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Abstract

7KLV�GRFXPHQW�GLVFXVVHV�WKH�SUREOHPDWLF�RI�GHVLJQ�RI�WKH�/RFDO�1DYLJDWLRQ�6\VWHP�(LNS)��GH�IDFWR
WKH�LQWHUDFWLYH�PDS�XVHIXO�IRU��'�REMHFWV�OLNH�KRXVHV�ZLWK�PXOWLSOH�IORRUV��,W�FRYHUV�SKLORVRSK\�RI

WKH�ORFDO�QDYLJDWLRQ�V\VWHP��OLVW�RI�XVHIXO�WHFKQRORJLHV�DQG�JXLGHOLQHV�RI�GHVLJQ�LQ�+70/�DQG

950/�ODQJXDJHV�

Keywords: ORFDO�QDYLJDWLRQ�V\VWHP��LQWHUDFWLYH�PDSV��950/��+70/��-DYD6FULSW���'�VFHQH

GHVLJQ

1. Introduction

0DQNLQG�KDV�GHYHORSHG�ORWV�RI�QDYLJDWLRQ�V\VWHPV�LQ�ODVW�PLOOHQLXP��)LUVW��DQG�YHU\�ORQJ�WLPH�WKH

RQO\�V\VWHPV��ZHUH�QRW�LQWHUDFWLYH��WKH�XVHU�VLPSO\�KDG�WR�VHDUFK�IRU�LQIRUPDWLRQ�KLPVHOI��:H�FDQ

MRLQ�PDSV��IRU�LQVWDQFH��WR�WKLV�JURXS�

1HZ�WHFKQRORJLHV�EURXJKW�QHZ�LGHDV�WR�WKLV�DUHD��WKURXJK�XVH�RI�VDWHOOLWHV�ZH�FDQ�GHWHFW�RXU

SRVLWLRQ�DQ\ZKHUH�RQ�WKH�(DUWK
V�VXUIDFH�ZLWK�UHVROXWLRQ�RI�OHVV�WKDQ�WHQWKV�RI�PHWHUV��EHFDXVH�LW�LV

JRRG�HQRXJK�IRU�QDYLJDWLRQ�RI�WKH�KRPLQJ�PLVVLOH��LW�LV�DOVR�JRRG�IRU�QDYLJDWLRQ�RI�IDU�VORZHU�FDU�RQ

WKH�URDG���WKH�V\VWHP�H[LVWV��LW�LV�FDOOHG�*36���*OREDO�3RVLWLRQLQJ�6\VWHP���DQG�WKH�KDUGZDUH��ZKLFK

GHWHFWV�FXUUHQW�SRVLWLRQ��LV�TXLWH�LQH[SHQVLYH�

$OO�WKDW�ZRUNV�ILQH��EXW�LW�VWLOO�ZRUNV�RQO\�RQ��'�VXUIDFH�RI�WKH�(DUWK��ZH�QHHG�WR�UHEXLOG�WKHVH

V\VWHPV�FRPSOHWHO\��ZKHQ�ZH�QHHG�WR�ZRUN�LQ��'�HQYLURQPHQW��VXFK�DV�WKH�VN\VFUDSHU�ZLWK

KXQGUHGV�RI�IORRUV��DOVR�WKHUH�LV�LQILQLWH�QXPEHU�RI�GHWDLOV�LQ�HYHQ�D�VPDOO�ZRRG��EXW�VRPHWLPHV

WKHUH�DUH�RQO\�JUD\�ZDOOV�LQ�WKH�PRGHUQ�EXLOGLQJ��WKHUH�LV�D�ODFN�RI�QDYLJDWLRQ�SRLQWV�WKHUH��7KHUH

PXVW�EH�XVHG�FRPSOHWHO\�GLIIHUHQW�LQWHUIDFHV��GLIIHUHQW�YLHZV��LPDJLQH�����VKHHWV�RI�SDSHU��D�PDS�RI

RQH�IORRU�RI�WKH�VN\VFUDSHU�RQ�HDFK����$OVR��PDSV�RU�*36�V\VWHPV�FRYHU�DUHDV�RI��VD\��IURP�RQH�WR

WKRXVDQG�RU�PRUH�VTXDUH�NLORPHWHUV��EXW�W\SLFDO��'�VWUXFWXUH�EXLOW�E\�PDQNLQG�LV�PXFK�VPDOOHU�IURP

WRS�YLHZ��ZH�DUH�GLVFXVVLQJ��/RFDO�1DYLJDWLRQ�6\VWHPV���/16���1RZ�\RX�SUREDEO\�VHH��WKDW�WKHUH

DUH�HQRXJK�GLIIHUHQFHV�DQG�WKHUH�LV�D�UHDVRQ�WR�WKLQN�DERXW�WKLV�GLIIHUHQW�FODVV�RI�QDYLJDWLRQ�V\VWHPV

D�ELW�PRUH�

2. Local navigation systems - philosophy

7KHUH�DUH�VRPH�SUREOHPV�ZLWK��'�QDWXUH�RI�REMHFWV�FUHDWHG�E\�PDQNLQG��,W�FRXOG�EH�VXUSULVLQJ��EXW

MXVW�D�IHZ�SHRSOH��ZKR�DUH�ZRUNLQJ�LQ�VRPH�VSHFLDO�MREV��DUH�XVHG�WR�WKLQN�LQ���GLPHQVLRQV��PRVW

SHRSOH�FDQ�QRW�RULHQW�WKHPVHOYHV�LQ�VXFK�HQYLURQPHQW�H[FHSW�WKH\�DUH�JXLGHG��,I�\RX�DVN�DQ\RQH�



ZKDW�LV�WKH�IDUHVW�REMHFW�WKH\�FDQ�VHH��WKH\�SUREDEO\�ORRN�WR�WKH�(DUWK
V�KRUL]RQ�DQG�VD\��WKDW�LW�LV�WKH

EXLOGLQJ���NLORPHWHUV�IDU��0RVWO\�WKH\�GR�QRW�WKLQN�DERXW�WRS�GLUHFWLRQ��ZKHUH�WKH\�FDQ�VHH�WKH�6XQ

LQ�GLVWDQFH�DERXW������������WLPHV�IDUHU��7KDW�LV�RXU�QDWXUH��ZH�ZDON�RQ�WKH�(DUWK��ZH�DUH�QRW�XVHG

WR�IO\��7KDW�PHDQV�WKDW�LI�ZH�EXLOG�FRPSOHWH��'�PRGHO�RI�WKH�EXLOGLQJ��ZLWK�DOO�LQWHULRUV���LW�ZRXOG

EH�QHDUO\�XVHOHVV�DV�WKH�PDS��ZH�PXVW�FXW�WKH�EXLOGLQJ�LQWR�VHSDUDWH��'�IORRUV��2U�WKHUH�LV�DQRWKHU

ZD\�RI�SUHVHQWDWLRQ��ZKLFK�LV�DYDLODEOH�IHZ�ODVW�\HDUV��ZKHQ�FRPSXWHUV�EHFDPH�DEOH�WR�UHSOD\

DQLPDWLRQV�LQ�UDQGRP�RUGHU�ZLWKRXW�VORZ�VHHNLQJ���LW�LV�SRVVLEOH�WR�UHFRUG�PRYLH��ZKLFK�VKRZV�WKH

PRYHPHQW�IURP�RQH�SRLQW��VD\�WKH�PDLQ�HQWUDQFH��WR�WKH�RWKHU��IRU�LQVWDQFH�GLUHFWRU
V�URRP�

7KHUH�DUH�QRW�PDQ\�VWUDLJKW�SDWKV�LQ�QRUPDO�EXLOGLQJ��LI�RQH�GHVFULEHV�WKH�ZD\�WR�WKH�RWKHU�SRLQW��LW

PRVWO\�ORRNV�OLNH

WXUQ OHIW� JR DKHDG� WKHUH LV DQ OLIW� XVH LW � � IORRUV XS� WKHQ ULJKW� DKHDG� OHIW� XSVWDLUV� DKHDG� WKHUH LW LV

<RX�SUREDEO\�DJUHH�WKDW�WKLV�VHQWHQFH�LV�D�ELW�KDUG�WR�UHPHPEHU��HVSHFLDOO\�ZKHQ�LW�LV�PRUH�WKDQ

WKUHH�WLPHV�ORQJHU��WKLV�VRPHWLPHV�KDSSHQV�LQ�RQH�RI�WKH�ROG�EXLOGLQJV�RI�RXU�XQLYHUVLW\���0DQ
V

PHPRU\�PXFK�PRUH�UHPHPEHUV�DQLPDWLRQ�DQG�VRPH�XQLTXH�RULHQWDWLRQ�SRLQWV��HVSHFLDOO\�ZKHQ�RQH

FDQ�UHSOD\�WKH�DQLPDWLRQ�PDQ\�WLPHV�VLPSO\��$OVR��RULHQWDWLRQ�SRLQWV�FDQ�PDNH�RQH�UHPHPEHU�PRUH

LQIRUPDWLRQ�VHHQ�SUHYLRXVO\���WKH�EUDLQ
V�PHPRU\�ZRUNV�RQ�SULQFLSOH�RI�DVVRFLDWLRQV��DQG��RI�FRXUVH�

WKHVH�XQLTXH�REMHFWV�DUH�JRRG�LQSXW�IRU�WKLV�SURFHVV��

/HW�XV�QRZ�GHULYH�VRPH�UHVXOWV�IRUP�WKHVH�LGHDV�

•� 7KH�V\VWHP�PXVW�FRQWDLQ�XQLTXH�RULHQWDWLRQ�REMHFWV���OLNH�IORZHUV��QRWLFHERDUGV��OLIWV��VWDLUV�

GRRUV��SDVVDJHV�IURP�RQH�EXLOGLQJ�WR�DQRWKHU�HWF�

•� 7KH�V\VWHP�RI�QDYLJDWLRQ�VKRXOG�FRQWDLQ�DW�OHDVW�GHVFULSWLRQV�RI�SDWKV�IURP�WKHVH�LPSRUWDQW

SRLQWV�LQ�WKH�EXLOGLQJ�WR�WKH�SODFH�RQH�LV�JRLQJ�WR��LI�LW�LV�QRW�FDSDEOH�RI�VHDUFKLQJ�IRU�WKH

SDWK�IURP�RQH�WR�DQRWKHU�SRLQW�LQWHUDFWLYHO\�

•� 7KH�V\VWHP��VKRXOG�FRQWDLQ�LQIRUPDWLRQ�DERXW�RYHUDOO�DUFKLWHFWXUH�RI�WKH�EXLOGLQJ���IRU

LQVWDQFH�WKH�XVHU�VKRXOG�OHDUQ�TXLFNO\��WKDW�ZKHQ�KH�FRPHV�WR�WKH�UHG�OLIW��KH�LV�LQ�WKH�ULJKW

FRUQHU�RI�WKH�EXLOGLQJ��DQG�\HOORZ�OLIW�LV�LQ�WKH�OHIW�

•� 7KH�LQIRUPDWLRQ�SURYLGHG�E\�WKH�V\VWHP�PXVW�EH�YHU\�VLPSO\�DFFHVLEOH��WKDW�PHDQV�IDVWHU

WKDQ�DVNLQJ�WKH�FROOHJH��7KDW�LV�ZK\�PRVW�LQWHUDFWLYH�VROXWLRQV�RI�WKLV�SUREOHP�DUH�XVHOHVV��

ZH�DUH�OLPLWHG�WR�LQWHUDFWLYH��FRPSXWHU�DFFHOHUDWHG�VROXWLRQV�

•� 7KH�V\VWHP�VKRXOG�DOVR�FRQWDLQ�PRUH�WKDQ�D�PDS��,W�LV�XVHOHVV�WR�KDYH�FRPSOHWH�OLVW�RI�URRPV

GHVFULEHG�E\�WKH�QXPEHUV��ZKHQ�RQH�ZDQWV�WR�VHDUFK�IRU�WKH�FRQFUHWH�RIILFH�

•� 7KH�V\VWHP�VKRXOG�EH�VLPSO\�XSGDWDEOH��WKDW�PHDQV�VHUYHU�EDVHG�VROXWLRQ��SHUKDSV�LQ�RQO\

YHU\�VSHFLDO�FDVHV��ZKHUH�V\VWHP�RSHUDWRU�LV�DEOH�WR�FRQILJXUH�UHSOLFDWLRQ�RI�ILOHV��ZH�FDQ

UHFRPPHQG�GLVWULEXWHG�VROXWLRQ�

•� 7KH�FUHDWLRQ�SURFHVV�RI�WKH�GHVLJQ�VKRXOG�EH�IDVW�DQG�LQH[SHQVLYH��RWKHUZLVH�QRQH�ZRXOG

PDNH�LW��2Q�WKH�RWKHU�KDQG�WKH�V\VWHP�VKRXOG�EH�TXLWH�FRPSOH[�DQG�IXOO�RI�XVHIXO

LQIRUPDWLRQ�

•� &RPPRQ�QHWZRUNV�LQ�WKH�EXLOGLQJ�RI�FRPPRQ�FRPSDQLHV�RU�RIILFHV�DUH�WRR�VORZ�IRU

UHDOWLPH�YLGHR�VROXWLRQV��DOVR�RIILFH�FRPSXWHUV�DUH�QRW�JUDSKLF�ZRUNVWDWLRQV��WKH�VROXWLRQ

PXVW�EH�VPDOO�DQG�QRW�WRR�&38�LQWHQVLYH���DW�OHDVW�IRU�VRPH�QH[W�\HDUV�

•� 7KH�VROXWLRQ�VKRXOG�EH�GHVLJQHG�E\�XVLQJ�LQGXVWU\�VWDQGDUG�WHFKQRORJLHV�ZLWK�FRQWLQXRXV

GHYHORSPHQW�DQG�VXSSRUW�RI�QHZ�UHOHDVHV�RI�RSHUDWLQJ�V\VWHPV��$OVR��FOLHQW�OLFHQVHV�VKRXOG

EH�IUHH�RI�FKDUJH�

7KHUH�DUH�IHZ�WHFKQRORJLHV�ZH�FDQ�XVH��EXW�SUREDEO\�WKH�VLPSOHVW�DQG�FRPSOHWHO\�LQH[SHQVLYH�LV�WR

GHVLJQ�FRPPRQ�ZHE�VLWH�RQ�WKH�EXLOGLQJ�LQWUDQHW��1HDUO\�HYHU\RQH�KDV�DFFHVV�WR�:::��WKDW�PHDQV

KH�RU�VKH�KDV�LQVWDOOHG�EURZVHU��'RZQORDGLQJ�WKH�SOXJ�LQV�IRU�H[WUD�FDSDELOLWLHV�LV�DOVR�VLPSOH��WKH

SOXJ�LQV�DUH�PRVWO\�IUHH�

7KHUH�DUH�IROORZLQJ�WHFKQRORJLHV�DYDLODEOH�



•� )UDPHV��WKDW�PHDQV�PRUH�GRFXPHQWV�ORDGHG�LQ�RQH�ZLQGRZ��7KH�XVHU�KDV�VWLOO�DFFHVV�WR�PDLQ

PHQXV�DQG�WKH�VLWH�LV�YHU\�VLPSOH�WR�XVH�

•� -DYD��-DYD6FULSW�DQG�G\QDPLF�+70/�LV�YHU\�VWURQJ��ZHDSRQ��LQ�RXU�KDQGV��2QH�FDQ�GR

XQEHOLHYDEOH�WKLQJV�ZLWK�LW��HYHQ�PRUH�FRPSOH[�HIIHFWV�WKDQ�LQ�PRVW�VSHFLDO�SUHVHQWDWLRQ

SURJUDPV��&XUUHQWO\�LW�DOVR�PHDQV�DELOLW\�WR�UHQGHU��'�JUDSKLFV��PRYH�REMHFWV�RQ�WKH�VFUHHQ�

VRUW�GDWDEDVH�RQ�WKH�FOLHQW
V�PDFKLQH��SOD\�VRXQG�DQLPDWLRQ�DQG�XVLQJ�-DYD�RU�$FWLYH;�UXQ

FRPSOH[�EXVLQHVV�VRIWZDUH��,�KDYH�XVHG�,QWHUQHW�([SORUHU�DV�D�EDVH�IRU�P\�IULHQG�SDLQWHU

0DUWLQ�=KRXI
V�LQWHUDFWLYH�JDOOHU\�FRPPHUFLDO�SUHVHQWDWLRQ�

•� :H�FDQ�XVH�$SSOH�4XLFN7LPH�95�RU�RWKHU��IRU�LQVWDQFH�/LYH3LFWXUH��SOXJ�LQV�WR�VKRZ

VSKHULFDO�RU�F\OLQGULFDO�YLHZV�RI�WKH�VFHQH�

•� 950/��LV�TXLWH�FRPSOH[�DQG�SRZHUIXO�WHFKQRORJ\��LW�LV�RXU�FKRLFH�EHFDXVH�RI�DELOLW\�RI

VFULSWLQJ��IDVW�GHYHORSPHQW�RI�WKH�WHFKQRORJ\��YHU\�VPDOO�GDWD�ILOHV�DQG�UHDO�WLPH��ZHOO�

VRPHWLPHV�QHDU�WR�UHDO�WLPH��RXWSXW�UHQGHUHG�XVLQJ�FOLHQW
V�&38�

,�GHFLGHG�WR�XVH�FRPELQDWLRQ�RI�950/��DQG�+70/�H[WHQGHG�E\�-DYD�VFULSWV�LQ�P\�V\VWHPV��7KHUH

H[LVW�YHU\�JRRG�DXWKRULQJ�WRROV�IRU�HDFK�RI�WKHVH�WHFKQRORJLHV�DQG�WKH\�DUH�ZLGHO\�DFFHSWHG�DV

LQGXVWU\�VWDQGDUGV��7KH�UHVW�RI�WKLV�SDSHU�LV�MXVW�D�OLVW�RI�H[SHULHQFHV�,�KDYH�OHDUQW�DERXW�WKHVH

WHFKQRORJLHV�DQG�SDUWLDOO\�DOVR�D�KRZ�WR�JXLGH�

3. Main stages of the Local Navigation system's design

/16�LV�FUHDWHG�LQ�VRPH�VWHSV��OHW�XV�GLVFXVV�VWDJHV�RI�WKH�SURGXFWLRQ�SLSHOLQH�

•� )LUVW��RQH�KDV�WR�GHFLGH��LI�KH�RU�VKH�ZDQWV�WR�FUHDWH�/16�IRU�ZKROH�EXLOGLQJ��7KHQ�WKLQN

DERXW�PDLQ�RULHQWDWLRQ�SRLQWV�RI�WKH�EXLOGLQJ��$QG�ILQDOO\��ZKDW�LV�WKH�SRZHU�RI�KDUGZDUH�RI

FOLHQW�FRPSXWHUV�DQG�QHWZRUN�LQ�WKH�EXLOGLQJ��IRU�LQWHUQHW�SUHVHQWDWLRQ�ORDGHG�WKURXJK�:$1

GDWD�PXVW�EH�DV�VPDOO�DV�SRVVLEOH��RI�FRXUVH���0RUH�SRZHU�PHDQV�PRUH�SLFWXUHV��WH[WXUH

PDSV��VRXQG�HWF�

•� 7KHQ�RQH�KDV�WR�LQVWDOO�DXWKRULQJ�WRROV��WKDW�PHDQV�HGLWRUV�RI�+70/��WRROV�IRU�950/�GHVLJQ

�LW�LV�LQ�IDFW�LPSRVVLEOH�WR�DXWKRU�950/�E\�KDQG��DQG�WRROV�IRU��'�SDLQW��IRU�WH[WXUH

GHVLJQ���,�SHUVRQDOO\�ZRUN�SURIHVVLRQDOO\�ZLWK�0LFURVRIW�)URQW3DJH��+70/�DQG�ZHE�VLWH

PDQDJHPHQW����'�6WXGLR�0D[�IURP�.LQHWL[���'�VFHQH�GHVLJQ�DQG�DXWRPDWLF�H[SRUW�WR

950/�IRUPDW��DQG�$GREH�3KRWRVKRS���'�SDLQWLQJ��H[SRUW�RI�ELWPDSV�LQ�DSSURSULDWH

IRUPDWV�DQG�HYHQ�H[SRUW�RI�SDUWLDOO\�WUDQVSDUHQW�ELWPDSV���,�RIWHQ�PHQWLRQ�WHFKQRORJLHV

DYDLODEOH�LQ�WKHVH�SURJUDPV��EXW�RWKHU�SDFNDJHV�ZRUN�QHDUO\�WKH�VDPH�ZD\��IRU�LQVWDQFH

$OLDV_:DYHIURQW
V�3RZHU�$QLPDWRU�RU�6RIWLPDJH_�'��

•� 2QH�KDV�WR�REWDLQ�SODQV�RI�WKH�EXLOGLQJ��,W�LV�LQ�IDFW�LPSRVVLEOH�WR�UHFRQVWUXFW�SODQV�E\�KDQG�

)URP�WRS�YLHZ�RI�HDFK�IORRU�LW�LV�TXLWH�VLPSOH�WR�UHFRQVWUXFW�WKH�VFHQH�LQ��'�

•� 7KHQ�RQH�KDV�WR�PRGHO�HDFK�IORRU�LQ��'�PRGHOOLQJ�WRRO��,W�LV�TXLWH�WLPH�FRQVXPLQJ�SURFHVV�

HVSHFLDOO\�ZH�QHHG�WR�NHHS�VL]HV�LQ�WKH�VDPH�VFDOH�UDWLR�WR�RULJLQDO���SHUKDSV�LW�LV�D�WDVN�IRU

&$'�SURJUDPV�DQG�QRW�IRU�WRROV�IRU�DQLPDWLRQ��EXW�,�GR�QRW�KDYH�DQ\�NQRZOHGJH�ZKHWKHU

WKHVH�V\VWHPV�VXSSRUW�950/�H[SRUW��>GHVFULEHG�LQ�GHWDLO�ODWHU@

•� 7KHQ�RQH�KDV�WR�UHILQH�WKH�VFHQH�DQG�DGG�WKH�LQWHUDFWLYLW\�WR�LW��WKDW�PHDQV�FDPHUD

PRYHPHQWV��PRYLQJ�GRRUV��HOHYDWRUV�HWF��DQG�DOVR�ELWPDS�WH[WXUHV�PDSSHG�RQWR�RULHQWDWLRQ�

LPSRUWDQW�REMHFWV��>GHVFULEHG�LQ�GHWDLO�ODWHU@

•� /LQN�950/�ZRUOGV�WRJHWKHU�WKURXJK�DQFKRU�QRGHV�

•� $GG�+70/�SDJHV�DQG�IUDPHVHWV��7KDW�PHDQV�RQH�KDV�WR�DGG�SLFWXUHV�RI�IORRUV�VKRW�IURP�WRS

YLHZ�DQG�PDS�LPDJH�FOLFNLQJ�PDSV�LQ�LW��FUHDWH�VFULSWV�ZLWK�FRQWURO�ORJLF��DGG�ORWV�RI

DGGLWLRQDO�WH[W�ZLWK�GHVFULSWLRQ��>GHVFULEHG�LQ�GHWDLO�ODWHU@

•� 3XEOLVK�WKH�VLWH�RQ�LQWUD�LQWHUQHW�

•� .HHS�LQIRUPDWLRQ�RQ�WKH�VLWH�DFWXDO��SHULRGLF�XSGDWHV��



4. Building the scene in 3DS Max or other 3D package

:KHQ�ZH�KDYH�SODQV�RI�WKH�EXLOGLQJ��ZH�FDQ�VWDUW�EXLOGLQJ�RXU��'�VFHQH��,Q��'6�0D[��,�SUHIHUDEO\

XVH�SULPLWLYHV���ER[HV��VSKHUHV��F\OLQGHUV�DQG�RWKHUV���950/�H[SRUW�SOXJ�LQ�H[SRUWV�WKHP�GLUHFWO\

DV�VLSPOH�JHRPHWU\�QRGHV��,�UHFRPPHQG�WR�EXLOG�VFHQH�DFFRUGLQJ�WR�0D[
V�XQLWV�GLVSOD\HG�LQ

WRROEDU��6LPSO\�PHDVXUH�WKH�VL]HV�RI�REMHFW��IRU�LQVWDQFH�ZDOO��DQG�FUHDWH�WKH�SULPLWLYH�LQ�0D[�ZLWK

DSSURSULDWH�VL]HV��,�DOVR�XVHG�FRS\LQJ�XVLQJ�PRYHPHQW�OLPLWHG�WR�RQH�D[LV�RIWHQ��LQ�WKLV�FDVH�RQH�KDV

WR�VHW�WZR�RU�HYHQ�DOO�WKUHH�VL]HV�RQO\�RQFH��WKHQ�PDQ\�URRPV�FDQ�EH�FUHDWHG�E\�FRS\LQJ�RU�XVLQJ

OLQHDU�DUUD\�WRRO��$OVR��LI�RQH�VHWV�WKH�PDWHULDO�DQG�HYHQWXDOO\�PDSSLQJ�RI�WKH�ILUVW�ER[��DOO�FRSLHV

KDYH�WKHVH�SURSHUWLHV�VHW�DXWKRPDWLFDOO\�

2QH�950/�ILOH�VKRXOG�FRQWDLQ��GHSHQGLQJ�RQ�LWV

FRPSOH[LW\��RQH�RU�PRUH�IORRUV��EXW�FHUWDLQO\�QRW

ZKROH�EXLOGLQJ��7KH�PRGHO�KDV�WR�FRQWDLQ�IHZ

REMHFWV��RWKHUZLVH�WKH�UHQGHULQJ�VSHHG�LQ�950/

SOD\HU�ZRXOG�EH�WRR�VORZ��/LPLW�QXPEHU�RI�REMHFWV�

OLJKWV�DQG�WH[WXUHV�LQ�WKH�VFHQH���DOO�WKHVH�QRGHV

VORZ�WKH�VSHHG�GRZQ��HVSHFLDOO\�ORWV�RI�WH[WXUH�

PDSSHG�REMHFWV�DUH�SUREOHP�IRU�PDFKLQHV�ZLWKRXW

KDUGZDUH�DFFHOHUDWHG�JUDSKLFV��/LPLW�QXPEHU�RI�REMHFWV�DURXQG�WKH�VFHQH��IRU�LQVWDQFH�WUHHV�LQ�D

JDUGHQ�QHDU�WKH�EXLOGLQJ�DUH�QLFH��EXW�QRW�QHFHVVDU\�

([SRUW�WR�950/�ZRUNV��DW�OHDVW�LQ��'6�0D[������ZLWK�EHWD��YHUVLRQ�RI�WKH�SOXJ�LQ��ZLWKRXW�DQ\

SUREOHPV�DQG�WKH�VFHQHV�DSSHDU�LQ�950/�SOD\HU�QHDUO\�WKH�VDPH�DV�LQ�0D[
V�LQWHUDFWLYH�YLHZSRUW

ZLWK�*RXUDXG�VKDGLQJ�VHW�RQ�

5. Experience with VRML - building interactive world

950/�QRGHV�FDQ�EH�IRXQG�LQ��'6�0$;�LQ�IROORZLQJ�ORFDWLRQ�

���DQG�WKLV�LV�D�OLVW�RI�DYDLODEOH�KHOSHUV�



5.1 How to setup VRML player's NavigationInfo node

1DYLJDWLRQ,QIR

^
W\SH �121(�
KHDGOLJKW )$/6(

YLVLELOLW\/LPLW � � LQILQLWH� LI !�� WKHQ DOO IDUHU WKDQ OLPLW LV QRW GLVSOD\HG
`

5HQGHULQJ�RI�WKH��'�VFHQH�LV�D�YHU\�SURFHVVRU�LQWHQVLYH�WDVN�DQG�ZLWKRXW�DSSURSULDWH�KDUGZDUH

DFFHOHUDWLRQ�HYHQ�YHU\�SRZHUIXO�PDFKLQH��IRU�LQVWDQFH�3HQWLXP�,,�������0+]�ZLWK�0DWUR[

0LOOHQLXP�,,��'�JUDSKLFV�DGDSWHU�,�KDYH�EHHQ�ZRUNLQJ�RQ��FDQ
W�UHQGHU�ODUJHU�VFHQHV�LQ�PRUH�WKDQ

��ISV�LQ�D�VPDOO�ZLQGRZ��IXOO�VFUHHQ�LV�DEVROXWHO\�XQXVDEOH���7KDW�LV�ZK\�ZH�QHHG�WR�RSWLPLVH�RXU

950/�ZRUOG�

•� 7XUQ�RII�WKH�JUDYLWDWLRQ�IRUFH�DQG�SOD\HU
V�FRQWUROV���E\�VZLWFKLQJ�WKH�SOD\HU�PRGH�IURP

:$/.�WR�121(�ZH�DUH�DOORZHG�WR�IO\��EXW�DV�,
YH�PHQWLRQHG�HDUOLHU��DOO�RXU�PRYHV�DUH�SUH�

FDOFXODWHG�DQG�ZH�GRQ
W�QHHG�WR�ZRUU\�DERXW�WKLV��7KH�UHVXOW�LV�WKDW�950/�SOD\HU�GRHV�QRW

VHDUFK�IRU�DQ\�REMHFW�EHORZ�XV��$OVR�DOO�LFRQV�RI�WKH�SOD\HU�DUH�QRW�YLVLEOH�DQG�VR�WKH�XVHU�LV

IRUFHG�WR�XVH�RQO\�SUHGHILQHG�SDWKV�ZH�KDYH�GHILQHG�IRU�RXU�DQLPDWHG�YLHZSRUWV�

•� 7XUQ�RII�WKH�KHDGOLJKW��:H�KDYH�GHILQHG�RWKHU�OLJKWV�LQ��'6�0D[�DQG�VR�WKHUH�LV�QR�GDUN

SODFH�LQ�WKH�VFHQH��$QRWKHU�OLJKWLQJ�LV�QRW�XVHIXO�

•� ,I�WKH�IORRU�LV�UHDOO\�ODUJH��LW�LV�SRVVLEOH�WR�OLPLW�WKH�YLVLELOLW\���WKLV�FDQ�GUDPDWLFDOO\�LQFUHDVH

SHUIRUPDQFH�EXW�EH�DZDUH�RI�LW���LI�WKH�OLPLW�LV�WRR�VPDOO��DOO�WKH�ZDOOV�RQ�WKH�VFUHHQ�PD\�QRW

EH�UHQGHUHG��LW�LV�WKH�VDPH�HIIHFWV�DV�LI�RQH�JRHV�WKURXJK�D�IRJ�DQG�VHHV�RQO\�QHDU�REMHFWV��

5.2 Turning collision detection off
&ROOLVLRQ

^

FROOLGH )$/6(
FKLOGUHQ >���@
`

%HFDXVH�ZH�GHILQHG�DQLPDWLRQ�SDWKV�ZLWK�FDUH�LQ��'6�0D[��ZH�GRQ
W�QHHG�WR�ZRUU\�DERXW�FROOLVLRQV

ZLWK�ZDOOV�RU�RWKHU�REMHFWV��6R�LW�LV�YHU\�XVHIXO�WR�WXUQ�RII�WKH�FROOLVLRQ�GHWHFWLRQ��ZH�DJDLQ�VDYH�ORWV

RI�&38�WLPH��-XVW�FRS\�HQWLUH�VFHQH�LQWR�WKH�FKLOGUHQ�ILHOG�RI�WKLV�JURXSLQJ�QRGH�DQG�VHW�ILHOG�FROOLGH

WR�)$/6(�

5.3 Placing text in the scene
7H[W

^

VWULQJ �7(;7�
IRQWVW\OH

^

IDPLO\ �6$16� �IDFH RI WKH IRQW
VL]H �� �VL]H RI WKH IRQW LQ VSDFH
`

`

,�GLG�QRW�PDQDJH�WR�H[SRUW�WH[W�REMHFW�IURP��'6�0D[�GLHUFWO\��7KH�SUREOHP�LV�WKDW�RQH�FDQ��RI

FRXUVH��FUHDWH�WH[W�LQ��'6�0D[�DV�D��'�VKDSH�H[WUXGHG�WR��'��EXW�ZKHQ�RQH�H[SRUWV�WKLV�REMHFW��KH

RU�VKH�JHWV�ODUJH�OLVW�RI�YHUWLFHV�DQG�IDFHV��0D[�VLPSO\�FDQ
W��DW�OHDVW�WKLV�YHUVLRQ�RI�H[SRUW�SOXJ�LQ�

H[SRUW�7H[W�QRGH�DQG�UHSODFHV�LW�ZLWK�H[WUHPHO\�ODUJH�OLVW���WKH�WH[W�LV�WKHQ�GHILQHG�DV�DQ\�RWKHU

FRPSOH[�REMHFW��,�IRXQG�VLPSOH��EXW�VWLOO�QRW�SHUIHFW��ZRUNDURXQG��)LUVW�SODFH�WKH�ER[�RU�VRPH�RWKHU



SULPLWLYH�LQ�WKH�0D[
V�VFHQH�ZKHUH�WKH�WH[W�VKRXOG�EH�DQG�JLYH�LW�QDPH���IRU�LQVWDQFH�7(;7%2;�

([SRUW�WKH�VFHQH�WR�WKH�950/�ILOH�DQG�ORDG�WKDW�ILOH�LQ�WH[W�HGLWRU��1RZ�VHDUFK�IRU�7(;7%2;

ZRUG��<RX�VKRXOG�VHH�VRPHWKLQJ�OLNH�WKLV�

'() TEXTBOX 7UDQVIRUP ^

WUDQVODWLRQ � � �
URWDWLRQ � � � �
VFDOH � � �
FKLOGUHQ >

7UDQVIRUP ^
WUDQVODWLRQ � � �
FKLOGUHQ >

6KDSH ^
DSSHDUDQFH $SSHDUDQFH ^

PDWHULDO 0DWHULDO ^GLIIXVH&RORU ��� ������ ���`
`

       geometry Box { size 173.9 60.87 85.02 }
`

@ `
@

`

QRZ�UHSODFH�JHRPHWU\�ILHOG�RI�WKH�6KDSH�QRGH�ZLWK�WKH�7(;7�QRGH�

6KDSH ^
DSSHDUDQFH $SSHDUDQFH ^

PDWHULDO 0DWHULDO ^GLIIXVH&RORU ��� ������ ���`
`

   geometry Text {
        string "TEXT!!!"
        fontStyle FontStyle {family "SANS" size 30}
    }
`

1RZ�WKHUH�VKRXOG�EH�\RXU�WH[W�VRPHZHUH�DURXQG�WKH�SUHYLRXV�SODFH�RI�WKH�ER[��%XW�LW�FDQ�EH�URWDWHG

RU�WUDQVODWHG��DOVR�H[SHULPHQW�ZLWK�VL]H�ILHOG�RI�)RQW6W\OH�QRGH��7KH�RQO\�DGYDQWDJH�LV�WKDW�WKH�WH[W

REMHFW�LV�VRPHZKHUH�DURXQG�WKH�SODFH��ZKHUH�LW�VKRXOG�EH��2I�FRXUVH��GR�127�XVH�H[SRUW�RI�IRQW

REMHFWV�GLUHFWO\�IURP��'6�0D[��QXPEHUV�RI�IDFHV�DQG�YHUWLFHV�ZRXOG�LQFUHDVH�FDWDVWURSKLFDOO\�

5.4 How to build "navigation web" in the scene

7KLV�LV�YHU\�LPSRUWDQW�SDUW�RI�VFHQH�GHVLJQ��,I�QDYLJDWLRQ�ZRUNV�EDGO\�RU�GRHVQ
W�ZRUN�DW�DOO��WKH

V\VWHP�EHFRPHV�XQXVDEOH�EHFDXVH�WKH�XVHU�LQWHUIDFH�LV�KLGGHQ��)LUVW�ZH�QHHG�WR�GHFLGH��ZKHUH�ZH

FDQ�JR�LQ�WKH�VFHQH�DQG�HDFK�SODFH�VKRXOG�EH�OLQNHG�WR�WKH�RWKHUV�DW�OHDVW�LQ�RQH�GLUHFWLRQ�

&RQQHFWLRQV�DUH�EXLOW�LQ��'6�0D[�XVLQJ�VWDQGDUG�IUHH�FDPHUDV�

•� $W�ILUVW�SXW�WKH�ILUVW�FDPHUD�LQ�WKH�VFHQH�LQ��'6�0D[�DQG�H[SHULPHQW�ZLWK�LWV�)29���ILHOG�RI

YLVLELOLW\��,�ZRXOG�UHFRPPHQG�WR�H[WHQG�GHIDXOW����GHJUHHV�WR�����

•� 7KHQ�PRYH�WKLV�FDPHUD�WR�WKH�ILUVW�HQWU\�SRLQW�RI�WKH�VFHQH�

•� 'HFLGH��ZKHUH�WKH�SDWKV�FRXOG�VSOLW��WKHQ�\RX�JHW�VRPH�YLUWXDO�SODQ�RI�QRGHV�DQG�FRQQHFWLRQV

EHWZHHQ�WKHP���,�FDOO�LW��QDYLJDWLRQ�ZHE��

•� 1RZ�DQLPDWH�FDPHUD�WR�WKH�ILUVW�QRGH��WKDW�PHDQV�WXUQ�RQ�WKH�$QLPDWH�EXWWRQ��VHW�GLIIHUHQW

WLPH�DQG�PRYH�DQG�RU�URWDWH�WKH�FDPHUD�WR�LWV�QHZ�SRVLWLRQ��,I�DQRWKHU�SDWK�FRQWLQXHV�IURP

WKLV�SRLQW��GR�QRW�XVH�WKLV�FDPHUD��6HW�WKH�WLPH�WR�WKH�NH\�ZKHUH�WKH�FDPHUD�UHDFKHV�WKH�ILQDO

SRVLWLRQ��QRZ�6KLIW�FOLFN�WKH�FDPHUD�REMHFW�DQG�FUHDWH�D�FRS\�RI�LW��(GLW�NH\V�RI�WKLV�FRS\��

GHOHWH�DOO�EXW�WKH�ILQDO�SRVLWLRQ�DQG�URWDWLRQ��WKHQ�PRYH�WKHVH�ILQDO�NH\V�WR�IUDPH����1RZ�ZH

JRW�DQRWKHU�FDPHUD�WKDW�VWDUWV�LWV�PRYHPHQW�LQ�WKH�SODFH��ZKHUH�KDV�SUHYLRXV�VWRSSHG��5HSHDW

WKLV�WDVN�XQWLO�DOO�SDWKV�DUH�FUHDWHG���UHPDUN���LW�LV�KLJKO\�UHFRPPHQGHG�WR�QDPH�HYHU\�REMHFW



��\RX
OO�SUREDEO\�VFULSW�WKHP�DQG�VR�&$0�HQWUDQFH�LV�SUREDEO\�EHWWHU�QDPH�WKDQ�GHIDXOW

&DPHUD���

•� &UHDWH�7RXFK6HQVRUV���EXWWRQV��ZKLFK�VWDUW�WKH�DQLPDWLRQ��$W�ILUVW�SODFH�RQH

EXWWRQ��,�XVH�EOXH�DUURZV�URWDWHG�WR�WKH�GLUHFWLRQ�RI�QH[W�PRYHPHQW��SHU�RQH

FDPHUD�VRPHZKHUH�DURXQG�LWV�VWDUW�SRVLWLRQ��8QGHU�WKH�SDQHO

&UHDWH�'XPPLHV�950/����\RX�FDQ�ILQG�7RXFK6HQVRU�REMHFW���SXW�WKHVH�REMHFWV

FORVH�WR�WKH�EXWWRQV�\RX�KDYH�MXVW�FUHDWHG���RQH�VHQVRU�SHU�RQH�EXWWRQ���DQG�VHW

WKHLU�SURSHUWLHV��)LUVW�SLFN�WKH�WULJJHU���WKH�EXWWRQ�REMHFW��WKHQ�SLFN�WKH�DFWLRQ

REMHFW���WKH�FDPHUD��.HHS�WKH�VHQVRU�HQDEOHG��1RZ�LV�EDVLF�DQLPDWLRQ�ILQLVKHG��LI

\RX�VHW�LQ�WKH�950/�SOD\HU�DSSURSULDWH�YLHZSRUW�DQG�FOLFN�WKH�EXWWRQ��\RX

VKRXOG�EH�QDYLJDWHG�WKURXJK�WKH�VFHQH��%XW�ZH�VWLOO�QHHG�WR�LPSURYH�ORJLF�RI�WKH

VFHQH�DQG�E\�FOLFNLQJ�WKH�EXWWRQ�ZH�KDYH�WR�DOVR�VHW�WKH�YLHZSRUW�DV�FXUUHQW�RQH�

•� ([SRUW�WKH�VFHQH�LQWR�WKH�950/�ILOH�DQG�ORDG�WKH�ILOH�LQWR�WKH�HGLWRU��:H�PXVW�DGG�VRPH

5287(�GLUHFWLYHV�WR�WKH�ILOH��(DFK�SDWK�EHWZHHQ�WZR�QRGHV�PXVW�FRQVLVW�RI�WKHVH�QRGHV�

'() &DPHUD�� 9LHZSRLQW ^���`
'() &DPHUD���7,0(5 7LPH6HQVRU ^ loop FALSE ��� `
'() &DPHUD���326�,17(53 3RVLWLRQ,QWHUSRODWRU ^���`
'()%XWWRQ�5227 *URXS ^

FKLOGUHQ >
6KDSH ^���`

'() 7RXFK6HQVRU���6(1625 7RXFK6HQVRU ^ HQDEOHG 758( `
@

`
5287( 7RXFK6HQVRU���6(1625�WRXFK7LPH 72 &DPHUD���7,0(5�VWDUW7LPH
5287( &DPHUD���7,0(5�IUDFWLRQBFKDQJHG 72 &DPHUD���326�,17(53�VHWBIUDFWLRQ
5287( &DPHUD���326�,17(53�YDOXHBFKDQJHG 72 &DPHUD���VHWBSRVLWLRQ

7KH�H[DPSOH�DERYH�LV�D�FRGH�JHQHUDWHG�IRU�D�FDPHUD�QDPHG�&DPHUD����7KHUH�LV�VHW

LQLWLDO�YLHZSRUW�SRVLRWLRQ��7LPH6HQVRU��JHQHUDWHV�WLPHU�HYHQWV�IRU�WKH�FDPHUD�DQLPDWLRQ��

3RVLWLRQ�DQG�RU�5RWDWLRQ�LQWHUSRODWRU�ZLWK�ODUJH�OLVW�RI�NH\�YDOXHV��LV�UHVSRQVLEOH�IRU

GHILQLWLRQ�RI�SRVLWLRQ�RI�WKH�FDPHUD�LQ�VSDFH�DQG�WLPH���EXWWRQ�VKDSH�JURXSHG�ZLWK

7RXFK6HQVRU��UHVSRQVLEOH�IRU�VHQGLQJ�WKH�VWDUW�HYHQW���5RXWHV�OLQN�DOO�WKHVH�HOHPHQWV

WRJHWKHU��)LUVW�RQH�VHWV�WKH�VWDUW�WLPH�RI�WLPHU�DQG�DFWLYDWHV�LW��VHFRQG�SDVVHV�SHULRGLF

HYHQWV�IURP�WLPHU�WR�LQWHUSRODWRU��FDOFXODWHG�QHZ�SRVLWLRQ�RI�WKH�FDPHUD�LV�WKHQ�SDVVHG�WR

WKH�FDPHUD�REMHFW��:H�QHHG�WR�KDQJ�DQRWKHU�URXWH�WR�WKH�ILUVW�HYHQW�RI�WKH�7RXFK6HQVRU�

:KHQ�RQH�FRPHV�WR�VRPH�QRGH��WKHUH�LV�VWLOO�VHW�ROG�YLHZSRUW��:H�QHHG�WR�VHW�QHZ

YLHZSRUW��RWKHUZLVH�WKH�YLHZSRUW�ZRXOG�EH�DQLPDWHG�EXW�ZH�ZRXOG�EH�ORRNLQJ�LQWR�WKH

VFHQH�WKURXJK�GLIIHUHQW�RQH��-XVW�DGG�WKLV�OLQH�

5287( 7RXFK6HQVRU���6(1625�LV$FWLYH 72 &DPHUD���VHWBELQG

1RZ�ZKHQ�WKH�VHQVRU�LV�FOLFNHG��LW�VHQGV�RQH�PHVVDJH�RI�ERROHDQ�W\SH�WR�WKH�FDPHUD

REMHFW�DQG�WKH�FDPHUD�LV�ERXQG�DV�WKH�FXUUHQW�YLHZSRUW�

,�VWLOO�KYH�QRW�H[SODLQHG�ZK\�LW�ZDV�QHFHVVDU\�WR�FUHDWH�VR�PDQ\�FDPHUDV��,I

RQH�GRHVQ
W�ZDQW�WR�VSOLW�RQH�DQLPDWHG�SDWK�LQWR�PRUH�SDUWV���'60D[�VLPSO\

H[SRUWV�GDWD�IRU�RQH�LQWHUSRODWRU�IURP�WKH�ILUVW�WR�WKH�ODVW�NH\�RI�WKH�REMHFW��LI

ZH�XVHG�RQH�FDPHUD�IRU�PRUH�WKDQ�RQH�SDWK��LW�ZRXOG�EH�LPSRVVLEOH�WR�VWRS

RQ�WKH�QH[W�QRGH��:H�FDQ�DOVR�XVH�GLIIHUHQW�SURFHVV���ZH�FDQ�KDQJ�PRUH

7LPH6HQVRU�KHOSHUV�WR�RQH�REMHFW��WKHUH�ZH�FDQ�VHW�VWDUW�DQG�VWRS�YDOXHV�DQG

WKLV�ZD\�ZH�VSOLW�ZKROH�DQLPDWLRQ�RI�WKH�FDPHUD�WR�PRUH�SDUWV��6RPH�H[WUD

ZRUN�RQ�:5/�ILOH�PD\�EH�QHFHVVDU\�WKLV�ZD\�



5.5 Refining the interaction

1RZ�ZH�KDYH�FUHDWHG�EDVLF�QDYLJDWLRQ��ZH�FDQ�UHILQH�LW�D�ELW��1RWH�WKDW�WKH�:5/�ILOH�LV�QRZ

FKDQJHG�DQG�DQ\�H[SRUW�IURP��'6�0D[�WR�WKLV�ILOH�ZRXOG�RYHUZULWH�WKH�FKDQJHV�

•� ,W�LV�QRW�QHFHVVDU\�WR�KDYH�DOO�WKH�VWDUW�EXWWRQV�YLVLEOH�HYHU\WLPH��:H�FDQ�XVH

/2'V�WR�KLGH�WKHP��,Q��'6�0D[�WKHUH�LV�DQRWKHU�950/�KHOSHU�FDOOHG�/2'�

&UHDWH�LW�QHDU�WKH�EXWWRQ�DQG�SLFN�WKH�EXWWRQ��1RZ�FOLFN�RQ�WKH�OLQH�ZLWK�EXWWRQ
V

QDPH�DQG�VHW�WKH�GLVWDQFH���\RX�FDQ�VHH�D�EOXH�VSKHUH�SDLQWHG�LQ�WKH�VFHQH��,I

RQH�FRPHV�LQVLGH�WKH�VSKHUH��WKH�EXWWRQ�EHFRPHV�WR�EH�YLVLEOH��1H[W��SLFN

DQRWKHU�REMHFW��IRU�LQVWDQFH�VRPH�ER[��DQG�VHW�LWV�GLVWDQFH�ELJJHU�WKDQ�EXWWRQ
V

�LI�RQO\�RQH�REMHFW�H[LVWV�LQ�/2'
V�OLVW��WKH�/2'�QRGH�LV�QRW�H[SRUWHG�EHFDXVH�LW

ZRXOG�EH�XVHOHVV���1RZ�H[SRUW�WKH�VFHQH�DQG�ZLHY�WKH�:5/�ILOH��7KHUH�VKRXOG

DSSHDU�/2'�QRGH�LQ�WKH�WH[W��,Q�FKLOGUHQ�ILHOG�\RX�VKRXOG�ILUVW�ILQG�WKH�EXWWRQ

REMHFW�JURXSHG�WRJHWKHU�ZLWK�WKH�7RXFK6HQVRU��WKHQ�DQRWKHU�QRGH�\RX�SLFNHG�DV

WKH�VHFRQG�REMHFW���GHOHWH�WKLV�REMHFW�DQG�SXW�*URXS�^�`�LQVWHDG��1RZ�FRS\

ZKROH�/2'�QRGH�WR�WKH�ILQDO�:5/�\RX�JRW�LQ�SUHYLRXV�VWHS�LQVWHDG�RI�SUHYLRV

EXWWRQ�QRGH��7KH�UHVXOW�LV�YHU\�VLPSOH���WKH�EXWWRQ�LV�KLGGHQ�XQWLO�XVHU�QDYLJDWHV

WR�WKH�QRGH�EXWWRQ�EHORQJ�WR��RU�SDVVHV�E\�LQ�WKH�QHDU�GLVWDQFH��

•� %XWWRQV�FDQ�FKDQJH�WKHLU�FRORUV�ZKHQ�DUH�FOLFNHG��7R�GR�WKLV��ZH�PXVW�DGG�D�VFULSW�QRGH�

'() 0\6FULSW 6FULSW ^
ILHOG 6)&RORU $FWLYH&RORU � � � �WKLV LV WKH FRORU REMHFW JHWV DIWHU FOLFN
HYHQW,Q 6)%RRO 5HFRORU,Q
HYHQW2XW 6)&RORU 5HFRORU2XW
XUO >�MDYDVFULSW�
IXQFWLRQ 5HFRORU,Q��
^5HFRORU2XW $FWLYH&RORU�`

�@
`

DQG� WZR�QHZ� URXWHV� �ZH� VXSSRVH�7RXFK6HQVRU� IRU� WKLV� EXWWRQ� LV�'()�QDPHG� �76�

DQG� PDWHULDO� QRGH� �QRWH�� QRW� WKH� 6KDSH� QRGH��� RI� WKH� EXWWRQ� LV� '()�QDPHG

�%XWWRQ0DWHULDO��

5287( 76�LV$FWLYH 72 0\6FULSW�5HFRORU,Q
5287( 0\6FULSW�5HFRORU2XW 72 %XWWRQ0DWHULDO�GLIIXVH&RORU

:KHQ�WKH�VHQVRU�LV�FOLFNHG��LW�VHQGV�WKH�PHVVDJH�WR�WKH�VFULSW�DQG�WKH�VFULSW�JHQHUDWHV

QHZ�HYHQW�DQG�UHFRORUV�WKH�EXWWRQ��7KH�VFULSW�LV�QHFHVVDU\�EHFDXVH�RI�WKH�W\SH

FRQYHUVLRQ���ZH�FRQYHUW�6)%RRO��ERROHDQ�YDOXH��WR�6)&RORU��FRORU�5*%

UHSUHVHQWDWLRQ���2QH�FDQ�FDWFK�ERROHDQ�YDOXHV�LQFRPLQJ�WR�5HFRORU,Q�IXQFWLRQ�DQG

FDQ�FKDQJH�WKH�FRORU�RI�WKH�EXWWRQ�RQO\�LQ�WKH�PRPHQW�ZKHQ�WKH�EXWWRQ�LV�DFWXDOO\

SUHVVHG�

ILHOG 6)&RORU 3DVVLYH&RORU � � � �DGG DQRWKHU ILHOG LQ WKH KHDGHU RI WKH QRGH � SDVVLYH FRORU
IXQFWLRQ 5HFRORU,Q�VZLWFK� ��PHVVDJH VHQW WZLFH� 758(�EXWWRQ GRZQ� )$/6(�EXWWRQ XS
^
LI �VZ  758(�
5HFRORU2XW $FWLYH&RORU�

HOVH
5HFRORU2XW 3DVVLYH&RORU�

`

:H�FDQ�DOVR�FDWFK�HYHQW�LV2YHU�VHQW�E\�6HQVRU��WKH�EXWWRQ�ZRXOG�UHFRORU��ZKHQ�WKH

PRXVH�ZDV�RYHU�LW��)RU�LQVWDQFH�LQVWHDG�RI�5287(�ZLWK�LV$FWLYH�HYHQW�MXVW�ZULWH

5287( 76�LV2YHU 72 0\6FULSW�5HFRORU,Q



•� $GGLQJ�SHULRGLFDOO\�PRYLQJ�REMHFWV�LV�DQRWKHU�TXLWH�VLPSOH�ZD\�KRZ�WR�UHILQH�WKH�VFHQH�

7KHVH�REMHFWV�FDQ�EH�OLIWV��PRYLQJ�VWDLUV�DQG�VR�RQ��6LPSO\�DQLPDWH�WKH�REMHFW�LQ��'6�0D[

DQG�DGG�WKH�7LPH6HQVRU�IURP�950/�KHOSHUV��,Q�VHQVRU
V�PHQX�FKHFN�/223�RQ�FKHFN

6WDUW2Q:RUOG/RDG�RQ��ILOO�LQ�QXPEHUV�RI�WKH�ILUVW�DQG�WKH�ODVW�NH\�RI�WKH�DQLPDWLRQ��SLFN

DQLPDWHG�REMHFW�DQG�H[SRUW�WKH�VFHQH��7KDW�LV�DOO�\RX�KDYH�WR�GR�

•� 6\QFKURQLVLQJ�VWDUW�RI�DQLPDWLRQV�ZLWK�SHULRGLFDOO\�PRYLQJ�REMHFWV�LV�QRW�VR�VLPSOH��IRU

LQVWDQFH�LI�ZH�QHHG�WR�ZDLW�XQWLO�PRPHQW�LW�LV�SRVVLEOH�WR�JHW�RQ�WKH�OLIW��ZH�QHHG�H[WUD

VFULSWV��(YHU\�7LPH6HQVRU�DWWDFKHG�WR�PRYLQJ�REMHFW�JHQHUDWHV�ORWV�RI�HYHQWV�DQG�LW�LV

SRVVLEOH�WR�FDWFK�WKHP��)RU�LQVWDQFH�LPDJLQH�ER[�PRYLQJ�XSVLGH�DV�D�IORRU�RI�DQ�OLIW�DQG

DQLPDWLRQ��ZKHQ�RQH�JHWV�RQ�LW��:H�QHHG�WR�V\QFKURQL]H�VWDUW�RI�DQLPDWLRQ�ZLWK�PRPHQW

ZKHQ�WKH�IORRU�RI�WKH�HOHYDWRU�LV�GRZQ��,�GHYHORSHG�RQH�VROXWLRQ��)LUVW�ZH�FDWFK�DQ�HYHQW

IURP�7RXFK6HQVRU�DQG�XVLQJ�VFULSW�ELQG�QHZ�YLHZSRUW�DQG�FKDQJH�JOREDO�ERROHDQ�ILHOG�WR

758(��:H�VWLOO�KDYH�QRW�VWDUWHG�DQ\�DQLPDWLRQ��:H�DOVR�FDWFK�DQRWKHU�HYHQW�F\FOH7LPH�VHQW

HYHU\WLPH�QHZ�ORRS�RI�7LPH6HQVRU��WKDW�DQLPDWHV�WKH�OLIW��VWDUWV��,Q�WKLV�IXQFWLRQ�ZH�WHVW��LI

XVHU�LV�QRW�ZDLWLQJ��JOREDO�YDULDEOH�VHW�WR�WUXH���DQG�LQ�WKDW�FDVH�ZH�UHVHW�WKH�YDULDEOH�DQG

VWDUW�WKH�DQLPDWLRQ�RI�WKH�YLHZSRUW��,W�PHDQV�WKDW�LQ�WKH�ILUVW�VWHS�WKHUH
V�QR�PRYHPHQW�

SHUKDSV�RQO\�VWDUW�EXWWRQ�FDQ�FKDQJH�LWV�FRORU��,Q�WKH�VHFRQG�VWHS��DIWHU�V\FKURQLVDWLRQ�LV

UHDFKHG��LV�DOVR�VWDUWHG�DQLPDWLRQ�

5.6 Adding real views of the scene

950/��VXSSRUWV�WHFKQRORJ\�4XLFN7LPH�95��ILUVW�LQWURGXFHG�E\�$SSOH�,QF����,W�LV�EDVHG�RQ�D�YHU\

VLPSOH�LGHD��WKH�XVHU�LV�SXW�LQ�WKH�FHQWUH�RI�ELJ�VSKHUH��IURP�ZKHUH�KH�FDQ�QRW�PRYH�WR�WKH�VXUIDFH�RI

WKH�VSKHUH��2Q�WKH�VSKHUH�WKHUH�LV�SDLQWHG�VXUURXQGLQJ�DUHD�DQG�EHFDXVH�LW�LV�QRW�GLVSOD\HG�LQ

VWHUHRYLVLRQ��LW�LV�UHDOLVWLF�YLVLRQ�RI�WKH�VFHQH�

7KH�HQYLURQPHQW�UHQGHUHG�E\�950/�EURZVHU�FRQVLVWV�RI�XS�WR�VL[�XQLTXH�SLFWXUHV��ZKLFK�VKRZ

VXUURXQGLQJ�VFHQH�IURP�IURQW��OHIW��ULJKW��EDFN��WRS�DQG�ERWWRP��LW�LV�QRW�QHFHVVDU\�WR�GHILQH�DOO�VL[

SLFWXUHV��IRU�LQVWDQFH�ZH�FDQ�GHILQH�RQO\�IRXU�VLGH�SLFWXUHV�DQG�OHDYH�WRS�DQG�ERWWRP�XQVHW��7KHVH

SLFWXUHV�FDQ�EH�JHQHUDWHG�XVLQJ�VSHFLDO��'�PRGHOOLQJ�WRROV�RU�RQH�FDQ�FUHDWH�WKHP�XVLQJ�VSHFLDO

VRIWZDUH�DQG�VQDSVKRW�RU�YLGHRFDPHUD�

•� 9HU\�LPSRUWDQW�LV�D�UHVROXWLRQ�RI�WKH�SLFWXUHV���LW�VKRXOG�EH�SHUKDSV�DW�OHDVW��������SL[HOV

HDFK��RWKHUZLVH�WKHUH�LV�QRW�HQRXJK�LQIRUPDWLRQ�IRU�WKH�UHQGHULQJ�DYDLODEOH�

•� $OVR��WKH�SLFWXUHV�PXVW�FUHDWH�SHUIHFW�ER[�DQG�PXVW�FRQWLQXH�RQ�HGJHV�

• 7KH�SLFWXUHV�FDQ�QRW�EH�GLVWRUWHG��VSKHULFDO�WUDQVIRUPDWLRQV�DUH�GRQH�E\�EURZVHU�

• ,W�PD\�EH�QHFHVVDU\�WR�URWDWH�WRS�DQG�ERWWRP�LPDJHV����GHJUHHV�&:�RU�&&:�RU�HYHQ����

GHJUHHV��EHFDXVH�WKHLU�RULHQWDWLRQ�LV�XQGHILQHG��7KH�SLFWXUHV�DUH��RI�FRXUVH��GLIIHUHQW��LI

FDPHUD�ORRNV�GRZQ�IURP��IURQW��RULHQWDWLRQ�RU��OHIW��RULHQWDWLRQ��7KH�VROXWLRQ�RI�WKH

SUREOHP�LV�YHU\�VLPSOH��HYHU\�FRPPRQ��'�SLFWXUHV�HGLWRU��VXFK�DV�$GREH�3KRWRVKRS��KDV

WKH�DELOLW\�WR�URWDWH�ELWPDSV�

An example of 3 maps of cubic environment



•� ,W�LV�SRVVLEOH�WR�OLQN�WKHVH�VFHQHV�WR�DQFKRU�QRGHV�SUHVHQW�DW�WKH�FRUUHFW�ORFDWLRQ�LQ�WKH��'

VFHQH���DIWHU�FOLFNLQJ�XVHU�FDQ�MXPS�WR�GLIIHUHQW�950/�ILOH�DQG�VHH�UHDO�SLFWXUH�RI�WKH

EXLOGLQJ��:H�EHOLHYH�WKDW�WKLV�FRPELQDWLRQ�VKRXOG�KHOS�PXFK��EHFDXVH��'�VFHQH�FUHDWHV�LGHD

RI�WKH�PRYHPHQW�DQG�UHDO�SLFWXUHV�FUHDWH�LGHD�RI��ZKHUH�,�DP��

5.7 Adding pictures and texture maps

,PSRUWDQW�REMHFWV�VKRXOG�EH�PDSSHG�ZLWK�WH[WXUHV�RU�DW�OHDVW�SDLQWHG�ZLWK�WKH�GLIIHUHQW�FRORU�

0DSSLQJ�RI�WKH�VXUIDFH�LV�GRQH�LQ��'6�0D[�DV�QRUPDO�GHILQLWLRQ�RI�WKH�REMHFW
V�VXUIDFH��GLIIXVH�PDS

LV�H[SRUWHG�WR�950/�ILOH��,W�LV�DOVR�SRVVLEOH�WR�DGG�VSHFLDO�SDUWLDOO\�WUDQVSDUHQW�SLFWXUHV���LW�LV�WKH

RQO\�UHDVRQDEOH�ZD\�KRZ�WR�DGG�IORZHUV�RU�HYHQ�WUHHV�LQ�WKH�VFHQH��)RU�WKLV�WDVN�ZH�KDYH�WR�KDYH

SLFWXUHV�H[SRUWHG�LQ�31*�RU�*,)�IRUPDW�ZLWK�GHILQHG�WUDQVSDUHQF\��)RU�LQVWDQFH�LQ�$GREH

3KRWRVKRS��WUDQVSDUHQW�FRORUV�DUH�VHW�LQ�H[SRUW�SOXJ�LQ�*,)���H[SRUW�DV�VHOHFWHG�FRORUV�RI�QR�PRUH

WKDQ���ELW�SDOHWWH��,Q��'6�0D[�WKLV�LQIRUPDWLRQ�LV�QRW�XVHG�IRU�UHQGHULQJ��EXW�LQ�950/�SOD\HUV

LQWHUSUHW�LW�FRUUHFWO\��,W�LV�DOVR�SRVVLEOH�WR�XVH�WLOLQJ�RI�WKH�PDS�RQ�DQ�REMHFW��VR�LI�FOLHQW�FRPSXWHUV

DUH�SRZHUIXO��ZH�FDQ�VQDS�ZDOO�DQG�IORRU�LQ�WKH�EXLOGLQJ��VFDQ�WKH�SLFWXUHV�DQG�PDS�WKHVH�SLFWXUHV�LQ

WKH�PRGHO��EHFDXVH�RI�WLOLQJ��WKHVH�PDSV�FDQ�EH�TXLWH�VPDOO�DQG�WKHQ�UHSHDWHG�RQ�ELJJHU�REMHFWV�

6. HTML pages and connection to VRML

:H�GLVFXVVHG�DQLPDWLRQ��LQWHUDFWLYLW\��JUDSKLFV�DQG�VR�RQ��%XW�,�VWLOO�KDYH�QRW�PHQWLRQHG�XVHU

LQWHUIDFH��WH[W�LQIRUPDWLRQ�DQG�ELQGLQJ�WKH�PRGHOV�WRJHWKHU�

)URP�1HWVFDSH�1DYLJDWRU����WKHUH�H[LVWV�SRVVLELOLW\�RI�VSOLWWLQJ�WKH�EURZVHU
V�ZLQGRZ�LQWR�PRUH

DUHDV�FDOOHG�IUDPHV��(DFK�IUDPH�FDQ�EH�QDPHG�DQG�XVLQJ�WKLV�QDPH�ZH�FDQ�ODWHU�DGUHVV�LW��IRU

LQVWDQFH�LW�LV�SRVVLEOH�WR�FKDQJH�FRQWHQW�RI�RQH�IUDPH�E\�FOLFNLQJ�RQ�D�OLQN�RU�EXWWRQ�LQ�D�GLIIHUHQW

RQH��7KDW�PHDQV�WKDW�PDLQ�PHQX�RU�DGGLWLRQDO�WH[W�LQIRUPDWLRQ�FDQ�EH�YLVLEOH�HYHQ�ZKHQ�:5/

ZRUOG�RU�VRPH�DQLPDWLRQ�LV�GLVSOD\HG�LQ�WKH�VHFRQG�IUDPH�

$OVR��WKHUH�LV�D�SURJUDPPLQJ�HQYLURQPHQW��-DYD6FULSW��DYDLODEOH��2QH�FDQ�GR�ORWV�RI�XVHIXO�WKLQJV

ZLWK�LW��,
YH�GHYHORSHG�LQWHUDFWLYH�JDPH�ZLWK�LW��DQG�EHFDXVH�PDQ\�IXQFWLRQV�DQG�SURSHUWLHV�RI�WKH

EURZVHU�DUH�H[SRVHG�WR�WKH�VFULSW��RQH�FDQ�VLPSO\�GR�WKLQJV�OLNH�FKDQJLQJ���FRQWHQW�LQ�WZR�IUDPHV

SHU�RQH�PRXVH�FOLFN��LW�LV�SRVVLEOH�WR�SXW�WLPHUV�DQG�HYHQ�EXLOG�VLPSOH�PXOWLWKUHDGLQJ��RQH�WDVN�SHU

RQH�IUDPH��

$OO�WKH�FRPPXQLFDWLRQ�ZLWK�WKH�EURZVHU�LV�GRQH�YLD�VSHFLDO�G\QDPLF�VWUXFWXUH��SOHDVH�FRQVXOW�ERRNV

DERXW�VFULSWLQJ�IRU�PRUH�LQIRUPDWLRQ���,�QRZ�PHQWLRQ�RQO\�WKH�VFULSW�IRU�UHORDGLQJ�WKH�IUDPH�

)LUVW��FUHDWH�D�IUDPHVHW��QDPH�WKH�IUDPHV�DQG�ORDG�WKH�ILOHV�WKHUH��VKRUWHQHG�

�IUDPHVHW IUDPHERUGHU ��� IUDPHVSDFLQJ ��� ERUGHU ��� URZV ������!
�IUDPH src="fel.wrl" name="VRML" VFUROOLQJ �QR� QRUHVL]H PDUJLQZLGWK ��� PDUJLQKHLJKW ��� ERUGHU ���!
�IUDPH src="text.htm" name="TEXT" PDUJLQZLGWK ���� PDUJLQKHLJKW ���� ERUGHU ���!
��IUDPHVHW!

+HUH�ZH�KDYH�FUHDWHG�WZR�IUDPHV�ZLWK�QDPHV�950/�DQG�7(;7��1RZ�ZH�FDQ�ORDG�FRQWHQW�WR�WKH

950/�IUDPH�IURP�7(;7�IUDPH�XVLQJ�WKLV�VFULSW�

�VFULSW ODQJXDJH �MDYDVFULSW�!
IXQFWLRQ ORDGIUDPH�GDWD�
{parent.VRML.location.href=data;}
��VFULSW!
�D KUHI �MDYDVFULSW�ORDGIUDPH�
DVGI�KWP
��!&OLFN WR UHORDG��D!

,�EHOLHYH�WKLV�FRGH�LV�TXLWH�VHOI�H[SODQDWLQJ�ZLWK�H[FHSWLRQ�RI�OLQH�SDUHQW�950/�ORFDWLRQ�KUHI���WKLV

LV�D�YDULDEOH�FUHDWHG�E\�EURZVHU�LQ�LWV�G\QDPLF�FRQWURO�VWUXFWXUH�DQG�GHILQHV�85/�RI�IUDPH�FDOOHG

950/��RI�FRXUVH��WKHUH�H[LVWV�DOVR�VWUXFWXUH�IRU�7(;7���:H�FDQ�VLPSO\�XVH�WKLV�WHFKQLTXH�IRU

ORDGLQJ�WKH�950/�VFHQH�DQG�FRQWHQWV�RI�LWV�SDWKV�LQ�RQH�VWHS�



%DG�QHZV�LV�WKDW�950/�SOD\HUV�GR�QRW�DWWDFK�WKHPVHOYHV�WR�WKLV�VWUXFWXUH��WKDW�LV�FXUUHQWO\�XQGHU

GHYHORSPHQW�,�ZDV�WROG��7KDW�PHDQV�WKDW�\RX�FDQ�GR�DPD]LQJ�WKLQJV�LQ�IUDPHV�ZLWK�KWPO�FRQWHQWV�

EXW�\RX�FDQ�QRW�GR�VR�VLPSOH�WKLQJV�VXFK�DV�VWDUWLQJ�DQ\�DQLPDWLRQ�LQ�950/�VFHQH��7KH�XVHU�VWLOO

KDV�WR�FOLFN�RQFH�IRU�UHORDG�RI�WKH�IUDPHV�DQG�VHFRQG�WLPH�WR�VWDUW�WKH�DQLPDWLRQ�LQ�WKH�950/

VFHQH��&RPPXQLFDWLRQ�FDQ�EH�HVWDELOLVKHG�RQO\�LQ�WKH�RSSRVLWH�GLUHFWLRQ��WKDW�PHDQV�IURP�950/�WR

+70/��XVLQJ�WKLV�WULFN��FUHDWH�RQH�IUDPH�LQ�WKH�IUDPHVHW���SL[HOV�ZLGH��WKDW�UHDOO\�ZRUNV��WKH�IUDPH

LV�WKHQ�FRPSOHWHO\�LQYLVLEOH��VXSSRVH�LW�LV�FDOOHG�'800<���&UHDWH�+70/�GRFXPHQWV�ZLWK�WKLV

FRQWHQW��VKRUWHQHG��FUHDWH�RQH�GRFXPHQW�SHU�RQH�PHVVDJH��WKH\�SUREDEO\�VKRXOG�GLIIHU�LQ�WKH�FRGH

RI�IXQFWLRQ�VHQGPHVVDJH������/HW�XV�FDOO�WKLV�+70/�GRFXPHQW�DV�PHVV�KWP�

�ERG\ RQORDG �sendmessage() � ODQJXDJH �MDYDVFULSW�!
�VFULSW ODQJXDJH �MDYDVFULSW�!
IXQFWLRQ VHQGPHVVDJH��
{parent.TEXT.ping('HALLO');}
��VFULSW!
��ERG\!

$GG�WKLV�OLQH�WR�WKH�VFULSW�LQ�950/��IURP�ZKHUH�\RX�ZDQW�WR�VHQG�D�PHVVDJH��7KH�EURZVHU�ORDGV�D

VSHFLILHG�GRFXPHQW�LQ�D�VSHFLILHG�IUDPH��WKLV�FDQ�EH�DOVR�XVHG�IRU�ORDGLQJ�QH[W�SDUW�RI�WKH�950/

VFHQH�XVLQJ�VHQVRUV��

%URZVHU�ORDG85/ �QHZ 0)6WULQJ�PHVV�KWP
�� QHZ 0)6WULQJ�
WDUJHW '800<
���

,W�LV�FRPSOLFDWHG��EXW�LW�VKRXOG�ZRUN�ILQH��ORDG85/�PDNHV�WKH�EURZVHU�UHORDG�FRQWHQW�RI�LQYLVLEOH

IUDPH�DQG�GRFXPHQW�QHZO\�ORDGHG�FDOOV�IXQFWLRQ��SLQJ��ZLWK�SDUDPHWHU�+$//2�VRPHZKHUH�LQ�WKH

VFULSW�RI�GRFXPHQW�ORDGHG�LQ�7(;7�IUDPH��$Q\ZD\��LW�LV�VORZ�DQG�ORWV�RI�GRFXPHQWV�DUH�QHHGHG�IRU

WKLV�FRPPXQLFDWLRQ�

7. Future plans

•� :RUNJURXSV�RI�950/�WHDP�DUH�ZRUNLQJ�RQ�LQWHJUDWLRQ�RI�950/�ZLWK�G\QDPLF�+70/

VFULSWLQJ�PRGHO��:KHQ�WKLV�WHFKQRORJ\�LV�DYDLODEOH��LW�VKRXOG�DJDLQ�GHFUHDVH�WKH�FRPSOH[LW\

RI�GHVLJQ�DQG�LQFUHDVH�LQWHUDFWLYLW\�

•� %HWWHU�LQWHJUDWLRQ�ZLWK�VSKHULFDO�HQYLURQPHQWV�FUHDWHG�IURP�DFWXDO�VKRWV�VKRXOG�EH�DOVR

WHVWHG�

•� $ELOLWLHV�RI�950/�SOD\HUV�RQ�PDFKLQHV�ZLWK�KDUGZDUH�DFFHOHUDWHG�JUDSKLF�VKRXOG�EH�WHVWHG�

•� 0RUH�EURZVHUV�DQG�950/�SOD\HUV�VKRXG�EH�WHVWHG��UHVXOWLQJ�SHUKDSV�LQ�UHFRPPHQGDWLRQV

DERXW�VFULSWLQJ�ODQJXDJHV�DQG�FRPPDQGV�DYDLODEOH�LQ�GLIIHUHQW�SOD\HUV��

8. Conclusions

,W�LV�SRVVLEOH�WR�EXLOG�ZRUNLQJ�DQG�XVHIXO�/RFDO�1DYLJDWLRQ�V\VWHP�XVLQJ�950/�DQG�+70/�

DOWKRXJK�WKHUH�LV�D�ODFN�RI�FRPPXQLFDWLRQ�EHWZHHQ�WKHVH�WZR�V\VWHPV��WKDW�PHDQV�WKDW�DFWLRQV�LQ

950/�FDQ�QRW�EH�VWDUWHG�E\�FOLFNLQJ�RQ�D�EXWWRQ�LQ�GLIIHUHQW�IUDPH���$XWKRU�EHOLHYHV��WKDW�LQ�QHZ

YHUVLRQV�RI�950/�WKLV�SUREOHP�ZLOO�EH�UHPRYHG�DQG�RSWLPDO�HQYLURQPHQW�IRU�VXFK�WDVNV�ZLOO�H[LVW�

$OVR��WKHUH�VWLOO�H[LVW�PDQ\�GLIIHUHQFHV�DPRQJ�EURZVHUV�DQG�SOD\HUV�DQG�LW�LV�TXLWH�FRPSOH[�WR�FUHDWH

VLWH�FRPSDWLEOH�ZLWK�DW�OHDVW�06�,QWHUQHW�([SORUHU�DQG�1HWVFDSH�&RPPXQLFDWRU��:H�FDQ�ZDLW�RQO\�

LI�QH[W�YHUVLRQV�DUH�PRUH�FRPSDWLEOH�
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