLQJ� UHSUHVHQWDWLRQ� VWDUWV� WKH� DSSOLFDWLRQ� E\� ORDGLQJ� DQG� LQLWLDOL]LQJ� WKH

VKDUHG� REMHFW� OLEUDU\� RI� WKH� DSSOLFDWLRQ�� 7KLV� PDNHV� G\QDPLF� UXQWLPH� ORDGLQJ� RI

DSSOLFDWLRQV� LQWR� WKH� DXJPHQWHG� HQYLURQPHQW� HDV\�� 7KLV� IXQFWLRQDOLW\� LV� QRZ

LQWHJUDWHG�LQ�6WXGLHUVWXEH�VXSSRUWLQJ�LW·V�:RUNVSDFH�FRQFHSW�>)XKUPDQQ������@�
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)LJXUH���� $SSOLFDWLRQ� %URZVHU� � ²� �'� LFRQV� RQ� WKH� SDQHO� LQGLFDWH� IRXQG
DSSOLFDWLRQV�WKDW�FDQ�EH�GLUHFWO\�VWDUWHG�IURP�ZLWKLQ�6WXGLHUVWXEH�

���� 6FLHQWLILF�9LVXDOL]DWLRQ

5.4.1 Studierstube

$IWHU�GHWDLOHG�GHVFULSWLRQV�RI�6WXGLHUVWXEH·V�IHDWXUHV�LQ�FKDSWHU��������KHUH�ZH�IRFXV

RQ� WKH� LPSOHPHQWDWLRQ� DQG� WKH� VKRUW� GHVFULSWLRQ� RI� VFLHQWLILF� YLVXDOL]DWLRQ

DSSOLFDWLRQV�LQ�WKH�6WXGLHUVWXEH�HQYLURQPHQW�

7KH�RULJLQDO�JRDO�RI�6WXGLHUVWXEH�ZDV�WR�FRQVWUXFW�D�YLVXDOL]DWLRQ�HQYLURQPHQW��ZKHUH

PXOWLSOH�XVHUV�FDQ�ZRUN�ZLWK��'�GDWD�� DV� LI� WKH\�ZHUH� UHDO�REMHFWV��7R�DFKLHYH� WKLV

ZKHQ� ZRUNLQJ� ZLWK� FRPSOH[� VFLHQWLILF� YLVXDOL]DWLRQV� 6WXGLHUVWXEH� QHHGV� WR� EH

FRQQHFWHG� WR� D� YLVXDOL]DWLRQ� V\VWHP�� )XKUPDQQ� DQG� /|IIHOPDQQ� SUHVHQWHG� LQ

>)XKUPDQQ�� ����@� KRZ� D� FROODERUDWLYH� VFLHQWLILF� HQYLURQPHQW� KDV� EHHQ� EXLOW� XVLQJ

6WXGLHUVWXEH�DQG�E\�HPSOR\LQJ�WKH�$GYDQFHG�9LVXDOL]DWLRQ�6\VWHP�$96�>$96������@

DV�D�6LPXODWLRQ�(QJLQH�
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)LJXUH���� ,QWHJUDWLRQ�RI�$96�'\Q6\V�'� DV�6LPXODWLRQ�(QJLQH� LQ� 6WXGLHUVWXEH�
6WXGLHUVWXEH�LWVHOI�LV�UHSUHVHQWHG�E\�WKH�WHUP�'LVSOD\�6HUYHU�

$� ORRVH� FRXSOLQJ� LV� GHILQHG� EHWZHHQ�$96� DV� WKH� FRPSXWDWLRQDO� EDFN� HQG� DQG� WKH

YLVXDOL]DWLRQ� VHUYHU� WKDW� FRRUGLQDWHV� LQWHUDFWLRQ�ZLWK� WKH�PRGHO� LQ� WKH� 6WXGLHUVWXEH

�)LJXUH������9LVXDOL]DWLRQ�GDWD�LV�H[SRUWHG�IURP�$96�WR�WKH�YLVXDOL]DWLRQ�VHUYHU�WKDW

WDNHV�FDUH�RI�GLVWULEXWLRQ�RI�WKH�GDWD�DPRQJ�WKH�6WXGLHUVWXEH·V�FOLHQWV��&RPSXWDWLRQDO

VWHHULQJ� ²� WKH� SURFHVV� LI� LQWHUDFWLYH� PDQLSXODWLRQ�� REVHUYDWLRQ�� DQG� GLVFXVVLRQ� LQ

VFLHQWLILF� YLVXDOL]DWLRQ� ²� LV� DFKLHYHG� E\� XVLQJ� VSHFLDO� LQSXW� PRGXOHV� IRU� $96� WKDW

DFFHSW�QHZ�YDOXHV�IRU�VLPXODWLRQ�SDUDPHWHUV�IURP�WKH�6WXGLHUVWXEH�

0RGLILFDWLRQV�RI�WKH�YLVXDOL]HG�GDWD�WKDW�GR�QRW�LQYROYH�VLPXODWLRQ�FDOFXODWLRQV��VXFK

DV� URWDWLQJ� WKH� VLPXODWHG� PRGHO�� FDQ� EH� FDUULHG� RXW� LQ� D� FORVH� ORRS� E\� WKH

6WXGLHUVWXEH�V\VWHP�DORQH�DQG�GR�QRW�SDVV�GDWD�EHWZHHQ�6WXGLHUVWXEH�DQG�$96��6XFK

VLPSOH�LQWHUDFWLRQV�DUH�QRW�DIIHFWHG�E\�WKH�SHUIRUPDQFH�SHQDOW\�FUHDWHG�E\�LQYRNLQJ�D

FRPSOH[�VRIWZDUH�V\VWHP�VXFK�DV�$96�DQG�FDQ�WKHUHIRUH�DOZD\V�EH�FDUULHG�RXW�ZLWK

UHDO�WLPH�UHVSRQVH�DQG�KLJK�ILGHOLW\�

5.4.2 Flow Visualization

%DVHG� RQ� WKH� ILUVW� H[SHULPHQWV� ZLWK� WKH� LQWHJUDWLRQ� WKH� FRQFHSW� RI� FRQQHFWLQJ� D

6LPXODWLRQ�6HUYHU� WR�6WXGLHUVWXEH�ZDV� JHQHUDOL]HG��7KH�PXOWL�SXUSRVH�ZRUNEHQFK� IRU

WKH� UDSLG� GHYHORSPHQW� RI� DGYDQFHG� YLVXDOL]DWLRQ� WHFKQLTXHV� LQ� WKH� ILHOG� RI� WKUHH�

GLPHQVLRQDO� G\QDPLFDO� V\VWHPV� '\Q6\V�'� ZDV� FRQQHFWHG� ZLWK� WKLV� OLQN� LQWR

6WXGLHUVWXEH�DV�GHVFULEHG�LQ�>/|IIHOPDQQ������@�DQG�>)XKUPDQQ������@��7KLV�V\VWHP

VXSSRUWV�VWDQGDUG�YLVXDOL]DWLRQ�WHFKQLTXHV�LQFOXGLQJ�VWUHDPOLQHV��VWUHDP�VXUIDFHV��DQG

SDUWLFOHV�WR�LOOXVWUDWH�WKH�LQYHVWLJDWHG�V\VWHPV��)LJXUH�����

display
server

network
coroutine

visualization
DynSys3D
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3D input
module

3D input
module
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)LJXUH���� ,QYHVWLJDWLQJ�DQ�5�7RUXV�RQ�WKH�SDQHO�

)LJXUH���� 7KH� 9LVNDV� V\VWHP� PDNHV� XVH� RI� D� ODUJH� QXPEHU� RI� LQWHUDFWLRQ
HOHPHQWV�WR�FRQWURO�SDUDPHWHUV�RI�WKH�YLVXDOL]DWLRQ�
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7KH�H[SUHVVLYH�SRZHU�RI�WKH�YLVXDOL]DWLRQV�LV�HQKDQFHG�E\�WKH�RSSRUWXQLW\�IRU�QDWXUDO

FROODERUDWLRQ� LQ� DQ� DXJPHQWHG� UHDOLW\� VHWXS�� )XUWKHUPRUH�� WKH� 3,3� HQDEOHV� ZLWK� D

FXVWRP� WDLORUHG� LQWHUIDFH� IRU� LQWHUDFWLRQ� ZLWK� WKH� G\QDPLFDO� V\VWHP� LQWHUDFWLYH

SURELQJ� DQG� WKH� LQWURGXFWLRQ� RI� VWUHDPOLQHV� DQG� VWUHDP� VXUIDFHV� LQWR� WKH� V\VWHP�

7KLV�W\SH�RI�GLUHFW�LQWHUDFWLRQ�JLYHV�D�QDWXUDO�IHHOLQJ�RI�KDQGOLQJ�YLVXDOL]DWLRQ�GDWD�

)XKUPDQQ�GHVFULEHG�LQ�>)XKUPDQQ������@�D�VHULHV�RI�RWKHU�YLVXDOL]DWLRQ�WHFKQLTXHV�²

VXPPDUL]HG� XQGHU� WKH� FRGH� QDPH� 9LVNDV� �)LJXUH� ����� +HUH� WKH� 3,3� LQWHUIDFH

VXSSRUWV�WKH�DSSOLFDWLRQ�KHDYLO\�ZLWK�D�QXPEHU�RI�LQWHUDFWLRQ�HOHPHQWV��GLDOV��VOLGHUV

DQG�EXWWRQV��IRU�SDUDPHWHU�FRQWURO�

5.4.3 Röntgen

:H� KDYH� IRXQG� WKDW� 6($0V� DUH� D� XVHIXO� WRRO� WR� GLVSOD\� GLIIHUHQW� OD\HUV� RI

LQIRUPDWLRQ��ZKLFK� LV�HVSHFLDOO\�SUREOHPDWLF� LQ� WKH�FDVH�RI��'�GDWD��8VLQJ�WKLV� WRRO

GLIIHUHQW� DVSHFWV�RI� WKH� VDPH��'�GDWDEDVH� FDQ�FRH[LVW�RQ� WKH� VDPH� VSDWLDO� ORFDWLRQ

YLVXDOO\� QRW� LQWHUIHULQJ�� )RU� RULHQWDWLRQ� D� EDVLF� VWUXFWXUH� RI� WKH� REMHFW� WR� EH

LQYHVWLJDWHG� FDQ� EH� GLVSOD\HG�� 7KH� SDQHO� RU� WKH� SHQ� FDQ� EH� XVHG� IRU� LQWHUDFWLYH

PDQLSXODWLRQ� RI� WKH� 6($0�SRO\JRQ�� +HOG� DJDLQVW� WKH� VWUXFWXUDO� UHSUHVHQWDWLRQ�

DGGLWLRQDO� OD\HUV� RI� WKH� XQGHUO\LQJ� GDWDEDVH� FDQ� EH� GLVSOD\HG� WR� DOORZ� D� SHUVRQDO

H[SORUDWLRQ��:XUQLJ� XVHG� WKLV� DSSURDFK� WR� LPSOHPHQW� DQ�;�UD\� OHQV� VLPLODU� WR� WKH

0DJLF�/HQVHV� DSSURDFK� LQ� >%LHU�� ����@��7KH�6($0�SRO\JRQ� LV� DWWDFKHG� WR� WKH� WLS�RI

WKH� SHQ� WR� JLYH� WKH� LPSUHVVLRQ� KROGLQJ� D� OHQV� �)LJXUH� ����� 7KLV� OHQV� LV� DOVR� D� YHU\

JRRG� H[DPSOH� RI� DQ� H[WHQGHG� WRRO� WKDW� XVHUV� IRXQG� YHU\� QDWXUDO� WR� XVH� ZLWK� QR

H[SODQDWLRQ�DW�DOO�

)XKUPDQQ�H[WHQGHG�WKLV�DSSURDFK�LQ�>)XKUPDQQ������@�DQG�EXLOW�VL[�VLGHG�ER[HV�RI

6($0V�WR�LPSOHPHQW�DQ�LQWHUDFWLYH�PHWDSKRU�VLPLODU�WR�WKH�DSSURDFK�RI��'�0DJLF

/HQVHV�LQ�>9LHJD������@��7KHVH�ER[HV�FDQ�EH�XVHG�WR�GLVSOD\�KLJKHU�UHVROXWLRQV�RU�LQ

RWKHU�PHDQV� GLIIHUHQW� UHSUHVHQWDWLRQV� RI� WKH� IORZ� YLVXDOL]DWLRQ� LQYHVWLJDWHG� �)LJXUH

����
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)LJXUH���� 5|QWJHQ� 'HPR� ²� 0DQLSXODWLQJ� WKH� OHQV� XVHUV� FDQ� LQWHUDFWLYHO\
H[SORUH�WKH��'�ERQH�VWUXFWXUH�RI�WKH�PRGHO�

)LJXUH���� 0DJLF� %R[� ²� 7KH� XVHU� FDQ� EURZVH� GLIIHUHQW� DVSHFWV� RI� WKH� �'
YLVXDOL]DWLRQ�XVLQJ�WKH�ER[�DWWDFKHG�WR�WKH�WLS�RI�WKH�SHQ�
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���� &ROODERUDWLYH�*DPLQJ

7KLV� WRSLF� VHHPV� WR� EH� UDGLFDO� LQ� D� WKHVLV��:K\� VKRXOG� VRPHRQH� GHDO�ZLWK� JDPLQJ

ZKHQ�FRQFHQWUDWLQJ�RQ�KXPDQ�FRPSXWHU�LQWHUIDFH�GHVLJQ�LQ�D�UHVHDUFK�ZRUN"�:K\�LV

WKH� JDPH� GRPDLQ� D� JRRG� SOD\JURXQG� IRU� DXJPHQWHG� UHDOLW\� UHVHDUFK"� $QG� ZK\� LV

DXJPHQWHG� UHDOLW\� D� JRRG� SOD\JURXQG� IRU� JDPLQJ"� )ROORZLQJ� GLVFXVVLRQ� DQG� WKH

SUHVHQWHG�LPSOHPHQWDWLRQV�ZLOO�JLYH�DQVZHUV�WR�WKLV�OLVW�RI�TXHVWLRQV�

5.5.1 Why Gaming?

,QWHUDFWLYH� JDPLQJ� LV� EHFRPLQJ� PRUH� DQG� PRUH� RQH� RI� WKH� GRPLQDQW� DSSOLFDWLRQ

DUHDV� IRU� FRPSXWHU� JUDSKLFV�� 7KH� UHODWHG� LQGXVWU\� LV� JURZLQJ� YHU\� IDVW� ERWK� LQ� WKH

ORFDWLRQ�EDVHG� HQWHUWDLQPHQW� �/%(�� DQG� WKH� 3&�JDPH� GRPDLQ�� :H� IRFXV� RQ� D

FRPSXWHU�EDVHG�JDPLQJ�HQYLURQPHQW�IRU�KRPH�XVDJH��ZKLFK�LV�HVSHFLDOO\�VXLWDEOH�IRU

PXOWL�SOD\HU� ERDUG� JDPHV��:H� LGHQWLILHG� WKUHH�PDMRU� DVSHFWV� WKDW� GULYH� WKHVH� W\SHV� RI

JDPHV��6RFLDO�FRPPXQLFDWLRQ��WKH�IUHHGRP�WR�PDLQWDLQ�LQGLYLGXDOLW\�LQ�D�SULYDWH�VSDFH�DQG

WKH� IDVW�DQG�SUHFLVH�PDQLSXODWLRQ�RI� JDPH�WLOHV��ZKLFK� LV� LPSRUWDQW� WR�PDLQWDLQ�D�G\QDPLF

FRXUVH�RI�JDPH�

7KH� VRFLDO� FRPPXQLFDWLRQ� DVSHFW� FDQ� EH� FOHDUO\� REVHUYHG� ZLWK� QRQ�FRPSXWHU� EDVHG

PXOWL�SOD\HU� ERDUG� JDPHV� OLNH� 0DK�-RQJJ�� 7ULYLDO� 3XUVXLW�� HWF�� &RPSXWHU� EDVHG

JDPHV��ZKLFK�JDWKHU�DURXQG�VRPH�FODVVLFDO�FRPSXWHU�JDPH�LGHD��OLNH�-XPS�DQG�5XQ

JDPHV���RIWHQ�IDLO�WR�VXSSRUW�WKLV�W\SH�RI�FRPPXQLFDWLRQ�DQG�EURXJKW�FULWLFLVP�WR�WKH

FRPSXWHU�JDPHV�

7KH�RWKHU�LPSRUWDQW�DVSHFW�LV�SULYDF\��3DUWV�RI�WKH�´JDPLQJ�VSDFHµ�OLNH�WKH�WDEOH�LQ�D

ERDUG� JDPH� DUH� SXEOLF�� (YHU\� XVHU� KDV� WKH� VDPH� YLVXDO� DFFHVV� WR� WKLV� FRPPRQ

LQIRUPDWLRQ��3DUDOOHO�WR�WKDW�WKH�JDPH�KDV�WR�PDLQWDLQ�D�SULYDWH�VSDFH�IRU�WKH�SOD\HU�

7KLV�VSDFH�SURYLGHV�VHFXULW\�IRU�LQGLYLGXDO�VWUDWHJLF�GHFLVLRQV�

*DPH�WLOHV� IRUP� WKH�EDFNERQH�RI� D�ERDUG�JDPH� WKDW� LV�SOD\HG� LQ� D�JURXS�RI�XVHUV�

7KHVH�WLOHV�KDYH�WR�EH�PDQLSXODWHG�TXLFNO\�DQG�SUHFLVHO\��VR�WKDW�H�J��WKH�DFWLRQ�RI�SODFLQJ�D

WLOH� RQ� WKH� WDEOH� FDUULHV� RQO\� WKH�PHVVDJH� RI� D� VWUDWHJLF� VWHS� DQG� QRW� WKH� HIIHFWLYH

SK\VLFDO�PDQLSXODWLRQ�RI�D�SLHFH�RI�SODVWLF��7KLV�NHHSV�WKH�FRXUVH�RI�JDPH�JRLQJ�RQ

DQG�GRHV�QRW�GLVWUDFW�DWWHQWLRQ�IURP�HVVHQWLDO�GHFLVLRQV�
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7KHVH� WKUHH� DVSHFWV� DUH�ZHLJKWHG�GLIIHUHQWO\� LQ�GLIIHUHQW� NLQG�RI� JDPHV�� ,Q� D� JDPH

OLNH�7ULYLDO�3XUVXLW�IRU�H[DPSOH��WKH�VRFLDO�FRPPXQLFDWLRQ�KDV�PRUH�ZHLJKW�WKDQ�WKH

SULYDWH�VSDFH��3ULYDF\�LV�RQO\�QHHGHG�WR�KLGH�DQVZHUV�IURP�WKH�RWKHU�SOD\HUV��ZKHUHDV

0DK�-RQJJ�QHHGV�D�SULYDWH�VSDFH�IRU�HDFK�XVHU� WR�KLGH�WLOHV� IURP�RWKHUV�GXULQJ� WKH

JDPH�DQG�QHHGV�D�SUHFLVH�PDQLSXODWLRQ�RI�WKH�JDPH�WLOHV�

:H�LGHQWLILHG�WKH�DELOLW\�WR�GLVSOD\�GLIIHUHQW�LQIRUPDWLRQ�WR�HDFK�SDUWLFLSDQW��XQKLQGHUHG�VRFLDO

FRPPXQLFDWLRQ�� DQG� SUHFLVH� DQG� IDVW� LQWHUDFWLRQ� ZLWK� WKH� JDPH� DV� WKH� FUXFLDO� IDFWRUV� IRU

DXJPHQWHG�JDPLQJ��:H�GHVFULEH�D�WHFKQRORJ\�VHWXS��ZKLFK�SURYLGHV�D�JRRG�EDVH�IRU

WKLV� UHTXLUHPHQWV� DQG� SUHVHQW� WHFKQLTXHV� WR� RYHUFRPH� OLPLWHG� SUHFLVLRQ� LQ� DQ

DXJPHQWHG�UHDOLW\�HQYLURQPHQW��7KH�SULQFLSOH�JRDO�RI�WKLV�GHWRXU� LV� WR�REWDLQ�UHVXOWV� WKDW

FDQ�EH�JHQHUDOL]HG�DQG�EH�DSSOLHG�WR�RWKHU�DSSOLFDWLRQ�GRPDLQV��%XW�EHIRUH�GHVFULELQJ

0DK�-RQJJ��RXU�PRVW�FRPSOH[�JDPLQJ�LPSOHPHQWDWLRQ�ZH�SUHVHQW�VRPH�DQFHVWRUV�

5.5.2 Palette of Augmented Games

%ORFNRXW

7KH� ILUVW� WHVW� LPSOHPHQWHG� WRJHWKHU�ZLWK�*UHLPHO�ZDV� D� �'�DXJPHQWHG� YHUVLRQ� RI

WKH�ZHOO�NQRZQ�%ORFNRXW�JDPH��7KLV�JDPH�ZLWK�WKH�JRDO� WR�VKRRW�RXW�EORFNV�IURP�D

ZDOO�ZLWK�D�SDGGOH�DQG�D�MXPSLQJ�EDOO�ZDV�XVHG�WR�LQYHVWLJDWH�WKH�SURSULRFHSWLRQ�DELOLW\

RI� XVHUV� LQ� D� OLPLWHG� YLVXDO� HQYLURQPHQW��7KH� L�JODVVHV��+0'V�ZH�XVH� KDYH� D� YHU\

QDUURZ�ILHOG�RI�YLHZ��VR�LW�LQWHUHVWHG�XV�ZKHWKHU�LW�LV�SRVVLEOH�WR�KLW�WKH�EDOO�ZLWKRXW

ORRNLQJ�DW�LV��7KH�JDPLQJ�VFHQDULR�KHOSHG�XV�WR�PRWLYDWH�XVHUV�WR�FRQFHQWUDWH�RQ�WKH

JRDO�LQVWHDG�RI�IRFXV�RQ�WKH�GLUHFW�DFWLRQ�RI�KLWWLQJ�WKH�EDOO�

,Q�RXU�LPSOHPHQWDWLRQ�EORFNV�WR�EH�EURNHQ�RXW�ZHUH�SODFHG�RYHU�D�GRRU�LQ�RXU�ODE�

WKH�EDOO� MXPSHG�IUHH�LQ��'�DQG�ZDV�UHIOHFWHG�IURP�DOO�VL[�ZDOOV�DQG�VRPH�UHJLVWHUHG

IXUQLWXUH� LWHPV� OLNH� GHVNV�� 7KH� XVHU� KHOG� WKH� SHQ� LQ� WKH� GRPLQDQW� KDQG� OLNH� WKH

KDQGOH�RI�D�UDFNHW��7KH�KHDG�RI� WKH�UDFNHW�ZDV�DQ�DXJPHQWHG�H[WHQVLRQ�DWWDFKHG�DW

WKH�WLS�RI�WKH�SHQ��7KH�GLDPHWHU�RI�WKH�UDFNHW�LV�DERXW����FP��7KH�JRDO�ZDV�WR�KLW�WKH

EDOO�ZLWK�WKH�UDFNHW�WRZDUGV�WKH�ZDOO�DQG�WR�WKURZ�GRZQ�DOO�EULFNV�WR�UHYHDO�D�SLFWXUH

EHKLQG� WKH� ZDOO�� %DOO� EHKDYLRU� ZDV� VLPXODWHG� XVLQJ� D� VLPSOH� G\QDPLF� PRGHO�� 7KH

DXJPHQWDWLRQ�RYHUOD\�LV�VKRZQ�LQ�)LJXUH����



7+(�3(5621$/�,17(5$&7,21�3$1(/�²�$�7:2�+$1'('�,17(5)$&(�)25�$8*0(17('�5($/,7<

&+$37(5�),9(�²�3$*(���

)LJXUH���� %ORFNRXW� ²�7KH� YLUWXDO� EDOO� LV� UHIOHFWHG� IURP� UHDO� REMHFWV� LQ�RXU� ODE
UHSUHVHQWHG�LQ�WKH�RYHUOD\�LQ�ZLUHIUDPH��7KH�JRDO�ZDV�WR�WKURZ�RII
DOO�EORFNV�IURP�WKH�ZDOO�

7KH�JDPH�ZDV�SURYHQ�WR�EH�TXLWH�G\QDPLF��SOD\HUV�FRQFHQWUDWHG�DIWHU�WKH�ILUVW�WZR�

RU�WKUHH�VKRWV�RQ�WKH�JDPH�LWVHOI��$IWHU�D�SUDFWLFH�WLPH�RI�DERXW���PLQXWHV�XVHUV�ZHUH

DEOH�WR�SOD\�WKH�JDPH�E\�MXVW�ORRNLQJ�DW�WKH�GRRU�ZLWK�WKH�RYHUODLG�EULFNV��$V�LQ�UHDO

WHQQLV� JDPLQJ� XVHUV� GLG� QRW� ORRN� DW� WKH� EDOO� WR� KLW� LW�� WKH\� MXVW� XVHG� WKHLU

SURSULRFHSWLRQ�WR�ORFDWH�WKH�EDOO�DQG�KLW�LW�EDFN�WRZDUGV�WKH�ZDOO�

3DUDOOHO�WR�WKH�SURYH�RI�WKH�JRRG�UHVXOWV�RQ�SURSULRFHSWLRQ�ZH�DOVR�QRWLFHG�IROORZLQJ�

◊ :KHQ�WKH�XVHU�PLVVHG�WKH�EDOO��KH�RU�VKH�KDG�SUREOHPV�RI�ILQGLQJ�LW�DJDLQ��GXH�WR�WKH

QDUURZ� )29� RI� WKH� KHDG� PRXQWHG� GLVSOD\V�� $V� WKH� EDOO� MXPSHG� DURXQG� WKH

HQYLURQPHQW� ²� LQ� VRPH� FDVHV� DW� D� UDWKHU� KLJK� VSHHG� ²� SOD\HUV� KDG� WR� VFDQ� WKH

URRP�DJDLQ�DQG�DJDLQ�WR�ILQG�LW��7R�OHVVHQ�WKLV�HIIHFW�ZH�LPSOHPHQWHG�D�FRPSDVV

DW� WKH� WLS�RI� WKH� UDFNHW� WKDW� SRLQWHG� DOZD\V� WR� WKH� EDOO��7KLV� DLG� KHOSHG� D� OLWWOH�

KRZHYHU�ZKHQ�WKH�EDOO�ZDV�MXPSLQJ�DW�D�KLJK�VSHHG��LW�ZDV�VWLOO�GLIILFXOW�WR�ORFDWH

LW��,W�ZRXOG�EH�LQWHUHVWLQJ�WR�LQYHVWLJDWH�ZKHWKHU��'�VRXQG�FRXOG�KHOS�WR�LPSURYH

WDUJHW�DFTXLVLWLRQ�LQ�VXFK�DQ�HQYLURQPHQW�

◊ 'XULQJ�WHVW�ZH�PRGLILHG�WKH�G\QDPLF�SDUDPHWHUV�RI�RXU�EDOO�PRGHO��:H�REVHUYHG

WKDW�G\QDPLF�EHKDYLRU�FORVH�WR�UHDO�ZRUOG�G\QDPLFV�LV�FUXFLDO�IRU�SURSULRFHSWLRQ�

:KHQ�WKH�EDOO�ZDV�WRR�VORZ�RU�GDPSHG�WRR�PXFK�E\�WKH�ZDOO��XVHUV�PLVFDOFXODWHG
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WKH� IXWXUH� SRVLWLRQ� RI� WKH� EDOO� DQG� PLVVHG� LW�� 7KH� KXPDQ� VHQVHV� VHHP� WR� EH

DGMXVWHG� DQG� RSWLPL]HG� IRU� RXU� UHDO� HQYLURQPHQW� GXH� WR� D� ORQJ� HYROXWLRQDU\

SURFHVV�� YLUWXDO�� RU� HVSHFLDOO\� DXJPHQWHG� HQYLURQPHQWV� VKRXOG� EH� FDUHIXOO\

GHVLJQHG�QRW�WR�FRQIOLFW�ZLWK�WKLV��LI�VXEFRQVFLRXV�XVHU�DFWLRQ�LV�H[SHFWHG�

◊ $�UDWKHU�WHFKQLFDO�SUREOHP�LQ�WKH�EHJLQQLQJ�ZDV�WKH� WKLFNQHVV�RI� WKH�UDFNHW��$V�ZH

FKHFNHG�WKH�EDOO�FROOLVLRQ�ZLWK�D�VLPSOH�ERXQGLQJ�ER[�FKHFN�DJDLQVW�WKH�UDFNHW��LQ

FDVHV�RI�YHU\�IDVW�PRYHPHQWV�WKH�EDOO�ZDV�PLVVHG��7KLV�SURYHG�WKH�UHTXLUHPHQW

RI�GHFRXSOHG�VLPXODWLRQ�LQ�VLPLODU�HQYLURQPHQWV��ZKHUH�VLPXODWLRQ�XSGDWHV�PXVW

KDSSHQ�PRUH�RIWHQ� WKDQ� UHQGHULQJ�XSGDWHV� �RI� DURXQG���+]� LQ�RXU� FDVH�� IRU� D

FRUUHFW� SK\VLFDO� VLPXODWLRQ�� $V� WKH� WUDFNLQJ� V\VWHP� SURYLGHG� RQO\� ��+]� LQ� WKH

JLYHQ� VHWXS� WKHUH� ZDV� QR� PHDQV� RI� LQFUHDVLQJ� VLPXODWLRQ� XSGDWHV�� ,QVWHDG� ZH

HQODUJHG�WKH�ERXQGLQJ�ER[�RI�WKH�UDFNHW�WR�EH�DERXW����FP�WKLFN��VR�WKDW�WKH�EDOO

ZDV�KLW�UHOLDEOH�

7KLV�YHU\�VLPSOH�DSSOLFDWLRQ�UHVXOWHG�DOUHDG\�LQ�D�OLVW�RI�YHU\�LQWHUHVWLQJ�REVHUYDWLRQV

RQ� D� RQH�KDQGHG� PDQLSXODWLRQ� WDVN� LQ� D� G\QDPLF� DXJPHQWHG� HQYLURQPHQW�� 7KH

IROORZLQJ�PRUH�FRPSOH[�DSSOLFDWLRQV�FDQ�EHQHILW�IURP�WKHVH�ILQGLQJV�

0D]H�*DPH

,Q� WKH� VHFRQG� H[SHULPHQW�ZH� WUDQVIRUPHG� WKH� RULJLQDO�2SHQ� ,QYHQWRU� GHPR�PD]H

LQWR� D� WZR�KDQGHG� JDPH� RQ� WKH� 3HUVRQDO� ,QWHUDFWLRQ� 3DQHO�� :H� WKLQN� WKDW� RXU

LPSOHPHQWDWLRQ�UHVHPEOHV�WKH�RULJLQDO�JDPH�LGHD�EHWWHU��KRZHYHU�WKDW�LV�PDQLSXODWHG

ZLWK�WZR�GLDOV�DW�WKH�VLGH�RI�D�ER[�DV�VKRZQ�LQ�)LJXUH�����8VHUV�FDQ�SOD\�WKH�JDPH

VHHLQJ�D�VWHUHRVFRSLF�YHUVLRQ�RI�WKH�PD]H�GLUHFWO\�RQ�WKH�SDQHO·V�VXUIDFH��2XU�0D]H

*DPH�WXUQHG�RXW�WR�EH�VLPSOH��\HW�YHU\�VXFFHVVIXO��7HVW�SHUVRQV�²�DEVROXWH�95�RU�$5

QRYLFHV�²� UHSRUWHG� WKH� LQWHUIDFH� WR�EH�YHU\�QDWXUDO� DV� WKH� ULJKW� VHWWLQJV�RI�G\QDPLF

SDUDPHWHUV�KHOSHG�WR�VXVSHQG�GLVEHOLHI� LQ�WKLV�PL[HG�UHDOLW\�VLWXDWLRQ��7KH\�ZHUH�VR

PXFK�FRQFHUQHG�DERXW�WKH�JDPH�WKDW�WKH\�WULHG�WR�FKHDW�E\�OHWWLQJ�WKH�EDOO�MXPS�RYHU

WKH�KROHV���ZKLFK�ZDV�XQIRUWXQDWHO\�QRW�LPSOHPHQWHG��
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)LJXUH���� 0D]H�*DPH�²�7KH�EDOO�PXVW�EH�QDYLJDWHG�WKURXJK�WKH�PD]H�E\�WLOWLQJ
WKH�SDQHO�

:H�KDYH�QRWLFHG�WKDW�H[FHSW�VRPH�UDUH�FDVHV��XVHUV� LQVWDQWO\�KHOG�WKH�SDQHO�ZLWK�WR

KDQGV��KRZHYHU� LW�ZDV� OLJKW�HQRXJK� WR�EH�KHOG�E\�RQH�KDQG�ZLWKRXW� IDWLJXH��:KHQ

DVNHG��WKH\�WROG�WR�ILQG�LW�HDVLHU�KROGLQJ�WKH�SDQHO�ZLWK�ERWK�KDQGV��EHFDXVH�LW�LV�PRUH

VWDEOH�DQG�WKH\�FDQ�ILQHU�FRQWURO�WKH�PDQLSXODWLRQ��:H�DFFRXQWHG�WKLV�REVHUYDWLRQ�WR

EH�D�YHU\�JRRG�H[DPSOH�WR�SURYH�*XLDUG·V�UHVXOWV�RQ�ELPDQXDO�DFWLRQ�

)RU�FRPSDULVRQV�ZH�LPSOHPHQWHG�DOVR�D�YHUVLRQ��ZKHUH�FRQWURO�ZDV�PDLQWDLQHG�ZLWK

WKH�WUDFNHG�SDQHO��EXW�WKH�RXWSXW�FRXOG�EH�VHHQ�RQ�D�PRQLWRU�ZLWK�D�IL[HG�SRLQW�RI�

YLHZ�LQ�WKH�YLUWXDO�VFHQH��8VHUV�OLNHG�WKLV�YDULDQW�DV�ZHOO�DQG�IRXQG�WKH�LQGLUHFWLRQ�RI

WKH� GLVSOD\HG� LPDJH� WR� D� GLIIHUHQW� SRVLWLRQ� QRW� WR� EH� GLVWUDFWLQJ�� GHVSLWH� RXU� EDVLF

GHVLJQ�JXLGHOLQH�GHVFULELQJ�WKH�QHHG�RI�FRUUHFW�UHJLVWUDWLRQ��+RZHYHU�WKLV�YHUVLRQ�RI

WKH�0D]H�*DPH�ZDV�QRW�DXJPHQWHG�LQ�WKH�WUDGLWLRQDO�VHQVH��LW�ZDV�VR�VXFFHVVIXO�WKDW

ZH� GLVSOD\HG� D� WZR�XVHU� YDULDQW� LQ� D� VHWXS� ZLWK� D� ODUJH�VFUHHQ� SDVVLYH�VWHUHR

SURMHFWLRQ� DW� DQ� H[KLELWLRQ� LQ� 9LHQQD� IRU� WKH� SHULRG� RI� DERXW� D� ZHHN� �)LJXUH� ����

+XQGUHGV�RI�YLVLWRUV�SOD\HG�WKH�JDPH�ZLWK�QR�H[SODQDWLRQ�DW�DOO��7KH�LQWHUIDFH�ZDV�VR

VLPSOH�DQG�WKH�LQWHUDFWLRQ�VR�REYLRXV��DOPRVW�IUHH�RI�DQ\�PHWDSKRU�WKDW�LQWURGXFWLRQ

ZDV�QRW�QHHGHG�WR�SOD\�WKH�JDPH�
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)LJXUH���� 7ZR�8VHU�0D]H�*DPH�DW�WKH�6\QZRUOG�·���H[KLELWLRQ�LQ�0D\������

9LUWXDO�3DLQWLQJ

:LWK�6DLQLW]HU�ZH�XVHG�WKH�VDPH�VHWXS�RI�SDVVLYH�VWHUHR�SURMHFWLRQ�IRU�LPSOHPHQWLQJ

D�YLUWXDO�3DLQW6WXGLR�VLPLODU�WR�WKH�LGHD�LQ�>$JUDZDOD������@��7R�PDNH�WKH�XVDJH�RI�WKH

LQSXW� GHYLFHV� HYHQ� PRUH� REYLRXV�� ZH� H[FKDQJHG� WKH� SHQV� ZLWK� UHJXODU� SDLQWLQJ

EUXVKHV��ZKLFK�ZH�HTXLSSHG�ZLWK�D�3ROKHPXV�HOHFWURPDJQHWLF�UHFHLYHU��,Q�WKLV�JDPH

XVHUV� KDG� WR� SDLQW� WKH�PRGHOV� RI� DQLPDOV� ZLWK� YLUWXDO� SDLQW�� WDNHQ� IURP� UHDO� SDLQW

EXFNHWV��)LJXUH������%UXVKHV�FKDQJHG�WKH�FRORU�E\�GLSSLQJ�LQWR�RQH�RI�WKH��LQ�UHDOLW\

HPSW\�� EXFNHWV� ORFDWHG� RQ� WKH� IORRU� LQ� IURQW� RI� WKH� SURMHFWLRQ�� :H� KDYH� FKRVHQ

DQLPDOV� EHLQJ� IDPLOLDU� DQG� HDV\� WR� LGHQWLI\� IRU� GLIIHUHQW� DJHV� RI� YLVLWRUV�� $JDLQ� QR

DGGLWLRQDO� H[SODQDWLRQ� ZDV� QHHGHG� ZKHQ� XVHUV� ORFDWHG� WKH� VXUIDFH� RI� WKH� DQLPDO

IORDWLQJ� IUHH� LQ� IURQW� RI� WKH� SURMHFWLRQ�� 7KH� SDVVLYH� VWHUHR� SURMHFWLRQ� JDYH� D� JRRG

VHQVH�RI�GHSWK�IRU�VXUURXQGLQJ�XVHUV�
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)LJXUH���� 3DLQW6WXGLR� XVLQJ� UHDO� EUXVKHV� DQG� YLUWXDO� SDLQW�� 7ZR�XVHU� FDQ
VLPXOWDQHRXVO\� SDLQW� WKH� DQLPDO� ERWK� FRRSHUDWLYH� RU� DJDLQVW� HDFK
RWKHU�

2XU�REVHUYDWLRQ� DW� WKH� H[KLELWLRQ�ZLWK� VXEMHFWV� RI� WKH� DJH� IURP��� WR� �DERXW�� ��� ²

ZKR� ZHUH� IDVFLQDWHG� E\� WKH� VLPSOLFLW\� RI� WKH� DSSURDFK� DQG� KDYH� H[SHULHQFHG� D

YLUWXDO�DXJPHQWHG� HQYLURQPHQW� IRU� WKH� ILUVW� WLPH� LQ� WKHLU� OLYH� ²� UHVXOWHG� IROORZLQJ

ILQGLQJV�

◊ $�QDWXUDO�LQWHUIDFH�RU�LQWHUDFWLRQ�GHYLFH�FDQ�PDNH�WDVNV�YHU\�HDV\�WR�XQGHUVWDQG�

1R�DGGLWLRQDO� H[SODQDWLRQ�RI� WKH� LQWHUDFWLRQ� LV�QHHGHG�DQG�XVHUV�FDQ� WUDQVIRUP

WKHLU� VNLOOV� LQWR� WKH� V\QWKHWLF� HQYLURQPHQW�� ZKHQHYHU� QDWXUDO� FOXHV� DUH� QRW

GHVWUR\HG�

◊ 7KH�QDWXUDO�DFFHSWDQFH�RI�WKH�ZKROH�LQVWDOODWLRQ�PDGH�VLPXOWDQHRXV�´SDLQWHUVµ�WR

FRRSHUDWH�RU�WR�EH�DJDLQVW�HDFK�RWKHU��XVLQJ�DQ�HUDVLQJ�SDLQW�WKH�PRGHO�FRXOG�EH

UXEEHG�RXW���HYHQ�ZKHQ�SOD\HUV�GLG�QRW�NQRZ�HDFK�RWKHU�

◊ 8VHUV�UHSRUWHG�WKH�IDFW�WKDW�WKH�YLUWXDO�EUXVK�ZDV�QRW�FRUUHFWO\�DOLJQHG�ZLWK�WKH

UHDO�EUXVK��7KLV�FDXVHG�VRPHWLPHV�FRQIXVLRQ�LQ�WKH�EHJLQQLQJ��$V�WKH�WZR�XVHUV

DQG� WKH� VXUURXQGLQJ�REVHUYHUV� VDZ� WKH� VDPH�SURMHFWLRQ�� LW�ZDV� QRW� SRVVLEOH� WR

PDLQWDLQ� D� FRUUHFW� SHUVSHFWLYH� IRU� HYHU\RQH�� ,QVWHDG� ZH� DVVXPHG� DQ� REVHUYHU

VWDQGLQJ� DERXW� �P� FHQWHUHG� LQ� IURQW� RI� WKH� SURMHFWLRQ��+RZHYHU�� RQFH� SOD\HUV

IRXQG�WKH�YLUWXDO�DQLPDO�LQ�IUHH�VSDFH�WKH\�FRXOG�HDVLO\�IROORZ�LWV�VXUIDFH�



7+(�3(5621$/�,17(5$&7,21�3$1(/�²�$�7:2�+$1'('�,17(5)$&(�)25�$8*0(17('�5($/,7<

&+$37(5�),9(�²�3$*(����

◊ 7R�HQVXUH� WKDW� WKH� DQLPDO� FDQ�EH�SDLQWHG�HYHU\ZKHUH�ZH� LQVHUWHG� D� URWRU�QRGH

LQWR�WKH�VFHQH�JUDSK�IRU�URWDWLQJ�WKH�REMHFW��$IWHU�VHYHUDO�PLQXWHV�XVHUV�HYROYHG

VR�WKDW�WKH\�FRXOG�DOVR�WDUJHW�WKH�VXUIDFH�RI�WKH�DQLPDO�ZKHQ�URWDWLQJ�

◊ 8VHUV�PDLQWDLQHG� DIWHU� D�ZKLOH� D� FRJQLWLYH�PDS�RI� WKH� VWDJH��$IWHU� GLSSLQJ� WKH

EUXVK� LQWR� DQRWKHU� EXFNHW� WR� VHOHFW� D� GLIIHUHQW� FRORU�� XVHUV� ZHQW� EDFN

DXWRPDWLFDOO\�WR�D�UHPHPEHUHG�SRVLWLRQ�RQ�WKH�VWDJH�DQG�VWDUWHG�WR�SDLQW�

'HVSLWH� EHLQJ� DJDLQ� RQO\� D� RQH�KDQGHG� PHWDSKRU� 9LUWXDO� 3DLQWLQJ� SURGXFHG� D

QXPEHU� RI� YDOXDEOH� REVHUYDWLRQV� ZH� FDQ� WUDQVIHU� LQWR� WKH� GHVLJQ� RI� RWKHU

DSSOLFDWLRQV�

9LUWXDO�&DVLQR

$�JRRG�H[DPSOH� IRU� WKH�PXOWL�XVHU�DVSHFW�RI�JDPLQJ� LV�D�FDVLQR�URXOHWWH� WDEOH�ZLWK

PXOWLSOH�SOD\HUV�DURXQG�LW��7KH�VRFLDO�FKDQQHO�LV�YHU\�LPSRUWDQW�LQ�WKLV�JDPH��%HFDXVH

RI�WKH�DOPRVW�����PHDQ�FKDQFH�IRU�D�ZLQ��HYHQ�ZLWK�D�VPDOO�DPRXQW�RI�SOD\HUV�WKHUH

LV� DOPRVW� HDFK� WXUQ� D�ZLQQHU� DW� WKH� WDEOH�� JLYLQJ� WKH�ZKROH� JDPH� D� SRVLWLYH�PRRG�

3OD\LQJ� WKH�JDPH�DORQH�ZRXOG�GHVWUR\� WKLV� VRFLDO� DVSHFW� DQG�PDNH� WKH�ZKROH� JDPH

PXFK�OHVV�LQWHUHVWLQJ��,Q�WKLV�JDPH�LQGLYLGXDOLW\�DQG�SULYDWH�VSDFH�DV�SRLQWHG�RXW� LQ

WKH�LQWURGXFWLRQ�LV�LPSRUWDQW�

2XU�VHWXS�RI�9LUWXDO�5RXOHWWH�FRQVLVWV�RI�D�FRPPRQ�URXOHWWH�WDEOH�DOLJQHG�ZLWK�D�UHDO

WDEOH� LQ�RXU� ODE��3OD\HUV�FDQ�SODFH� WKHLU�FRLQV�RQWR� WKLV� WDEOH�)LJXUH�����7KH�3,3� LV

XVHG�DV�ZDOOHW�WR�KROG�PRQH\�LQGLYLGXDO�IRU�HDFK�XVHU��/LNH�LQ�UHDO�ZRUOG�SOD\HUV�FDQ

VKRZ�RU�KLGH� WKHLU� FRLQV�E\� VLPSO\� WXUQLQJ� WKH�SDQHO� DZD\� IURP� WKH�RWKHU�SOD\HU·V

YLHZ�

7KH�JDPH�DOORZV�D�FRXSOH�RI�XVHUV�WR�SODFH�WKHLU�FRLQV�RQWR�WKH�WDEOH�LQGHSHQGHQW�RI

HDFK�RWKHU��&RLQV�SODFHG�RQ�WKH�WDEOH�DUH�EHWV� WKDW�DUH�VXEWUDFWHG�IURP�WKH�SOD\HUV·

ZDOOHW�� 0RQH\� SODFHG� RQ� WKH� WDEOH� FDQ� EH� VHHQ� E\� HYHU\� SOD\HU�� ZKHUHDV� RQO\� WKH

RZQHU� FDQ�PDQLSXODWH� KLV� RZQ� FRLQV�� (DFK� XVHU� FDQ� WXUQ� RQ� D� SHUVRQDO� KHOS� WKDW� LV

GLVSOD\HG� WR� KLP� LQGLYLGXDOO\� ZLWKRXW� GLVWXUELQJ� WKH� RWKHUV� DV� XVHUV� ZHDU� KHDG

PRXQWHG�GLVSOD\V�



7+(�3(5621$/�,17(5$&7,21�3$1(/�²�$�7:2�+$1'('�,17(5)$&(�)25�$8*0(17('�5($/,7<

&+$37(5�),9(�²�3$*(����

)LJXUH���� 9LUWXDO�5RXOHWWH��2XU� LPSOHPHQWDWLRQ� VKRZV� WKH� WDEOH�ZLWK�PXOWLSOH
XVHUV�SOD\LQJ�

7KH� LPSOHPHQWDWLRQ� RI� WKH� JDPH� LV� EDVHG� RQ� D� -DYD�6HUYHU� DQG� UHQGHULQJ� FOLHQWV

GHYHORSHG� E\� 6DLQLW]HU� DQG�%XFKHJJHU�� 7KH� VHUYHU� GLVWULEXWHV� WKH� VFHQH�JUDSK� LQ� D

VHULDOL]HG�IRUP�WR�UHQGHULQJ�FOLHQWV��ZKHUH�LW�LV�UHFRQVWUXFWHG�IRU�UHQGHULQJ��3RVLWLRQ

DQG� RULHQWDWLRQ� XSGDWHV� DUH� REWDLQHG� GLUHFWO\� E\� HDFK� FOLHQW� WKURXJK� D� PXOWL�FDVW

JURXS�XVLQJ�8'3�PHVVDJHV�

5HVXOWV� RI� WKLV� FROODERUDWLYH� VHWXS� IRU� JDPLQJ� ZHUH� SURPLVLQJ�� 7KH� LQWHUDFWLRQ

PHWDSKRU� ZDV� YHU\� VLPSOH�� &RLQV� FDQ� EH� SODFHG� E\� FOLFNLQJ� WKH� SHQ�EXWWRQ� ZKLOH

KROGLQJ� LW� RYHU� WKH� UHTXLUHG� ILHOG� RI� WKH� URXOHWWH� WDEOH�� &OLFNLQJ� WKH� EXWWRQ� LQ� LWV

YLFLQLW\�VWDUWV�WKH�URXOHWWH�ZKHHO��$OWKRXJK�WKLV�JDPH��PDLQO\�EHFDXVH�RI�LWV�JDPEOLQJ

FKDUDFWHU�� GRHV� QRW� LQYROYH� YHU\� GHPDQGLQJ� LQWHUDFWLRQ� WDVNV�� LW� ZDV� RXU� ILUVW

FROODERUDWLYH�JDPLQJ�VHWXS�LQ�DXJPHQWHG�UHDOLW\�

5.5.3 Game Testbed

7R�SURILW�IURP�RXU�SUHYLRXV�UHVXOWV�ZH�H[WHQGHG�DQG�JHQHUDOL]HG�RXU�JDPLQJ�VHWXS�WR

VXSSRUW�D�QXPEHU�RI�JDPLQJ�VFHQDULRV�ZLWK� WKH�VDPH�KDUGZDUH�DQG�SUHVHQWHG� LW� LQ

>6]DODYiUL������E@��2XU�DLP�ZDV� WR�RYHUFRPH� WKH�SUREOHPV�RI�SUHYLRXV�DSSURDFKHV

DQG� FRQVWUXFW� D� FRQFHSWXDO� KDUGZDUH� HQYLURQPHQW� IRU� SOD\LQJ� JDPHV� DV� D� KLJKO\

GHPDQGLQJ�KXPDQ�FRPSXWHU�LQWHUDFWLRQ�WDVN�
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7R� DFKLHYH� WKLV�ZH� DOVR�GHVFULEH�KRZ�SULYDF\�PDQDJHPHQW� LV� LPSOHPHQWHG�XVLQJ� D

VRSKLVWLFDWHG�GHVLJQ�IRU�DXWRPDWHG�VHFXULW\�FRQWURO�

7KH� VHWXS� ZH� KDYH� FKRVHQ� LV� VLPLODU� WR� WKDW� RI� 6WXGLHUVWXEH� >)XKUPDQQ�� ����@�

FRQVLVWLQJ�RI�SULYDWH�VHH�WKURXJK�KHDG�PRXQWHG�GLVSOD\V��9LUWXDO�,�2�L�JODVVHV���DQG

D� 3HUVRQDO� ,QWHUDFWLRQ� 3DQHO� �3,3�� >6]DODYiUL�� ����@� IRU� HDFK� XVHU�� +0'V� DQG

LQWHUDFWLRQ�GHYLFHV�DUH� WUDFNHG� LQ�SRVLWLRQ�DQG�RULHQWDWLRQ�ZLWK�D�PDJQHWLF� WUDFNLQJ

V\VWHP��7KH� VHH�WKURXJK�+0'�GRHV�QRW�EORFN� WKH�YLHZ�RQWR� WKH� HQYLURQPHQW�� VR

DGGLWLRQDO� WR� YHUEDO� FRPPXQLFDWLRQ� JHVWXUHV� RI� RWKHU� SOD\HUV� FDQ� EH� UHFRJQL]HG�

8VLQJ� GHGLFDWHG� GLVSOD\� GHYLFHV� IRU� HDFK� XVHU�� GLVSOD\� RI� SULYDWH� LQIRUPDWLRQ� LV

VXSSRUWHG�� 7KH� 3HUVRQDO� ,QWHUDFWLRQ� 3DQHO� FRQVLVWLQJ� RI� SDQHO� DQG� SHQ� DOORZV

SRZHUIXO�WZR�KDQGHG�PDQLSXODWLRQ�RI�YLUWXDO�REMHFWV�ZLWK�KLJK�SUHFLVLRQ��,QWHUDFWLRQ

ZLWK� WKH� JDPH� LV� LQGHSHQGHQW� IURP�RWKHU� XVHUV� DV� WKH� LQWHUIDFH� VHUYHV� DV� SHUVRQDO

WRRO�

7KH� SURSRVHG� V\VWHP� DUFKLWHFWXUH� FRQVLVWV� RI� D�*DPH� 6HUYHU� PDLQWDLQLQJ� WKH� JUDSKLFDO

GDWDEDVH� RI� WKH� JDPH� DQG� UXQQLQJ� WKH� VLPXODWLRQ� EDVHG� RQ� WKH� LQSXW� GDWD� IURP

PDJQHWLF�WUDFNHUV�DQG�LQSXW�GHYLFHV��&OLHQWV�IRU�HDFK�XVHU�UHQGHU�WKH�FXVWRPL]HG�YLHZ

RQ�WKH�VKDUHG�HQYLURQPHQW��7UDFNHU�GDWD�DQG�LQIRUPDWLRQ�RI�WKH�EXWWRQV�RQ�WKH�SHQV

DUH�GLVWULEXWHG�RYHU�WKH�ORFDO�QHWZRUN�XVLQJ�D�7UDFNHU�6HUYHU��8VLQJ�D�PXOWL�FDVW�JURXS

HYHU\� SDUWLFLSDQW� JHWV� V\QFKURQL]HG� XSGDWHV� RI� WUDFNHU� GDWD� IRU� UHQGHULQJ�� 7KLV

DSSURDFK�DOORZV�VFDODELOLW\�LQ�WKH�QXPEHU�RI�XVHUV�WR�D�FHUWDLQ�H[WHQW��$Q�RYHUYLHZ�RI

WKH�V\VWHP�DUFKLWHFWXUH�FDQ�EH�VHHQ�LQ�)LJXUH����

7KH�FXUUHQW�KDUGZDUH�VHW�XS�DV�VKRZQ�LQ�)LJXUH����VXSSRUWV�XS�WR�IRXU�XVHUV�SOD\LQJ

VLPXOWDQHRXVO\�LQ�DQ�DXJPHQWHG�HQYLURQPHQW��5HQGHULQJ�LV�GRQH�RQ�D�6*,�0D[LPXP

,PSDFW�5������ZLWK�,PSDFW�&KDQQHO�2SWLRQ��,&2���7KH�,&2�LV�XWLOL]HG�WR�VSOLW�WKH

IUDPH� EXIIHU� LQWR� IRXU� UHJLRQV� DQG� WR� FRQYHUW� RXWSXW� WR� 9*$� VLJQDOV�� 8VLQJ

FRQYHUWHUV� LPDJHV� DUH� SUHVHQWHG� LQ� WKH� +0'V�� 2XU� LPSOHPHQWDWLRQ� XVLQJ� 2SHQ

,QYHQWRU� FDQ� GHOLYHU� LQGHSHQGHQW� OLQH� LQWHUOHDYHG� VWHUHRVFRSLF� UHQGHULQJ� IRU� IRXU

SOD\HUV�DW�DERXW����IUDPHV�SHU�VHFRQG�
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)LJXUH���� 7KH�FOLHQW�VHUYHU�DUFKLWHFWXUH�RI�RXU�V\VWHP�

)LJXUH���� 7KH� KDUGZDUH� HQYLURQPHQW� DV� VHHQ� IURP� D� QRQ�SDUWLFLSDWLQJ
REVHUYHU�� (DFK� SOD\HU� ZHDUV� D� VHH�WKURXJK� KHDG�PRXQWHG� GLVSOD\
DQG�LQWHUDFWV�ZLWK�D�3HUVRQDO�,QWHUDFWLRQ�3DQHO�
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5.5.4 Privacy Management

$V�SRLQWHG�RXW�DW� WKH�EHJLQQLQJ�RI� WKLV�VHFWLRQ�SULYDF\� LV�D�YHU\� LPSRUWDQW�DVSHFW�RI

FROODERUDWLYH�JDPLQJ�VFHQDULRV��7KH�XVH�RI�SULYDWH�DQG�SXEOLF�VSDFH�SURYLGHV�VHFXULW\

IRU� LQGLYLGXDO� VWUDWHJLF�GHFLVLRQV� DV�ZHOO� DV� D� FRPPRQ�SOD\JURXQG� WR� FRPPXQLFDWH

ZLWK�RWKHU�XVHUV��7KH�PHWKRG�RI�SULYDF\�PDQDJHPHQW�ZH�LPSOHPHQWHG�FDQ�DFW�DV�JHQHUDO

VROXWLRQ� WR� VHFXULW\� SUREOHPV� LQ� YLUWXDO� DQG� DXJPHQWHG� UHDOLW\� HQYLURQPHQWV�

WKHUHIRUH� D� PRUH� GHWDLOHG� GHVFULSWLRQ� RI� WKH� LPSOHPHQWDWLRQ� EDFNJURXQG� LV� JLYHQ

KHUH�

$V�GHVFULEHG�LQ�FKDSWHU��������VHFXULW\�LQIRUPDWLRQ�FRQWUROOLQJ�WKH�EHKDYLRU�RI�VFHQH

WUDYHUVDO�IRU�GLIIHUHQW�SOD\HUV�XVHV�SUHVHWV�ZH�FDOO�UHJLRQV��FRGLQJ�VSHFLILF�YDULDWLRQV�RI

WKH�WUDYHUVDO�IRU�HDFK�XVHU��7KLV�FRQFHSW�FDQ�EH�EHVW�GHVFULEHG�ZLWK�D�VHW�RI�NH\V�DQG

ORFNV� DV� VKRZQ� LQ� )LJXUH� ���� 7KH� ORFNV� DUH� DVVRFLDWHG� ZLWK� REMHFWV� LQ� WKH� VFHQH�

'LIIHUHQW�NH\V�DUH�KDQGHG�RYHU�GXULQJ� WUDYHUVDO�RI� WKH�VFHQH�JUDSK� WR� WKH�GLIIHUHQW

SOD\HUV��ZKHQ� HQWHULQJ� WKH� KLHUDUFK\� DVVRFLDWHG� WR� D� UHJLRQ��$QRWKHU� GLPHQVLRQ� WR

RXU� NH\� V\VWHP� LV� DGGHG� E\� WKH� GLYHUVLW\� RI� VFHQH� WUDYHUVDO� DFWLRQV�� OLNH� UHQGHULQJ�

SLFNLQJ�� VQDS�FRQGLWLRQ� HYDOXDWLRQ�� HWF�� 7KHUHIRUH� ZH� XVH� FRPSOH[� NH\V� HQFRGLQJ

VHFXULW\�IRU�HDFK�DFWLRQ�W\SH��SUHVHQWHG�E\�WKH�GLIIHUHQW�HGJH�VKDSHV�LQ�)LJXUH����E�

DQG�F��

7KH�PHWKRG� LV� LPSOHPHQWHG� XVLQJ�2SHQ� ,QYHQWRU� DQG� LV� LQWHJUDWHG� WLJKWO\� LQ� WKH

,QYHQWRU�VFHQH�JUDSK�FRQFHSW��:H�HQFRGH�WKH�QHFHVVDU\�VHFXULW\�LQIRUPDWLRQ�LQ�OD\HU�

QRGHV�� VWRUHG� LQ� WKH� FRPPRQ� VFHQH� JUDSK�� ZKLFK� DOVR� KROGV� WKH� ZKROH� JUDSKLFDO

GDWDEDVH�� 7KLV� FRQFHSW� DOORZV� HDV\� UHSOLFDWLRQ� WR� FOLHQWV�� 7R� UHQGHU� WKLV� FRPPRQ

GHVFULSWLRQ�LQ�D�SOD\HU�FXVWRPL]HG�YHUVLRQ��RQO\�WKH�SOD\HU�LG�KDV�WR�EH�VHW�DW�WKH�YHU\

WRS�RI� WKH� KLHUDUFK\��:H� HQFRGH� VHFXULW\� LQIRUPDWLRQ� LQ� D� �'�PDWUL[� IRU� GLIIHUHQW

SOD\HUV�RI�WKH�JDPH�DQG�GLIIHUHQW�DFWLRQV��6R�XQOLNH�PDQ\�RWKHU�DSSURDFKHV�SULYDF\

LQIRUPDWLRQ� LV�QRW� VWRUHG�DV�REMHFW�SURSHUW\�RI�HDFK�HQWLW\��EXW� DW� D�KLJKHU� OHYHO� DV

UHJLRQ�SURSHUW\�� /D\HU�QRGHV� FDQ�EH� HYHU\ZKHUH� LQ� WKH� VFHQH�JUDSK�� ,Q� WKLV�ZD\� LV

SRVVLEOH� WR� IRUP�D�KLHUDUFKLFDO� VHFXULW\� VWUXFWXUH��6XE�OD\HUV� LQKHULW� ULJKWV� IURP� WKH

VXSHU�OD\HU��7KLV�DOORZV�GHILQLQJ�JURXS�ULJKWV�LQ�DQ�HDV\�ZD\�
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)LJXUH���� 5HSUHVHQWDWLRQ�RI�WKH�VFHQH�JUDSK��)LJXUH�D��VKRZV�WKH�JUDSK�DV�WKH
JDPH� HQJLQH� VHHV� LW�� )LJXUH� E�� VKRZV� VHFXULW\� LQIRUPDWLRQ� �
SUHVHQWHG� DV� ´NH\Vµ� �� LQ� QRGHV� EHORQJLQJ� WR� GLIIHUHQW� XVHU� ,'V�
/HDIV�KROG�VXE�JUDSKV��ZLWK�JHQHUDO�´ORFNVµ�WKDW�UHSUHVHQW�GLIIHUHQW
EHKDYLRU� GXULQJ� WUDYHUVDO�� )LJXUH� F�� VKRZV� KRZ� SOD\HU� �� VHHV� WKH
FRPPRQ�VFHQH�JUDSK�

)LQDOO\�� ZH� H[WHQGHG� WKH� XQGHUO\LQJ� V\VWHP� E\� FRPSRQHQWV� WR� LQWHUSUHW� VHFXULW\

LQIRUPDWLRQ� DW� DQ\� SRLQW� RI� WKH� KLHUDUFK\�� 8VLQJ� LQIRUPDWLRQ� SDVVHG� GRZQ� LQ� WKH

KLHUDUFK\��VXE�KLHUDUFKLHV��H�J��REMHFWV��RU�LQ�D�JDPLQJ�VFHQDULR�JDPH�SLHFHV��FDQ�UHDFW

WR�WKH�VHFXULW\�LQIRUPDWLRQ��EHKDYLQJ�GLIIHUHQWO\�GHSHQGLQJ�RQ�WKH�VHFXULW\�VHWWLQJ�DW

KLJKHU� OHYHOV�� 7KXV�PHPEHUV� RI� JURXSV� LQKHULW� VHFXULW\� VWDWH�� WUDQVLWLRQ� WR� DQRWKHU

JURXS� �L�H�� UHJLRQ��DXWRPDWLFDOO\� FDXVHV�DQ� LPSOLFLW� VWDWH�FKDQJH�DV� VKRZQ� LQ�)LJXUH

����+RZHYHU�� RXU� VHFXULW\� OD\HU� FRQFHSW� LV� VR� JHQHUDO�� WKDW� LW� FDQ� LPSOHPHQW� RWKHU

VHFXULW\� VWUDWHJLHV��6WRULQJ� VHFXULW\� LQIRUPDWLRQ�RQ� LWHP�EDVLV�E\�GHILQLQJ�D� OD\HU� WR

HDFK�REMHFW�UHVHPEOHV�SUHYLRXV�ZRUN�

7KH�V\VWHP�LV�RSHQ�IRU�G\QDPLF�PRGLILFDWLRQ�DQG�UHFRQILJXUDWLRQ�RI�VHFXULW\�SUHVHWV

DW�UXQWLPH��$OWKRXJK�ZH�WKLQN�WKDW�D�FDUHIXO�DSSOLFDWLRQ�GHVLJQ�ZLWK�WKH�LGHQWLILFDWLRQ

RI�JRRG�VHFXULW\�SUHVHWV� FDQ�DYRLG� WKLV� DQG� IUHH�XS� WKH� DSSOLFDWLRQ� IURP�DGGLWLRQDO

VHFXULW\�PDQDJHPHQW�

7KH� SUHVHQWHG� DSSURDFK� OHDGV� LQ� RXU� JDPLQJ� VFHQDULR� WR� D� YHU\� HIIHFWLYH� DQG

SRZHUIXO�PHFKDQLVP� IRU� VHFXULW\�PDQDJHPHQW��2Q� WKH� H[DPSOH� RI�0DK�-RQJJ�ZH

VKRZHG�KRZ�WKLV�PHFKDQLVP�FDQ�KHOS�WR�WUDQVIRUP�D�WUDGLWLRQDO�JDPH�WR�DXJPHQWHG

UHDOLW\�

5.5.5 Mah-Jongg

$�ODUJH�QXPEHU�RI�GLIIHUHQW�JDPHV�VHHP�WR�ILW�H[FHOOHQW�LQWR�RXU�FRQFHSW��$OO�NLQG�RI

QRQ�FRPSXWHU�EDVHG�ERDUG�JDPHV�OLNH�SLFWLRQDU\��DQ\�FDUG�JDPH�DUH�JRRG�FDQGLGDWHV

EXW�DOVR�PDQ\�RI�WKH�H[LVWLQJ�PXOWL�XVHU�FRQVROH�JDPHV�FDQ�JDLQ�DGGLWLRQDO�EHQHILW�RI

WKH� DXJPHQWHG� UHDOLW\� VHWXS��:H� WKLQN� WKDW� LQVSLUHG�E\�RXU� VHWXS�� JDPH�GHYHORSHUV
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FDQ�ILQG�HQWLUHO\�QHZ�JDPLQJ�LGHDV�LQ��'��+RZHYHU�IRU�WKH�HYDOXDWLRQ�RI�RXU�V\VWHP

ZH� VHOHFWHG� D� WUDGLWLRQDO� JDPH�ZKLFK� LV�ZLGHO\� NQRZQ� DURXQG� WKH�ZRUOG� DQG� UHOLHV

DOVR�RQ�WKH�XVH�RI�VRFLDO�FRPPXQLFDWLRQ�FKDQQHOV��0DK�-RQJJ�

7KH�*DPH

0DK�-RQJJ�LV�D�YHU\�ROG�WUDGLWLRQDO�&KLQHVH�JDPH��ZLWK�URRWV�JRLQJ�EDFN�LQWR�WKH�GXVW

RI�DQFLHQW�FHQWXULHV��)LJXUH���,Q�WKH�EHJLQQLQJ�LW·V�EHHQ�RQO\�SOD\HG�E\�HPSHURUV�DQG

WKRVH�LQ�WKH�NQRZ��EHFDXVH�LW·V�VHFUHW��/DWHU�SXEOLF�JRW�DFFHVV�WR�LW�DQG�LQ�RXU�FHQWXU\

LW� EHFRPH� SRSXODU� DURXQG� WKH� ZRUOG�� 7KH� KLJK� QXPEHU� RI� HQWKXVLDVWLF� SOD\HUV

GHYHORSHG�PDQ\�YDULDQWV�RI�WKH�JDPH��\HW�WKH�EDVLF�UXOHV�DUH�VWLOO�NHSW�

:H�KDYH�VHOHFWHG�0DK�-RQJJ�DV�WKH�PDMRU� LPSOHPHQWDWLRQ�H[DPSOH�RI�RXU�FRQFHSW�

EHFDXVH�LW� LV�NQRZQ�ZRUOGZLGH��WKH�PDLQ�UXOHV�DUH�HDV\�WR�XQGHUVWDQG��DQG�PDQ\�RI

RXU� V\VWHP� IHDWXUHV� FDQ�EH�SUHVHQWHG�ZLWK� LW��0DK�-RQJJ� LV� SOD\HG� LQ�RXU� VHWXS�E\

VLWWLQJ�DURXQG�WKH�WDEOH�ZHDULQJ�VHH��WKURXJK�+0'V��(DFK�XVHU�DOVR�KDV�D�3HUVRQDO

,QWHUDFWLRQ�3DQHO�WR�PDQLSXODWH�WKH�DXJPHQWHG�JDPH��7KH�SDQHO�FDUULHV�RQH�SOD\HU·V

WLOHV��ZKLFK�DUH�PDQLSXODWHG�ZLWK�WKH�VW\OXV��)LJXUH�����

)LJXUH���� 0DK�-RQJJ�� 7KH� DXJPHQWDWLRQ� DV� VHHQ� IURP� D� WKLUG� SDUWLFLSDQW
WKURXJK�WKH�+0'�
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6SDWLDO�&RQWUROOHG�6HPDQWLFV

,QWHUDFWLRQ�LQ�RXU�JDPLQJ�DSSOLFDWLRQV�FRYHUV�EHVLGHV�VRPH�REYLRXV�V\VWHP�FRQWUROV

PRVWO\�GLUHFW�REMHFW�PDQLSXODWLRQ��8VHUV�LQ�RXU�HQYLURQPHQW�PDLQO\�SOD\�WKH�JDPH�E\

PDQLSXODWLQJ� YLUWXDO� REMHFWV� �WLOHV�� GLFHV�� DQG� FDUGV�� LQ� IURQW� RI� WKHP��0RVW� RI� WKH

DFWLRQV� WKDW� ZLOO� RFFXU� GXULQJ� GLUHFW� PDQLSXODWLRQ� DUH� DFWLRQV� VXFK� DV� ´3XW�7KDW�

7KHUHµ� LQVSLUHG� E\� WKH� PRWWR� RI� >%ROW�� ����@�� 2XU� FRQFHSW� UHOLHV� RQ� D� SUR[LPLW\

EDVHG� GUDJ�DQG�GURS� FRQWURO� PRGHO� IRU� �'�XVHU� LQWHUDFWLRQ�� 6XFK� DFWLRQV� KDYH� LQ

DGGLWLRQ�WR�WKH�JHRPHWULF�WUDQVIRUPDWLRQ�DOVR�VHPDQWLF�PHDQLQJ�

7LOHV�DUH�EHLQJ�WUDQVSRUWHG�IURP�WKH�ZDOO� WR�WKH�XVHU·V�KDQG��ZLWKLQ�WKH�XVHU·V�KDQG

IURP�RQH�SODFH�WR�DQRWKHU�WR�IRUP�JURXSV��DQG�IURP�WKH�KDQG�WR�WKH�WDEOH��:H�KDYH

GHILQHG�VHYHUDO�UHJLRQV�IRU�WKH�JDPH��WKH�ZDOO�UHJLRQ��WKH�WDEOH�UHJLRQ��WKH�UHJLRQ�RQ

WKH�3,3�UHSUHVHQWLQJ�WKH�XVHU·V�KDQG��WKH�UHJLRQ�RI�WKH�SHQ�IRU�WKH�WUDQVLWLRQ�RI�WLOHV�

,Q� FRQWUDVW� WR� DOO� RWKHU� UHJLRQV� WKH� SHQ� UHJLRQ� KDV� QR� DVVLJQHG� VQDS� FRQGLWLRQ

JHRPHWU\�� 7KH� UHJLRQ� WUDQVLWLRQ� RI� WLOHV� LQWR� DQG� IURP� WKH� UHJLRQ� LV� WULJJHUHG� E\

SUHVVLQJ�DQG�UHOHDVLQJ�WKH�EXWWRQ�RQ�WKH�SHQ��VHH�DOVR�)LJXUH�����

3OD\HUV� FDQ� LQGHSHQGHQWO\� PDQLSXODWH� WKHLU� SULYDWH� WLOHV�� 7LOHV� VQDS� WR� HDFK� RWKHU

SURYLGLQJ�YLVXDO�IHHGEDFN�DQG�WR�WULJJHU�VHPDQWLFV��,Q�WKLV�ZD\�JURXSV�FDQ�EH�IRUPHG

DQG�EUDNHG�G\QDPLFDOO\�E\�SXVKLQJ�WLOHV�WRJHWKHU�RU�PRYLQJ�WKHP�DSDUW�DV�VKRZQ�LQ

)LJXUH�����*URXSLQJ�JHQHUDWHV�DGGLWLRQDO�UHJLRQV��DOORZLQJ�WR�DGG�RWKHU�WLOHV�WR�WKDW

VXE�UHJLRQ��$GGLWLRQDOO\�WKH�JURXSLQJ�PHFKDQLVP�JLYHV�IHHGEDFN�WR�WKH�JDPH�HQJLQH

WR�SURYLGH�KHOS�LQIRUPDWLRQ�DQG�GHWHUPLQH�JDPH�VWDWH�

6SDWLDO�FRQWUROOHG�VHPDQWLFV� UHDG�RXW� IURP�JHRPHWULF�DFWLRQV�KDV�EHHQ�YHULILHG�DV�D

SRZHUIXO� WHFKQLTXH� IRU�JDPH�SLHFH�PDQLSXODWLRQ��8VLQJ� WKLV�SDUDGLJP��JURXSLQJ�RI

WLOHV�DQG�WKXV�SOD\LQJ�JDPHV�LV�YHU\�QDWXUDO�DQG�SURYLGHV�D�KLJK�TXDOLW\� LQSXW�WR�WKH

JDPH�HQJLQH��UXQQLQJ�WKH�JDPH�ORJLF�

)LJXUH���� $�JURXSLQJ�VHTXHQFH��$�WLOH�LV�JUDEEHG�ZLWK�WKH�SHQ�DQG�VQDSSHG�WR
DQRWKHU�WLOH�WR�IRUP�D�JURXS��7KLV�DFWLRQ�WULJJHUV�VHPDQWLFV�WR�LQVHUW
WKH� KHOS�VKRYHO� VKRZLQJ� DGGLWLRQDO� KHOS� LQIRUPDWLRQ�� ,Q� WKLV� FDVH
WKH�QDPH�RI�WKH�FRPELQDWLRQ�LV�GLVSOD\HG�
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3ULYDF\�LQ�0DK�-RQJJ

,Q�WKH�GHVLJQ�VWHS�ZH�LGHQWLILHG�WKH�ORJLFDO�UHJLRQV�RI�WKH�FRPPRQ�WDEOH�DQG�SOD\HU

RZQHG�UHJLRQV�WR�FDUU\�VHFXULW\�LQIRUPDWLRQ��,Q�0DK�-RQJJ�SUHVHWV�IRU�RQH�SOD\HU�DUH

VHW��VR�WKDW�KH�RU�VKH�FDQ�VHH�DQG�PDQLSXODWH�WKH�RZQ�JDPH�WLOHV��EXW�QR�RWKHU�SOD\HU

FDQ�VHH�DQ\�YDOXDEOH�LQIRUPDWLRQ��:KLOH�D�SOD\HU�PRYHV�RQH�WLOH�RI�KLV�RZQ�VHW�RI�WLOHV

WR�WKH�FRPPRQ�WDEOHWRS��D�UHJLRQ�WUDQVLWLRQ�LV�WULJJHUHG�E\�WKH�JHRPHWULF�FRQVWUDLQWV

RI� VQDSSLQJ�� 7KLV� UHJLRQ�WUDQVLWLRQ� IURP� RQH� UHJLRQ� WR� DQRWKHU� FDXVHV� WKH� JDPH

HQJLQH�WR�PRYH�WKH�VXE�JUDSK�RI�WKH�JDPH�WLOH�IURP�RQH�SODFH�LQ�WKH�KLHUDUFK\�LQWR

WKH�SODFH�RI� WKH�GHVWLQDWLRQ�UHJLRQ�� L�H�� WKH� WDEOHWRS�UHJLRQ��$V� WKH�JDPH�SLHFH�QRZ

LQKHULWV�D�QHZ�VHFXULW\�LQIRUPDWLRQ��LW�EHKDYHV�GLIIHUHQWO\��DQG�LV�UHQGHUHG�YLVLEOH�IRU

HYHU\�SOD\HU��GXH�WR�WKH�VHFXULW\�VHWWLQJV�RI�WKH�FRPPRQ�WDEOHWRS�UHJLRQ��1RWH��WKDW

WKH� JDPH� HQJLQH� GRHV� NQRZ� QRWKLQJ� H[SOLFLWO\� DERXW� VHFXULW\� PDQDJHPHQW�� DV� WKH

RQO\�VWHS�LW�PDNHV��LV�WR�PRYH�RQH�VXE�KLHUDUFK\�LQ�WKH�VFHQH�JUDSK�LQWR�D�GLIIHUHQW

SODFH�

1DWXUDOO\�WKH�UHDO�JDPH�UHOLHV�YHU\�PXFK�RQ�WKH�KRQHVW\�RI�SOD\HUV�QRW�WR�ORRN�LQWR

RWKHU� SOD\HUV� WLOHV�� 7KLV� JLYHV� WKH� JDPH� D� VHFUHW� DQG� P\VWLF� WRXFK�� ,Q� JHQHUDO� WKH

ULJKWV� WR� VHH� WLOHV� DQG� WR�PDQLSXODWH� WKHP� LV�JRYHUQHG�E\�JDPH� UXOHV� DQG� WUDGLWLRQ�

7KH�JDPLQJ�VLWXDWLRQ�GHFLGHV�ZKDW�WLOHV�FDQ�EH�SLFNHG�XS�E\�ZKLFK�XVHU��,Q�WKH�UHDO

JDPH�WKHVH�FRQIOLFW�VLWXDWLRQV�DUH�VROYHG�RYHU�WKH�VRFLDO�FKDQQHO�

2XU� OD\HULQJ� FRQFHSW� VXSSRUWV� WKLV� W\SH� RI� SULYDF\� E\� DVVLJQLQJ� GLIIHUHQW� VHFXULW\

OHYHOV�WR�UHJLRQV��7LOHV�RQ�D�SOD\HU�SDQHO�FDQ�RQO\�EH�VHHQ�DQG�PDQLSXODWHG�E\�KLP�DV

VKRZQ�LQ�)LJXUH�����7KH�WH[WXUH�FRQWDLQLQJ�WKH�WLOH·V�VLJQ�LV�VZLWFKHG�RQ�DQG�RII�E\

LQKHULWLQJ�SULYDF\�LQIRUPDWLRQ�IURP�WKH�3,3�UHJLRQ�

)LJXUH���� 3ULYDF\��7KH�VDPH�VLWXDWLRQ�GXULQJ�WKH�JDPH�VHHQ�E\� WZR�GLIIHUHQW
SOD\HUV�� &KDUDFWHUV� RQ� WKH� RSSRQHQW·V� WLOHV�� DV� ZHOO� DV� KHOS
LQIRUPDWLRQ�LV�QRW�VKRZQ��7R�NHHS�D�FRQVLVWHQW�DXJPHQWDWLRQ��WLOHV
DUH�QRW�KLGGHQ�HQWLUHO\�IURP�RWKHU�SOD\HUV�



7+(�3(5621$/�,17(5$&7,21�3$1(/�²�$�7:2�+$1'('�,17(5)$&(�)25�$8*0(17('�5($/,7<

&+$37(5�),9(�²�3$*(����

3LFNLQJ�XS�WKH�WLOH�E\�SRLQWLQJ�ZLWK�WKH�SHQ�LQVLGH�LW�DQG�SUHVVLQJ�WKH�EXWWRQ�WUDQVIHUV

WKH� VXE�JUDSK� RI� WKH� WLOH� WR� WKH� SHQ� UHJLRQ�� 7KH� SHQ� UHJLRQ� KDV� WKH� VDPH� SULYDF\

VHWWLQJV� OLNH� WKH� 3,3�� VR� WKDW� RWKHU� SOD\HUV� VWLOO� FDQ·W� VHH� WKH� WH[WXUH� ZKLOH

PDQLSXODWLQJ�WKH�WLOH��$OWKRXJK�WKH�SHQ�KDV�WKH�VDPH�VHFXULW\�DV�WKH�SDQHO���LW�XVHV�D

UHIHUHQFH� WR� WKH�3,3� VHFXULW\� VHWWLQJV� ��� LW�ZDV�QHFHVVDU\� WR�GHILQH� WKLV� UHJLRQ��7KH

KLHUDUFK\� RI� WUDQVIRUPDWLRQV� DOORZV� WKXV� WR� GHILQH� D� ORFDO� SHQ� FRRUGLQDWH� V\VWHP�

ZKLFK�LV�WUDQVIRUPHG�E\�WUDFNHU�XSGDWHV�LQ�ZRUOG�FRRUGLQDWHV�

0RYLQJ� WKH� WLOH� FORVH� HQRXJK� WR� WKH� WDEOH� UHJLRQ�� WKH� WLOH� VQDSV� RQWR� WKH� VXUIDFH�

LQGLFDWLQJ�D� UHJLRQ� WUDQVLWLRQ��5HOHDVLQJ� WKH�SHQ�EXWWRQ�FRQILUPV� WKLV� WUDQVLWLRQ��$V

WKH� VHFXULW\� GHILQLWLRQ� RI� WKH� WDEOH� UHJLRQ� HQDEOHV� YLHZLQJ� IRU� HDFK� XVHU�� WKH� WLOH

WH[WXUH�EHFRPHV�YLVLEOH�DQG�HYHU\�SOD\HU�FDQ�VHH�LW�DV�VKRZQ�LQ�)LJXUH����

$OWKRXJK� LQIRUPDWLRQ� OD\HULQJ� VXSSRUWV�SULYDF\�� WKH�3,3� LQFRUSRUDWHV� VLPSO\�E\� LWV

SK\VLFDO� SURSHUWLHV� DQ� DGGLWLRQDO� NLQG� RI� SULYDF\�� 3OD\HUV� PD\� KROG� WKH� SDQHO� LQ� D

SRVLWLRQ�� VR� WKRVH� WLOHV� DUH� YLVXDOO\� KLGGHQ� WR� RWKHU� SOD\HUV�� KRZHYHU� WKH\� GR� QRW

FRQWDLQ�DQ\�XVHIXO�LQIRUPDWLRQ�LQ�DOO�RWKHU�SOD\HUV�FXVWRPL]HG�YLHZV�

)LJXUH���� $� SOD\HU� LV� SODFLQJ� D� FRPELQDWLRQ� FDOOHG� SXQJ� RQWR� WKH� WDEOH� �OHIW
FROXPQ���$�GLIIHUHQW�SOD\HU� LV�REVHUYLQJ�WKLV�DFWLRQ��ULJKW�FROXPQ��
7KLV� VHTXHQFH� JLYHV� DQ� H[DPSOH� IRU� D� UHJLRQ� WUDQVLWLRQ� ZLWK
FKDQJLQJ�SULYDF\�
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)LJXUH���� 3ULYDWH� KHOS� H[SUHVVHG� DV� D� VKRYHO�� 7KLV� DGGLWLRQDO� KDQGOH� KHOSV� WR
PDQLSXODWH� JURXSV� WRJHWKHU�� 7KH� VDPH� VLWXDWLRQ� ZLWK� DQRWKHU
SOD\HU·V�ULJKWV�LV�VKRZQ�RQ�WKH�ULJKW�VLGH�

3ULYDWH�+HOS

$GGLWLRQDO�LQIRUPDWLRQ�LV�SURYLGHG�WR�SOD\HUV�RQ�SULYDWH�OD\HUV��)LJXUH������2XU�0DK�

-RQJJ� LPSOHPHQWDWLRQ� KDV� D� VHPDQWLF� FRQWUROOHG� KHOS� V\VWHP� VXSSRUWLQJ� YLVXDO

IHHGEDFN� IRU� XQGHUVWDQGLQJ�� DQG� DGGLWLRQDO� JHRPHWU\� IRU� JURXS� PDQLSXODWLRQV�

)RUPLQJ� JURXSV�RI� WLOH� UHVXOWV� LQ� WKH� FUHDWLRQ�RI� D� VKRYHO� SODFHG�XQGHU� WKH� JURXSHG

WLOHV�� 7H[W� RQ� WKH� KDQGOH� RI� WKH� VKRYHO� LQGLFDWHV� YDOLG� FRPELQDWLRQV�� 7KLV� NLQG� RI

KHOS�LQIRUPDWLRQ� FDQ� EH� XVHG� IRU� PRUH� WKDQ� VWDWXV� UHSRUWLQJ�� 7KH� RZQHU� RI� WKH

JURXS� FDQ� DOVR� PRYH� WKH� ZKROH� JURXS� E\� SLFNLQJ� WKH� KDQGOH� RI� WKH� VKRYHO� DQG

PRYLQJ� LW� WR� DQRWKHU� UHJLRQ��$W� WKH� HQG�RI� WKH� JDPH�� VKRYHOV� JHW�GLVSOD\HG�RQ� WKH

WDEOH�WR�HYHU\�XVHU�IRU�HDVLHU�FDOFXODWLRQ�RI�VFRUHV�

5HVXOWV

%DVLFDOO\�RXU�WHVWV�VKRZ��WKDW�LW�PDNHV�IXQ�WR�SOD\�LQ�VXFK�DQ�HQYLURQPHQW��(YHQ�YHU\

LQH[SHULHQFHG� XVHUV� ILQG� RXW� YHU\� IDVW� KRZ� WKH� JDPH� LV� WR� EH� SOD\HG� ZLWKRXW� DQ\

DGGLWLRQDO� LQIRUPDWLRQ� RQ� WKH� JHQHUDO� XVH� RI� WKH� V\VWHP�� 7RROV� OLNH� WKH� GHVFULEHG

VQDSSLQJ�PHFKDQLVP� FDQ� DGHTXDWHO\� FRPSHQVDWH� WKH� VKRUWFRPLQJV� LQ� SUHFLVLRQ� RI

WKH�KDUGZDUH��(VSHFLDOO\� LQ� UHJLRQV�ZKHUH� WKHUH� DUH� RQO\� D� IHZ� VQDSSLQJ� IDFHV�� WKH

VQDSSLQJ�FRQGLWLRQV�FDQ�EH�YHU\�JHQHURXV��VR�WKDW�REMHFWV�VQDS�RQWR�HDFK�RWKHU�HYHQ

LI�WKH\�DUH�QRW�YHU\�FORVH��7KLV�DOORZV�UDSLG�DFWLRQV�WR�EH�SHUIRUPHG�JLYLQJ�WKH�JDPH

D�G\QDPLF�FKDUDFWHU�

,I�REMHFW�PDQLSXODWLRQ�LV�UHVWULFWHG�WR�GUDJ�DQG�GURS�OLNH�DFWLRQV��DV�SUHVHQWHG�LQ�RXU

H[DPSOHV�� VQDSSLQJ� LV� D� SRZHUIXO� VXEVWLWXWH� IRU� FROOLVLRQ� GHWHFWLRQ� LQ� YLUWXDO

HQYLURQPHQWV�� $V� REMHFWV� VQDS� WR� HDFK� RWKHU� ZKHQ� WKH\� DUH� QHDU�� LQWHUSHQHWUDWLRQ
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KDSSHQV�YHU\�VHOGRP�DQG�RQO\�LQ�FDVHV�ZKLFK�GR�QRW�GLVWXUE�WKH�XVHU��0RUHRYHU��LQ

VRPH�FDVHV�FROOLVLRQ�GHWHFWLRQ�ZRXOG�UDWKHU�KLQGHU�HDV\�PDQLSXODWLRQ�RI�REMHFWV�

&RPSDUHG� WR� WKH� RULJLQDO� JDPH�� WKH� DXJPHQWHG� YHUVLRQ� LV� FDSDEOH� RI� FKDQJLQJ� WKH

ZKROH� PRRG� RI� WKH� JDPH� ZLWK� DGGLWLRQDO� �'� JUDSKLFV�� $� VLPSOH� \HW� HIIHFWLYH

GHPRQVWUDWLRQ� RI� WKLV� FRQFHSW� LV� WKH� DSSOLFDWLRQ� RI� DXJPHQWHG� KDWV� LQ� )LJXUH� ���

)XUWKHUPRUH�WKH�IOH[LEOH�VHWXS�VXSSRUWV�GLIIHUHQW�W\SHV�RI�JDPHV�DQG�WKH�SULYDWH�KHOS

V\VWHP�LV�DQ�DGGLWLRQDO�IHDWXUH�

&XUUHQWO\�RXU� V\VWHP�FRQVLVWV�RI� D�FRPPHUFLDO� DYDLODEOH� VWDQGDUG�KDUGZDUH��EXW�ZH

VHH�D�JRRG�FKDQFH�WKDW�WKH�V\VWHP�FRXOG�EH�SURGXFHG�DV�D�FRQVROH�JDPH�IRU�PXOWLSOH

XVHUV�LQ�IXWXUH��$�JDPH�ER[�FRXOG�FRQWDLQ�JDPH�VHUYHU�DQG�UHQGHULQJ�FOLHQWV�DV�ZHOO�DV

WKH�WUDFNHU�VRXUFH��,I� WKH�JDPH�ER[�LV�SODFHG�RQ�D�WDEOH��SOD\HUV�FDQ�VLW�DURXQG�WKDW

WDEOH�KROGLQJ�WKHLU�SHQ�DQG�SDQHO��7KH�JDPH�ERDUG�LV�DXJPHQWHG�RQ�WKDW�WDEOH�ZKLFK

UHVXOWV�LQ�D�KDSWLF�IHHGEDFN�ZKHQ�SODFLQJ�WLOHV�RQ�WKH�FRPPRQ�SOD\JURXQG�

$V�RXU�KDUGZDUH�VHWXS�LV�OHQW�IURP�D�VFLHQWLILF�YLVXDOL]DWLRQ�V\VWHP�LW�LV�RQO\�QDWXUDO

WR�SURMHFW�RXU� LQWHUDFWLRQ� WHFKQLTXHV� DQG�SULYDF\� FRQFHSWV�EDFN� WR� WKDW� DSSOLFDWLRQ

DUHD�� :H� WKLQN� WKDW� DQ� DGDSWHG� YHUVLRQ� RI� RXU� V\VWHP�FRQFHSWV� FRXOG� HQKDQFH

VFLHQWLILF� YLVXDOL]DWLRQ� DSSOLFDWLRQV�� 0XOWLSOH� VFLHQWLVWV� GLVFXVVLQJ� FRPPRQ

YLVXDOL]DWLRQV�DUH�DEOH�WR�VZLWFK�RQ�DQG�RII�LQGLYLGXDOL]HG�LQIRUPDWLRQ�WKH\�OLNH�WR�VHH

SHUVRQDOO\�� 6LPSOLILFDWLRQV� LQGXFHG� E\� WKH� JDPLQJ� GRPDLQ� FRXOG� EH� UHPRYHG� WR

VXSSRUW�RWKHU�W\SH�RI�DSSOLFDWLRQV��:H�VHH�D�JUHDW�SRWHQWLDO�IRU�RXU�VHWXS�WR�EH�XVHG

DOVR�IRU��'�HGXFDWLRQ��DQG�SUHVHQWDWLRQV�V\VWHPV�LQ�WKH�QHDU�IXWXUH�



Chapter Six - Translocation

$�PDMRU�UHVXOW�RI�RXU�H[SHULPHQWV�WR�H[SORUH�WKH�JHQHUDO�FKDUDFWHU�RI�WKH�SUHVHQWHG

3HUVRQDO�,QWHUDFWLRQ�3DQHO�WKRXJK�D�VHULHV�RI�DSSOLFDWLRQV�XQGHU�FRPSOHWHO\�GLIIHUHQW

FLUFXPVWDQFHV� HQFRXUDJHG� IROORZLQJ� UHVHDUFK� HIIRUWV�� (VSHFLDOO\� PRWLYDWHG� E\� RXU

REVHUYDWLRQV� LQ� WKH� JDPLQJ� GRPDLQ� ZH� DEVWUDFWHG� WKH� 3,3� LQWHUIDFH� FRQFHSW� WR

H[SORUH� LWV� VXLWDELOLW\� LQ� RWKHU� H[LVWLQJ� DXJPHQWHG� DQG� YLUWXDO� HQYLURQPHQWV�� 7KLV

VHFWLRQ�JLYHV�DQ�RYHUYLHZ�RI�WKLV�VWULYH�

���� 3,3�LQ�'HVNWRS�95�$SSOLFDWLRQV

7KH� ILUVW� DWWHPSW� WR� WUDQVIHU� WKH� XQGHUO\LQJ� PHWDSKRU� RI� WKH� 3HUVRQDO� ,QWHUDFWLRQ

3DQHO�ZDV�WR�EXLOG�DQ�LQWHUIDFH�IRU�D�PRQLWRULQJ�DQG�FRQWURO�VWDWLRQ�SURWRW\SH��7KH

EDVLF�UHTXLUHPHQW�GLFWDWHG�WR�FRQVWUXFW�D�YLVXDOL]DWLRQ�V\VWHP�IRU�D�FRPSOH[�UHDO�WLPH

GDWDEDVH�ZLWK�RYHU�������GLIIHUHQW� VLJQLILFDQW� VWDWHV��7KH�SURSRVHG� VROXWLRQ� VKRXOG

H[KLELW� WKH� GDWDEDVH� IRU� FRQWLQXRXV� LQVSHFWLRQ� RI� WKH�ZKROH� V\VWHP� VWDWH�� EXW� DOVR

YLVXDOL]H�GDWD�RI�SDUWLFLSDWLQJ�LWHPV�LQ�GHWDLO��$�VROXWLRQ�KDG�WR�EH�SUHVHQWHG�IRU�WKH

3��3LFDVVR�²�3RUWDLW�RI�3DLQWHU��DIWHU�(O�*UHFR
������
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QDYLJDWLRQ� DQG� LQWHUDFWLYH� H[SORUDWLRQ� RI� WKLV� GDWDEDVH��2XU� JURXS�ZDV� VHOHFWHG� E\

WKH�(XURSHDQ� 6SDFH�$JHQF\� �(6$�� IRU� WKH� LPSOHPHQWDWLRQ� RI� WKLV� SURMHFW� IURP� �

(XURSHDQ� FRPSHWLWRUV�� 8VLQJ� WKLV� SURWRW\SH� DQG� RWKHU� GHPR� V\VWHPV� (6$� ZLOO

HYDOXDWH�WKH�IXWXUH�XVH�RI�95�WHFKQRORJ\�LQ�VSDFHFUDIW�RSHUDWLRQ��7KH�SURMHFW�LV�GRQH

LQ�D�MRLQW�XQLYHUVLW\�LQGXVWU\�FRRSHUDWLRQ�ZLWK�WKH�%HOJLDQ�EUDQFK�RI�/RJLFD�6$�61

FRPSDQ\�

6.1.1 VR-MCS - a Spacecraft Monitoring and Control

Environment

7KH� REMHFWLYH� RI� WKH�9LUWXDO� 5HDOLW\�0RQLWRULQJ� DQG� &RQWURO� 6\VWHP� �95�0&6�� SURMHFW

>,PDJLQDWLRQ�� ����@� LV� WR� GHPRQVWUDWH� WKH� VXLWDELOLW\� RI� 95� WHFKQRORJ\� DQG

WHFKQLTXHV� WR� WKH� GRPDLQ� RI� VSDFHFUDIW� RSHUDWLRQV��7KH� VSDFHFUDIW�PRQLWRULQJ� DQG

FRQWURO�HQYLURQPHQW�WR�EH�GHYHORSHG�LQ�WKLV�SURMHFW�VKRXOG�HQDEOH�D�JURXS�RI�XVHUV�²

WKH� JURXQG� RSHUDWLRQ� WHDP� ²� WR� LQWHUDFW� MRLQWO\� ZLWK� D� VLQJOH�� VKDUHG� HQYLURQPHQW

UHSUHVHQWLQJ�WKH�ORJLFDO�PRGHO�RI�WKH�RQ�ERDUG�VSDFHFUDIW�V\VWHP��8VLQJ�D�VLPXODWLRQ

RI� WKH� (XURSHDQ�0RGXOH� �$30�� RI� WKH� ,QWHUQDWLRQDO� 6SDFH� 6WDWLRQ� �,66�� VHOHFWHG

RSHUDWLRQ� VFHQDULRV�� OLNH� URXWLQH� RSHUDWLRQV� RU� RSHUDWLRQV� GXULQJ� IDLOXUHV� DQG

DQRPDOLHV�FDQ�EH�WHVWHG�LQ�DGYDQFH��WUDLQLQJ�FUHZ�DQG�JURXQG�FRQWURO��2QFH�LQVWDOOHG

LQ�RUELW��WKH�V\VWHP�FDQ�ZRUN�ZLWK�UHDO�WHOHPHWU\�GDWD�DQG�VHQG�EDFN�WHOHFRPPDQGV

WR�WKH�HQG�LWHPV�LQ�WKH�PRGXOH�

*UDSKLFDO�6WUXFWXUH

$� FRPSOHWH� DQDO\VLV� RI� WKH� SK\VLFDO� OD\RXW� RI� WKH� $30� LQFOXGLQJ� DOO� UHOHYDQW

PHFKDQLFDO� VWUXFWXUHV�� HQG�LWHPV�� DQG� FLUFXLWV� ZDV� FDUULHG� RXW� WR� GHYHORS� D� ORJLFDO

KLHUDUFK\�RI�DOO�HOHPHQWV��(QG�LWHPV�ZHUH�FODVVLILHG�ZLWK�UHVSHFW�WR�ORJLFDO�VXEV\VWHPV

RU�IXQFWLRQDO�JURXSV��$�VFKHPDWLF��'�DQG��'�UHSUHVHQWDWLRQ�IRU�HDFK�HQG�LWHP�ZDV

GHVLJQHG��7KH��'�ORJLFDO�JUDSK�SURYLGHV�D�KLHUDUFK\�RI�IXQFWLRQDOLW\�DQG�IXQFWLRQDO

JURXSLQJ�DQG�LV�IL[HG�VFUHHQ�DOLJQHG�LQ�WKH�SODQH�RI�]HUR�SDUDOOD[��7KH�SODFHPHQW�RI

LWHPV�GLUHFWO\�LQ��'�RQ�WKH�RWKHU�KDQG�HQDEOHV�WKH�UHSUHVHQWDWLRQ�RI�WKH�UHDO�SK\VLFDO

VWUXFWXUH� DQG� OHDGV� WR� DQ� LPSURYHG�XQGHUVWDQGLQJ�RI� VSDWLDO� UHODWLRQVKLSV� DQG� WKXV

IXQFWLRQDO�FRQVWUDLQWV��7KH�JUDSKLFDO�UHSUHVHQWDWLRQ�LV�HQULFKHG�ZLWK�WKH�YLVXDOL]DWLRQ

RI� DOO� UHODWHG� WHOHPHWU\� GDWD� GHVFULELQJ� VWDWXV� DQG�PHDVXUHPHQWV� UHDG� LQ� UHDO� WLPH

IURP�OLIH�GDWD�VWUHDPV�
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&RQQHFWLRQV�GLVSOD\� IORZV� LQ�GLIIHUHQW� FLUFXLWV� �H�J��ZDWHU�� DLU��GDWD�EXVHV�� UHYHDOLQJ

WKH� LQWHUQDO� VWDWXV� RI� WKH� VSDFHFUDIW�� )LJXUH� ��� VKRZV� D� VFUHHQVKRW� RI� WKH� V\VWHP

ZKLOH�LQYHVWLJDWLQJ�WKH�'DWD�0DQDJHPHQW�6XEV\VWHP��'06��

3HUVRQDO�:RUNVSDFH

7R� LQWHUDFW� ZLWK� WKH� V\VWHP� ZH� GHVLJQHG� D� GHVNWRS�EDVHG� GLVSOD\� DQG� LQWHUDFWLRQ

PHWDSKRU� FDOOHG�3HUVRQDO�:RUNVSDFH� IRU� WKH� JURXQG�RSHUDWLRQ� WHDP� �)LJXUH� �����7KH

GHVNWRS�HQYLURQPHQW�IRU�HDFK�FOLHQW�VXSSRUWV�VWHUHR��'�RXWSXW�XVLQJ�VKXWWHU�JODVVHV�

7KH� WZR�KDQGHG� LQWHUIDFH� LV�GHULYHG�IURP�WKH�3HUVRQDO� ,QWHUDFWLRQ�3DQHO�PHWDSKRU

DQG�LV�FDUULHG�RXW�XVLQJ�FXVWRP��'�LQSXW�GHYLFHV��7KH�VHWXS�FRQVLVWV�RI�D�SHQ�LQ�WKH

GRPLQDQW�KDQG�DV�D�JHQHUDO�SRLQWLQJ�GHYLFH�DQG�D�SURS�²�UHSUHVHQWLQJ�WKH�GDWD�VSDFH

²�KHOG�ZLWK� WKH�QRQ�GRPLQDQW�KDQG� IRU� VLPSOH� URWDWLRQV�� WUDQVODWLRQV�DQG�]RRPLQJ

RSHUDWLRQV�� %RWK� GHYLFHV� DUH� WUDFNHG� LQ� SRVLWLRQ� DQG� RULHQWDWLRQ� ZLWK� $VFHQVLRQ

0LQL%LUG�WUDFNHU�DQG�KDG�EXWWRQV�IRU�PRGH�VZLWFKLQJ��)LJXUH�����

)LJXUH���� 95�0&6� ²� 6FUHHQVKRW� RI� WKH� V\VWHP� ZKLOH� PRQLWRULQJ� WKH
RSHUDWLRQ�RI�SDUWLFLSDWLQJ�LWHPV�
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)LJXUH���� 3HUVRQDO� :RUNVSDFH� ²� 6\VWHP� VHWXS� VKRZLQJ� FRPSRQHQWV� RI� WKH
GHVNWRS� HQYLURQPHQW��1DYLJDWLRQ� SURS� DQG� WKH� SHQ� RI� WKH�:DFRP
WDEOHW�DUH�WUDFNHG�XVLQJ�D�0LQL%LUG�V\VWHP�

)LJXUH���� 3HUVRQDO�:RUNVSDFH�²�7KH�DFWXDO�KDUGZDUH�VHWXS�

:KLOH� WKH� QRQ�GRPLQDQW� KDQG� LV� HPSOR\HG� WR� RULHQW� DQG� SRVLWLRQ� WKH� JUDSKLFDO

VWUXFWXUH� RI� WKH� GDWDEDVH� GHILQLQJ� WKXV� D� IUDPH� RI� UHIHUHQFH�� WKH� GRPLQDQW� KDQG

SHUIRUPV� ILQH� JUDLQHG� DQG� SUHFLVH� LQWHUDFWLRQ� LQ� WKLV� IUDPH�� )XUWKHUPRUH� D� VWDWLF�

SUHVVXUH�VHQVLWLYH��:DFRP��VNHWFKSDG�FDQ�EH�XVHG�IRU�WKH�FRPPRQ��'�JUDSKLFDO�XVHU
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LQWHUIDFH� HOHPHQWV� OLNH� SRSXS� PHQXV�� HWF�� 7KXV� WKH� SHQ� VXSSRUWV� ERWK� GLUHFW

PDQLSXODWLRQ�RI�JUDSKLFDO�HOHPHQWV�LQ��'�DQG�WKH�ILQH�JUDLQHG�RSHUDWLRQ�RI�GHVNWRS

HOHPHQWV�LQ�D��'�PHWDSKRU��+RZHYHU�LQ�WKLV�DUUDQJHPHQW�WKH�SDQHO�GRHV�QRW�VXSSRUW

WZR�KDQGHG�LQWHUDFWLRQ�LQ�WKH�VW\OH�RI�WKH�3,3��WKH�XVH�RI�SURS�DQG�SHQ�GR�RXWZHLJK

WKLV�GUDZEDFN�

7KH� JHQHUDO� DFFHSWDQFH� RI� WKH� ZKROH� V\VWHP� ZDV� FRQYLQFLQJ�� HVSHFLDOO\

UHSUHVHQWDWLYHV� RI� WKH� WUDLQLQJ� GHSDUWPHQW� OLNHG� WKH� HGXFDWLYH� FKDUDFWHU� RI� WKH

UHSUHVHQWDWLRQ��%RWK�WKH�YLVXDOL]DWLRQ�DV�ZHOO�DV�WKH�LQWHUDFWLRQ�PHWDSKRU�ZDV�HDV\�WR

XQGHUVWDQG�� 8VHUV� DFFHSWHG� WKH� HPSOR\HG� QDYLJDWLRQ� PHWDSKRU� �JUDEELQJ� WKH

LQIRUPDWLRQ�VSDFH�E\�SXVKLQJ�WKH�EXWWRQ�RQ�WKH�SURS��YHU\�TXLFNO\��KRZHYHU�D�OLWWOH

SUDFWLFH�ZDV�QHHGHG�IRU�FRQWUROOLQJ�WKH�GHYLFH�

:H� QRWLFHG� D� GLIIHUHQFH� LQ� LQWHUDFWLRQ� EHWZHHQ� 3HUVRQDO� :RUNVSDFH� DQG� WKH� 3,3

LQWHUIDFH��7KH�WZR�KDQGHG�FKDUDFWHU�RI�WKH�RSHUDWLRQ�LV�RQO\�NHSW�DV�ORQJ�DV�WKH�XVHU

SXVKHV�WKH�EXWWRQ�RQ�WKH�SURS�LQ�WKH�QRQ�GRPLQDQW�KDQG��,V�WKLV�EXWWRQ�UHOHDVHG��WKH

ELPDQXDO� IUDPH� RI� UHIHUHQFH� GRHV� QRW� H[LVW� DQ\PRUH�� RSHUDWLRQ� EHFRPHV� D� UDWKHU

GLIILFXOW� DEVROXWH� PDQLSXODWLRQ� WDVN� LQ� WKUHH�GLPHQVLRQDO� VSDFH�� ,Q� DGGLWLRQ� WKLV� LV

XQIRUWXQDWH� LQIOXHQFHG� E\� WKH� DFFXUDF\� RI� WKH� WUDFNLQJ� V\VWHP� WKDW� KDV� WR� RSHUDWH

XQGHU�WKH�ZRUVW�SRVVLEOH�FRQGLWLRQV�²�LQ�IURQW�RI�DQ�HOHFWURPDJQHWLF�VRXUFH�DQG�RYHU

WKH�SDQHO��ZKLFK�LV�D�PHWDOOLF�GHYLFH�DQG�FDXVHV�GLVWRUWLRQV�

$QDO\]LQJ� WKH� UHVXOWV� ZH� FDQ� VXPPDUL]H� WKDW� LW� LV� SRVVLEOH� WR� WUDQVIHU� WKH� 3,3

LQWHUIDFH� LQWR� D� GHVNWRS� HQYLURQPHQW� OLNH� DOVR� SUHVHQWHG� LQ� >6DFKV�� ����@� DQG

>%LOOLQJKXUVW�� ����@�� KRZHYHU� QR� VLJQLILFDQW�PRGLILFDWLRQV� VKRXOG� EH� LQWURGXFHG�� $

PRUH� FDUHIXO� LQYHVWLJDWLRQ� RI� WKH� LQWHUDFWLRQ� VFHQDULR� FDQ� LPSURYH� SHUIRUPDQFH� LQ

QH[W�JHQHUDWLRQV�RI�WKLV�W\SH�RI�LQWHUIDFH�

1HYHUWKHOHVV�WKH�PL[WXUH�RI��'�DQG��'�LQWHUDFWLRQ�VHHPV�WR�EH�DQ�LQWHUHVWLQJ�ILHOG

IRU�IXWXUH� LQYHVWLJDWLRQV��DV� WKH�QDYLJDWLRQ�SURS� LQ�WKH�QRQ�GRPLQDQW�KDQG�FDQ�VWLOO

EH�XVHG�ZKHQ�WKH�SHQ�LV�HPSOR\HG�LQ�FRPELQDWLRQ�ZLWK�WKH�SUHVVXUH�VHQVLWLYH�SDQHO

DV� D� SXUHO\� �'� LQWHUDFWLRQ� GHYLFH�� 7KH� RYHUDOO� V\VWHP� FRQFHSW� UHFHLYHV

DFNQRZOHGJPHQW�LQ�RWKHU�DSSOLFDWLRQ�ILHOGV��H�J��EXLOGLQJ�LQIUDVWUXFWXUH�PRQLWRULQJ�RU

WKH�PRQLWRULQJ�DQG�FRQWURO�RI�FRPSOH[�PDFKLQHV�RQ�HDUWK�
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���� 3,3�IRU�WKH�&$9(�(QYLURQPHQW

:KLOH� LQYHVWLJDWLQJ� WKH� EHKDYLRU� RI� WKH� LQWHUIDFH� LQ� WKH�0D]H�*DPH�� GHVFULEHG� LQ

FKDSWHU��������ZH�REVHUYHG�WKDW�WKH�LQGLUHFWLRQ�RI�WKH�SK\VLFDO�PDQLSXODWLRQ�DQG�WKH

YLVXDO� IHHGEDFN� GRHV� QRW� SUHYHQW� XVHUV� WR� LQWHUDFW� ZLWK� WKH� 3,3� LQWHUIDFH�� 7KH

REVHUYDWLRQ�ZLWK�WKH�JDPH�LQVSLUHG�WR�WU\�WKH�LQWHUIDFH�LQ�IURQW�RI�D�SURMHFWLRQ��ZKHUH

VLPLODU�WR�WKH�GHVNWRS�VHWXS��WKH�YLVLEOH�LPDJH�LV�JHQHUDWHG�EHKLQG�WKH�SODFH�RI�DFWXDO

LQWHUDFWLRQ��7KH� VHWXS�ZH�XVH� LV� D� ODUJH� VFUHHQ�SURMHFWLRQ�ZKHUH� WKH�XVHU� VWDQGV� LQ

IURQW� RI� WKH� SURMHFWLRQ� ZDOO�� 'HVSLWH� WKLV� GLIIHUHQFH� LQ� WKH� RXWSXW� WHFKQRORJ\� WKH

HPSOR\HG�KDUGZDUH�LV�VLPLODU�WR�WKH�DXJPHQWHG�YHUVLRQ�RI�3,3�

$V� WKH� XVHU� ZDV� QRW� KHDG�WUDFNHG� LQ� WKLV� HQYLURQPHQW� ZH� KDG� WR� PRGLI\� RXU

DSSOLFDWLRQ��:H�SODFHG�D�YLUWXDO�FDPHUD�EHKLQG�WKH�XVHUV�SRVLWLRQ�WKDW�ORRNHG�WRZDUGV

WKH� HQYLURQPHQW��7KH� H[SHULPHQW� VKRZHG� WKDW� LW� LV� SRVVLEOH� WR�XVH� WKH�3,3� LQ� WKLV

HQYLURQPHQW�� ZKHUH� RQO\� WKH� YLUWXDO� FDPHUD� ZDV� UHJLVWHUHG� LQ� UHODWLRQ� WR� WKH

LQWHUDFWLRQ� SURSV�� EXW� QRW� WKH� UHVW� RI� WKH� HQYLURQPHQW�� ,Q� WKLV� W\SH� RI� 95� VHWXS

QDYLJDWLRQ�EHFRPHV�PXFK�PRUH� LPSRUWDQW�� DV� WKH�YLUWXDO� FDPHUD� LV�QRW�DWWDFKHG� WR

WKH�RZQ�YLHZSRLQW�

7KH�&$9(�V\VWHP�LQ�>&UX]�1HLUD������D@�LV�EDVLFDOO\�FRPSDUDEOH�WR�RXU�VHWXS�RI�WKH

RQH�ZDOO� SURMHFWLRQ�� ,W� SURYLGHV� GXH� WR� LWV� DUUDQJHPHQW� D� EHWWHU� FRYHUDJH� RI� WKH

KXPDQ� YLVXDO� ILHOG� DQG� XVHV� WLPH�LQWHUOHDYHG� VWHUHRVFRSLF� SURMHFWLRQ� WKDW� FDQ� EH

YLHZHG�ZLWK� VKXWWHU� JODVVHV��&XUUHQWO\�PRVW�&$9(�DSSOLFDWLRQV�XVH� WKH�ZDQG� LQSXW

GHYLFH� WR� FRQWURO� DSSOLFDWLRQV�� %DVHG� RQ� RXU� H[SHULHQFH� ZH� WKLQN� WKDW� WKH� 3,3

LQWHUIDFH�FRXOG�DOVR�VXSSRUW�DSSOLFDWLRQV�LQ�WKH�&$9(��ZKHUH�WKH�OHDGLQJ�XVHU�LV�HYHQ

KHDG�WUDFNHG�IRU�FRUUHFW�VWHUHRVFRS\�

'HVSLWH�EHLQJ�DEOH�WR� LQWHUDFW�ZLWK�WKH� LQYROYHG� LQGLUHFWLRQ�VLPLODU� WR�FXUUHQW�VWDWH�

RI�WKH�DUW�PRXVH�EDVHG�GHVNWRS�V\VWHPV��VRPH�WHVW�SHUVRQV�QRWHG�WKDW�WKH\�OLNHG�WR

VHH�WKH�LQWHUIDFH�GLUHFWO\�RQ�WKH�SDQHO��7KLV�LQVSLUHG�6FKPDOVWLHJ�>6FKPDOVWLHJ������D@

WR�LPSOHPHQW�D�WUDQVSDUHQW�YHUVLRQ�RI�WKH�3HUVRQDO�,QWHUDFWLRQ�3DQHO�
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)LJXUH���� 8VLQJ�WUDQVSDUHQW�SURSV�IRU�LQWHUDFWLRQ�ZLWK�WKH�9LUWXDO�7DEOH

���� 3,3�IRU�7DEOH�(QYLURQPHQWV

7KH�SUHVHQWHG�V\VWHP�LQ�)LJXUH����XVHV�WUDQVSDUHQW�SURSV�IRU�WZR�KDQGHG�LQWHUDFWLRQ

RQ�WKH�%DUFR�%$521�>%DUFR������@�9LUWXDO�7DEOH��97���D�WDEOHWRS�95�GLVSOD\�EDVHG

RQ�D�ZRUNEHQFK�PHWDSKRU�>.U�JHU������@��8VHUV�PXVW�ZHDU�VKXWWHU�JODVVHV�WR�VHH�WKH

WLPH�LQWHUOHDYHG� VWHUHRVFRSLF� LPDJH�� 7KH� KHDG� RI� WKH� XVHU� LQWHUDFWLQJ� ZLWK� WKH

DSSOLFDWLRQ�XVLQJ�D�PRGLILHG�3,3�LQWHUIDFH�LV�WUDFNHG�LQ�SRVLWLRQ�DQG�RULHQWDWLRQ��7KH

RULJLQDO�SHQ�DQG�SDQHO�DUH� UHSODFHG�E\� WUDQVSDUHQW�YHUVLRQV�RI� WKH�SURSV��%DVHG�RQ

WKH� WUDFNHU� LQIRUPDWLRQ� WKH� V\VWHP� RYHUOD\V� WKH� SK\VLFDO� SURSV� XVLQJ� WKH� EDFN�

SURMHFWHG�GLVSOD\�RI�WKH�97��7KLV�NLQG�RI�LQYHUVH�DXJPHQWHG�UHDOLW\�ZH�FDOO�DXJPHQWHG

95�� 7KH�97� WKHUHE\� SURYLGHV� DQ� HQKDQFHG�ZRUNVSDFH�ZLWK� FDSDEOH�PXOWLSXUSRVH

WRROV��)ROORZLQJ�OLVW�VXPPDUL]HG�WKH�LPSOHPHQWHG�WRROV�

◊ 7RRO�DQG�REMHFW�SDOHWWH��7KH�SDG�FDQ�FDUU\�WRROV��FRQWUROV�DQG�RIIHU�FROOHFWLRQV�RI��'

REMHFWV�WR�FKRRVH�IURP�DV�RWKHU�3,3�DSSOLFDWLRQV�SUHVHQWHG�DERYH�

◊ :LQGRZ� WRROV��'XH� WR� WKH� WUDQVSDUHQW� UHQGHUHG�YLUWXDO� UHSUHVHQWDWLRQ�RI� WKH�3,3

WKH�XVHU�FDQ�VHH�WKURXJK�WKH�SDQHO�LQWR�WKH�VFHQH��LW�EHFRPHV�D�VHH�WKURXJK�WRRO

�DV�H�J��LQ�>:ORND������@��
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)LJXUH���� 7KH�9LUWXDO�/DQGVFDSLQJ�DSSOLFDWLRQ�DOORZV�WKH�GHVLJQ�RI�D�FLW\�OD\RXW
XVLQJ�VRSKLVWLFDWHG�WRROV� OLNH�WKH�WKURXJK�WKH�SODQH�VHOHFWLRQ�DQG�WKH�;�
UD\�OHQV�IRU�XQGHUJURXQG�PDQLSXODWLRQ�

◊ 7KURXJK�WKH�SODQH�WRRO��7KH�XVHU�FDQ�RULHQW�WKH�ZLQGRZ�GHILQHG�E\�WKH�SDG�DQG�WKHQ

PDQLSXODWH�REMHFWV�DV�VHHQ�WKURXJK�WKH�SDG�� L��H��PDQLSXODWH� WKH��'�SURMHFWLRQV

RI� REMHFWV� RQ� WKH� SDG�� 7KLV� DSSURDFK� LV� VLPLODU� WR� WKH� LPDJH�SODQH� LQWHUDFWLRQ

WHFKQLTXHV� DV� SUHVHQWHG� LQ� >3LHUFH�� ����@�� KRZHYHU� LW� KDV� WZR� LPSRUWDQW

DGYDQWDJHV� RYHU� LW�� 7KH� �'� SODQH� RQWR� ZKLFK� REMHFWV� DUH� SURMHFWHG� LV� HDVLO\

PDQLSXODWHG� E\� PRYLQJ� RU� RULHQWLQJ� WKH� SDG� ZLWKRXW� WKH� QHHG� WR� PRYH� RQH·V

SRLQW�RI�YLHZ��7KH�SK\VLFDO�VXUIDFH�RI�WKH�SDG�SURYLGHV�D�FOHDU�GHILQLWLRQ�RI�WKH

�'�PDQLSXODWLRQ�SODQH�DQG�DGGV�WDFWLOH�IHHGEDFN�WR�RSHUDWLRQV�SHUIRUPHG�RQ�WKH

�'�LPDJH�

◊ 9ROXPHWULF� PDQLSXODWLRQ� WRRO�� 7KH� SDG� LWVHOI� FDQ� EH� XVHG� IRU� DFWLYH� RQH�KDQGHG

REMHFW�PDQLSXODWLRQ��DV�H�J��LQ�>6WRDNOH\������@���([SORLWLQJ�WKH�IDFW�WKDW�WKH�SDG

KDV� D� VSDWLDO� H[WHQW�� XQOLNH� WKH� KRW� VSRW� UHSUHVHQWHG� E\� WKH� SHQ� WLS� WKDW� KDV� D

WKHRUHWLFDO�GLPHQVLRQ�RI�]HUR��%\�VZHHSLQJ�WKH�SDQHO�WKURXJK�VSDFH�D�YROXPH�LV

GHILQHG� WKDW� FDQ� EH� XVHG� H�J�� IRU� VHOHFWLRQ� RI� D� QXPEHU� RI� REMHFWV�� OLNH� WKH

GHVFULEHG�ILVK�QHW�PHWDSKRU�LQ�>6FKPDOVWLHJ������D@�

7KH�PHWDSKRUV�DUH�LPSOHPHQWHG�E\�6FKPDOVWLHJ�LQWR�D�9LUWXDO�/DQGVFDSLQJ�DSSOLFDWLRQ

WKDW�DOORZV�WRZQ�SODQQLQJ�LQ�DQ�DXJPHQWHG�95�VHWXS��)LJXUH������%XLOGLQJV�DQG�RWKHU

WHUUDLQ�HOHPHQWV�FDQ�EH�SODFHG�WKURXJKRXW�WKH�PDS�UHSUHVHQWLQJ�WKH�ODQGVFDSH��7KH

ODQGVFDSH� LV�SURMHFWHG� LQ��'�RQ�WKH�WDEOH��JLYLQJ�WKH�IHHOLQJ�WKDW� WKH�SODFHG�REMHFWV

UHDFK�RXW�RI�WKH�WHUUDLQ�
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$� FDEOH� 79� URRWLQJ� WRRO� DOORZV� WKH� GHVLJQ� RI� XQGHUJURXQG� FDEOHV�� 7R� VHH� XQGHU� WKH

JURXQG� DQ� ;�UD\� OHQV� LV� XVHG� WKDW� LV� ERXQG� WR� WKH� EDFNVLGH� RI� WKH� SDQHO�� WKXV

LPPHGLDWHO\� DYDLODEOH� ZKHQHYHU� QHHGHG�� ,QIRUPDWLRQ� RYHUOD\V� HQULFK� WKH� YLVXDOL]DWLRQ

DQG� KHOS� WR� XQGHUVWDQG� WKH� SUHVHQWHG� GDWD��7KURXJK�WKH�SODQH� VHOHFWLRQ� FDQ� EH� XVHG� WR

PDNH�TXLFN�VHOHFWLRQV�IURP�D�ODUJH�VHW�RI��'�GDWD�LWHPV��)LQDOO\�D��'�KLVWRU\�VQDSVKRW

IXQFWLRQ� IL[DWHV� GLIIHUHQW� GHVLJQ� VWDJHV� LQ� �'�� WKDW� FDQ� EH� UHDFWLYDWHG� LI� GHVLUHG�

6QDSVKRWV�FDQ�EH�SODFHG�LQ�IUHH�VSDFH��VXSSRUWLQJ�FRPSDULVRQ�RI�GHVLJQ�YDULDQWV�

7KH� V\VWHP�ZDV� LQIRUPDOO\� WHVWHG�ZLWK� VHYHUDO� XVHUV��PRVW� RI�ZKLFK�KDG� FRPSXWHU

�GHVNWRS��H[SHULHQFH�EXW�OLWWOH�H[SHULHQFH�ZLWK�95�V\VWHPV��7KH\�JHQHUDOO\�IRXQG�WKH

GHVLJQ�YHU\�DSSHDOLQJ�DQG�ZHUH�DEOH�WR�SHUIRUP�VLPSOH�ODQGVFDSLQJ�WDVNV�DIWHU�D�IHZ

PLQXWHV� RI� LQLWLDO� LQVWUXFWLRQ��:H� GLG� QRW� REVHUYH� DQ\� GLIILFXOWLHV� LQ� XQGHUVWDQGLQJ

WKH�WRROV��&RPSODLQWV�PDLQO\�DGGUHVVHG�WHFKQLFDO� LQDGHTXDFLHV� OLNH� WUDFNHU�HUURU�� ODJ

RU�IUDPH�UDWH�

���� 3URSRVHG�)XUWKHU�$SSOLFDWLRQ�$UHDV�DQG�(QYLURQPHQWV

8VLQJ� WKH� EDVLF� XQGHUO\LQJ� PHWDSKRU� RI� WKH� 3HUVRQDO� ,QWHUDFWLRQ� 3DQHO� ZH� KDYH

FRQVWUXFWHG�PDQ\� VROXWLRQV� IRU� GLIIHUHQW� HQYLURQPHQWV�� 5HO\LQJ� RQ� WKH� H[SHULHQFH

OHDUQHG�IURP�WKH�SURFHVV�RI�GHVLJQ��LQWURGXFWLRQ��DQG�DQDO\VLV�LQ�GLIIHUHQW�VFHQDULRV�

ZH�FDQ�VSHFXODWH�WR�SURSRVH�IXUWKHU�DSSOLFDWLRQ�ILHOGV�DQG�HQYLURQPHQWV�RI�WKH�PHWDSKRU�

)URP�SRLQW�RI�YLHZ�RI� WKH�DSSOLFDWLRQ� ILHOG��SUREOHPV�WKDW�UHTXLUH�D�GLUHFW� LQWHUDFWLRQ

ZLWK� �'�GDWD� FDQ� EHQHILW� IURP� WKH� LQWHUIDFH��$UFKLWHFWXUDO� GHVLJQ� RU� WRZQ� SODQQLQJ� IRU

H[DPSOH�QHHG�WR�GUDIW�OD\RXWV��PRGLI\��DQG�SHUIHFW�WKHP�WR�WKH�ILQDO�VROXWLRQ��8VLQJ

WKH�3,3� LQWHUIDFH� WKLV� SURFHVV� FDQ�EH� HQULFKHG�ZLWK� WKH� GLUHFW� �'� FKDUDFWHU� RI� WKH

LQWHUDFWLRQ�DQG�GLVSOD\��:KHQ�LQWHJUDWHG�WLJKWO\� LQ� WKH�ZKROH�GHVLJQ�SURFHVV��GHVLJQ

GUDIWV� PDGH� XVLQJ� WKH� GLUHFW� PDQLSXODWLRQ� WHFKQLTXHV� FDQ� VHUYH� DV� IXQGDPHQW� IRU

IXUWKHU�SURFHVVLQJ��6LPLODU�HQJLQHHULQJ� WDVNV�FRXOG�XVH� WKH�3,3� IRU� LQWHUDFWLRQ�ZLWK

YLUWXDO�SURWRW\SHV�RI�WKHLU�FRQFHSWV��,Q�WKLV�FDVH�HQJLQHHUV�FDQ�IRFXV�RQ�WKH�SUREOHP�RI

SURWRW\SH� GHVLJQ�� EHFDXVH� WKH� IOH[LELOLW\� RI� WKH� LQWHUIDFH� VXSSRUWV� HDVLO\� GLIIHUHQW

YDULDQWV�RI�WKH�GHVLJQ�PRGHO�

6LPLODU� WR� VFLHQWLILF� YLVXDOL]DWLRQ� ,QIRUPDWLRQ�9LVXDOL]DWLRQ� LV� EHFRPLQJ� DQ� LPSRUWDQW

ILHOG� RI� UHVHDUFK� LQ� WKH� ODVW� \HDUV�� &RPSOH[� PXOWL�GLPHQVLRQDO� GDWDEDVHV� FDQ� EH

LQYHVWLJDWHG� XVLQJ� LQIRUPDWLRQ� YLVXDOL]DWLRQ� WHFKQLTXHV� WR� JHW� PRUH� LQVLJKW� LQ� WKH
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IORRG�RI� QXPEHUV��8VLQJ� �'�YLVXDOL]DWLRQ�PHWKRGV� IRU� WKLV� GDWD�� QDYLJDWLRQ� LQ� WKH

GDWDEDVH�DQG�VHOHFWLRQ�RI�RU�LQWHUDFWLRQ�ZLWK�WKH�HOHPHQWV�EHFRPHV�D�FUXFLDO�HOHPHQW

RI� VXFFHVV�� 7KH� 3,3� LQWHUIDFH� FDQ� VXSSRUW� WKLV� WDVN� GXH� WR� LWV� QDWXUDOQHVV� DQG

XQHQFXPEHULQJ� FKDUDFWHU� WKDW� ZDV� VKRZHG� LQ� GLIIHUHQW� H[LVWLQJ� DSSOLFDWLRQV�

(VSHFLDOO\� LQWHUDFWLYH� LQIRUPDWLRQ� ILOWHULQJ� WHFKQLTXHV� LQ� FRPELQDWLRQ� ZLWK� WKH

6($0�PHFKDQLVP�>6FKPDOVWLHJ������E@�VHHP�WR�EH�SURPLVLQJ�LQ�WKLV�ILHOG�

)URP�WKH�DSSOLFDWLRQ�HQYLURQPHQW�SHUVSHFWLYH��WKH�3HUVRQDO�,QWHUDFWLRQ�3DQHO�PHWDSKRU

LV�FORVHO\�UHODWHG�WR�WKH�UDSLGO\�JURZLQJ�QXPEHU�RI�3HUVRQDO�'LJLWDO�$VVLVWDQWV��3'$�

DV� VKRZQ� LQ� )LJXUH� ���� &XUUHQWO\� WKHVH� GHYLFHV� DUH� IDU� IURP� WKH� IOH[LELOLW\� DQG

WHFKQRORJ\�QHHGHG�WR�LPSOHPHQW�D�PRELOH�YHUVLRQ�RI�WKH�3,3��KRZHYHU�WKH\�KDYH�WKH

SRWHQWLDO� WR�GHYHORS� LQ� WKLV�GLUHFWLRQ��$�EDVLF� FULWHULRQ� IRU� WKH� LPSOHPHQWDWLRQ� LV� D

VROXWLRQ� IRU� VSDWLDO� DZDUHQHVV� DQG� UHJLVWUDWLRQ� ZLWK� WKH� UHDO� HQYLURQPHQW�� )HLQHU

VKRZV� LQ� >)HLQHU�� ����@� ILUVW� VWHSV� WRZDUGV� WKLV� VROXWLRQ� XVLQJ� GLIIHUHQWLDO� *36

WHFKQRORJ\��$V�KRORJUDSKLF� WHFKQRORJLHV� LQ� IUHH� VSDFH�DUH� IDU� IURP�UHDOL]DWLRQ�� LQ�D

ILUVW� DWWHPSW� DXWRVWHUHRVFRSLF� GLVSOD\� WHFKQRORJ\� RQ� WKH� SDQHO�� VLPLODU� WR� WKH

SURWRW\SH� SUHVHQWHG� LQ� >'�'�� ����@� FRXOG� VXSSRUW� �'� GLVSOD\� ZLWKRXW� JODVVHV�

)LQDOO\�WKH�LQWHUDFWLRQ�GHYLFH��H�J��SHQ��IRU�PDQLSXODWLQJ�WKH�DXJPHQWHG�FRQWHQW�PXVW

DOVR�EH�WUDFNHG�WR�HQDEOH�KDQGOLQJ�RI�WKH�LQIRUPDWLRQ�

)LQDOO\�ZH�SURSRVHG�LQWHUQDOO\�D�FRPSOHWHO\�GLIIHUHQW�DSSURDFK�IRU�WKH�3'$�JRDO�²�WR

KDYH� LQIRUPDWLRQ� DYDLODEOH� DQ\WLPH� DQG� HYHU\ZKHUH�� 8ELTXLWRXV� FRPSXWLQJ� UHVHDUFK

JDWKHUV�DURXQG�WKHVH�LGHDV�WR�VKRZ�GLUHFWLRQV�IRU�IXWXUH�DSSOLFDWLRQV��2XU�SURSRVDO

GHVFULEHV�D�IXWXUH�OLJKWZHLJKW�KHDG�ZRUQ�VWHUHRVFRSLF�GLVSOD\��QRW�PXFK�YROXPLQRXV

WKDQ� WRGD\·V� VXQJODVVHV�� 7KH� JODVVHV� DFFRPPRGDWH� PLQLDWXUH� FDPHUDV� IRU� RSWLFDO

WUDFNLQJ� DQG� UHJLVWUDWLRQ� SXUSRVHV�� :KHQHYHU� QHHGHG� ²� H�J�� GXULQJ� D� GLVFXVVLRQ

VLWWLQJ�DURXQG�D�WDEOH�²�WKH�V\VWHP�VHDUFKHV�IRU�D�IODW�VXUIDFH�LQ�UHDFK�RI�WKH�XVHU��H�J�

D� VKHHW� RI� HPSW\� SDSHU� RQ� WKH� WDEOHWRS�� DQG� DXJPHQWV� D� �'� GLVSOD\� DERYH� WKH

VXUIDFH��,I�WKH�XVHU�KDV�VRPH�NLQG�RI�SHQ�VW\OH�GHYLFH�LQ�KLV�KDQG��WKDW� LV�UHJLVWHUHG

DQG�VHUYHV�IXUWKHU�DV�LQWHUDFWLRQ�GHYLFH�WR�PDQLSXODWH�WKH�DXJPHQWHG�RYHUOD\��8VLQJ

ZLUHOHVV�G\QDPLF�QHWZRUNLQJ�WHFKQRORJ\�VKDULQJ�RI�WKH�DXJPHQWHG�LQIRUPDWLRQ�FRXOG

EH� VXSSRUWHG�� WKXV�PDNLQJ�ZRUNLQJ�ZLWK� YLUWXDO� �'� LQIRUPDWLRQ� DQ� HYHU\GD\� WDVN�

7KLV�YLVLRQ�LV�RI�FRXUVH�D�KDUG�QXW�WR�FUDFN�LI�VRPHRQH�ZDQWV�WR�LPSOHPHQW�LW�LQ�HYHU\

GHWDLO��KRZHYHU�LW�FDQ�EH�GHILQHG�RI�D�IDU�IXWXUH�JRDO�WR�LQIOXHQFH�XSFRPLQJ�UHVHDUFK

LQ�WKLV�ILHOG�



Chapter Seven - Conclusions

���� &RQFOXGLQJ�5HPDUNV

7KH�ZD\�ZH�SHUFHLYH�WKH�FRQWLQXRXVO\�JURZLQJ�LQIRUPDWLRQ�HQYLURQPHQW�ZLOO�FKDQJH

GUDPDWLFDOO\� RYHU� WKH� QH[W� \HDUV��7R� DFKLHYH� D� VROXWLRQ� IRU� WKLV� SUREOHP�$XJPHQWHG

5HDOLW\�HQKDQFHV�KXPDQ�SHUFHSWLRQ�WR�H[SHULHQFH�WKH�LQIRUPDWLRQ�VSDFH�GLUHFWO\��7KLV

QHZ�WHFKQRORJ\�LQWHUPL[HV�WKH�LQIRUPDWLRQ�HQYLURQPHQW�ZLWK�RXU�UHDO�VXUURXQGLQJV

LQ�WKUHH�GLPHQVLRQV�DW�LQWHUDFWLYH�UDWHV��SURYLGLQJ�D�VPRRWK�LPPHUVLRQ�RI�WKH�XVHU�E\

WKH�FRH[LVWHQFH�RI�ERWK�VSDFHV�

7R�LQWHUDFW�ZLWK�WKH�SHUFHLYHG�YLUWXDO�LQIRUPDWLRQ��UHVHDUFK�DQG�GHYHORSPHQW�KDV�WR

SUHVHQW� QHZ� LQWHUDFWLRQ� PHWDSKRUV� WKDW� DOORZ� WKLV� VHDPOHVV� LQWHJUDWLRQ� RI� WKH

LQIRUPDWLRQ�VSDFH�LQ�RXU�UHDO�ZRUOG��$�ZLGH�VSHFWUXP�RI�GHYLFHV�DQG�PHWDSKRUV�ZHUH

SUHVHQWHG�LQ�ODVW�\HDUV�WKDW�DUH�HLWKHU�VSHFLDOL]HG�IRU�D�FHUWDLQ�WDVN�RU�UHTXLUH�WKH�XVHU

WR� OHDUQ�D�VSHFLDO� VNLOO��$Q�DQDO\VLV�RI� WKHVH� LQWHUIDFHV� OHG� WR� WKH� IRUPXODWLRQ�RI� WKH

EDVLF�GHVLJQ�JXLGHOLQHV�IRU�LQWHUDFWLRQ�LQ�DXJPHQWHG�UHDOLW\�

=V��6]DODYiUL�²�7KH�3HUVRQDO�,QWHUDFWLRQ�3DQHO
������
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7KLV�ZRUN� FRQWULEXWHV� WR� WKH� SUREOHP�RI� LQWHUDFWLQJ� LQ� DXJPHQWHG� UHDOLW\�ZLWK� WKH

LQWURGXFWLRQ�RI�D�WZR�KDQGHG�LQWHUIDFH�FRQFHSW�²�WKH�3HUVRQDO�,QWHUDFWLRQ�3DQHO��3,3��

7KH� FDUHIXO� FRQFHSWLRQ� RI� WKH� 3,3� LQWHUIDFH� UHVXOWHG� WKH� LQVLJKW� WKDW� VLPSOH

PHWDSKRUV� DEVWUDFWHG� IURP� HYHU\GD\� KXPDQ� VNLOOV� IRU� WKH� LQWHUDFWLRQ� LQ� D� QHZ

HQYLURQPHQW�KHOS�WR�LQFUHDVH�WKH�DFFHSWDQFH�RI�WKH�QHZ�LQWHUIDFH��7KH�OHVV�REWUXVLYH

D�QHZ�WHFKQRORJ\�LV��WKH�PRUH�ZLOOLQJ�DUH�SHRSOH�WR�XVH�LW�

5HVXOWLQJ�DOVR�IURP�WKH�LQYHVWLJDWLRQV�LQ�WKH�JDPLQJ�GRPDLQ��DQ�LPSRUWDQW�RXWFRPH

LV� DOVR� WKH� XQGHUVWDQGLQJ� KRZ� GHHS� WKHVH� VNLOOV� DUH� DQFKRUHG� LQ� KXPDQV�� 7KH� 3,3

LQWHUIDFH� FRQIRUPV� SUHYLRXV� UHVXOWV� LQ� ELPDQXDO� DFWLRQ�� HVSHFLDOO\� WKH� DELOLW\� IRU

DFFRPSOLVKLQJ� PDQXDO� WDVNV� ZLWK� D� EHWWHU� SHUIRUPDQFH� ZKHQ� GLYLVLRQ� RI� ODERU� LV

DV\PPHWULF�� %UHDNLQJ� WKLV� SULQFLSOH� LPPHGLDWHO\� FDQ� GHVWUR\� WKH� DGYDQWDJH� RI� WKH

SURSRVHG�QHZ�GHYLFH��7KXV� VXFFHVVIXO� VROXWLRQV�RQ� WKH�ZD\� WRZDUGV� DQ� LQWHUPL[HG

HYHU\GD\�UHDOLW\�VKRXOG�FDUHIXOO\�FRQVLGHU�WKH�KXPDQ�IDFWRU�LQYROYHG�

)XUWKHUPRUH�� WKH�DQDO\VLV�RI�WKH�EDVLF�SUREOHP�DQG�RWKHU�VROXWLRQV�KHOSHG�WR�DYRLG

WKH� WUDS� RI� EHLQJ� EOLQGHG� E\� WKH� IDQWDVWLF� IHDWXUHV� RI� D� QHZ� WHFKQRORJ\�� ,QGHHG

$XJPHQWHG� 5HDOLW\� FHUWDLQO\� RIIHUV� PXFK� PRUH� FDSDELOLWLHV� WKDQ� WRGD\� XVHG� DQG

LPDJLQHG�� EXW� DJDLQ� WKH� KXPDQ� OLQN� LQ� WKH� FKDLQ� VKRXOG� QRW� EH� LJQRUHG�� 7KH

SUHVHQWHG� LQWHUIDFH� UHIOHFWV� WKLV� LQVLJKW� LQ� WKH� LQFRUSRUDWLRQ�RI� D� �'� VXUIDFH� DV� WKH

SODFH� RI� LQWHUDFWLRQ� LQ� D� WKUHH� GLPHQVLRQDO� HQYLURQPHQW�� 0DQNLQG� LV� VXUURXQGHG

IURP� WKH� EHJLQQLQJ� RI� HYROXWLRQ� ZLWK� IODW� VXUIDFHV� LQ� WKH� UHDO� ZRUOG� DQG� WKLV� IDFW

VKRXOG�QRW�EH�RPLWWHG�ZKHQ�GHVLJQLQJ�D�QHZ�LQWHUIDFH�

7KH� VXFFHVVIXO� WUDQVODWLRQV�RI� WKH�EDVLF� XQGHUO\LQJ�PHWDSKRU� WR� RWKHU�$XJPHQWHG�

DQG�9LUWXDO�(QYLURQPHQWV�DQG�WKH�KDUG�KHDUWHG�JDPLQJ�GRPDLQ�JLYH�WKH�RSSRUWXQLW\

WR� FRQFOXGH�� WKDW� WKH� SULQFLSOH� LGHD� RI� WKH�3HUVRQDO� ,QWHUDFWLRQ�3DQHO� XQLILHV�PDQ\

RWKHU� HDUOLHU�PHWDSKRUV� DQG�PDNHV� LW� WR� D� XQLYHUVDO� LQWHUIDFH� SDUDGLJP� WR� LQWHUDFW

ZLWK�YLUWXDO�FRQWHQW�
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���� &RQVLGHUDWLRQV�IRU�WKH�)XWXUH

&HUWDLQO\�LW�ZRXOG�EH�H[FLWLQJ�WR�VHH�HYHQ�PRUH�DSSOLFDWLRQV�XVLQJ�WKH�SURSRVHG�3,3

LQWHUIDFH�� %RWK�� PRGLILFDWLRQ� RI� H[LVWLQJ� DSSOLFDWLRQV�� DV� ZHOO� DV� QHZ� DSSOLFDWLRQV

FRXOG� EXLOG� WKHLU� LQWHUIDFH� FRQFHSW� XSRQ� WKLV� ZRUN�� SURILWLQJ� IURP� WKH� SUHVHQWHG

UHVXOWV�DQG�H[SHULHQFHV�

7KLV�ZRUN�FDQ�DOVR�EH�D�IXQGDPHQWDO� WRSLF�RI�FDUU\LQJ�RXW�HPSLULFDO�PHDVXUHPHQWV

DQG�DQ�H[WHQGHG�SV\FKRORJLFDO�VWXG\�RQ�WKH�LPSDFWV�RI�WKLV�LQWHUIDFH��5HVXOWV�RI�VXFK

D� ZRUN� FRXOG� SRVVLEO\� UHIOHFWHG� EDFN� WR� WKH� SV\FKRORJLFDO� UHVHDUFK� GRPDLQ� RQ

ELPDQXDO�DFWLRQ�

)LQDOO\� RQJRLQJ� FRRSHUDWLRQ� ZLWK� WKH� *UD]� 8QLYHUVLW\� RI� 7HFKQRORJ\� SURYLGHV

SURPLVLQJ�UHVXOWV�XVLQJ�RSWLFDO� WUDFNLQJ�IRU�GHWHUPLQLQJ�SRVLWLRQ�DQG�RULHQWDWLRQ�RI

WKH� GHYLFHV� LQYROYHG�� $� EUHDN�WKURXJK� LQ� WKLV� ILHOG� FRXOG� PDNH� RXU� LQWHUDFWLRQ

FRQFHSW�DQG�LQWHUIDFH�ZLUHOHVV�DQG�XELTXLWRXV��WR�EH�UHDOO\�VHDPOHVVO\�LQWHJUDWHG�LQ�RXU

HYHU\GD\�HQYLURQPHQW�
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$Q� $XJPHQWHG� 5HDOLW\� ,QWHUIDFH� IRU� &RPSXWHU� 6XSSRUWHG
&ROODERUDWLYH� :RUN�� 3URFHHGLQJV� RI� &ROODERUDWLYH� 9LUWXDO
(QYLURQPHQWV·���������

>%LOOLQJKXUVW������@ %LOOLQJKXUVW�� 0��� %DOGLV�� 6��� 0DWKHVRQ�� /��� 3KLOLSV�� 0��� �'
3DOHWWH��$�9LUWXDO�5HDOLW\�&RQWHQW�&UHDWLRQ�7RRO��3URFHHGLQJV�RI�����
$&0�6\PSRVLXP�RQ�9LUWXDO�5HDOLW\�6RIWZDUH�DQG�7HFKQRORJ\��9567·����
������SS����������

>%ROW������@ %ROW��5�$���´3XW�7KDW�7KHUHµ��9RLFH�DQG�*HVWXUH�DW� WKH�*UDSKLFV
,QWHUIDFH�� &RPSXWHU� *UDSKLFV� �3URFHHGLQJV� RI� $&0� 6,**5$3+� 
��
&RQIHUHQFH���9RO������1R�����-XO\��������SS����������

>%UROO������@ %UROO��:���950/��)URP�WKH�:HE�WR�,QWHUDFWLYH�0XOWL�8VHU�9LUWXDO
5HDOLW\��3URFHHGLQJV� RI�*,�:RUNVKRS� RQ�0RGHOOLQJ��9LUWXDO�:RUOGV�� DQG
'LVWULEXWHG�*UDSKLFV��%RQQ�������

>%URRNV������@ %URRNV�� )�� 3��� -U���2XK�<RXQJ��0��� %DWWHU�� -�� -���.LOSDWULFN�� 3�� -��
3URMHFW� *523(� �� +DSWLF� 'LVSOD\V� IRU� 6FLHQWLILF� 9LVXDOL]DWLRQ�
&RPSXWHU� *UDSKLFV� �3URFHHGLQJV� RI� $&0� 6,**5$3+·��� &RQIHUHQFH��
9RO������1R�����$XJXVW�������SS����������



7+(�3(5621$/�,17(5$&7,21�3$1(/�²�$�7:2�+$1'('�,17(5)$&(�)25�$8*0(17('�5($/,7<

&+$37(5�1,1(�²�3$*(����

>%URRNV������@ %URRNV�� )�� 3��� -U��� 7KH� &RPSXWHU� 6FLHQWLVW� DV� 7RROVPLWK� ,,�
&RPPXQLFDWLRQV�RI�WKH�$&0��9RO������1R�����������SS��������

>%U\VRQ������@ %U\VRQ�� 6��� 7KH� 9LUWXDO� :LQG� 7XQQHO�� 3URFHHGLQJV� RI� ,(((
9LVXDOL]DWLRQ·����������SS�������

>%U\VRQ������@ %U\VRQ�� 6��� 7KH� 'LVWULEXWHG� 9LUWXDO� :LQG� 7XQQHO�� 3URFHHGLQJV� RI
6XSHUFRPSXWLQJ� ·��� DOVR� LQ�$&0� 6,**5$3+·��� &RXUVH�1RWHV��1R�
����������SS�����������

>%XNRZVNL������@ %XNRZVNL��5��:��� 6pTXLQ��&��+���2EMHFW�$VVRFLDWLRQV� ��$� 6LPSOH
DQG�3UDFWLFDO�$SSURDFK� WR�9LUWXDO� �'�0DQLSXODWLRQ��3URFHHGLQJV� RI
�����$&0�6\PSRVLXP�RQ�,QWHUDFWLYH��'�*UDSKLFV��,�'*
�����9RO�����
$SULO�������SS����������

>%XWWHUZRUWK������@ %XWWHUZRUWK��-���'DYLGVRQ��$���+HQFK��6��2ODQR��0����'0���$
7KUHH� 'LPHQVLRQDO� 0RGHOHU� 8VLQJ� D� +HDG�0RXQWHG� 'LVSOD\�
3URFHHGLQJV� RI� ����� $&0� 6\PSRVLXP� RQ� ,QWHUDFWLYH� �'� *UDSKLFV
�,�'*
�����9RO������1R�����������SS����������

>%X[WRQ������@ %X[WRQ��:���0\HUV��%���$�6WXG\� LQ�7ZR�+DQGHG�,QSXW��3URFHHGLQJV
RI�&RPSXWHU�+XPDQ�,QWHUDFWLRQ�&+,·����������SS����������

>%X[WRQ������@ %X[WRQ�� :��� 7KHUH·V� PRUH� WR� ,QWHUDFWLRQ� WKDQ� 0HHWV� WKH� (\H�
6RPH�LVVXHV�LQ�PDQXDO�LQSXW��,Q�-��3UHHFH��/��.HOOHU�DQG�+��6WRON�
HGLWRUV��+XPDQ�&RPSXWHU� ,QWHUDFWLRQ�� 3UHQWLFH�+DOO�� ������ SS�� ����
����

>&DUOVVRQ������@� &DUOVVRQ�� &��� +DJVDQG�� 2��� ',9(� �� $� 3ODWIRUP� IRU� 0XOWL�8VHU
9LUWXDO�(QYLURQPHQWV��&RPSXWHUV�	�*UDSKLFV��9RO������1R�����������
SS����������

>&KHQ������@ &KHQ�� 0��� 0RXQWIRUG�� 6��� 6HOOHQ�� $�� $� 6WXG\� LQ� ,QWHUDFWLYH� ��'
5RWDWLRQ�8VLQJ���'�&RQWURO�'HYLFHV��&RPSXWHU�*UDSKLFV��3URFHHGLQJV
RI�$&0�6,**5$3+�
���&RQIHUHQFH���9RO������������SS����������

>&RKHQ������@ &RKHQ�� -�� '��� /LQ�� 0�� &��� 0DFKRYD�� '��� 3RQDPJL�� 0��
,B&2//,'(�� $Q� ,QWHUDFWLYH� DQG� ([DFW� &ROOLVLRQ� 'HWHFWLRQ
6\VWHP� IRU� /DUJH�6FDOH� (QYLURQPHQWV�� 3URFHHGLQJV� RI� ����� $&0
6\PSRVLXP�RQ�,QWHUDFWLYH��'�*UDSKLFV��,�'*
�����9RO������$SULO������
SS����������

>&RQQHU������@ &RQQHU�� '�%��� 6QLEEH�� 6�6��� +HUQGRQ�� .�3��� 5REELQV�� '�&��
=HOH]QLN�� 5�&��� 'DP�� $�� YDQ�� 7KUHH�'LPHQVLRQDO� :LGJHWV�
3URFHHGLQJV� RI� ����� $&0� 6\PSRVLXP� RQ� ,QWHUDFWLYH� �'� *UDSKLFV
�,�'*
�����9RO������1R�����������SS����������

>&UX]�1HLUD������D@ &UX]�1HLUD��&���6DQGLQ��'�-���'H�)DQWL��7�$���6XUURXQG�6FUHHQ
3URMHFWLRQ�%DVHG�9LUWXDO�5HDOLW\��7KH�'HVLJQ�DQG�,PSOHPHQWDWLRQ
RI�WKH�&DYH��&RPSXWHU�*UDSKLFV��3URFHHGLQJV�RI�$&0�6,**5$3+·��
&RQIHUHQFH���9RO������$XJXVW�������SS����������

>&UX]�1HLUD������E@ &UX]�1HLUD��&���HW��DO���6FLHQWLVWV�LQ�:RQGHUODQG��$�5HSRUW�RQ
9LVXDOL]DWLRQ� $SSOLFDWLRQV� LQ� WKH� &$9(� 9LUWXDO� 5HDOLW\
(QYLURQPHQW�� 3URFHHGLQJV� RI� WKH� ,(((� ����� 6\PSRVLXP� RQ� 5HVHDUFK
)URQWLHUV� LQ� 9LUWXDO� 5HDOLW\��9LVXDOL]DWLRQ� ·���� 6DQ� -RVH�� &$�� 86$�
2FWREHU�������SS��������
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>&XWOHU������@ &XWOHU�� /�� '��� )U|KOLFK�� %��� +DQUDKDQ�� 3��� 7ZR�+DQGHG� 'LUHFW
0DQLSXODWLRQ� RQ� WKH� 5HVSRQVLYH� :RUNEHQFK�� 3URFHHGLQJV� RI� ����
$&0� 6\PSRVLXP� RQ� ,QWHUDFWLYH� �'�*UDSKLFV� �,�'*
����� 3URYLGHQFH�
5LFKPRQG��86$��������SS����������

>'�'������@ 7HFKQLFDO� 8QLYHUVLW\� RI� 'UHVGHQ�� '�'� ²� 7KH� 'UHVGHQ� �'
'LVSOD\��KWWS���NDVWRU�LQI�WX�GUHVGHQ�GH�'�'��������

>'DUHOO������@ 'DUHOO�� 7��� 0DHV�� 3��� %OXPEHUJ�� %��� 3HQWODQG�� $�� 3��� $� 1RYHO
(QYLURQPHQW� IRU� 6LWXDWHG� 9LVLRQ� DQG� %HKDYLRU�� $YDLODEOH� DV
7HFKQLFDO�5HSRUW�1R�������0,7�0HGLD�/DERUDWRU\��3HUFHSWXDO�&RPSXWLQJ
6HFWLRQ�������

>'DUNHQ������@ 'DUNHQ�� 5��� 6LEHUW�� -��� $� 7RROVHW� IRU� 1DYLJDWLRQ� LQ� 9LUWXDO
(QYLURQPHQWV�� 3URFHHGLQJV� RI� $&0� 8VHU� ,QWHUIDFH� 6RIWZDUH� DQG
7HFKQRORJ\�8,67·����������SS����������

>(GZDUGV������@ (GZDUGV��(��.��� 5ROODQG�� -�� 3���.HOOHU��.�� 3��� 9LGHR� 6HH�WKURXJK
'HVLJQ�IRU�0HUJLQJ�RI�5HDO�DQG�9LUWXDO�(QYLURQPHQWV��3URFHHGLQJV
RI� WKH�9LUWXDO� 5HDOLW\�$QQXDO� 6\PSRVLXP�95$,6·���� ������ SS�� ����
����

>(GZDUGV������@ (GZDUGV��-���+DQG��&���0D36��0RYHPHQW�DQG�3ODQQLQJ�6XSSRUW�IRU
1DYLJDWLRQ� LQ� DQ� ,PPHUVLYH� 950/� %URZVHU�� 3URFHHGLQJV� RI
950/·����������SS��������

>)D������@ )D�� 0��� )HUQDQGR�� 7��� 'HZ�� 3�0��� 'LUHFW� �'� 0DQLSXODWLRQ
7HFKQLTXHV� IRU� ,QWHUDFWLYH� &RQVWUDLQW�EDVHG� 6ROLG� 0RGHOLQJ�
&RPSXWHU�*UDSKLFV�)RUXP��3URFHHGLQJV�RI�(852*5$3+,&6
�����9RO�
����1R�����������SS����������

>)DKOpQ������@ )DKOpQ�� /�(��� %URZQ�� &�*��� 6WnKO�� 2�� DQG� &DUOVVRQ�� &��� $� 6SDFH
%DVHG� 0RGHO� IRU� 8VHU� ,QWHUDFWLRQ� LQ� 6KDUHG� 6\QWKHWLF
(QYLURQPHQWV��3URFHHGLQJV�RI�,17(5&+,·����������SS��������

>)DLVVWQDXHU������@ )DLVVWQDXHU�� &��� 6FKPDOVWLHJ�� '��� 6]DODYiUL�� =V��� &RPSXWHU�
$VVLVWHG� 6HOHFWLRQ� RI� �'� ,QWHUDFWLRQ� DQG�1DYLJDWLRQ�0HWDSKRUV�
3URFHHGLQJV�RI�WKH������9567�:RUNVKRS�RQ�&RPSXWHU�*UDSKLFV��7DLSHL�
7DLZDQ��1RY�������������S����

>)DNH6SDFH������D@ )DNH6SDFH� ,QF��� ,PPHUVLYH� :RUN%HQFK�� )DNH6SDFH� ,QF�� :HE
,QIRUPDWLRQ�� KWWS���ZZZ�IDNHVSDFH�FRP�SURGXFWV�LPPHUVLY�KWPO�
�����

>)DNH6SDFH������E@ )DNH6SDFH� ,QF��� 3,1&+� *ORYHV�� )DNH6SDFH� ,QF�� :HE
,QIRUPDWLRQ�� KWWS���ZZZ�IDNHVSDFH�FRP�SURGXFWV�SLQFK�KWPO�
�����

>)HLQHU������@ )HLQHU��6���0DF,QW\UH��%�� DQG�6HOLJPDQQ��'���$QQRWDWLQJ� WKH�5HDO
:RUOG�ZLWK�.QRZOHGJH�%DVHG�*UDSKLFV�RQ�D�6HH�7KURXJK�+HDG�
0RXQWHG�'LVSOD\��3URFHHGLQJV�RI�*UDSKLFV�,QWHUIDFH·����������SS��������

>)HLQHU������@ )HLQHU�� 6��� 0DF,QW\UH�� %�� DQG� 6HOLJPDQQ�� '��� .QRZOHGJH�%DVHG
$XJPHQWHG�5HDOLW\��&RPPXQLFDWLRQV�RI�WKH�$&0��9RO������1R�����SS�
������
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>)HLQHU������@ )HLQHU�� 6��� 0DF,QW\UH�� %��� +|OOHUHU�� 7��� :HEVWHU�� 7��� $� 7RXULQJ
0DFKLQH�� 3URWRW\SLQJ� �'� PRELOH� DXJPHQWHG� UHDOLW\� V\VWHPV� IRU
H[SORULQJ� WKH� XUEDQ� HQYLURQPHQW�� 3URFHHGLQJV� RI� ,6:&� 
��
�,QWHUQDWLQDO�6\PSRVLXP�RQ�:HDUDEOH�&RPSXWHUV���2FWREHU�������������
&DPEULGJH��0$��$OVR�DV��3HUVRQDO�7HFKQRORJLHV��9RO�����1R����������
SS����������

>)ULW]PDXULFH������@ )ULW]PDXULFH��*�:���6LWXDWHG�,QIRUPDWLRQ�6SDFHV�DQG�6SDWLDOO\
$ZDUH� 3DOPWRS� &RPSXWHUV�� &RPPXQLFDWLRQV� RI� WKH� $&0�� 9RO�� ���
1R�����������SS��������

>)XKUPDQQ������@)XKUPDQQ�� $��� /|IIHOPDQQ�� +��� 6FKPDOVWLHJ�� '��� &ROODERUDWLYH
$XJPHQWHG� 5HDOLW\�� ([SORULQJ� '\QDPLFDO� 6\VWHPV�� 3URFHHGLQJV� RI
,(((�9LVXDOL]DWLRQ�·����2FWREHU�������SS����������

>)XKUPDQQ������@ )XKUPDQQ��$���*U|OOHU��0��(���5HDO�7LPH�7HFKQLTXHV�IRU��'
)ORZ�9LVXDOL]DWLRQ��3URFHHGLQJV�RI�,(((�9LVXDOL]DWLRQ�·����1RYHPEHU
������SS����������

>)XKUPDQQ������@)XKUPDQQ��$���6FKPDOVWLHJ��'���&RQFHSW�DQG�,PSOHPHQWDWLRQ�RI�D
&ROODERUDWLYH� :RUNVSDFH� IRU� $XJPHQWHG� 5HDOLW\�� $YDLODEOH� DV
7HFKQLFDO�5HSRUW�75��������������,QVWLWXWH�RI�&RPSXWHU�*UDSKLFV��9LHQQD
8QLYHUVLW\� RI� 7HFKQRORJ\�� IWS���IWS�FJ�WXZLHQ�DF�DW�SXE�75����75�
�����������3DSHU�SGI��������S�����

>*HUYDXW]������@ *HUYDXW]�� 0��� 6FKPDOVWLHJ�� '��� 6]DODYiUL�� =V��� .DUQHU�� .��
0DGULWVFK��)���3LQ]��$���´6WXGLHUVWXEHµ���$�0XOWL�8VHU�$XJPHQWHG
5HDOLW\�(QYLURQPHQW�IRU�9LVXDOL]DWLRQ�DQG�(GXFDWLRQ��$YDLODEOH�DV
7HFKQLFDO�5HSRUW�75��������������,QVWLWXWH�RI�&RPSXWHU�*UDSKLFV��9LHQQD
8QLYHUVLW\� RI� 7HFKQRORJ\�� IWS���IWS�FJ�WXZLHQ�DF�DW�SXE�75����75�
�����������3DSHU�SV�J]��������S����

>*ODVVWURQ������@ 621<�&RUS��� 621<�*ODVVWURQ�/',�'���%(��621<�&RUS��:HE
,QIRUPDWLRQ�� KWWS���ZZZ�VRQ\�HXURSH�FRP�FRQV�JODVVWURQ�� RU
KWWS���ESJSURG�VHO�VRQ\�FRP�QDE�SURGXFW�OGL�KWP�������

>*REOH������@ *REOH�� -��� +LQFNOH\�� .��� 3DXVFK�� 5��� 6QHOO�� -��� .DVVHO�� 1��� 7ZR�
+DQGHG�6SDWLDO�,QWHUIDFH�7RROV�IRU�1HXURVXUJLFDO�3ODQQLQJ��,(((
&RPSXWHU��9RO������1R�����������SS��������

>*RWWVFKDON������@ *RWWVFKDON�� 6��� /LQ�� 0�&��� 0DQRFKD�� '��� 2%%�7UHH�� $
+LHUDUFKLFDO� 6WUXFWXUH� IRU�5DSLG� ,QWHUIHUHQFH�'HWHFWLRQ��&RPSXWHU
*UDSKLFV� �3URFHHGLQJV� RI� $&0� 6,**5$3+� 
��� &RQIHUHQFH��� 9RO�� ���
������SS����������

>*U|OOHU������@ *U|OOHU�� (���:HJHQNLWWO�� 5���0LOLN�� $��� 3UVNDZHW]�� $��� )HLFKWLQJHU�
*���6DQGHUVRQ��:�&���7KH�*HRPHWU\�RI�:RQGHUODQG��&KDRV��6ROLWRQV
	�)UDFWDOV��9RO������1R������������SS������������

>*XLDUG������@ *XLDUG�� <��� $V\PPHWULF� 'LYLVLRQ� RI� /DERU� LQ� +XPDQ� 6NLOOHG
%LPDQXDO�$FWLRQ��7KH�.LQHPDWLF�&KDLQ�DV�0RGHO��-RXUQDO�RI�0RWRU
%HKDYLRXU��9RO������1R�����������SS����������

>+DQG������@ +DQG��&���$�6XUYH\�RI���'�,QSXW�'HYLFHV��7HFKQLFDO�5HSRUW�75�����
'HSDUWPHQW� RI� &RPSXWHU� 6FLHQFH�� 'H� 0RQIRUW� 8QLYHUVLW\�� 8.�
�����
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>+DQG������@ +DQG�� &��� $� 6XUYH\� RI� �'� ,QWHUDFWLRQ� 7HFKQLTXHV�� &RPSXWHU
*UDSKLFV�)RUXP��9RO������1R�����������SS����������

>+DUPRQ������@ +DUPRQ�� 5��� 3DWWHUVRQ��:��� 5LEDUVN\��:��� %ROWHU�� -��� 7KH� 9LUWXDO
$QQRWDWLRQ� 6\VWHP�� 3URFHHGLQJV� RI� WKH� 9LUWXDO� 5HDOLW\� $QQXDO
6\PSRVLXP�95$,6�¶����������SS����������

>+DUWPDQ������@ +DUWPDQ�� -��� :HUQHFNH�� -��� 7KH� 950/� ���� +DQGERRN�� %XLOGLQJ
0RYLQJ�:RUOGV�RQ�WKH�:HE��$GGLVRQ�:HVOH\��1HZ�<RUN�������

>+LQFNOH\������D@ +LQFNOH\��.���3DXVFK��5���*REOH�� -�&���.DVVHOO��1�)���$� 6XUYH\� RI
'HVLJQ� ,VVXHV� LQ� 6SDWLDO� ,QSXW�� 3URFHHGLQJV� RI� $&0� 8VHU� ,QWHUIDFH
6RIWZDUH�DQG�7HFKQRORJ\�8,67·����������SS����������

>+LQFNOH\������E@ +LQFNOH\��.���3DXVFK��5���*REOH�� -�&���.DVVHOO��1�)���3DVVLYH�5HDO�
:RUOG� ,QWHUIDFH�3URSV� IRU�1HXURVXUJLFDO�9LVXDOL]DWLRQ��3URFHHGLQJV
RI�$&0�&+,� ¶���&RQIHUHQFH� RQ�+XPDQ�)DFWRUV� LQ�&RPSXWLQJ� 6\VWHPV�
������SS����������

>+LQFNOH\������D@ +LQFNOH\�� .��� 3DXVFK�� 5��� 3URIILWW�� '��� $WWHQWLRQ� DQG� 9LVXDO
)HHGEDFN�� 7KH� %LPDQXDO� )UDPH� RI� 5HIHUHQFH�� �� ,Q� 3URFHHGLQJV� RI
����� $&0� 6\PSRVLXP� RQ� ,QWHUDFWLYH� �'� *UDSKLFV� �,�'*
����
3URYLGHQFH��5,��86$��������SS����������

>+LQFNOH\������E@ +LQFNOH\�� .��� 3DXVFK�� 5��� 3URIILWW�� '��� 3DWWHQ�� -��� .DVVHOO�� 1��
&RRSHUDWLYH� %LPDQXDO� $FWLRQ�� 3URFHHGLQJV� RI� $&0� &+,� ¶��
&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV��������SS��������

>+ROPJUHQ������@ +ROPJUHQ�� '��� 'HVLJQ� DQG� &RQVWUXFWLRQ� RI� D� ���'HJUHH� 6HH�
7KURXJK� +HDG�0RXQWHG�'LVSOD\��$YDLODEOH� DV� 7HFKQLFDO� 5HSRUW� ���
���� DW� WKH� 8QLYHUVLW\� RI� 1RUWK� &DUROLQD�
IWS���IWS�FV�XQF�HGX�SXE�WHFKQLFDO�UHSRUWV��������SV�=��������

>,PDJLQDWLRQ������@ ,PDJLQDWLRQ�&RPSXWHU� 6HUYLFHV�*HVPE+���95�0&6��9LUWXDO
5HDOLW\�0RQLWRULQJ�DQG�&RQWURO�6\VWHP��3URMHFW�'RFXPHQWDWLRQ�������

>-DFRE\������@ -DFRE\��5��+���8VLQJ�YLUWXDO�PHQXV�LQ�D�YLUWXDO�HQYLURQPHQW��$&0
6,**5$3+·���&RXUVH�1RWHV��1R������������SS������������

>-XVWHU������@ -XVWHU�� 1�3��� 0RGHOLQJ� DQG� 5HSUHVHQWDWLRQ� RI� 'LPHQVLRQV� DQG
7ROHUDQFHV��D�6XUYH\��&$'��9RO������1R�����-DQXDU\�������SS�������

>.DEEDVK������@ .DEEDVK�� 3��� %X[WRQ�� :��� 6HOOHQ�� $��� 7ZR�+DQGHG� ,QSXW� LQ� D
&RPSRXQG�7DVN��3URFHHGLQJV�RI�&+,�¶���&RQIHUHQFH�RQ�+XPDQ�)DFWRUV
LQ�&RPSXWLQJ�6\VWHPV��������SS����������

>.(2������@ .DLVHU� (OHFWUR� 2SWLFV� ,QF��� +HDG� 8S� 'LVSOD\V�� .(2� :HE
,QIRUPDWLRQ��KWWS���ZZZ�NHR�FRP�3URGXFWB(2B+8'V�KWPO�������

>.U�JHU������@ .U�JHU�� :��� %RKQ�� &��� )U|KOLFK�� %��� 6FK�WK�� +��� 6WUDXVV�� :��
:HVFKH�� *��� 7KH� 5HVSRQVLYH� :RUNEHQFK�� $� 9LUWXDO� :RUN
(QYLURQPHQW��,(((�&RPSXWHU��9RO������1R����� -XO\��������SS�����
���

>/|IIHOPDQQ������@ /|IIHOPDQQ�� +��� 0UR]�� /��� *U|OOHU�� (��� 3XUJDWKRIHU�� :��
6WUHDP� DUURZV�� (QKDQFLQJ� WKH� 8VH� RI� 6WUHDPVXUIDFHV� IRU� WKH
9LVXDOL]DWLRQ�RI�'\QDPLFDO�6\VWHPV��7KH�9LVXDO�&RPSXWHU��9RO�����
1R�����������SS����������
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>/|IIHOPDQQ������@ /|IIHOPDQQ�� +��� *U|OOHU�� (��� '\Q6\V�'�� $� ZRUNEHQFK� IRU
GHYHORSLQJ�DGYDQFHG�YLVXDOL]DWLRQ�WHFKQLTXHV�LQ�WKH�ILHOG�RI�WKUHH�
GLPHQVLRQDO� G\QDPLFDO� V\VWHPV��3URFHHGLQJV� RI� 7KH�)LIWK� ,QWHUQDWLRQDO
&RQIHUHQFH�LQ�&HQWUDO�(XURSH�RQ�&RPSXWHU�*UDSKLFV�DQG�9LVXDOL]DWLRQ�
��
�:6&*�
�����8QLYHUVLW\�RI�:HVW�%RKHPLD��3O]HQ��&]HFK�5HSXEOLF�
)HEUXDU\��������SS����������

>0DSHV������@ 0DSHV��'��3���0RVKHOO��-��0���$�7ZR�+DQGHG�,QWHUIDFH�IRU�2EMHFW
0DQLSXODWLRQ� LQ� 9LUWXDO� (QYLURQPHQWV�� 3UHVHQFH²� 7HOHRSHUDWRUV� DQG
9LUWXDO�(QYLURQPHQWV��9RO�����1R�����0,7�3UHVV��������SS����������

>0HO������@ 0HO�� %��:��� 2PRKXQGUR�� 6�� 0��� 5RELQVRQ�� $�� '��� 6NLHQD�� 6�� 6��
7KHDUOLQJ��.��+���:ROIUDP��6���<RXQJ��/��7���7DEOHW��7KH�3HUVRQDO
&RPSXWHU� LQ� WKH�<HDU� ������&RPPXQLFDWLRQV� RI� WKH�$&0�� 9RO�� ���
1R�����������SS����������

>0LQH������@ 0LQH��0�5��� %URRNV� -U��� )�� 3��� 6HTXLQ�� &��+���0RYLQJ�2EMHFWV� LQ
6SDFH�� ([SORLWLQJ� 3URSULRFHSWLRQ� ,Q� 9LUWXDO�(QYLURQPHQW
,QWHUDFWLRQ��&RPSXWHU�*UDSKLFV� �3URFHHGLQJV�RI�$&0�6,**5$3+�
��
&RQIHUHQFH���9RO������������SS�������

>1LHOVRQ������@ 1LHOVRQ�� *��� 2OVHQ�� '��� 'LUHFW�0DQLSXODWLRQ� 7HFKQLTXHV� IRU� �'
2EMHFWV� 8VLQJ� �'� /RFDWRU� 'HYLFHV�� 3URFHHGLQJV� 6,**5$3+
:RUNVKRS�RQ�,QWHUDFWLYH��'�*UDSKLFV��������SS����������

>1LQWHQGR������@ 1LQWHQGR� ,QF��� 0DWWHO� ,QF��� 7KH� 3RZHU� *ORYH�� &KULV� +DQG
+RPH%UHZ� 95� :HE� ,QIRUPDWLRQ�� KWWS���ZZZ�FPV�GPX�DF�XN�
aFSK�SJ�KWPO�������

>3DXVFK������@ 3DXVFK��5��� %XUQHWWH�� 7��� %URFNZD\��'���:HLEOHQ��0���1DYLJDWLRQ
DQG� /RFRPRWLRQ� LQ� 9LUWXDO� :RUOGV� YLD� )OLJKW� LQWR� +DQG�+HOG
0LQLDWXUHV��&RPSXWHU�*UDSKLFV� �3URFHHGLQJV� RI�$&0�6,**5$3+� 
��
&RQIHUHQFH���9RO������������SS����������

>3DXVFK������@� 3DXVFK�� 5��� 6QRGG\�� -��� 7D\ORU�� 5��� :DWVRQ�� 6��� +DVHOWLQH�� (��
'LVQH\·V� $ODGGLQ�� )LUVW� 6WHSV� 7RZDUGV� 6WRU\WHOOLQJ� LQ� 9LUWXDO
5HDOLW\�� &RPSXWHU� *UDSKLFV� �3URFHHGLQJV� RI� $&0� 6,**5$3+� 
��
&RQIHUHQFH���9RO������������SS���������

>3HWWD������@ 3HWWD��3���6WDOOHU��$���7UDSSO��5���0DQWOHU��6���6]DODYiUL��=V���3VLN��7��
*HUYDXW]�� 0��� 7RZDUGV� (QJDJLQJ� )XOO�%RG\� ,QWHUDFWLRQ�� �WK
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� +XPDQ�&RPSXWHU� ,QWHUDFWLRQ� �+&,
,QWHUQDWLRQDO
�����$XJXVW��������0XQLFK��*HUPDQ\�������

>3HXFKRW������@ 3HXFKRW��%���7DQJX\��$���(XGH��0���9LUWXDO�5HDOLW\�DV�DQ�2SHUDWLYH
7RRO�'XULQJ�6FROLRVLV�6XUJHU\��3URFHHGLQJV�RI�&RPSXWHU�9LVLRQ��9LUWXDO
5HDOLW\��DQG�5RERWLFV�LQ�0HGLFLQH�·����������SS����������

>3LHUFH������@ 3LHUFH�� -�6��� )RUVEHUJ��$��� &RQZD\��0�� -���+RQJ�� 6��� =HOH]QLN�� 5��
0LQH��0�5���,PDJH�3ODQH�,QWHUDFWLRQ�7HFKQLTXHV�LQ��'�,PPHUVLYH
(QYLURQPHQWV��3URFHHGLQJV�RI������$&0�6\PSRVLXP�RQ�,QWHUDFWLYH��'
*UDSKLFV��,�'*
�����3URYLGHQFH��5LFKPRQG��86$��������SS��������

>3RXS\UHY������@ 3RXS\UHY�� ,��� 7RPRND]X�� 1��� :HJKRUVW�� 6��� 9LUWXDO� 1RWHSDG�
+DQGZULWLQJ� LQ� ,PPHUVLYH� 95�� 3URFHHGLQJV� RI� WKH� 9LUWXDO� 5HDOLW\
$QQXDO�6\PSRVLXP�95$,6
����������SS���������



7+(�3(5621$/�,17(5$&7,21�3$1(/�²�$�7:2�+$1'('�,17(5)$&(�)25�$8*0(17('�5($/,7<

&+$37(5�1,1(�²�3$*(����

>3\UDPLG������@ 3\UDPLG� 6\VWHPV� ,QF��� ,PPHUVDGHVN�� 3\UDPLG� 6\VWHPV� ,QF�� :HE
,QIRUPDWLRQ��KWWS���ZZZ�S\UDPLGV\VWHPV�FRP�LGHVN�KWPO�������

>5HNLPRWR������@ 5HNLPRWR�� -��� 1DJDR�� .��� 7KH� :RUOG� WKURXJK� WKH� &RPSXWHU�
&RPSXWHU� $XJPHQWHG� ,QWHUDFWLRQV� ZLWK� 5HDO� :RUOG
(QYLURQPHQWV�� 3URFHHGLQJV� RI� $&0� 8VHU� ,QWHUIDFH� 6RIWZDUH� DQG
7HFKQRORJ\�8,67�¶����������SS��������

>5HNLPRWR������@ 5HNLPRWR�� -��� 7UDQV9LVLRQ�� $� +DQG�KHOG� $XJPHQWHG� 5HDOLW\
6\VWHP� IRU� &ROODERUDWLYH�'HVLJQ��3URFHHGLQJV� RI�9LUWXDO� 6\VWHPV� DQG
0XOWLPHGLD�9600·����*LIX��-DSDQ��������6HSWHPEHU��������S����

>5RVH������@ 5RVH��(���%UHHQ��'���$KOHUV��.��+���&UDPSWRQ��&��� 7XFHU\DQ��0��
:KLWDNHU�� 5��� *UHHU�� '��� $QQRWDWLQJ� 5HDO�:RUOG� 2EMHFWV� 8VLQJ
$XJPHQWHG� 5HDOLW\�� &RPSXWHU� *UDSKLFV� 'HYHORSPHQWV� LQ� 9LUWXDO
(QYLURQPHQWV��������SS����������

>6DFKV������@ 6DFKV��(���5REHUWV��$���6WRRSV��'�����'UDZ��$�7RRO�IRU�'HVLJQLQJ
�'�6KDSHV��,(((�&RPSXWHU�*UDSKLFV�	�$SSOLFDWLRQV��9RO������1R����
������SS��������

>6FKPDOVWLHJ������@ 6FKPDOVWLHJ��'���6]DODYiUL��=V���)XKUPDQQ��$���*HUYDXW]��0��
´6WXGLHUVWXEHµ��$Q�(QYLURQPHQW�IRU�&ROODERUDWLRQ�LQ�$XJPHQWHG
5HDOLW\�� 3URFHHGLQJV� RI� ����� :RUNVKRS� RQ� &ROODERUDWLYH� 9LUWXDO
(QYLURQPHQWV� &9(·���� 1RWWLQJKDP�� 8.�� 6HSWHPEHU� ������� �����
S���

>6FKPDOVWLHJ������@ 6FKPDOVWLHJ�� '��� *HUYDXW]�� 0��� 0RGHOLQJ� DQG� 5HQGHULQJ� RI
2XWGRRU� 6FHQHV� IRU�'LVWULEXWHG�9LUWXDO�(QYLURQPHQWV��3URFHHGLQJV
RI� $&0� 6\PSRVLXP� RQ� 9LUWXDO� 5HDOLW\� 6RIWZDUH� DQG� 7HFKQRORJ\� ����
�9567
����� /DXVDQQH�� 6ZLW]HUODQG�� 6HSWHPEHU� ������� ������ SS�
��������

>6FKPDOVWLHJ������D@ 6FKPDOVWLHJ�� '��� (QFDUQDomR�� 0��� 6]DODYiUL�� =V��� 8VLQJ
7UDQVSDUHQW� 3URSV� IRU� ,QWHUDFWLRQ� ZLWK� WKH� 9LUWXDO� 7DEOH�
3URFHHGLQJV� RI� ����� $&0� 6\PSRVLXP� RQ� ,QWHUDFWLYH� �'� *UDSKLFV
�,�'*
�����$WODQWD��*$��86$��$SULO��������������SS����������

>6FKPDOVWLHJ������E@ 6FKPDOVWLHJ�� '��� 6FKDXIOHU�� *��� 6HZLQJ� 9LUWXDO� :RUOGV
7RJHWKHU� ZLWK� 6($06�� $� 0HFKDQLVP� WR� &RQVWUXFW� /DUJH� 6FDOH
9LUWXDO� (QYLURQPHQWV�� 3UHVHQFH� ²� 7HOHRSHUDWRUV� DQG� 9LUWXDO
(QYLURQPHQWV��9RO�����1R�����0,7�3UHVV�������

>6HUUD������@ 6HUUD�� /��� 3RVWRQ�� 7���+HUQ��1��� &KRRQ�� &�%���:DWHUZRUWK�� -�� $��
,QWHUDFWLRQ�7HFKQLTXHV�IRU�D�9LUWXDO�:RUNVSDFH��3URFHHGLQJV�RI�����
$&0�6\PSRVLXP�RQ�9LUWXDO�5HDOLW\�6RIWZDUH�DQG�7HFKQRORJ\��9567·����
DOVR� DV� RQOLQH� GRFXPHQW� DW� KWWS���FLHPHG�LVV�QXV�VJ�UHVHDUFK�
�GLQWHUIDFHV�SDSHUV�YUVW���YUVW�����KWPO��������SS��������

>6KDUPD������@�6KDUPD��5���0ROLQHURV��-���,QWHUDFWLYH�9LVXDOL]DWLRQ�DQG�$XJPHQWDWLRQ
RI�0HFKDQLFDO�$VVHPEO\� 6HTXHQFHV��3URFHHGLQJV� RI�*UDSKLFV� ,QWHUIDFH
·����������SS����������

>6KDZ������@ 6KDZ�� &�� '��� 7ZR�+DQGHG� �'� (GLWLQJ��3RVLWLRQ� 3DSHU� IRU� &+,·��
:RUNVKRS� RQ� 3V\FKRORJLFDO� ,VVXHV� RI�9(� ,QWHUIDFHV�� 9DQFRXYHU�� %ULWLVK
&ROXPELD��&DQDGD��$SU���������������S����
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>6KDZ������@ 6KDZ�� &�� '��� 3DLQ� DQG� )DWLJXH� LQ� 'HVNWRS� 95�� ,QLWLDO� 5HVXOWV�
3URFHHGLQJV� RI� *UDSKLFV� ,QWHUIDFH� 
���� 9DQFRXYHU�� %ULWLVK� &ROXPELD�
&DQDGD��-XQH��������������S����������

>6PLWK������@ 6PLWK�� *��� 0DULDQL�� -��� 8VLQJ� 6XEMHFWLYH� 9LHZV� WR� (QKDQFH� �'
$SSOLFDWLRQV��3URFHHGLQJV� RI� �����$&0�6\PSRVLXP� RQ�9LUWXDO�5HDOLW\
6RIWZDUH�DQG�7HFKQRORJ\��9567·�����������SS����������

>6RZL]UDO������@ 6RZL]UDO��+��$���7RROV�DQG�0HWDWRROV�IRU�,QWHUDFWLQJ�ZLWK�D�9LUWXDO
(QYLURQPHQW�� 3URFHHGLQJV� RI� 63,(� ����� �� 6WHUHRVFRSLF� 'LVSOD\V� DQG
9LUWXDO� 5HDOLW\� 6\VWHPV�� 9RO�� ������ 6DQ� -RVH�� 86$�� )HEUXDU\� �����
������SS����������

>6WDWH������D@ 6WDWH�� $��� +LURWD�� *��� &KHQ�� '��� *DUUHWW�� :��� /LYLQJVWRQ�� 0��
6XSHULRU� $XJPHQWHG� 5HDOLW\� 7UDFNLQJ� E\� ,QWHJUDWLQJ� /DQGPDUN
7UDFNLQJ� DQG� 0DJQHWLF� 7UDFNLQJ�� &RPSXWHU� *UDSKLFV� �3URFHHGLQJV� RI
$&0�6,**5$3+�
���&RQIHUHQFH���9RO������������SS����������

>6WDWH������E@ 6WDWH��$���/LYLQJVWRQ��0�$���*DUUHWW��)���+LURWD��*���:KLWWRQ��0�&��
3LVDQR�� (�'��� )XFKV�� +��� 7HFKQRORJLHV� IRU� $XJPHQWHG� 5HDOLW\
6\VWHPV�� 5HDOL]LQJ� 8OWUDVRXQG�*XLGHG� 1HHGOH� %LRSVLHV��&RPSXWHU
*UDSKLFV� �3URFHHGLQJV� RI� $&0� 6,**5$3+� 
��� &RQIHUHQFH��� 9RO�� ���
������SS����������

>6WE$3,������@ 6WE$3,�� 6WXGLHUVWXEH� $SSOLFDWLRQ� 3URJUDPPHU� ,QWHUIDFH� �6WE$3,
5HOHDVH� �������EHWD��� KWWS���ZZZ�FJ�WXZLHQ�DF�DW�JURXSV�YU�VWXGLHUVWXEH�
�����

>6WRDNOH\������@ 6WRDNOH\��5���&RQZD\��0��-���3DXVFK��5���9LUWXDO�5HDOLW\�RQ�D�:,0�
,QWHUDFWLYH�:RUOGV� LQ�0LQLDWXUH��3URFHHGLQJV� RI�&+,·���&RQIHUHQFH� RQ
+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV��������SS����������

>6WUDXVV������@ 6WUDXVV�� 3���&DUH\��5���$Q�2EMHFW�2ULHQWHG� �'�*UDSKLFV�7RRONLW�
&RPSXWHU� *UDSKLFV� �3URFHHGLQJV� RI� $&0� 6,**5$3+� 
��� &RQIHUHQFH��
9RO������1R�����������SS����������

>6WXUPDQ������@ 6WXUPDQ��'��-���=HOW]HU��'���$�6XUYH\�RI�*ORYH�%DVHG�,QSXW��,(((
&RPSXWHU�*UDSKLFV�DQG�$SSOLFDWLRQV��-DQXDU\��������SS��������

>6XWKHUODQG������@6XWKHUODQG�� ,��� $� +HDG�0RXQWHG� 7KUHH� 'LPHQVLRQDO� 'LVSOD\�
3URFHHGLQJV�RI�$),36�)DOO�-RLQW�&RPSXWHU�&RQIHUHQFH�����������SS������
����

>6]DODYiUL������@� 6]DODYiUL��=V���*HUYDXW]��0���7KH�3HUVRQDO� ,QWHUDFWLRQ�3DQHO� ²�$
7ZR�+DQGHG� ,QWHUIDFH� IRU� $XJPHQWHG� 5HDOLW\��&RPSXWHU� *UDSKLFV
)RUXP� �3URFHHGLQJV� RI� (852*5$3+,&6
���� 9RO�� ���� 1R�� ��
6HSWHPEHU��������SS����������

>6]DODYiUL������D@ 6]DODYiUL�� =V��� 6FKPDOVWLHJ�� '��� )XKUPDQQ�� $��� *HUYDXW]�� 0��
´6WXGLHUVWXEHµ� ²� $Q� (QYLURQPHQW� IRU� &ROODERUDWLRQ� LQ
$XJPHQWHG� 5HDOLW\�� -RXUQDO� RI� WKH� 9LUWXDO� 5HDOLW\� 6RFLHW\� ²� 9LUWXDO
5HDOLW\� ²� 6\VWHPV��'HYHORSPHQW� DQG�$SSOLFDWLRQV��9RO�� ���1R�� ��� �����
SS��������
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>6]DODYiUL������E@ 6]DODYiUL��=V���(FNVWHLQ��(���*HUYDXW]��0���&ROODERUDWLYH�*DPLQJ�LQ
$XJPHQWHG�5HDOLW\��3URFHHGLQJV� RI� �����$&0�6\PSRVLXP� RQ�9LUWXDO
5HDOLW\� 6RIWZDUH� DQG� 7HFKQRORJ\� �9567·����� 7DLSHK�� 7DLZDQ�
1RYHPEHU������������SS���������

>7D\ORU������@ 7D\ORU��5��0���5RELQHWW��:��HW��DO���7KH�QDQR0DQLSXODWRU��$�9LUWXDO
5HDOLW\� ,QWHUIDFH� IRU� D� 6FDQQLQJ� 7XQQHOLQJ�0LFURVFRSH��&RPSXWHU
*UDSKLFV� �3URFHHGLQJV� RI� $&0� 6,**5$3+� 
��� &RQIHUHQFH��� 9RO�� ���
SS����������

>9LHJD������@ 9LHJD�� -��� &RQZD\�� 0�-��� :LOOLDPV�� *��� 3DXVFK�� 5���� �'� 0DJLF
/HQVHV�� 3URFHHGLQJV� RI� $&0� 8VHU� ,QWHUIDFH� 6RIWZDUH� DQG� 7HFKQRORJ\
8,67
����������SS��������

>97,������@ 9LUWXDO� 7HFKQRORJLHV� ,QF��� &\EHU*ORYH�� 9LUWXDO� 7HFKQRORJLHV� :HE
,QIRUPDWLRQ�� KWWS���ZZZ�YLUWH[�FRP�SURGXFWV�KZBSURGXFWV�
F\EHUJORYH�KWPO�������

>:DUH������@ :DUH��&���)OHHW��'���&RQWH[W�6HQVLWLYH�)O\LQJ�,QWHUIDFH��3URFHHGLQJV�RI
����� $&0� 6\PSRVLXP� RQ� ,QWHUDFWLYH� �'� *UDSKLFV� �,�'*
����
3URYLGHQFH��5,��86$��������SS����������

>:HEVWHU������@ :HEVWHU�� $��� )HLQHU�� 6��� 0DF,QW\UH�� %��� 0DVVLH�� :��� .UXHJHU�� 7��
$XJPHQWHG�5HDOLW\� LQ�$UFKLWHFWXUDO�&RQVWUXFWLRQ�� ,QVSHFWLRQ� DQG
5HQRYDWLRQ��3URFHHGLQJV�RI�$6&(�7KLUG�&RQJUHVV�RQ�&RPSXWLQJ�LQ�&LYLO
(QJLQHHULQJ��$QDKHLP��&$��86$��-XQH��������������SS����������

>:HLVHU������@ :HLVHU��0���7KH�&RPSXWHU�IRU�WKH���VW�&HQWXU\��6FLHQWLILF�$PHULFDQ�
9RO�������1R�����������SS���������

>:ORND������@ :ORND��0��0���*UHHQILHOG��(���7KH�9LUWXDO�7ULFRUGHU��$�8QLIRUP
,QWHUIDFH� IRU� 9LUWXDO� 5HDOLW\�� 3URFHHGLQJV� RI� $&0� 8VHU� ,QWHUIDFH
6RIWZDUH�DQG�7HFKQRORJ\�8,67�¶����������SS��������

>=HOH]QLN������@ =HOH]QLN��5��&���)RUVEHUJ��$��6���6WUDXVV��3��6���7ZR�3RLQWHU�,QSXW
)RU��'�,QWHUDFWLRQ��3URFHHGLQJV�RI������$&0�6\PSRVLXP�RQ�,QWHUDFWLYH
�'�*UDSKLFV��,�'*
�����3URYLGHQFH��5,��86$��������SS����������
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���� &XUULFXOXP�9LWDH

SZALAVÁRI Zsolt Szabolcs

3HUVRQDO�LQIRUPDWLRQ�

'DWH�RI�%LUWK� ����������

3ODFH�RI�%LUWK� %XGDSHVW���+XQJDU\

0RWKHU� 6]DODYiUL�(U]VpEHW

)DWKHU� 6]DODYiUL�2WWy

6WDWXV� PDUULHG�RQ������������ZLWK�9$-'$�9HURQLND
GDXJWKHU�=VyILD�9HURQLND�ERUQ�RQ�����������

/DQJXDJHV� +XQJDULDQ��*HUPDQ��(QJOLVK��DQG�5XVVLDQ

(GXFDWLRQ�DQG�:RUN�([SHULHQFH

$XJ�������� 3K'�UHVHDUFK�DVVLVWDQW�LQ�WKH�95�/DE�DW�WKH�,QVWLWXWH�RI
&RPSXWHU�*UDSKLFV��9LHQQD�8QLYHUVLW\�RI�7HFKQRORJ\

-DQ���������-XQ������ 'LSORPD� IURP� WKH�%XGDSHVW�8QLYHUVLW\� RI�7HFKQRORJ\
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