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1. Introduction1

Cultural heritage plays an important role in 
understanding and shaping our past, present, and 
IXWXUH� DQG� LQÀXHQFHV� LGHQWLW\�� FRPPXQLW\�� DQG�
SROLWLFDO� DQG� VRFLDO� SURFHVVHV�� )RU� WKHVH� UHDVRQV��
DPRQJ�RWKHUV��LW�LV�LPSRUWDQW�WR�HQJDJH�DQG�HGXFDWH�
WKH�SXEOLF�DERXW�WKH�SDVW��&XOWXUDO�KHULWDJH�LQFOXGHV�
ERWK� WKH� WDQJLEOH� �H�J�� DUWHIDFWV�� DUFKLWHFWXUH��
DQG� ODQGVFDSHV�� DQG� LQWDQJLEOH� �H�J�� FRVPRORJ\��
IRONORUH�� DQG� RUDO� KLVWRULHV�� H[SUHVVLRQV� RI� KXPDQ�
FXOWXUH� �9HFFR� ������� 7KHUH� DUH� PDQ\� ZD\V� WR�
HQJDJH� WKH� SXEOLF� LQ� FXOWXUDO� KHULWDJH�� LQFOXGLQJ�
RQ�VLWH� YLVLWV� WR� PRQXPHQWV� DQG� DUFKDHRORJLFDO�
VLWHV��YLGHRV��GRFXPHQWDULHV��ERRNV�DUWLFOHV��VRQJV��
JDPHV��DQG�UH�HQDFWPHQWV�DV�ZHOO�DV�ZHEVLWHV��EORJV��
DQG� HYHQ� YLUWXDO� ZRUOGV�� ,Q� WKH� ODVW� WZR� GHFDGHV��
Corresponding author: hmrichards@fbk.eu

YLUWXDO� KHULWDJH²WKH� DSSOLFDWLRQ� RI� FRPSXWHU�
YLVXDOLVDWLRQ�� YLUWXDO� UHDOLW\� �95��� DQG� LQIRUPDWLRQ�
DQG� FRPPXQLFDWLRQ� WHFKQRORJLHV� �,&7�� WR� FXOWXUDO�
KHULWDJH²LV� LQFUHDVLQJO\� FRPPRQSODFH� �)RUWH� DQG�
6LOLRWWL��������

9LUWXDO� KHULWDJH� UDQJHV� IURP� YLUWXDO� GLVSOD\V�
DW� WUDGLWLRQDO�PXVHXPV� WR� ZHE�EDVHG� DSSOLFDWLRQV�
�LQFOXGLQJ� RQOLQH� PXVHXPV�� WR� PRELOH� GHYLFHV�
�,RDQQLGHV� HW� DO�� ������� 7KHVH� GL̆HUHQW� FRQWH[WV�
LQFOXGH� GLYHUVH� PHGLD� VXFK� DV� LPDJHV�� PRYLHV��
maps, and 3D models and use a variety of 
YLVXDOLVDWLRQ� DQG� LQWHUDFWLRQ� WRROV� WR� HQJDJH� DQG�
HGXFDWH�WKH�SXEOLF��%HXVLQJ�DQG�3RVOXVFKQ\�������
3HVFDULQ�HW�DO��������3XMRO�DQG�/RUHQWH�������9LUWXDO�
0XVHXP�7UDQVQDWLRQDO�1HWZRUN��������,Q�RUGHU�WR�
UHDFK� EURDGHU� DXGLHQFHV� DQG� WR� IRVWHU� UHVSHFW� IRU�
FXOWXUDO�GLYHUVLW\�� DUFKDHRORJLVWV�� FXOWXUDO� UHVRXUFH�
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PDQDJHUV�� DQG� PXVHXP� FXUDWRUV� LQFUHDVLQJO\� XVH�
GLJLWDO� WRROV� �'DZVRQ�� /HY\�� DQG� /\RQV� ������ GH�
%\O� DQG� .KDQ� ������ )LVFKHU� ������� ,Q� ������ WKH�
0D\D$UFK�'�3URMHFW�EHJXQ�WR�GHYHORS�D�SURWRW\SH�
�'�*,6� WRRO²FDOOHG�4XHU\$UFK�'²WKDW� LQWHJUDWHV�
*HRJUDSKLF� ,QIRUPDWLRQ� 6\VWHPV� �*,6��� PXOWL�
UHVROXWLRQ� �'� PRGHOV�� DQG� 95� IRU� DUFKDHRORJLFDO�
UHVHDUFK� LQ� WKH� DQFLHQW� $PHULFDV� �$JXJLDUR� HW� DO��
�������,Q�������SURMHFW�PHPEHUV�EHJDQ�WR�FROODERUDWH�
ZLWK� WKH� +80ODE�� 8PHn� 8QLYHUVLW\� LQ� 6ZHGHQ�
�+80ODE�������WR�GHYHORS�D�JHVWXUH�EDVHG�V\VWHP�
XVLQJ�WKH�4XHU\$UFK�'�WRRO�DQG�0LFURVRIW¶V�.LQHFW�
WKDW�FRXOG�EH�XVHG�WR�FUHDWH�D�YLUWXDO�KHULWDJH�H[KLELW�
WR� HQJDJH� WKH�SXEOLF� LQ�DQFLHQW�0D\D�DUFKDHRORJ\��
7KH�V\VWHP�LV�ORZ�FRVW�DQG�SRUWDEOH�DQG�FDQ�HDVLO\�
EH� VHW�XS� LQ� FODVVURRPV�� FRPPXQLW\� FHQWUHV�� RU�
WUDGLWLRQDO�PXVHXPV��7KH�H[KLELW�XVHV�WZR�W\SHV�RI�
LQWHUDFWLRQ�WHFKQRORJLHV�DQG�WZR�OHYHOV�RI�LPPHUVLRQ�
WR�DSSHDO�WR�GL̆HUHQW�DXGLHQFHV�DQG�OHDUQLQJ�VW\OHV�

2. Interactivity and Immersion 

7KH� HDUOLHVW� DSSOLFDWLRQV� RI� YLUWXDO� KHULWDJH�
ZHUH� RIWHQ� QRQ�LQWHUDFWLYH� ZLWK� XVHUV� VLPSO\�
ZDWFKLQJ�D�YLGHR�RU�ORRNLQJ�DW�VWDWLF�WH[W�RU�SKRWRV�
�6W\OLDQL�HW�DO���������KRZHYHU��WKH�XVH�RI�LQWHUDFWLYH�
WHFKQRORJLHV�WR�SURPRWH�FXOWXUDO�KHULWDJH�KDV�EHHQ�
LQFUHDVLQJ� IRU� WKH� SDVW� WZR� GHFDGHV�� ,QWHUDFWLYH�
WHFKQRORJLHV� ³GHPDQG´� XVHUV� WR� REVHUYH�� SHUFHLYH��
DQG� PDQLSXODWH� REMHFWV� DQG�RU� WKHLU� DFWLRQV�
WKURXJK� WKHLU� RZQ� GHFLVLRQV� DQG� VXEVHTXHQW�
PRYHPHQWV��R̆HULQJ�D�³PRUH�QDWXUDO�DQG�LQVWLQFWLYH�
ZD\�RI� OHDUQLQJ´� WKDQ�QRQ�LQWHUDFWLYH� WHFKQRORJLHV�
�&DUUR]]LQR�DQG�%HUJDPDVFR������������

,QWHUDFWLRQ� WHFKQRORJLHV� DUH� RIWHQ� FODVVL¿HG�
DV� HLWKHU� GHYLFH�EDVHG� RU� QDWXUDO�� 7KH�PDMRULW\� RI�
YLUWXDO� KHULWDJH� DSSOLFDWLRQV� HPSOR\� GHYLFH�EDVHG�
LQWHUDFWLRQ� V\VWHPV� WKDW� W\SLFDOO\� XVH� D� PRXVH��
MR\VWLFN��NH\ERDUG��RU�WRXFK�VFUHHQ�WR�LQWHUDFW�ZLWK�
FRQWHQW��,Q�FRQWUDVW��QDWXUDO�LQWHUDFWLRQ�V\VWHPV�XVH�
JHVWXUH�EDVHG�RU�VSHHFK�EDVHG�LQWHUDFWLRQ�V\VWHPV��
PDQLSXODWLQJ� FRQWHQW� ZLWK� ERG\� PRYHPHQWV� RU�
VSHHFK�� 8VLQJ� JHVWXUHV� VHHPV� WR� FUHDWH� D� VHQVH� RI�
HPERGLPHQW� DQG� VSDWLDO� DZDUHQHVV� WKDW� SURYLGHV�
XVHUV�ZLWK�D�EHWWHU�VHQVH�RI�VSDFH�DQG�FRQVHTXHQWO\�
D�EHWWHU�VHQVH�RI�SODFH��*HQHUDOO\�VSHDNLQJ��JHVWXUH�
EDVHG� QDYLJDWLRQ� R̆HUV� D� GL̆HUHQW� SHUVSHFWLYH� RU�
IUDPH� RI� UHIHUHQFH� �IURP�GHYLFH�EDVHG� QDYLJDWLRQ��
WR�H[SORUH�FXOWXUDO�KHULWDJH��

5HODWHG� WR� LQWHUDFWLRQ� WHFKQRORJ\� LV� WKH� OHYHO�
RI� LPPHUVLRQ��GH¿QHG�KHUH�DV� WKH�GHJUHH� WR�ZKLFK�
XVHUV� IHHO� SDUW� RI� D� VLPXODWHG� HQYLURQPHQW�� 7KUHH�
OHYHOV�RI�LPPHUVLRQ�KDYH�EHHQ�GH¿QHG�E\�&DUUR]]LQR�
DQG� %HUJDPDVFR� �������� 1RQ�,PPHUVLYH�� /RZ�
,PPHUVLRQ�� DQG�+LJK� ,PPHUVLRQ��Non-immersive 
DSSOLFDWLRQV�FRPPXQLFDWH�FXOWXUDO�KHULWDJH�FRQWHQW�
XVLQJ�� IRU� H[DPSOH�� D� GHVNWRS�ODSWRS� FRPSXWHU� RU�
PRELOH� GHYLFHV� �H�J�� VPDUW� SKRQHV� RU� WRXFKSDGV���
Low immersion� V\VWHPV� LQFOXGH� KDQG�LPPHUVLYH�
ZRUNEHQFKHV� WKDW� XVH� KDSWLF� KDUGZDUH� �VXFK� DV�
JORYHV�RU�JODVVHV��DQG�VWHUHR�GLVSOD\�WHFKQRORJLHV�WR�
HQDEOH�XVHUV�WR�³VHH´�DQG�³WRXFK´�YLUWXDO��'�REMHFWV��
7KH\�DOVR� LQFOXGH�$XJPHQWHG�5HDOLW\� V\VWHPV� WKDW�
XVH� KHDG�PRXQWHG� RU� KDQGKHOG� GHYLFHV� WR�PRGLI\�
DQG�HQKDQFH�UHDO�ZRUOG�HQYLURQPHQWV�E\�RYHUOD\LQJ�
GLJLWDO�LQIRUPDWLRQ��VXFK�DV�YLGHRV���'�JUDSKLFV��HWF���
RQ�WKH�UHDO�ZRUOG��1RK��6XQDU��DQG�3DQ��������6XFK�
ORZ� LPPHUVLRQ� V\VWHPV�� KRZHYHU�� GR� QRW� SHUPLW�
users to employ a full-range of body movements 
WR� FRQWURO� LQWHUDFWLRQ� ZLWK� FRQWHQW�� DQG� WKH\� GR�
QRW� IXOO\� LPPHUVH� XVHUV� LQ� WKHLU� VXUURXQGLQJV��
High immersion� V\VWHPV� VXFK� DV� D� &$9(� �FDYH�
DXWRPDWLF�YLUWXDO�HQYLURQPHQW���KRZHYHU��FRPELQH�
VWHUHRVFRSLF�SURMHFWLRQ��RQ�IRXU�WR�VL[�VXUIDFHV����'�
FRPSXWHU�JUDSKLFV��DQG��'�VRXQG�WR�FUHDWH�D�VHQVH�RI�
IXOO�ERG\�SUHVHQFH�LQ�D�YLUWXDO�HQYLURQPHQW��$FHYHGR�
HW�DO���������2QH�H[DPSOH�LV�WKH�FROODERUDWLYH�V\VWHP�
IRU� 7HOHLPPHUVLYH� $UFKDHRORJ\� GHYHORSHG� E\� WKH�
8QLYHUVLW\�RI�&DOLIRUQLD��0HUFHG��DQG�WKH�8QLYHUVLW\�
RI� &DOLIRUQLD�� %HUNHOH\� WKDW� DOORZV� XVHUV�� DV� �'�
DYDWDUV�� WR� LQWHUDFW� LQ� WKH� VDPH� F\EHUVSDFH� ZLWK�
PRGHOV� RI� DUWHIDFWV�� PRQXPHQWV� DQG� VLWHV� �)RUWH�
DQG�.XULOOR��������

2.1 Virtual heritage in archaeology: some 
advantages

:KLOH� YLUWXDO� KHULWDJH� FRQWHQW� LV� QRW� OLPLWHG�
WR� WKH� SDVW�� WKLV� SDSHU� IRFXVHV� RQ� DUFKDHRORJLFDO�
DSSOLFDWLRQV�� 7KH� XVH� RI� FRPSXWHU� YLVXDOLVDWLRQ��
YLUWXDO� UHDOLW\� �95��� DQG� LQIRUPDWLRQ� DQG�
FRPPXQLFDWLRQ�WHFKQRORJLHV��,&7��LV�LGHDOO\�VXLWHG�
WR�HQJDJLQJ�WKH�SXEOLF�LQ�DUFKDHRORJ\��6RPH�UHDVRQV�
LQFOXGH�

• :HE�EDVHG� DSSOLFDWLRQV� FDQ� UHDFK� EURDGHU� DQG�
PRUH�GLYHUVH�DXGLHQFHV�WKDQ�ERRNV�RU�HYHQ�¿OPV��

• 0XOWL�PHGLD�H[KLELWV��PXVHXP��ZHE�EDVHG��DQG�
RWKHUV�� FRPSULVLQJ� GLJLWDO� SKRWRV�� PDSV�� DQG 
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YLGHRV�DV�ZHOO�DV��'�YLVXDOLVDWLRQV�DOORZ�SHRSOH�WR�
YLUWXDOO\� ³YLVLW´� DUFKDHRORJLFDO� VLWHV²VRPHWKLQJ�
UDUHO\�SRVVLEOH�IRU�PRVW�SHRSOH��

• 0XVHXP�H[KLELWLRQV�KDYH�VSDFH�FRQVWUDLQWV�DQG�
FDQ� GLVSOD\� RQO\� D� OLPLWHG� QXPEHU� RI� REMHFWV²
YLUWXDO�H[KLELWV�FDQ�VWRUH�DQG�GLVSOD\�PDQ\�PRUH�
REMHFWV�

• $UFKDHRORJLFDO�PDWHULDOV�VXFK�DV�FHUDPLFV��ERQH�
WRROV��DQG�WH[WLOHV�DUH�RIWHQ�WRR�IUDJLOH�RU�GHOLFDWH�
WR�SXW�RQ�SXEOLF�GLVSOD\��ZKLOH�GLJLWDO�UHSOLFDV�DUH�
QRW�

• $UFKDHRORJLFDO� VLWHV� GR� QRW� DSSHDU� DV� WKH\� GLG�
LQ� WKH� SDVW²RYHUOD\LQJ� �'� GUDZLQJV� DQG� �'�
UHFRQVWUXFWLRQV� RQWR� UHDOLW\�EDVHG� LPDJHV� �RI�
VLWHV�DV�WKH\�ORRN�WRGD\��KHOSV�SHRSOH�XQGHUVWDQG�
KRZ�VLWHV�ORRNHG�LQ�WKH�SDVW��

• 'LJLWDO� WRROV� FDQ� EH� XVHG� WR� WXUQ� RQ� DQG� R �̆
WHPSRUDO� OD\HUV� WR� SURYLGH� D� VHQVH� RI� FKDQJH�
WKURXJK�WLPH��

• 5HPRWH�VHQVLQJ� WHFKQRORJLHV� VXFK� DV�
SKRWRJUDPPHWU\� DQG� ODVHU� VFDQQLQJ� FDQ� EH�
XVHG� WR� FDSWXUH� UHDOLW\�EDVHG��'�GDWD� WR� FUHDWH�
�'� GLJLWDO� REMHFWV� WKDW� WKH� SXEOLF� FDQ� YLUWXDOO\�
H[SORUH��5HPRQGLQR�������

95� FDQ� VLPXODWH� DQFLHQW� FLWLHV� DQG� WKHLU�
ODQGVFDSHV�WR�SURYLGH�FRQWH[W�IRU�QDUUDWLYHV�FUHDWLQJ�
D� VHQVH� RI� VSDFH� DQG� SODFH� IRU� DQFLHQW� FXOWXUHV�
�%DUFHOR��)RUWH��DQG�6DQGHUV�������)RUWH�DQG�6LOLRWWL�
������)ULVFKHU�DQG�+LOG��������

,Q� VXP�� YLUWXDO� KHULWDJH� KDV� WKH� SRWHQWLDO�
WR� UHDFK� EURDG� DXGLHQFHV�� XVH� PXOWLPHGLD� WR�
FRPPXQLFDWH�DUFKDHRORJLFDO�LQIRUPDWLRQ�WR�DGGUHVV�
GL̆HUHQW� OHDUQLQJ�VW\OHV��DQG�IDFLOLWDWH� LQWHUDFWLYLW\�
DOORZLQJ� XVHUV� WR� DFTXLUH� DQG� FUHDWH� NQRZOHGJH�
DV� WKH\� WDNH� WKH� OHDG� LQ� OHDUQLQJ� �3DQWDQR� DQG�
7DYHUQLVH�������5RXVVRX��������

2.2 Virtual heritage in archaeology: device-based 
interaction vs. natural interaction 

7KH�XVH�RI��'�WHFKQRORJLHV�DQG�YLVXDOLVDWLRQV�
IRU�FXOWXUDO�KHULWDJH�HGXFDWLRQ�LV�UDSLGO\�LQFUHDVLQJ�
DQG� WKH�ZD\V� LQ�ZKLFK�SHRSOH�DUH� LQWHUDFWLQJ�ZLWK�
YLUWXDO� KHULWDJH� DUH� FKDQJLQJ� DV� PXOWLPHGLD� LV�
LQWHJUDWHG� ZLWK� QHZ�� GLYHUVH� WHFKQRORJLHV�� 2QH�
H[DPSOH�LV�&RORQLDO�:LOOLDPVEXUJ��D�OLYLQJ�PXVHXP�
LQ� 9LUJLQLD� �86$��� ZKLFK� XVHV� D� UDQJH� RI� GLJLWDO�
WHFKQLTXHV�DQG�WRROV�WR�HQJDJH�WKH�SXEOLF�LQ�FXOWXUDO�
KHULWDJH��SRGFDVWV���'�YLVXDOLVDWLRQV��YLGHRV��RQOLQH�
H[KLELWV�� RQVLWH� JDPHV� ZLWK� 3'$V�� HWF�� �)LVFKHU�
�������$QRWKHU� H[DPSOH� LV� WKH�(WUXVFDQ�3URMHFW�RI�
)%.�7UHQWR�� ,WDO\�ZKHUH� UHDOLW\�EDVHG��'�GDWD�DUH�

Figure 1. The Etruscan Tombs-Panoramic Virtual Tours Exhibit illustrating use of diverse 3D technologies in a single 
exhibit; (left) using stereo glasses to view reality-based 3D models of artefacts; (middle) photo panoramas of modern 
landscape; (right) interactive, reality-based 3D reconstruction of Etruscan tomb (Photos courtesy of 3DOM, FBK). 

Figure 2. Temple 22 in main 
civic-ceremonial complex at 
Copan, Honduras (left). Map 
showing location of Copan, 
Honduras (right). 
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XVHG� DV� PXOWLPHGLD� PDWHULDO� WR� H[KLELW� KHULWDJH�
WKDW�LV�QRW�IXOO\�YLVLEOH�DQG�DFFHVVLEOH�WR�WKH�SXEOLF�
�5HPRQGLQR� HW� DO�� �������8VHUV� FDQ�PRYH� WKURXJK�
SDQRUDPDV� RI� WKH� SUHVHQW�GD\� ODQGVFDSH�� REVHUYH�
����GHJUHH�YLHZV�DW�VHW�SRLQWV��DQG�HQWHU�DQG�H[SORUH�
VHYHUDO� IUHVFRHG� WRPEV� DQG� XVH� DQ� $XJPHQWHG�
5HDOLW\�SODWIRUP�WR�LQWHUDFW�ZLWK�GLJLWL]HG�DUWHIDFWV�
ORFDWHG�LQ�RWKHU�PXVHXPV��)LJ������

$OO� RI� WKH� DERYH�PHQWLRQHG� H[DPSOHV� R̆HU�
GHYLFH�EDVHG� LQWHUDFWLRQ²WKH� QRUP� LQ� YLUWXDO�
KHULWDJH�� 7KLV� LV� EHFDXVH� WKH� WHFKQRORJ\�QHFHVVDU\�
IRU�V\VWHPV�WKDW�XVH�QDWXUDO�LQWHUDFWLRQ��JHVWXUH�RU�
VSHHFK�EDVHG�V\VWHPV��ZDV�H[SHQVLYH�DQG�UHTXLUHG�
H[SHUWLVH� LQ� FRPSXWHU� SURJUDPPLQJ�� )RU� WKH� SDVW�
IHZ�\HDUV��KRZHYHU��VLQFH�WKH�UHOHDVH�RI�0LFURVRIW¶V�
.LQHFW��LQ�1RYHPEHU�������DQG�RWKHU�ORZ�FRVW�PXOWL�
SXUSRVH�VHQVRUV��H�J��$[X�;WLRQ��WKDW�DOORZ�WRXFKOHVV�
UHPRWH�FRQWURO� WR� LQWHUDFW�ZLWK�D�FRPSXWHU��/DQJH�
HW�DO��������6XPD�HW�DO��������DSSOLFDWLRQV�WKDW�XVH�
QDWXUDO� LQWHUDFWLRQ� DUH� LQFUHDVLQJ�� $UFKDHRORJLVWV�
DUH� H[SORULQJ� WKHLU� SRWHQWLDO� IRU� YLUWXDO� KHULWDJH�
DSSOLFDWLRQV� �$EDWH� HW� DO�� ������ *LOHV� ������
9LOODURPDQ�� 5RZH�� DQG� 6ZDQ� ������� 2QH� H[DPSOH�
LV�WKH�$TXDH�3DWDYLQDH�3URMHFW��ZKLFK�XVHV�D�UDQJH�
RI�LQWHUDFWLRQ�WHFKQRORJLHV�LQFOXGLQJ�D�ZHE�FDPHUD�
IRU�JHVWXUH�EDVHG�LQWHUDFWLRQ�LQ�D�YLUWXDO�ODQGVFDSH�
RI� $TXDHD� 3DWDYLQDH�� ,WDO\� �$TXDH� 3DWDYLQDH�
������� %RWK� GHYLFH�EDVHG� DQG� QDWXUDO� LQWHUDFWLRQ�
WHFKQRORJLHV� R̆HU� LPSRUWDQW� RSSRUWXQLWLHV� WR�
HQJDJH�WKH�SXEOLF�LQ�YLUWXDO�KHULWDJH��

3. MayaArch3D Project: The Case Study at 
Copan, Honduras

7KH� 0D\D$UFK�'� 3URMHFW� LV� H[SORULQJ� ERWK�
GHYLFH�EDVHG� DQG� QDWXUDO� V\VWHPV� IRU� HGXFDWLRQ�
DQG� UHVHDUFK� RQ� WKH� DQFLHQW� 0D\D� FLW\� RI� &RSDQ��
+RQGXUDV��0D\D$UFK�'�������YRQ�6FKZHULQ�HW�DO��
������� &RSDQ�� ORFDWHG� RQ� WKH� VRXWKHUQ� SHULSKHU\�
RI� WKH� 0D\D� FLYLOL]DWLRQ� ����� %�&�� �� $�'�� �������

ZDV� DQ� LPSRUWDQW� FHQWUH� IRU� FRPPHUFLDO� DQG�
FXOWXUDO�H[FKDQJH��)LJ������&RSDQ�LV�RQH�RI�WKH�PRVW�
WKRURXJKO\�H[FDYDWHG�0D\D�VLWHV��DQG�LWV�ORQJ�KLVWRU\�
RI� H[FDYDWLRQ� DQG� UHVHDUFK� SURYLGHV� YROXPLQRXV�
data that form the basis for many interpretations 
DERXW�WKH�DQFLHQW�0D\D��$QGUHZV�DQG�)DVK��������
,Q�������&RSDQ�EHFDPH�D�81(6&2�:RUOG�+HULWDJH�
Site and is one of the top tourism destinations in 
+RQGXUDV�IRU�LQWHUQDWLRQDO�YLVLWRUV��7KH�PRUH�WKDQ�
�������� YLVLWRUV� HDFK� \HDU� WR� WKH� DUFKDHRORJLFDO�
SDUN� FDQ� VHQVH� WKH� FLW\¶V� SDVW� JUDQGHXU�� KRZHYHU��
EHFDXVH�PXFK�RI�WKH�DQFLHQW�FLW\�GRHV�QRW�IDOO�ZLWKLQ�
SDUN�ERXQGDULHV��LW�LV�GL̇FXOW�IRU�YLVLWRU�WR�LPDJLQH�
&RSDQ¶V� VL]H� DQG� FRPSOH[LW\�� DQG� IRU� FXOWXUDO�
KHULWDJH� PDQDJHUV� LW� LV� GL̇FXOW� WR� FRQYH\� WKLV�
LQIRUPDWLRQ� WKURXJK� WUDGLWLRQDO�PHDQV�� 7R� FRQYH\�
D�VHQVH�RI�WKH�FLW\¶V�VSDFHV�WR�SHRSOH�ZKR�QHYHU�YLVLW�
WKH�VLWH��LV�HYHQ�PRUH�GL̇FXOW��$�SURPLVLQJ�DYHQXH�
to provide both onsite and virtual visitors a sense 
RI� WKH� VFDOH� DQG� VL]H� RI� WKH� FLW\� DV� ZHOO� DV� HQJDJH�
YLVLWRUV�LQ�WKH�DUFKDHRORJ\�RI�WKH�DQFLHQW�0D\D�DUH�
LQWHUDFWLYH��'�YLVXDOLVDWLRQV��

7R�H[SORUH�WKH�SRVVLELOLWLHV�RI��'�GLJLWDO�WRROV�
DQG�*,6�IRU�DUFKDHRORJLFDO�DQG�DUW�KLVWRULFDO�UHVHDUFK�
RQ� DQFLHQW�0D\D� DUFKLWHFWXUH� DQG� ODQGVFDSHV�� WKH�
0D\D$UFK�'�SURMHFW�EHJDQ�LQ������WR�EULQJ�WRJHWKHU�
DUW� KLVWRULDQV� DQG� DUFKDHRORJLVWV� ZLWK� FRPSXWHU�
VFLHQWLVWV�DQG�UHPRWH�VHQVLQJ�VSHFLDOLVWV�WR�GHYHORS�
D� SURWRW\SH� �'�:HE*,6� WRRO� FDOOHG� 4XHU\$UFK�'�
�$JXJLDUR� HW� DO�� ������ YRQ� 6FKZHULQ� HW� DO�� �������
4XHU\$UFK�'�LV�D�YLVXDOLVDWLRQ�DQG�TXHU\�WRRO�WKDW�
OLQNV�PXOWL�UHVROXWLRQ��'�PRGHOV�WR�DUFKDHRORJLFDO�
GDWD� WKDW� DUH� DFFHVVHG� ZKLOH� QDYLJDWLQJ� LQ� D� 95�
HQYLURQPHQW�� 7KH� SURWRW\SH� WRRO� FRQWDLQV� D�
YLUWXDO� ODQGVFDSH�RI�&RSDQ�WKDW�FRYHUV����NP� and 
FRQWDLQV��'�VFKHPDWLF�PRGHOV�RI�RYHU�������DQFLHQW�
VWUXFWXUHV��,W�DOVR�FRQWDLQV�D��'�6WXGLR�0D[�PRGHO�
RI�DQ��th�FHQWXU\�WHPSOH��DQG�UHDOLW\�EDVHG�PRGHOV�RI�
VFXOSWXUHV�DQG�VWHODH� OLQNHG� WR�DUFKDHRORJLFDO�GDWD�
�)LJ������7KH�SURWRW\SH�LQWHJUDWHV�WKUHH�WHFKQRORJLHV��

Figure 3. Views of QueryArch3D tool. a) aerial view with LoD1 models b), Queries on geometric models) and c) LoD3 
ZLWK�LQWHULRU�ZDOOV�URRPV�DQG�VRPH�VLPSOL¿HG�UHDOLW\�EDVHG��'�HOHPHQWV�
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���*HRJUDSKLF�,QIRUPDWLRQ�6\VWHPV��*,6������WKUHH�
GLPHQVLRQDO�GLJLWDO�PRGHOV��DQG����YLUWXDO�UHDOLW\��

���� 7KH� 4XHU\$UFK�'� WRRO�� EHQH¿WV� RI� �'� *,6� WR�
archaeology

%\�FRQQHFWLQJ��'�PRGHOV�LQ�D�95�HQYLURQPHQW�
ZLWK�D�*,6��L�H��VSDWLDO�GDWDEDVH����'�*,6²RI�ZKLFK�
WKH� 4XHU\$UFK�'� WRRO� LV� RQH²R̆HU� D� QXPEHU� RI�
EHQH¿WV�WR�DUFKDHRORJLVWV�DQG�DOVR�PXVHXP�YLVLWRUV��
7KH�DGYDQWDJH�RI�VXFK�D�V\VWHP�LV�WKDW�XVHUV�FDQ�PRYH�
WKURXJK�D�YLUWXDO�ODQGVFDSH�DQG�TXHU\�DQG�LQWHUDFW�
ZLWK� �'� PRGHOV� RI� REMHFWV� DQG� WKHLU� DVVRFLDWHG�
DUFKDHRORJLFDO� GDWD�� 7KLV� QHZ� FDSDELOLW\� DOORZV�
XVHUV� WR� DFWLYHO\� DQG�PRUH� LQWXLWLYHO\� HQJDJH�ZLWK�
DUFKDHRORJLFDO� LQIRUPDWLRQ�� DQG� WKHUHE\� JHQHUDWH�
QHZ�NQRZOHGJH��7R�JR�EULHÀ\�LQWR�PRUH�GHWDLO�

7KLV� V\VWHP� KDV� WKH� DELOLW\� WR� SURYLGH� WKH�
XVHU�ZLWK�DFFHVV�WR�GL̆HUHQW�W\SHV�RI��'�PRGHOV�RI�
LQGLYLGXDO�REMHFWV�RU�ZKROH�DUFKDHRORJLFDO�VLWHV�YLD�
DQ�LQWHUDFWLYH��YLUWXDO�HQYLURQPHQW��7KH�DGYDQWDJHV�
LQFOXGH�

• DFFHVV�WR�YLUWXDO�DUWHIDFWV�ZKHQ�RULJLQDO�DUWHIDFWV�
FDQQRW�EH�WUDQVSRUWHG�RU�KDQGOHG�GXH�WR�IHDU�RI�
GDPDJH�

• D�VHQVH�RI�PDVV�DQG�VSDFH�

• DQDO\VLV� RI� REMHFWV� IURP� PXOWLSOH� SHUVSHFWLYHV�
�H�J��ELUG¶V�H\H��H[WHULRU�YV��LQWHULRU�YLHZ��DQWHULRU�
YV��SRVWHULRU�YLHZ���

• LQWHUDFWLRQ� ZLWK� UHDOLW\�EDVHG� �'� PRGHOV²
GHULYHG�IURP�WHFKQRORJLHV�VXFK�DV�ODVHU�VFDQQLQJ�
DQG� SKRWRJUDPPHWU\²WKDW� LOOXVWUDWH� ZKDW� FDQ�
EHHQ� VHHQ� WRGD\� RI� DQ� DUFKDHRORJLFDO� VLWH� RU�
LQGLYLGXDO�DUWHIDFWV��0DQIHUGLQL�DQG�5HPRQGLQR�
������

• LQWHUDFWLRQ� ZLWK� �'� PRGHOV� JHQHUDWHG� XVLQJ�
FRPSXWHU� JUDSKLFV� �EDVHG� RQ� KLVWRULFDO� DQG�
DUFKDHRORJLFDO� GDWD�� WKDW� SURYLGH� DOWHUQDWLYH�
UHFRQVWUXFWLRQV� RI� KRZ� LQGLYLGXDO� EXLOGLQJV��
DUFKLWHFWXUDO� FRPSOH[HV�� DQG� HQWLUH� FLWLHV� PD\�
KDYH�D�ORRNHG�LQ�WKH�SDVW��DQG�DW�GL̆HUHQW�WLPH�
SHULRGV��� ZKLFK� LV� XVHIXO� IRU� DUFKDHRORJLFDO�
LQYHVWLJDWLRQV� DQG� WR� HGXFDWH� WKH� SXEOLF� DERXW�
DUFKDHRORJLFDO� PHWKRGV� DQG� WKHRULHV� �6DQGHUV�
������

• FRPSDULVRQV� RI� � GDWD� DQG� K\SRWKHWLFDO�
UHFRQVWUXFWLRQV�

• PHWULF�DQG�TXDQWLWDWLYH�DQDO\VLV�

%HFDXVH� WKLV� V\VWHP� OLQNV� WKHVH� �'� PRGHOV�
ZLWK�D�*,6��XVHUV�DOVR�KDYH�WKH�FDSDELOLW\�WR�RYHUOD\�
DQG� OLQN� GDWDVHWV�� DQG� WKHUHIRUH� D� UDQJH� RI� QHZ�
ZD\V� WR� LQWHUDFW� ZLWK� DUFKDHRORJLFDO� GDWD�� � :KLOH�
DUFKDHRORJLVWV� FDQ� XVH� WKH� GDWDEDVH� EDFN�HQG�
feature of the tool to bring together buildings, 
VFXOSWXUH��DQG�DUWHIDFWV�LQWR�DQ�LQWHJUDWHG�ODQGVFDSH�
to reveal relationships, patterns, and trends that are 
QRW� HYLGHQW� ZKHQ� XVLQJ� WUDGLWLRQDO� �QRQ�VSDWLDO��
GDWDEDVHV� �&RQROO\� DQG� /DNH� ������:KHDWOH\� DQG�
*LOOLQJV� ������� D�PRUH� VLPSOH� LQWHUIDFH� LV� R̆HUHG�
WR�WKH�SXEOLF�VR�WKDW�WKH\�FDQ�LQWHUDFW�ZLWK�WKH�GDWD�
FRQQHFWHG�WR�WKH��'�PRGHOV�LQ�WKH�IROORZLQJ�ZD\V�

• VHDUFK�XVLQJ�SUH�VHW�TXHULHV�VXFK�DV�³VKRZ�PH�DOO�
H[FDYDWHG�WHPSOHV´�

• WXUQ� OD\HUV� RI� LQIRUPDWLRQ� RQ�R̆�� IRU� H[DPSOH��
YHJHWDWLRQ� OD\HUV� WR� LOOXVWUDWH� GL̆HUHQW� SDOHR�
HQYLURQPHQWDO�LQWHUSUHWDWLRQV�

• XVH� WLPH� VOLGHUV� WR� YLVXDOLVH� FKDQJHV� WKURXJK�
WLPH��IRU�H[DPSOH��WKH�FRQVWUXFWLRQ�FDPSDLJQV�RI�
GL̆HUHQW�UXOHUV��=HUQHNH�HW�DO��������

• FOLFN� RQ� �'� PRGHOV� WR� DFFHVV� WH[W�� � �'� PHGLD�
VXFK�DV�SKRWRJUDSKV�DQG�PDSV��RU�YLGHRV��+XN��
6WHLQNH�DQG�)ORWR�������

2YHUDOO�� WKH� PRVW� LPSRUWDQW� EHQH¿W� RI� D�
�'*,6�IRU�PXVHXP�YLVLWRUV�LV�WKDW�WKH�4XHU\$UFK�'�
WRRO� FDQ� VLWXDWH� �'�PRGHOV� RI� REMHFWV� RU� EXLOGLQJV�
LQ� WKHLU� ODUJHU� VSDWLDO� FRQWH[WV� ZLWKLQ� D� YLUWXDO�
HQYLURQPHQW��WKHUHE\�H[WHQGLQJ�WKH�VFDOH�RI�DQDO\VLV�
DQG�H[SHULHQFH��7KLV�R̆HUV�D�VHQVH�RI�HPERGLPHQW�
LQ�DUFKLWHFWXUH�RU�ODQGVFDSH��VHQVH�RI�SODFH���)RUWH�
DQG�%RQLQL��������DQG�LQFUHDVHV�DZDUHQHVV�RI�VSDWLDO�
UHODWLRQVKLSV� EHWZHHQ� REMHFWV� DQG� DVVRFLDWHG� GDWD�
�)ULVFKHU� DQG� +LOG� ������� DQG� PRVW� LPSRUWDQWO\��
KHOSV�WKH�SXEOLF�WR�EHWWHU�XQGHUVWDQG�DUFKDHRORJLFDO�
LQIRUPDWLRQ�

3.2 Beta-testing results of QueryArch3D Tool 

)LUVWO\��WKH�SURMHFW�ZDQWHG�WR�XQGHUVWDQG�DQG�
evaluate the advantages and limitations of virtual 



 Geospatial Virtual Heritage: A Gesture-Based 3D GIS to Engage the Public with Ancient Maya Archaeology 
Heather Richards-Rissetto et al.
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KHULWDJH� LQ� WHUPV� RI� HQJDJHPHQW� DQG� HGXFDWLRQ�
�&KDPSLRQ�� %LVKRS�� DQG� 'DYH�� ������ )ODWPDQ��
&KLGHVWHU� DQG� *DGVE\� ������� )RU� WKLV� UHDVRQ�� LQ�
6HSWHPEHU�2FWREHU������� WKH�0D\D$UFK�'�3URMHFW�
FRQGXFWHG�EHWD�WHVWLQJ�RI�WKH�4XHU\$UFK�'�WRRO�DW�
¿YH�XQLYHUVLWLHV²8QLYHUVLW\�RI�1HZ�0H[LFR��86$���
8QLYHUVLW\� RI� 0HUFHG� &DOLIRUQLD� �86$��� &DOLIRUQLD�
6WDWH� 8QLYHUVLW\� 6WDQLVODXV� �86$��� 8QLYHUVLW\� RI�
%RQQ� �*HUPDQ\��� DQG�8PHn�8QLYHUVLW\� �6ZHGHQ���
0RVW� SDUWLFLSDQWV� ZHUH� DQWKURSRORJ\� DQG� DUW�
KLVWRU\� VWXGHQWV� �JUDGXDWHV� DQG� XQGHUJUDGXDWHV��
EHWZHHQ�WKH�DJHV�RI��������ZKR�KDG�OLWWOH�H[SHULHQFH�
ZLWK� �'� PRGHOV� DQG� ZHUH� LQWHUHVWHG� LQ� WKH� WRRO�
IURP� DQ� HGXFDWLRQDO� VWDQGSRLQW�� )LYH� SURIHVVRUV�
RI� DQWKURSRORJ\� DQG� DUFKDHRORJ\� DOVR� SDUWLFLSDWHG�
LQ� WKH� EHWD�WHVWV�� 3DUWLFLSDQWV� ZHUH� SURYLGHG� ZLWK�
EDFNJURXQG� LQIRUPDWLRQ� DERXW� WKH� 0D\D$UFK�'�
3URMHFW� DQG� WKH� 4XHU\$UFK�'� WRRO� DQG� UHFHLYHG�
LQVWUXFWLRQV�RQ�KRZ�WR�RSHQ�DQG�QDYLJDWH�WKH�WRRO��
7KH\�VSHQW�DSSUR[LPDWHO\����PLQXWHV�H[SORULQJ�WKH�
WRRO�DQG�WKHQ�¿OOHG�RXW�D�VXUYH\��7KH�VXUYH\�LQFOXGHG�
��� TXHVWLRQV� DERXW� XVHU� GHPRJUDSKLFV� �L�H�� DJH��
JHQGHU�� ZRUN� DUHD��� FRPSXWHU� VSHFL¿FDWLRQV� �H�J��
SODWIRUP� �0$&� RU� 3&��� EURZVHU�� 5$0���PRVW� DQG�
least popular features, and most important features 
IRU�LPPHGLDWH�GHYHORSPHQW��7KH�VXUYH\�DOVR�DVNHG�
SDUWLFLSDQWV�� :KDW� GLG� \RX� OHDUQ� IURP� WKH� WRRO"�
$QG�� KRZ�ZDV� WKLV� GL̆HUHQW� IURP� \RXU� WUDGLWLRQDO�
FODVVURRP�VWXGLHV"��

)LJXUH���VKRZV�WKDW�WKH�PRVW�SRSXODU�IHDWXUHV�
ZHUH�WKH�³YLVXDOL]DWLRQ�DQG�URWDWLRQ�RI�REMHFWV´�DQG�
WKH�³H[SHULHQFH�RI�&RSDQ¶V�VSDFHV�DQG�DUFKLWHFWXUH´��
+RZHYHU� SDUWLFLSDQWV�ZRXOG� KDYH� SUHIHUUHG� WR� VHH�
PRUH�WH[WXUHG�DQG�OHVV�EORFN\�PRGHOV��$ORQJ�WKHVH�
OLQHV�� WKH\� DOVR� ZDQWHG� D� WUDQVSDUHQF\� IHDWXUH� WR�
LQGLFDWH� WKH� GHJUHH� RI� FHUWDLQW\� LQ� WKH� �'�PRGHOV�
�L�H��SURFHGXUDO�YV���'�6WXGLR�0D[�YV��UHDOLW\�EDVHG���
:LWK�UHVSHFW�WR�OHDUQLQJ��SDUWLFLSDQWV�FLWHG�D�EHWWHU�

XQGHUVWDQGLQJ� RI� WKH� VL]H� DQG� VFDOH� RI� &RSDQ� DQG�
of the heights and spatial relationships of buildings 
WKDQ� IURP� �'� SKRWRV� DQG� WH[WERRNV�� 7KH\� DOVR�
PHQWLRQHG� WKDW�ZKLOH� WKH�95�JDYH� WKHP� WKH� VHQVH�
WKDW�&RSDQ�ZDV�D�ODUJH�FLW\��DQG�QRW�VLPSO\�D�ULWXDO�
FHQWUH��WKH�ODFN�RI�SHRSOH�DQG�REMHFWV�PDGH�WKH�FLW\�
VHHP�XQUHDOLVWLFDOO\� YDFDQW�� 7KH� SDUWLFLSDQWV� OLNHG�
EHLQJ� DEOH� WR� DFFHVV� LQIRUPDWLRQ� LQ� WKH� GDWDEDVH�
YLD� WKH� �'�PRGHOV�� KRZHYHU�� WKH\�PHQWLRQHG� WKDW�
more data are needed in the database before they 
FRXOG�DGHTXDWHO\�DVVHVV�WKH�YDOXH�RI�WKLV�IHDWXUH�IRU�
HGXFDWLRQDO� SXUSRVHV�� 7KH� 4XHU\� )XQFWLRQV� ZHUH�
WKH�OHDVW�SRSXODU��7KHVH�DUH�WKH�IXQFWLRQV�DW�/2'���
ZKHUH�XVHUV�FDQ�VHOHFW�� IRU�H[DPSOH��DOO� VWHODH� WKDW�
ZHUH�HUHFWHG�E\�UXOHU����DQG�WKH\�ZLOO�EH�KLJKOLJKW�
LQ�WKH�95��7KLV�PD\�EH�EHFDXVH�WKHVH�ZHUH�GHVLJQHG�
ZLWK�UHVHDUFKHUV�LQ�PLQG�

)LJ����LOOXVWUDWHV�WKDW��DFFRUGLQJ�WR�EHWD�WHVWHUV��
the most important feature needing immediate 
GHYHORSPHQW� LV� ³LQWHUIDFH� DQG� QDYLJDWLRQ´�� ,Q�
UHVSRQVH� WR� WKLV� TXHVWLRQ�� VHYHUDO� SDUWLFLSDQWV�
VXJJHVWHG�WKDW�WKH�DGGLWLRQ�RI�DYDWDUV�DQG�RU�PRUH�
UHDOLVWLF� PRYHPHQW� ZLWKLQ� WKH� 95� ZRXOG� HQKDQFH�
XVHU� H[SHULHQFH�DQG�HQJDJHPHQW. %XLOGLQJ�RQ� WKLV�
IHHGEDFN�� ZH� UHYLHZHG� WKH� VWDWH�RI�WKH�¿HOG� IRU�
YLUWXDO� KHULWDJH� HPSOR\LQJ�PDSV�� *,6�� DQG� �'� ]V��
DQG� LQYHVWLJDWHG� GHYLFH�EDVHG� DQG� JHVWXUH�EDVHG�
YLUWXDO�KHULWDJH��%DVHG�XSRQ�RXU�¿QGLQJV��ZH�EHJDQ�
D� FROODERUDWLYH� SURMHFW� ZLWK� WKH�+80ODE� DW� 8PHn�
8QLYHUVLW\� �6ZHGHQ�� WR� OLQN� WKH�4XHU\$UFK�'� WRRO�
WR�0LFURVRIW¶V�.LQHFW�LQ�RUGHU�WR�R̆HU�DQ�DOWHUQDWLYH�
ZD\�IRU�XVHUV�WR�QDYLJDWH�WKH�4XHU\$UFK�'�WRRO�

4. QueryArch3D-Kinect: System 
Components, Development and Set Up 

7KH�JHVWXUH�EDVHG��'�*,6�V\VWHP�LV�ORZ�FRVW�
DQG�SRUWDEOH�UHTXLULQJ�IRXU�LWHPV�

Figure 4. Most popular features in QueryArch3D tool. Figure 5. Development Needs in QueryArch3D tool
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• 4XHU\$UFK�'� WRRO�� IUHH� DQG� DYDLODEOH� RQOLQH�
XVLQJ�D�IUHH�8QLW\��'�SOXJ�LQ�RU�R̈LQH�

• .LQHFW�

• VWDQGDUG�GHVNWRS�ODSWRS�

• GLVSOD\�GHYLFH�

4XHU\$UFK�'�XVHV�D�'%06�IRU�GDWD�PRGHOOLQJ�
and storage, and 3D visualisation to link multi-
UHVROXWLRQ� �'� PRGHOV� WR� DUFKDHRORJLFDO� GDWD� WKDW�
DUH�DFFHVVHG�ZKLOH�QDYLJDWLQJ�LQ�D�95�HQYLURQPHQW��
7KH�'%06�FRQVLVWV�RI�3RVWJUH64/�ZLWK�WKH�3RVW*,6�
H[WHQVLRQ� WR� UHGXFH� GDWD� KHWHURJHQHLW\� DQG� DOORZ�
VWRUDJH� RI� ERWK� QRQ�VSDWLDO� DQG� VSDWLDO� GDWD�� )RU�
WKH� LQWHUDFWLYH� QDYLJDWLRQ� DQG� �'� YLVXDOLVDWLRQ��
WKH�WRRO�XVHV�8QLW\�'��D�JDPH�HQJLQH�GHYHORSPHQW�
WRRO� IRU� WKH� FUHDWLRQ� RI� �'� LQWHUDFWLYH� FRQWHQWV�
DFFHVVHG�R̆�OLQH�DQG�RQ�OLQH�XVLQJ�D�IUHH�ZHE�SOD\HU�
SOXJLQ��)LQDOO\��D�3+3�LQWHUIDFH�OLQNV�8QLW\��'�DQG�
3RVWJUH64/� DOORZLQJ� WKH� GDWD� UHWULHYDO� IURP� WKH�
GDWDEDVH�DQG�WKH��RQOLQH��YLVXDOLVDWLRQ��

7KH� LQLWLDO� GHYHORSPHQW� RI� 4XHU\$UFK�'�
SURJUDPPHG� PRYHPHQWV� ZLWK� PRXVH� QDYLJDWLRQ��
7R� DOORZ� JHVWXUH�EDVHG� FRQWURO� RI� 4XHU\$UFK�'��

ZH� VHOHFWHG� 0LFURVRIW¶V� .LQHFW²D� PRWLRQ� VHQVLQJ�
LQSXW� GHYLFH� FRPSRVHG� RI� GL̆HUHQW� VHQVRUV� �5*%�
FDPHUD�� LQIUDUHG� GHSWK� VHQVRU�� PRWRUL]HG� WLOW�
IXQFWLRQ�� DQG� D� PLFURSKRQH� DUUD\�� WKDW� HQDEOHV�
XVHUV� WR�FRQWURO�DQG� LQWHUDFW�ZLWK�YLGHR�JDPHV� �RU�
3&V��ZLWKRXW� WKH�QHHG� WR� WRXFK�D�JDPH�FRQWUROOHU��
2ULJLQDOO\�GHVLJQHG�DV�PRWLRQ�VHQVLQJ�LQSXW�GHYLFH�
IRU� SOD\LQJ� YLGHRV� JDPHV� ZLWK� 0LFURVRIW¶V� ;%2;�
�����GHYHORSHUV�DQG�UHVHDUFKHUV�DUH�QRZ�H[SORULQJ�
DOWHUQDWLYH� DSSOLFDWLRQV� IRU� WKH� .LQHFW� EH\RQG� LWV�
RULJLQDO�HQWHUWDLQPHQW�SXUSRVH��*LOHV��������7KHUH�
DUH� FXUUHQWO\� IRXU� RSWLRQV� WR� XVH� .LQHFW� ZLWK� WKH�
4XHU\$UFK�'� WRRO�� ���� HPSOR\� WKH� )OH[LEOH� $FWLRQ�
DQG�$UWLFXODWHG� 6NHOHWRQ�7RRONLW� �)$$67��� ���� XVH�
WKH�='.�8QLW\�'�ELQGLQJV�LQ�WKH�=LJIX�'HYHORSPHQW�
.LW� �ZRUNV� ZLWK� 2SHQ1,�1,7(� DQG� WKH� 0LFURVRIW�
.LQHFW�6'.��EXW�LW�LV�QRW�IUHH�������GHYHORS�D�FXVWRP�
LQWHUIDFH� LQ� WKH� �1(7� IUDPHZRUN� XVLQJ� .LQHFW� IRU�
:LQGRZV� 6'.�� RU� ���� GHYHORS� D� FXVWRP� LQWHUIDFH�
LQ�WKH�2SHQ1,�IUDPHZRUN��)RU�RXU�LQLWLDOV�WHVWV�ZH�
KDYH�VHOHFWHG�WKH�)$$67�RSWLRQ�EHFDXVH� LW� LV�RSHQ�
VRXUFH� DQG� TXLFNO\� DQG� HDVLO\� FXVWRPL]DEOH�� 7KH�
PRXVH� QDYLJDWLRQ� FRPPDQGV�� LQ� 8QLW\� �'�� ZHUH�
UHSURJUDPPHG� WR� NH\ERDUG� FRPPDQGV� DQG� WKHQ�
WKH� NH\ERDUG� FRPPDQGV� ZHUH� FRUUHODWHG� WR� ERG\�
SRVWXUH� DQG� VSHFL¿F� JHVWXUHV� �7DEOH� ���� $W� WKLV�

Keyboard Command Onscreen movement Kinect gestures

W 0RYH�)RUZDUG 5LJKW�DUP�IRUZDUG

S 0RYH�%DFNZDUG /HIW�DUP�IRUZDUG

4 /HIW�7XUQ 5RWDWH�ERG\�OHIW

( 5LJKW�7XUQ 5RWDWH�ERG\�ULJKW

Y /RRN�8S /HDQ�EDFNZDUGV

+ /RRN�'RZQ /HDQ�)RUZDUGV

7 6WDUW�ZDONWKURXJK�RU�HQWHU�/2'� 5LJKW�DUP�GRZQ

2 2SHQ�LQIRUPDWLRQ��DFFHVV�GDWDEDVH� 5LJKW�DUP�XS

, Close information /HIW�DUP�XS

Keyboard Command Queries/Interaction with high-resolution 3D objects Kinect gestures

= =RRP�LQ 5LJKW�DUP�IRUZDUG�

; =RRP�RXW /HIW�DUP�IRUZDUG

ĸ  5RWDWH�REMHFW�OHIW /HIW�DUP�RXW

ĺ 5RWDWH�REMHFW�ULJKW 5LJKW�DUP�RXW

Ĺ 5RWDWH�REMHFW�XS /HDQ�EDFNZDUGV

Ļ 5RWDWH�REMHFW�GRZQ /HDQ�IRUZDUGV

2 2SHQ�LQIRUPDWLRQ 5LJKW�DUP�XS

, Close information /HIW�DUP�XS

Table 1. Keyboard commands and Kinect gestures for the gesture-based 3D GIS. 
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SRLQW�� WKHVH�FRPPDQGV�FDQ�EH�HPXODWHG�XVLQJ� WKH�
)OH[LEOH� $FWLRQ� DQG� $UWLFXODWHG� 6NHOHWRQ� 7RRONLW�
�)$$67�� DOORZLQJ� IRU� JHVWXUH�EDVHG� FRQWURO� RI� WKH�
4XHU\$UFK�'�WRRO��6XPD�HW�DO���������

7KH�V\VWHP�VHW�XS�LV�VLPSOH�DQG�VWUDLJKWIRUZDUG�
�)LJV���DQG����

• 'RZQORDG�)$$67�RQWR�D�3&�

• &RQQHFW�.LQHFW�WR�WKH�3&�YLD�D�86%�DGDSWHU�

• 2SHQ� WKH� 4XHU\$UFK�'� WRRO� RQ� ZZZ�
0D\D$UFK�'�XQP�HGX��IRU�¿UVW�XVH�WKH�8QLW\��'�
SOXJ�LQ�PXVW�EH�LQVWDOOHG�RQ�WKH�3&���

• ,Q� )$$67�� RSHQ� WKH� FRQ¿JXUDWLRQ� ¿OH� ��FIJ��
WKDW� LQGLFDWHV�KRZ�WKH�NH\ERDUG�FRPPDQGV�DUH�
WUDQVODWHG�WR�ERG\�SRVWXUH�DQG�JHVWXUHV�

• )$$67�SHUIRUPV�D�VNHOHWRQ�FDOLEUDWLRQ��VSHFL¿F�
WR�WKH�XVHU��

• %HJLQ�JHVWXUH�EDVHG�QDYLJDWLRQ�RI�4XHU\$UFK�'�
WRRO�

4.1 The interactive display(s) set-up: interaction 
and immersion

)RU�D�SXEOLF�GLVSOD\�H[KLELW��¿YH�RSWLRQV�EDVHG�
RQ�GL̆HUHQW�LQWHUDFWLRQ�DQG�LPPHUVLRQ�WHFKQRORJLHV�
ZHUH�LGHQWL¿HG��

Non-immersive/Device-based �� 7KLV� RSWLRQ�
XVHV� GHYLFH�EDVHG� LQWHUDFWLRQ� WHFKQRORJLHV�� L�H���
YLVLWRUV� XVH� D� PRXVH� DQG� NH\ERDUG� WR� FRQWURO� WKH�
4XHU\$UFK�'�WRRO��7KH�GLVSOD\�GHYLFH�FRQVLVWV�RI�D�
ODUJH�PRQLWRU�RU�D�SURMHFWRU�DQG�VFUHHQ�ZDOO�

Non-immersive/Natural-based ��7KLV�RSWLRQ�
XVHV� QDWXUDO�EDVHG� LQWHUDFWLRQ� WHFKQRORJLHV�� L�H��
YLVLWRUV�XVH�JHVWXUHV��YLD�WKH�.LQHFW�DQG�)$$67��WR�
FRQWURO� WKH� 4XH\U$UFK�'� WRRO�� 7KH� GLVSOD\� GHYLFH�
FRQVLVWV�RI�D�SURMHFW�DQG�VFUHHQ�ZDOO�

Non-immersive/Device and Natural-based 
�� 7KLV� RSWLRQ� XVHV� ERWK� GHYLFH�EDVHG� DQG� QDWXUDO�
EDVHG�WHFKQRORJLHV��L�H��WZR�VWDWLRQV�DUH�VHW�XS��)RU�
H[DPSOH�� D� GHVNWRS� ZLWK� PRQLWRU� IRU� WKH� GHYLFH�
EDVHG� LQWHUDFWLRQ� DQG� D� ODUJH� VFUHHQ�ZDOO� ZLWK�
SURMHFWRU�IRU�JHVWXUH�EDVHG�LQWHUDFWLRQ��7KLV�RSWLRQ�
better serves the needs of diverse visitors and their 
GL̆HUHQW�OHDUQLQJ�VW\OHV�

Low-immersion/Device-based �� 7KLV�
RSWLRQ� XVHV� D� �'� VWHUHR� GLVSOD\�ZLWK� GHYLFH�EDVHG�
LQWHUDFWLRQ�ZLWK�WKH�PRXVH�DQG�NH\ERDUG�UHTXLULQJ�
VWHUHRVFRSLF� GULYHU� VRIWZDUH� DQG� JODVVHV�� 7KH�
GLVSOD\�GHYLFH�FRQVLVWV�RI�D�VFUHHQ�RU�SURMHFWRU�DQG�
RQH�RU�WKUHH�VFUHHQV��7KLV�RSWLRQ�LV�PRUH�H[SHQVLYH��
EXW� DOORZV� YLVLWRUV� WR� VHH� VWHUHRVFRSLF� �'� REMHFWV��
SURYLGLQJ�D�PRUH� UHDOLVWLF� VHQVH�RI� VSDFH� IRU�XVHUV�
DV�WKH\�QDYLJDWH�DQG�H[SORUH�&RSDQ¶V�DUFKLWHFWXUH��

Figure 6. The system set-up, with the Kinect recording the human movements and FAAST emulating the keyboard input 
to control the QueryArch3D tool.

Figure 7. Set-up of the gesture-based platform to control the 3D environment. 
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Low-immersive/Natural-based�� 7KH� VHW� XS�
IRU� WKLV�RSWLRQ� LV� WKH� VDPH�DV�RSWLRQ�����KRZHYHU��
WKH� V\VWHP� XVHV� WKH� .LQHFW� DQG� )$$67� LQVWHDG�
RI� D� PRXVH� DQG� NH\ERDUG�� 8VLQJ� JHVWXUH�EDVHG�
LQWHUDFWLRQ�JLYHV�YLVLWRUV�D�VHQVH�RI�XVLQJ�WKHLU�RZQ�
ERG\� WR� ZDON� WKURXJK� WKH� DQFLHQW� FLW\� RI� &RSDQ��
R̆HULQJ�D�VHQVH�RI�HPERGLPHQW�WKDW�PD\�EH�ODFNLQJ�
ZLWK�GHYLFH�EDVHG�LQWHUDFWLRQ��

4.2 Practical factors to consider for the gesture-
based 3D GIS exhibit

:KLOH� WKH� V\VWHP� VHW�XS� LV� VWUDLJKWIRUZDUG��
WKHUH�DUH�VHYHUDO�IDFWRUV�WR�EH�FRQVLGHUHG�IRU�ZKHQ�
XVLQJ�WKH�JHVWXUH�EDVHG�V\VWHP�IRU�D�SXEOLF�H[KLELW�

:KLOH� WKH� UDQJH� OLPLWV� RI� WKH� .LQHFW� DV� D�
KDQGV�IUHH� FRQWUROOHU�DUH� ���±����PHWHUV��RXU� WHVWV�
LQGLFDWH�WKDW�WKH�SHUIRUPDQFH�RI�WKH�JHVWXUH�EDVHG�
V\VWHP�LQFUHDVHV�WKH�FORVHU�WKH�XVHU�LV�WR�WKH�.LQHFW��
+RZHYHU��WKH�VPDOO�¿HOG�RI�YLHZ��)29��RI�WKH�.LQHFW�
PLJKW�QRW�HQWLUHO\�FDSWXUH�D�XVHU�ZKR�VWDQGV�WRR�FORVH�
WR�WKH�VHQVRU��7KXV��ZKHQ�VHWWLQJ�XS�D�SXEOLF�H[KLELW��
PDUNHUV�QRWLI\LQJ�XVHUV�RI� DSSURSULDWH�GLVWDQFH� WR�
VWDQG�IURP�WKH�GLVSOD\�GHYLFH�VKRXOG�EH�PDGH��7KH�
LGHDO�GLVWDQFH�WKDW�D�YLVLWRU�VWDQGV�IURP�WKH�GLVSOD\�
GHSHQGV�RQ�XVHU�KHLJKW��)RU�H[DPSOH��ZKLOH�FKLOGUHQ�
QHHG�WR�VWDQG�FORVHU�WR�WKH�GLVSOD\��WDOOHU�DGXOWV�PXVW�
VWDQG�IXUWKHU�DZD\�WR�HQDEOH�WKH�.LQHFW�WR�SHUIRUP�
WKH�VNHOHWDO�FDOLEUDWLRQ�DQG�JHVWXUH�UHFRJQLWLRQ��7R�
DFFRPPRGDWH� DQG� RYHUFRPH� WKHVH� SUREOHPV�� ZH�
SURJUDPPHG� DQG� WHVWHG� )$$67� IRU� WZR� VNHOHWRQ�
PRGHV������)XOO�%RG\�DQG�����8SSHU�%RG\��2XU�WHVWV�
LQGLFDWH�WKDW�D�VROXWLRQ�WR�SRRU�V\VWHP�SHUIRUPDQFH�
GXH�WR�GLVWDQFH�FDQ�EH�RYHUFRPH�E\�XVLQJ�WKH�8SSHU�
%RG\�PRGH�

)$$67� UHTXLUHV� WKDW� GL̆HUHQW� ERG\�
PRYHPHQWV�EH�SURJUDPPHG�WR�FHUWDLQ�GLVWDQFHV�RU�
GHJUHHV�WR�WULJJHU�VSHFL¿F�NH\ERDUG�FRPPDQGV��7KLV�
IDFWRU�FRUUHVSRQGV�GLUHFWO\�WR�WKH�DQJOH�RI�WKH�.LQHFW�
DQG�WKXV��WKH�RSWLPDO�KHLJKW�SODFHPHQW�RI�WKH�.LQHFW�
LV� DW� WKH� WRUVR� OHYHO� RI� WKH�XVHU��7KH� ODWHVW� YHUVLRQ�

RI�)$$67��Y������LQFOXGHV�D�PDQXDO�SLWFK��XS�GRZQ�
DQJOH��IXQFWLRQ�IRU�WUDFNLQJ�XVHUV�LQ�RUGHU�WR�DFFRXQW�
IRU� SHRSOH� RI� GL̆HUHQW� KHLJKWV�� $GGLWLRQDOO\�� WKH�
DFWLRQV�LQ�)$$67�DUH�SURJUDPPHG�WR�EH�WULJJHUHG�DW�
VSHFL¿F�GLVWDQFHV��IRU�H[DPSOH��DQ�LQIRUPDWLRQ�WDEOH�
FDQ�EH�SURJUDPPHG�WR�EH�RSHQHG�ZKHQ�D�XVHU�UDLVHV�
KLV�KHU�DUP����LQFKHV�DERYH�WKH�KHDG��KRZHYHU��LI�D�
FKLOG�RU�SHUVRQ�RI�VPDOO�VWDWXUH�LV�XVLQJ�WKH�V\VWHP��
WKH�DFWLRQ�ZLOO�QRW�EH�WULJJHUHG�LI�KH�VKH�FDQQRW�UDLVH�
KLV�KHU�DUPV�KLJK�HQRXJK�DERYH�WKH�KHDG�

7KH� V\VWHP¶V� SHUIRUPDQFH� LQFUHDVHV� ZKHQ�
WKH�XVHU�GLUHFWO\�IDFHV�WKH�.LQHFW��YLFH�YHUVD��ZKHQ�
WKH� .LQHFW� LV� SRVLWLRQHG� R̆�FHQWUH�� PD\EH� GXH� WR�
URRP�VL]H� FRQVWUDLQWV�� WKH� V\VWHP¶V� SHUIRUPDQFH�
GHFUHDVHV�� 7R� DYRLG� WKLV� SUREOHP��PDUNHUV� VKRXOG�
DOVR�EH�XVHG�LQGLFDWLQJ�ZKHUH�XVHUV�VKRXOG�VWDQG��,Q�
RWKHU�ZRUGV��D�³ERXQGDU\�ER[´��SHUKDSV�WDSH�RQ�WKH�
ÀRRU�� LGHQWLI\LQJ� WKH� LGHDO�GLVWDQFH�DQG�SODFHPHQW�
RI�YLVLWRUV�VKRXOG�EH�PDUNHG�WR�IDFLOLWDWH�PD[LPXP�
SHUIRUPDQFH� RI� WKH� JHVWXUH�EDVHG� V\VWHP�� $ORQJ�
WKHVH� OLQHV��PDUNHUV� LQGLFDWLQJ� WKH� LGHDO� GLVWDQFH�
SODFHPHQW� RI� FKLOGUHQ� FRPSDUHG� WR� DGXOWV� DUH�
DOVR� LPSRUWDQW�� :H� VXJJHVW� D� VHW�XS� WHVW� WKDW�
DOORZV�YLVLWRUV�WR�LGHQWLI\�WKH�RSWLPDO�GLVWDQFH�DQG�
SODFHPHQW�IURP�WKH�GLVSOD\�

$FFRUGLQJ� WR� RXU� WHVWV�� WKH� V\VWHP¶V�
SHUIRUPDQFH� LQFUHDVHV� ZKHQ� XVHU� JHVWXUHV� DUH�
UHODWLYHO\� VORZ� DQG� ZHOO�GH¿QHG�� :H� VXJJHVW� WKDW�
WKH� VHW�XS� WHVW� DOVR� JXLGHV� YLVLWRUV� WKURXJK� HDFK�
RI� WKH� JHVWXUHV� UHTXLUHG� WR� QDYLJDWH� WKH� V\VWHP��
SURYLGLQJ�WKHP�ZLWK�IHHGEDFN�RQ�WKH�VXFFHVV�RI�WKHLU�
PRYHPHQWV��,Q�RWKHU�ZRUGV��WKH�VHW�XS�WHVW�VKRXOG�
inform them on the range of movement and speed 
UHTXLUHG�WR�RSWLPDOO\�XVH�WKH�V\VWHP�

7KH� XSSHU� RU� HQWLUH� VNHOHWRQ� LGHQWL¿FDWLRQ�
DQG� JHVWXUH� UHFRJQLWLRQ� DUH� IXOO\� DXWRPDWHG�
SURFHGXUHV�� WKHUHIRUH�� WKH� LOOXPLQDWLRQ� FRQGLWLRQV�
RI� WKH� HQYLURQPHQW� DUH� FUXFLDO� IRU� FRUUHFW� JHVWXUH�
LGHQWL¿FDWLRQ� DQG� FRPPDQG� WUDQVPLVVLRQ�� )RU�
H[DPSOH�� RXU� WHVWV� LQGLFDWH� WKDW� WKH� V\VWHP¶V�

Figure 8. Using gestures to navigate and query information in the QueryArch3D tool
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SHUIRUPDQFH� GHFUHDVHV� ZLWK� ODUJHU� DPRXQWV� RI�
DPELHQW�OLJKW��L�H��QDWXUDO�OLJKW��DQG�LW�DOVR�GHFUHDVHV�
LQ� WKH�SUHVHQFH�RI�KLJKO\� UHÀHFWLYH�REMHFWV� VXFK�DV�
JODVV��,W�LV�VXJJHVWHG�WKDW�WKH�GLVSOD\�EH�KRXVHG�LQ�D�
UHODWLYHO\�GDUN�VSDFH�ZLWK�IHZ�REMHFWV��

,Q� VXPPDU\�� WKH� JHVWXUH�IUHH� GLVSOD\� VKRXOG�
EH�PRXQWHG�LQ�D�VHSDUDWH�URRP�ZLWK�ÀRRU�PDUNHUV�
WHOOLQJ�XVHUV�RI�GL̆HUHQW�KHLJKWV�ZKHUH�WR�VWDQG��DQG�
LQFOXGH�D�VHW�XS�WH[W�IRU�HDFK�XVHU�RU�WUDLQLQJ�VHVVLRQ�
RU� ³JDPH´�RU� ³WHVW´� LQ�ZKLFK� WKH\�EULHÀ\� OHDUQ� WKH�
SURSHU�JHVWXUHV�

4.3 Exhibit content: sample experiences

An important advantage of virtual heritage is 
WKH�DELOLW\� WR� LQFOXGH�PDQ\�W\SHV�RI�PHGLD�VXFK�DV�
SKRWRV� �LQFOXGLQJ� SDQRUDPDV��� GUDZLQJV�� YLGHRV��
PDSV��DQG��'�YLVXDOLVDWLRQV²WKH�4XHU\$UFK�'�WRRO�
QRW�RQO\�GRHV� WKLV� LQ�D�VLQJOH��QDYLJDEOH�95��EXW� LW�
DOVR� DOORZV� XVHUV� WR� SHUIRUP� DWWULEXWH� TXHULHV� E\�
FOLFNLQJ�RQ��'�YLUWXDO�REMHFWV��L�H��VWHODH��EXLOGLQJV��
DQG�VFXOSWXUH��DQG�FDOO�XS�SKRWRV��PDSV��GUDZLQJV��
DQG�WH[WXDO�GHVFULSWLRQV�WKDW�DUH�VWRUHG�LQ�D�VSDWLDO�
GDWDEDVH��0RUHRYHU�� EHFDXVH� WKH� WRRO� LV� D� �'�*,6�
LW� DOVR� DOORZV�XVHUV� WR� SHUIRUP� VSDWLDO� TXHULHV�� IRU�
H[DPSOH��WKH\�FDQ�VHOHFW�DOO�VWUXFWXUHV�EHORQJLQJ�WR�
D� VSHFL¿F� VXE�FRPPXQLW\� ZLWKLQ� WKH� DQFLHQW� FLW\�
RI� &RSDQ� DQG� WKHVH� VWUXFWXUHV� ZLOO� EH� KLJKOLJKWHG�
LQ� WKH� 95� �)LJ�� ���� &RXSOHG� ZLWK� WKH� DELOLW\� WR�
VLPXOWDQHRXVO\�TXHU\��'�PRGHOV��WKH�LQWHJUDWLRQ�RI�
�'�*,6�DQG�FRQWUROOHU�IUHH�LQWHUDFWLRQ�WHFKQRORJLHV�
R̆HU�D�XQLTXH�DQG�LQQRYDWLYH�WR�HQJDJH�DQG�HGXFDWH�
WKH� SXEOLF� DERXW� WKH� DQFLHQW� 0D\D� �VHH� YLGHR� DW�
KWWS���YLPHR�FRP�����������

Another advantage of virtual heritage is that 
LW� LV� HDVLHU� DQG� OHVV� H[SHQVLYH� WR� GHYLVH� GL̆HUHQW�
ZD\V� WR� FRPPXQLFDWH� FXOWXUDO� KHULWDJH� FRQWHQW� WR�
WKH�SXEOLF��:H�R̆HU�IRXU�RSWLRQV�WKDW�R̆HU�GL̆HUHQW�
OHYHOV�RI�LQWHUDFWLYLW\�

Non-interactive Narration��9LGHRV�DUH�SOD\HG�
WKDW�SUHVHQW�D�VWRU\OLQH��RU�QDUUDWLYH��WKDW�ZDV�FUHDWHG�
IURP� WKH� 95� HQYLURQPHQW� LQ� 4XHU\$UFK�'� WRRO��
YLVLWRUV�DUH�QRW�IUHH�WR�H[SORUH�WKH�95�HQYLURQPHQW��

Interactive Narration�� VHOI�JXLGHG� YLUWXDO�
WRXUV�ZKHUH�D�VWRU\OLQH��RU�QDUUDWLYH��LQ�FKURQRORJLFDO�
RU�VHTXHQWLDO�RUGHU�XQIROGV�DV�YLVLWRUV�³ZDON´�DORQJ�
SUH�VHW�SDWKV��YLVLWRUV�DUH�IUHH�WR�H[SORUH�WKH�SUH�VHW�
SDWK�DW�WKHLU�RZQ�SDFH��

Hot-spots:�YLVLWRUV�VHOHFW�KLJKOLJKWHG�ORFDWLRQV�
IURP� RYHUYLHZ� PDS� WR� H[SORUH�� DW� HDFK� RI� WKHVH�
ORFDWLRQV� D� VSHFL¿F� WKHPH�V��� H�J�� FRVPRORJ\�� DUH�
GHVFULEHG� WKURXJK� LQWHUDFWLRQ� �H�J�� URWDWLRQ� RI� �'�
YLUWXDO�REMHFWV�VXFK�DV�D�VWHODH�WR�³UHDG´�KLHURJO\SKV��

Unguided exploration—visitors move around 
IUHHO\�DQG�FOLFN�RQ�DQ\�REMHFW�WR�UHWULHYH�GDWD�IURP�
GDWDEDVH��WKLV�RSWLRQ�DOORZV�YLVLWRUV�WR�PRYH�WKURXJK�
WKH�FLW\�DW�WKHLU�RZQ�SDFH��LQVSHFW�VSHFL¿F�IHDWXUHV��
RU�UHDG�KLHURJO\SKLF�WH[WV��QHZ�NQRZOHGJH�FUHDWLRQ�
LV�OLNHO\��

$Q� H[KLELW²EDVHG� RQ� WKH� 4XHU\$UFK�'� WRRO�
DQG� WKH� FDVH� VWXG\� RI� &RSDQ²FRXOG� EH� XVHG� WR�
HQJDJH� DQG� HGXFDWH� WKH� SXEOLF� DERXW� WKH� DQFLHQW�
0D\D��DQG�DUFKDHRORJ\�PRUH�JHQHUDOO\��6RPH�WRSLFV�
LQFOXGH�

• ([SODLQ� DUFKDHRORJLFDO� PHWKRGV� DQG� WKHRULHV�
XVLQJ� WKH� �'� GLJLWDO� PRGHOV� RI� EXLOGLQJV� ZLWK�
OLQNHG� H[FDYDWLRQ� SKRWRV�� GUDZLQJV�� HWF�� WR� WHOO�
WKH�KLVWRU\�RI�DUFKDHRORJLFDO�UHVHDUFK�DW�&RSDQ��
)RU�H[DPSOH��H[FDYDWLRQV�FRXOG�EH�VHOHFWHG�DQG�
KLJKOLJKWHG�EDVHG�RQ�\HDU�H[FDYDWHG�WR�LOOXVWUDWH�
EURDGHU�FKDQJHV�LQ�WKH�GLVFLSOLQH�RI�DUFKDHRORJ\�
IURP� IRFXV� RQ� FLYLF�FHUHPRQLDO� FHQWUHV� WR�
VHWWOHPHQW�SDWWHUQV��

• 8VH� WKH� UHDOLW\�EDVHG� DQG� �'� 6WXGLR� 0D[�
PRGHOV� WR� LOOXVWUDWH� DQFLHQW�0D\D� FRQVWUXFWLRQ�

Figure 9. East Court as 
it looks today (left) and 
3D digital reconstruction 
of East Court in 
QueryArch3D showing 
now collapsed buildings 
(right).
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WHFKQLTXHV�DQG�PDWHULDOV��

• 9LVXDOLVH� EXLOGLQJV� WKDW� KDYH� EHHQ� FRPSOHWHO\�
GHVWUR\HG�LQ�D�ODQGVFDSH�FRQWH[W��)LJ�����

• ([SODLQ� DQFLHQW� 0D\D� LQGLJHQRXV� FRQFHSWV�
VXFK� DV� FRVPRORJ\�� DVWURQRP\�� WLPH� �0D\D�
FDOHQGDUV���VRFLDO�RUJDQL]DWLRQ��RU�GLYLQH�NLQVKLS��
)RU�H[DPSOH��H[FDYDWLRQV�LQ�WKH�FLW\¶V�PDLQ�FLYLF�
FHUHPRQLDO� FRPSOH[� �3ULQFLSDO� *URXS�� KDYH�
XQFRYHUHG�OD\HUV�RI�DUFKLWHFWXUH�ZLWK�VFXOSWXUH��
LPDJHU\�� DQG� KLHURJO\SKV� VKRZLQJ� WKDW� &RSDQ�
KDG� D� G\QDVW\� RI� VL[WHHQ� NLQJV� WKDW� UXOHG� RYHU�
¿YH� FHQWXULHV� �$�'�� ��������� �$QGUHZV� DQG�
)DVK��������9LVLWRUV�FRXOG�D�JXLGHG�YLUWXDO�WRXU�
WKDW� WUDFHV� WKH� FLW\¶V� G\QDVWLF� KLVWRU\� XVLQJ� WKH�
WHPSOHV�DQG�RWKHU�PRQXPHQWV�WKDW�FLW\¶V�YDULRXV�
NLQJV�FRPPLVVLRQHG��

5. Conclusions and Future Direction

7KLV� SDSHU� KDV� H[SORUHG� WKH� SRWHQWLDO� RI�
LQWHUDFWLYH� WHFKQRORJLHV� WR� IDFLOLWDWH� WHDFKLQJ� DQG�
OHDUQLQJ� E\� OLQNLQJ� WZR� WHFKQRORJLHV�� �'� *,6� DQG�
JHVWXUH�EDVHG� LQWHUDFWLRQ�� IRU� WKH� SXUSRVHV� RI�
GHYHORSLQJ� D� QHZ� V\VWHP� WR� HQJDJH� WKH� SXEOLF� LQ�
DQFLHQW� 0D\D� DUFKDHRORJ\�� %H\RQG� WKH� SUDFWLFDO�
UHTXLUHPHQWV� RI� VHWWLQJ� XS� D� SXEOLF� JHVWXUH�EDVHG�
�'�*,6�H[KLELW��LW�LV�LPSRUWDQW�WR�HVWDEOLVK�OHDUQLQJ�
REMHFWLYHV� DQG� WDNH� LQWR� DFFRXQW� GLYHUVH� OHDUQLQJ�
VW\OHV�� HGXFDWLRQDO� EDFNJURXQG�� DQG� LQIRUPDWLFV�
VNLOOV� �+VX� ������� %\� R̆HULQJ� GL̆HUHQW� LQWHUDFWLRQ�
�GHYLFH� YV�� QDWXUDO�� DQG� LPPHUVLRQ� WHFKQRORJLHV�
FRPELQHG� ZLWK�PXOWLPHGLD� DQG� GL̆HUHQW� OHYHOV� RI�
LQWHUDFWLYLW\� �UDQJLQJ� IURP� D� SDVVLYH� H[SHULHQFH�
VXFK�DV�ZDWFKLQJ�YLGHRV�WR�D�KLJKO\�DFWLYH�H[SHULHQFH�
using the gesture-based system for unguided 
H[SORUDWLRQ� WKURXJK� WKH� DQFLHQW� FLW\� RI� &RSDQ��
H[KLELWLRQ� FXUDWRUV� FDQ� HQJDJH� D� UDQJH� RI� YLVLWRUV�
LQ� WKH� FXOWXUDO� KHULWDJH� RI� WKH� DQFLHQW� 0D\D�� 7KH�
JHVWXUH�EDVHG� V\VWHP� LV� VXLWHG� WR� WRGD\¶V� \RXWK²
YLVXDO�OHDUQHUV�ZKR�DUH�LQWULJXHG�E\��DQG�SUR¿FLHQW�
LQ�XVLQJ�LQWHUDFWLYH�DQG�G\QDPLF�WHFKQRORJLHV��7KH�
V\VWHP� LV� DOVR� ZHOO�VXLWHG� WR� LQGLYLGXDOV� ODFNLQJ�
H[SHULHQFH� ZLWK� FRPSXWHUV� �VSHFL¿FDOO\� XVLQJ�
PRXVH�DQG�NH\ERDUG��RU�KDYH�SK\VLFDO� FRQVWUDLQWV�
EHFDXVH� LW� FDQ� EH� SURJUDPPHG� LQ� PXOWLSOH� ZD\V�
WR� KDYH� ERG\� PRYHPHQWV� FRUUHVSRQG� WR� D� UDQJH�
RI� GL̆HUHQW� JHVWXUHV� �XSSHU� ERG\� YV�� IXOO�ERG\�
LQWHUDFWLRQ���,Q�WKH�IXWXUH��WKH�SURMHFW�ZLOO�FRQWLQXH�
to evaluate the advantages and disadvantages of 

XVLQJ� D� WRXFKOHVV� FRQWURO� V\VWHP� WR� QDYLJDWH� D� �'�
*,6�IRU�DUFKDHRORJLFDO�RXWUHDFK��NHHSLQJ�DQ�H\H�RQ�
WHFKQRORJLFDO�GHYHORSPHQWV�DQG�H[SORULQJ�WKH�UDQJH�
RI�EHQH¿WV�IRU�FXOWXUDO�KHULWDJH��
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