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1. Introduction

5HÀHFWDQFH�7UDQVIRUPDWLRQ�,PDJLQJ��57,��LV�
D�FRPSXWDWLRQDO�SKRWRJUDSK\�PHWKRG� WKDW�� VWDWLQJ�
IURP�D�VHW�RI�LPDJHV�WDNHQ�IURP�D�VLQJOH�YLHZ�XQGHU�
YDU\LQJ� OLJKWLQJ� FRQGLWLRQV�� HQFRGHV� WKH� VXEMHFW¶V�
VXUIDFH� VKDSH� DQG� FRORXU� WR� HQDEOH� WKH� LQWHUDFWLYH�
UH�OLJKWLQJ� RI� WKH� VXEMHFW� IURP� DQ\� GLUHFWLRQ�� 57,�
HQFRGHV� WKLV� UHGXQGDQW� GDWD�� WKH� VDPH� VFHQH�
VDPSOHG�XQGHU�PDQ\�GL̆HUHQW� OLJKWLQJ� FRQGLWLRQV��
LQ� D� FRPSDFW�ZD\��XVLQJ� YLHZ�GHSHQGHQW�SHU�SL[HO�
UHÀHFWDQFH�IXQFWLRQV�

7KH�YLUWXDO�H[DPLQDWLRQ�DQG�VWXG\�RI�&XOWXUDO�
+HULWDJH�DUWHIDFWV�LV�WDNLQJ�DGYDQWDJH�IURP�WKH�XVH�
RI� WKH� 57,� WHFKQLTXHV�� ,Q� WKLV� ¿HOG� WKH� ZD\� OLJKW�
LQWHUDFWV�ZLWK�WKH�REMHFW� LV�YHU\�LPSRUWDQW�EHFDXVH�
WKH� FKDUDFWHULVWLFV� RI� WKH� PDWHULDO�� UHÀHFWDQFH�
Corresponding author: gianpaolo.palma@isti.cnr.it

EHKDYLRXU�� DQG� WH[WXUH�R̆HU�PDMRU�SHUFHSWXDO� DQG�
FRJQLWLYH�KLQWV�IRU�WKH�VWXG\�RI�D�&XOWXUDO�+HULWDJH�
REMHFW�� ,Q� PDQ\� FDVHV� WKH� DELOLW\� WR� LQWHUDFWLYHO\�
SOD\� ZLWK� WKH� OLJKW� LV� RIWHQ� PRUH� XVHIXO� WKDQ� WKH�
PDQLSXODWLRQ� RI� DQ� DFFXUDWHO\� VDPSOHG� �'� VKDSH��
WKDW� LV� KDUGO\� DEOH� WR� FDSWXUH� DOO� WKH� LQWHUHVWLQJ�
DVSHFWV� RI� WKH� DUWZRUN�� )XUWKHUPRUH�� WKHUH� DUH�
VHYHUDO� DGYDQWDJHV� RI� 57,� WHFKQRORJLHV� FRPSDUHG�
WR� �'� VFDQQLQJ� WHFKQLTXHV�� 57,� WHFKQLTXHV� XVH�
LQH[SHQVLYH�DQG�ZLGHO\�DYDLODEOH�KDUGZDUH��LQ�PDQ\�
FDVHV��MXVW�D�GLJLWDO�FDPHUD�DQG�OLJKW���VFDOH�ZHOO�WR�
ERWK� ODUJH� DQG� YHU\� VPDOO� REMHFWV�� DQG� DUH� DEOH� WR�
HDVLO\� DFKLHYH� D� VDPSOLQJ� GHQVLW\� DQG� D� SUHFLVLRQ�
WKDW�PRVW�FXUUHQW��'�VFDQQHUV�DUH�XQDEOH�WR�UHDFK��
HYHQ� XQGHU� RSWLPDO� DFTXLVLWLRQ� FRQGLWLRQV�� )RU�
WKRVH�UHDVRQV��57,�WHFKQLTXHV�DUH�ZLGHO\�XVHG�LQ�WKH�
&XOWXUDO�+HULWDJH�¿HOG�IRU�GRFXPHQWDWLRQ�WRROV�DQG�
WR�VXSSRUW�GHWDLOHG�YLVXDO�DQDO\VLV�
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Abstract:
We present a system to provide an enhanced access of ordinary people to a collection of ancient coins, 
preserved in the National Museum of San Matteo in Pisa (Italy). Those coins have been digitized to produce 
RTI representations and are presented to museum visitors together with data telling their story.
The interactive presentation system, designed to be deployed either by a museum kiosk or by a web site, is 
FRPSRVHG�RI�WZR�LQWHJUDWHG�VHFWLRQV��D�EULHI�LQWURGXFWLRQ�WR�WKH�GL̆HUHQW�VXEVHWV�RI�FRLQV��DQ�LQWHUDFWLYH�
57,�YLHZHU��7KH�FRLQV�DUH�RUJDQL]HG�LQ�GL̆HUHQW�VXEVHWV�WR�EHWWHU�SUHVHQW�WKHP�WR�D�SXEOLF�RI�LQH[SHULHQFHG�
visitors. The viewer supports the interaction with the RTI image through a set of functionalities: changing 
WKH�OLJKW�GLUHFWLRQ� zooming��SDQQLQJ�RYHU�WKH�LPDJH��ÀLSSLQJ�WKH�FRLQ��YLVXDOL]LQJ�KRW�VSRWV��ZKLFK�OLQN�
VSHFL¿F�DUHDV�RQ�WKH�FRLQ�ZLWK�GHVFULSWLYH�+70/�K\SHUWH[W�
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57,� WHFKQLTXHV� ZHUH� GHVLJQHG� WR� VXSSRUW�
HDV\� GRFXPHQWDWLRQ� DQG� LQVSHFWLRQ� RI� &XOWXUDO�
+HULWDJH� DUWZRUNV�� JLYLQJ� D� SUHFLRXV� LQVWUXPHQW�
WR�WKH�VSHFLDOLVWV�LQ�WKH�DQDO\VLV�DQG�LQWHUSUHWDWLRQ�
SURFHVV��7KH�UHFHQW�DGYDQFHV�RI�WKH�ZHE�YLVXDOL]DWLRQ�
LQVWUXPHQWV� DUH� LQFUHDVLQJ� RXU� FDSDELOLW\� WR�
GLVVHPLQDWH� GDWD� DQG� WR� VXSSRUW� UHPRWH� YLVXDO�
LQVSHFWLRQ�RI�ERWK�VFKRODUV�DQG�RUGLQDU\�SXEOLF�

:H� SUHVHQW� DQ� LQWHUDFWLYH� NLRVN� IRU� WKH�
LQWHUDFWLYH� SUHVHQWDWLRQ� DQG� YLUWXDO� LQVSHFWLRQ� RI�
FRLQV�FROOHFWLRQ�XVLQJ�+70/���WHFKQRORJ\�DQG�57,�
LPDJHV��WKH�VSHFL¿F�WHVW�FDVH��WKH�FRLQ�FROOHFWLRQ�RI�
WKH�1DWLRQDO�0XVHXP�RI�6DQ�0DWWHR�LQ�3LVD��JLYHV�XV�
WKH�RSSRUWXQLW\�WR�SUHVHQW�WKH�XQGHUO\LQJ�WHFKQRORJ\�
LQ�WKH�IUDPHZRUN�RI�D�FRQFUHWH�DQG�SUDFWLFDO�SURMHFW�

2. State of Art on RTI Acquisition and 
Visualization

7KH�¿UVW�57,�LPDJH�IRUPDW�ZDV�LQWURGXFHG�LQ�
������0DO]EHQGHU��*HOE��DQG�:ROWHUV��������ZLWK�WKH�
3RO\QRPLDO�7H[WXUH�0DSV��370���7KLV�LPDJH�HQFRGHV�
WKH�SHU�SL[HO�UHÀHFWDQFH�IXQFWLRQ�XVLQJ�D�ELTXDGUDWLF�
SRO\QRPLDO��$OUHDG\�LQ�WKLV�RULJLQDO�ZRUN��WKH�370V�
DUH� SUHVHQWHG� DV� D� SRZHUIXO� WRRO� WR� LPSURYH� WKH�
VWXG\�RI�DQFLHQW�ZULWLQJV�DQG�LQVFULSWLRQV��$XWKRUV�
SURSRVHG� WZR� FRQWUDVW� HQKDQFHPHQW� PHWKRGV�
ZKLFK�DOORZ�LPSURYLQJ�WKH�UHDGDELOLW\�RI�WKH�DQFLHQW�
LQVFULSWLRQ� E\� PDWKHPDWLFDO� PDQLSXODWLRQ� RI� WKH�
ELTXDGUDWLF� SRO\QRPLDO�� $� QHZ� HQFRGLQJ� IRU� 57,�
GDWD� ZDV� SURSRVHG� LQ� ����� �*XQDZDUGDQH� HW� DO��
������� WKH� +HPLVSKHULFDO� +DUPRQLFV� 0DS�� 7KLV�
QHZ� IRUPDW� XVHV� D� OLQHDU� FRPELQDWLRQ� RI� WKH� ¿UVW�
QLQH� KHPLVSKHULFDO� KDUPRQLFV� IRU� WKH� UHÀHFWDQFH�
IXQFWLRQ��HQDEOLQJ�D�KLJKHU�UHQGHULQJ�TXDOLW\�GXH�WR�
WKH�EHWWHU�VDPSOLQJ�SURSHUWLHV�RI�WKH�QHZ�SHU�SL[HO�
IXQFWLRQ�

,Q� WKH� ODVW� ��� \HDU� 57,V� ZHUH� HPSOR\HG�
LQ� VHYHUDO� DSSOLFDWLRQV�� 7KH\� ZHUH� XVHG� LQ�
3DODHRQWRORJ\�� WR� SURYLGH� QRWLFHDEOH� LPSURYHPHQW�
LQ� LPDJLQJ� RI� ORZ� FRORXU� FRQWUDVW�� OLNH� KLJK� UHOLHI�
IRVVLOV� �+DPPHU� HW� DO�� ������� 7KH� DSSOLFDWLRQ� RI�
370�PHWKRG� RQ� DQFLHQW� VWRQH� WRROV� UHYHDOHG� ¿QH�
GHWDLOV�RI�FRQFRLGDO�NQDSSLQJ�IUDFWXUHV��XVH�VFDUULQJ�
DQG�VWRQH�JUDLQ��0XGJH�HW�DO����������$�MRLQW�ZRUN�
GRQH�E\�1DWLRQDO�*DOOHU\�DQG�7DWH�*DOOHU\�RI�/RQGRQ�
VKRZHG�WKDW�370V�SURYLGHG�DGGLWLRQDO�LQIRUPDWLRQ�
DERXW�WKH�VXUIDFH�WH[WXUHV�RI�RLO�SDLQWLQJV��3DG¿HOG��
6DXQGHUV�� DQG� 0DO]EHQGHU� ������� &XQHLIRUP�

WDEOHWV� ZHUH� DQDO\]HG� XVLQJ� ERWK� �'� �370�� DQG�
�'� �VWUXFWXUHG� OLJKW� VFDQQHU�� LQIRUPDWLRQ�� WKH�
370V� ZHUH� WH[WXUH� PDSSHG� RQ� WKH� PRGHO�� DQG� D�
VSHFLDO��'�YLHZHU�ZDV�FUHDWHG��0XGJH�HW�DO���������
7KH� DSSOLFDWLRQ� RI� 370V� DQG� VFDQQLQJ� WHFKQLTXHV�
RQ� D� ODUJH� QXPLVPDWLF� FROOHFWLRQ� SHUPLWWHG� WKH�
FUHDWLRQ� RI� D� PRUH� FRPSOHWH� GRFXPHQWDWLRQ� WKDQ�
WKH� WUDGLWLRQDO� SKRWRJUDSKLF� PHWKRGV� DQG� WKH�
FRPPXQLFDWLRQ� RI� WKLV� LQIRUPDWLRQ� ZLWK� HDVH�
WKURXJK�GLJLWDO�PHGLD� �0XGJH� HW� DO��� �������370V�
ZHUH�XVHG�WR�VWXG\�WKH�$QWLN\WKHUD�PHFKDQLVP��DQ�
DQFLHQW�PHFKDQLFDO�FRPSXWHU�GHVLJQHG�WR�FDOFXODWH�
DVWURQRPLFDO� SRVLWLRQV� �)UHHWK� HW� DO�� �������+HUH��
WKH�DQDO\VLV�RI�WKH�GL̆HUHQW�IUDJPHQWV�XVLQJ�370V�
LQFUHDVHG�WKH�UHDGDELOLW\�RI�WKH�LQVFULSWLRQV��DOORZLQJ�
D�PRUH�FRPSOHWH�XQGHUVWDQGLQJ�RI� WKH�PHFKDQLVP�
RSHUDWLRQ��7KH�SRWHQWLDO�DQG�WKH�DGYDQWDJHV�RI�WKH�
DSSOLFDWLRQ�RI�WKH�57,�LPDJHV�LQ�WKH�DUFKDHRORJLFDO�
FRQWH[W� ZDV� DQDO\]HG� LQ� �(DUO�� 0DUWLQH]�� DQG�
0DO]EHQGHU�������(DUO�HW�DO���������HVSHFLDOO\�LQ�WKH�
¿HOG� RI� WKH� FRQVHUYDWLRQ�� DQDO\VLV� RI� WKH� PDWHULDO�
DQG�UHSUHVHQWDWLRQ�RI�WKH�DUFKDHRORJLFDO�GDWD��

,PSURYHG� PHWKRGV� ZHUH� SURSRVHG� IRU� WKH�
DFTXLVLWLRQ�RI�57,�LPDJHV��$�PHWKRG�WR�DFTXLUH�WKH�
57,� RI� ODUJH� REMHFW�� XVLQJ� D� VLQJOH�PRYHDEOH� OLJKW�
DQG�DQ�DFTXLVLWLRQ�SODQ�ZLWKRXW�WKH�HPSOR\�RI�D�OLJKW�
GRPH��ZDV�SUHVHQWHG�LQ��'HOOHSLDQH�HW�DO���������$Q�
DXWRPDWLF�PHWKRG�IRU�57,�JHQHUDWLRQ�EDVHG�RQ�WKH�
WUDFNLQJ�RI�WKH�KLJKOLJKW�SRVLWLRQ�RI�WKH�OLJKW�VRXUFH�
RQ�JORVV\�VSKHUHV�ZDV�SURSRVHG�LQ��%DUERVD��6REUDO��
DQG�3URHQoD�������� ,Q� WKLV�ZD\� WKH�XVHU� LV� IUHH� WR�
PRYH� D� VLQJOH� OLJKW� VRXUFH� DURXQG� WKH� REMHFW� DQG��
DIWHU�WKH�DFTXLVLWLRQ��KH�FDQ�XVH�DQ�DXWRPDWLF�WRRO�WR�
HVWLPDWH�WKH�HQFRGHG�OLJKW�GLUHFWLRQ�RI�HDFK�SKRWR�

$GYDQFHG� VKDGLQJ� HQKDQFHPHQW� WHFKQLTXHV�
ZHUH�SURSRVHG�LQ��3DOPD�HW�DO���������7KH�DXWKRUV�
SURSRVHG� D� VHW� RI� HQKDQFHPHQW� RSHUDWRUV� IRU� 57,�
LPDJHV� WKDW� LPSURYH� WKH� SHUFHSWLRQ� RI� GHWDLOV��
IHDWXUHV�� DQG� VKDSHV� GHSLFWHG� LQ� WKH� LPDJH� DQG�
SURYLGH� EHWWHU� DQG�PRUH� ÀH[LEOH� YLVXDO� LQVSHFWLRQ�
FDSDELOLWLHV�

3. The San Matteo Coins Project

7KH�6DQ�0DWWHR�FRLQV�SURMHFW�VWDUWHG�IURP�WKH�
UHTXHVW�RI� WKH�FXUDWRUV�RI� WKH�1DWLRQDO�0XVHXP�RI�
6DQ�0DWWHR�LQ�3LVD�WR�DOORZ�SUHVHQWLQJ�WKH�DQFLHQW�
FRLQV� FROOHFWLRQ� RI� WKH� PXVHXP� LQ� DQ� LQQRYDWLYH�
ZD\��WR�EHWWHU�FDSWXUH�WKH�LQWHUHVW�RI�WKH�YLVLWRUV�DQG�
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WR� JLYH� WKHP� HQKDQFHG� LQIRUPDWLRQ�� 7KH� DWWHQWLRQ�
RI�WKH�PXVHXP�FXUDWRU�WRZDUGV�WKH�FRLQ�FROOHFWLRQ�
LV�GXH� WR� WKH� FXUUHQW�ZD\� WR�H[SRVH�DQG�SUHVHQW� LW�
DW�WKH�SXEOLF��$�FRLQ�LV�D�YHU\�VPDOO�DUWZRUN��ZKLFK�
LQ� D� VWDQGDUG� PXVHXP� H[SRVLWLRQ� LV� SUHVHQWHG� WR�
WKH�SXEOLF� IURP�D�GLVWDQFH� �W\SLFDOO\�DW� OHDVW���FP�
IDU� IURP� WKH� REVHUYHU� H\HV��� 7KLV� GLVWDQFH� GRHV�
QRW� DOORZ� WR� WKH� YLVLWRUV� WR� QRWH� VRPH� VPDOO� DQG�
LQWHUHVWLQJ� GHWDLOV� RQ� WKH� OHJHQG� RU� RQ� EDV�UHOLHI�
DQG��PRUHRYHU��WKH�FRLQ�LV�XVXDOO\�YLVLEOH�RQO\�IURP�
RQH� VLGH�� )XUWKHUPRUH�� FRLQV� KDYH� D� ORW� RI� KLGGHQ�
NQRZOHGJH�WKDW�LV�GL̇FXOW�WR�WUDQVIHU�WR�WKH�YLVLWRUV�
LQ�DQ�HDV\��H̆HFWLYH�DQG�XQGHUVWDQGDEOH�PDQQHU�

7KH�PDLQ�FKDOOHQJHV�RI�WKLV�SURMHFW�ZHUH�

�� WR�DOORZ�WKH�YLUWXDO�PDQLSXODWLRQ�RI�WKH�FRLQV�WR�
LQVSHFW�WKHP�LQ�GHWDLO��

�� WR� EULQJ� VRPH� RI� WKH� KLGGHQ� NQRZOHGJH� RI� WKH�
FRLQV� WR� WKH� RUGLQDU\� SXEOLF� LQ� DQ� HDV\� DQG�
XQGHUVWDQGDEOH�ZD\��

:H�SURSRVHG�WKH�GHVLJQ�DQG�LPSOHPHQWDWLRQ�
RI� DQ� LQWHUDFWLYH� NLRVN� WR� DOORZ� WKH� SUHVHQWDWLRQ�
DQG� WKH� YLUWXDO� LQVSHFWLRQ� RI� WKH� FRLQV� FROOHFWLRQ��
7KH�NLRVN�PXVW�EH�HDV\�DQG�LQWXLWLYH�WR�XVH�IRU�WKH�
RUGLQDU\�SXEOLF� RI� WKH�PXVHXP�� DQG� LW�PXVW� DOORZ�
WKH� UHDO�WLPH� PDQLSXODWLRQ� RI� WKH� FRLQ� ZLWK� D� VHW�
RI�EDVLF�RSHUDWLRQV�OLNH�]RRPLQJ��SDQQLQJ��ÀLSSLQJ�
WKH� FRLQ�� FKDQJLQJ� RI� WKH� OLJKW� GLUHFWLRQ�� )LQDOO\�
WKH� NLRVN� PXVW� WHOO� WKH� VWRU\� RI� WKH� FRLQV� XVLQJ�
PXOWLPHGLD�GDWD��ZLWK�D�FRPELQDWLRQ�RI�WH[W��LPDJHV�
DQG� YLGHRV�� )RU� WKLV� ODVW� SXUSRVH� WKH� FRLQV� DUH�
RUJDQL]HG�LQ�VHYHUDO�VXEVHWV��HDFK�RQH�FKDUDFWHUL]HG�
E\�D�IHDWXUH�WKDW�FDQ�EH�WKH�KLVWRULFDO�FROOHFWLRQ�WR�
ZKLFK� WKH� FRLQV� EHORQJ� WR� RU� D� FRPPRQ� WKHPDWLF�
VXEMHFW��IRU�H[DPSOH�WKH�FRLQ�RI�D�VSHFL¿F�JHRJUDSKLF�
DUHD�RU� HSRFK��� ,Q�DGGLWLRQ��ZH�SXW�RQ� WKH� VXUIDFH�
RI�WKH�FRLQV�VRPH�KRW�VSRWV�WKDW�FRQWDLQ�DGGLWLRQDO�
PXOWLPHGLD�LQIRUPDWLRQ�XVHIXO�WR�EHWWHU�XQGHUVWDQG�
WKH�PRVW�LPSRUWDQW�DQG�LQWHUHVWLQJ�GHWDLOV�GHSLFWHG�
RQ�WKH�FRLQ�HQJUDYHG�GHFRUDWLRQV�

7KH�PDQDJHPHQW�RI� WKH�YLUWXDO� LQVSHFWLRQ�RI�
WKH� FRLQV� LV� RQH� RI� WKH�PRVW� LPSRUWDQW� DVSHFWV� LQ�
WKH�GHVLJQ�RI�WKH�NLRVN��6HYHUDO�VFLHQWL¿F�UHVHDUFKHV�
�5DPDFKDQGUDQ� ������ $GHOVRQ� DQG� 3HQWODQG�
������SURYHG�WKDW�WKH�KXPDQ�EUDLQ�LV�DEOH�WR�LQIHU�
PRUH� FRJQLWLYH� GDWD� IURP� WKH� G\QDPLF� UHÀHFWLRQ�
DQG�VKDGLQJ�RI�DQ�REMHFW��7KHQ�LW� LV�D�IXQGDPHQWDO�

UHTXLUHPHQW�WR�JLYH�WR�WKH�XVHU�WKH�SRVVLELOLW\�WR�URWDWH�
WKH�FRLQ�XQGHU��DW� OHDVW��D�GLUHFWLRQDO� LOOXPLQDWLRQ��
7KLV�PHDQV�WKDW�ZH�QHHG�D�YLUWXDO�UHSUHVHQWDWLRQ�RI�
WKH� FRLQ� WKDW� FDQ� VLPXODWH� WKH� LOOXPLQDWLRQ� H̆HFWV�
LQ� UHDO�WLPH� DQG� LQ� DQ� DFFXUDWH� ZD\�� LQ� RUGHU� WR�
REWDLQ�D�SKRWR�UHDOLVWLF�UHQGHULQJ��,Q�WKH�FKRLFH�RI�
WKLV�YLUWXDO�UHSUHVHQWDWLRQ�ZH�KDYH�WR�SD\�DWWHQWLRQ�
EHFDXVH�W\SLFDOO\�WKH�SURGXFWLRQ�RI�D�SKRWR�UHDOLVWLF�
UHQGHULQJ�RI�D�FRLQ�LV�H[WUHPHO\�FRPSOH[��GXH�WR�WKH�
UHÀHFWLRQ�H̆HFWV�RI�WKH�GL̆HUHQW�W\SHV�RI�PDWHULDOV��
)RU�H[DPSOH�LQ�WKH�PXVHXP�FROOHFWLRQ�ZH�KDYH�ERWK�
KLJK�UHÀHFWLYH�DQG�VSHFXODU�JROG�FRLQV��DQG�EURQ]H�
FRLQV�� WKDW� DUH�PRUH� RSDTXH� DQG� SUHVHQW� RQ� WKHLU�
VXUIDFH� GL̆HUHQW� NLQG� RI� SDWLQDV� DQG� GHJUDGDWLRQ�
SURFHVVHV�WKDW�DOWHU�WKHLU�DSSHDUDQFH��)LJ������

7KHUH� DUH� WZR� SRVVLEOH� RSWLRQV� IRU� WKH�
YLUWXDO� UHSUHVHQWDWLRQ� RI� WKH� FRLQ�� D� FRPSOHWH� �'�
PRGHO�RU�D�57,�LPDJH��7KH�FUHDWLRQ�RI�D��'�PRGHO�
UHTXLUHV� WR� DFTXLUH� ERWK� WKH� �'� JHRPHWU\� DQG�
WKH� VXUIDFH� DSSHDUDQFH�� 7KLV� WDVN� FRXOG� EH� TXLWH�
FRPSOH[�EHFDXVH�VFDQQLQJ�FRLQV�LQWURGXFHV�VHYHUDO�
SUREOHPV� DQG� GUDZEDFNV�� 7KH� DFTXLVLWLRQ� RI� WKH�
JHRPHWU\� FDQ� SUHVHQW� SUREOHPV�ZLWK� WKH� VFDQQLQJ�
RI�WKH�FRLQ¶V�ERUGHU��WKDW�FDQ�EH�YHU\�WKLQ��DQG�WKH�
ULJKW� DOLJQPHQW� RI� WKH� WZR� VLGHV� RI� WKH� FRLQ�� 7KH�
DFTXLVLWLRQ� RI� WKH� UHÀHFWDQFH� PXVW� EH� GRQH� LQ� D�
IROORZLQJ� VWHS�ZLWK� VSHFLDO� VHWXSV� WR� VDPSOH� LQ� DQ�
DFFXUDWH� ZD\� LWV� GLPHQVLRQDOLW\�� (YHQ� LI� VHYHUDO�
VROXWLRQV� KDYH� EHHQ� SURSRVHG� IRU� WKH� DFTXLVLWLRQ�
RI� WKH� VXUIDFH� DSSHDUDQFH� RI� UHDO� REMHFW�� DOO� RQHV�
KDYH�VRPH�GUDZEDFNV��7KH\�UHTXLUH�D�YHU\�LQWHQVLYH�
GDWD�DFTXLVLWLRQ��WKDW�PXVW�VDPSOH�LQ�DFFXUDWH�ZD\�
ERWK�WKH�OLJKW�DQG�WKH�YLHZ�GLUHFWLRQV��DQG�FRPSOH[�
UHÀHFWDQFH�PRGHOV�WKDW��GXH�WR�WKH�DVVXPSWLRQV�RQ�
WKH� UHÀHFWLRQ� H̆HFWV� WKDW� ZH� ZDQW� WR� FDSWXUH�� DUH�
QRW�DEOH�WR�UHSURGXFH�DOO�W\SH�RI�PDWHULDOV��)LQDOO\��
WKH�SURFHVVLQJ�RI�WKH�DFTXLUHG�GDWD�IRU�WKH�FUHDWLRQ�
RI� WKH� ¿QDO� �'�PRGHO� LV� WLPH� FRQVXPLQJ� DQG� WKH�
PDQLSXODWLRQ�RI�D��'�PRGHO�LV�VWLOO�PRUH�FRPSOH[�WR�
XQGHUVWDQG�DQG�FRQWURO�IRU�WKH�XVHU��

2Q� WKH� RWKHU� KDQG�� 57,� WHFKQLTXHV� SURGXFH�
D��'�UHSUHVHQWDWLRQ�RI�HDFK�FRLQ�WKDW�HQFRGHV�ERWK�
WKH� VXUIDFH�QRUPDO�DQG� WKH�DSSHDUDQFH� LQ�D� VLQJOH�
LPDJH��7KLV�LPDJH�FDQ�EH�G\QDPLFDOO\�UHOLJKWHG�E\�
WKH� XVHU� UHSURGXFLQJ� WKH� LOOXPLQDWLRQ�GHSHQGHQW�
H̆HFWV� RI� WKH� VXUIDFH� ZLWK� D� KLJKHU� TXDOLW\� DQG� D�
KLJKHU� UHVROXWLRQ� WKDW� LV� QRW� XVXDOO\� SURYLGHG� E\�
�'�VFDQQHG�PRGHO��7KH�DFTXLVLWLRQ�DQG�SURFHVVLQJ�
VWHS� DUH� FKHDSHU� WKDQ� �'� VFDQQLQJ� DQG� WKH� ¿QDO�
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�� WKH� JHQHUDWLRQ� RI� DQ� 57,� LPDJHV� IRU� HDFK� FRLQ�
VLGH�XVLQJ�WKH�WRROV�SURYLGHG�E\�&XOWXUDO�+HULWDJH�
,PDJLQJ�FRUSRUDWLRQ��&XOWXUDO�+HULWDJH�,PDJLQJ�
������

�� WKH�FRQVWUXFWLRQ�RI�D�PXOWLUHVROXWLRQ�VWUHDPDEOH�
57,� IRUPDW� WKDW� SHUPLWV� WKH� DV\QFKURQRXV�
ORDGLQJ� RI� WKH� LPDJH�� DOORZLQJ� WR� WKH� XVHU� WR�
LQWHUDFW� LPPHGLDWHO\�ZLWK� WKH� FRLQ�ZLWKRXW� WKH�
DZDLWLQJ�RI�WKH�FRPSOHWH�ORDGLQJ�RI�WKH�GDWD��

)RU�WKH�JHQHUDWLRQ�RI�WKH�57,�LPDJHV�ZH�FKRVH�
WKH� +6+� IRUPDW� EHFDXVH� LW� JXDUDQWHHV� D� EHWWHU�
UHSURGXFWLRQ�RI�WKH�VSHFXODU�UHÀHFWLRQ�ZLWK�UHVXOWV�
WKDW�DUH�PRUH�SKRWRUHDOLVWLF�ZLWK�UHVSHFW�WR�D�370��
DV�VKRZHG�LQ��0XGJH�HW�DO��������

)RU� WKH� FRQVWUXFWLRQ� RI� WKH� PXOWLUHVROXWLRQ�
IRUPDW��ZH�VXEGLYLGHG�WKH�57,�LPDJH�LQ�QLQH�OD\HUV��
RQH� OD\HU� IRU� HDFK� +6+� FRḢFLHQW� �)LJ�� ���� 7KH�
L�WK� OD\HU� FRQWDLQV� WKH� L�WK� FRḢFLHQW� RI� WKH� WKUHH�
5*%� FRORXU� FKDQQHOV�� )RU� HDFK� OD\HU�ZH� FUHDWHG� D�
PXOWLUHVROXWLRQ�WUHH�DQG�ZH�FXW�HDFK�OHYHO�RI�WKH�WUHH�
LQ�WLOHV�XVLQJ�D�TXDG�WUHH�VWUXFWXUH��)LJ������)LQDOO\�ZH�
VDYHG�HDFK�WLOH�LQ�D�GL̆HUHQW�31*�LPDJH��7KLV�PHDQV�
WKDW�WR�YLVXDOL]H�D�VSHFL¿F�SL[HO�ZH�QHHG�WR�ORDG�WKH�
QLQH�31*�LPDJHV�WKDW�FRQWDLQ�WKH�+6+�FRḢFLHQWV�
RI� WKH� SL[HO�� :H� FKRVH� 31*� IRUPDW� EHFDXVH� LW�
JXDUDQWHHV� D� ORVVOHVV� FRPSUHVVLRQ� WKDW� UHGXFHV�
WKH� DPRXQW� RI� GDWD� WR� WUDQVIHU� IURP� WKH� VHUYHU� WR�
WKH� FOLHQW� ZLWKRXW� WR� ORVH� DQ\� LQIRUPDWLRQ� QHHGHG�
IRU� WKH� SKRWRUHDOLVWLF� UHQGHULQJ�� 7KH� DGYDQWDJH� RI�
PXOWLUHVROXWLRQ�VWUHDPDEOH�IRUPDW�LV�WKH�RXW�RI�FRUH�
ORDGLQJ� RI� WKH� WLOHV� PDNLQJ� LPPHGLDWHO\� DYDLODEOH�
DW� OHDVW�VRPH� ORZ�UHVROXWLRQ�GDWD�� WR�DOORZ�WR�VWDUW�
TXLWH� LQVWDQWDQHRXVO\�WKH�XVHU� LQWHUDFWLRQ�ZLWK�WKH�
FRLQ��,Q�WKH�VSHFL¿F�DW�WKH�EHJLQQLQJ�RI�WKH�ORDGLQJ�
WKH�XVHU� LQWHUDFWV�ZLWK� D� ORZ� UHVROXWLRQ� YHUVLRQ�RI�

Figure 1. Two example of coins inserted in the kiosk: 
(Left) a Roman bronze coin; (Right) a modern gold coin.

UHSUHVHQWDWLRQ�VLPSOLI\�WKH�LQWHUDFWLRQ�EHFDXVH�WKH�
XVHU�LV�PRUH�DFFXVWRPHG�WR�LQWHUDFW�ZLWK�DQ�LPDJH�
WKDQ�ZLWK�D��'�PRGHO��)RU�WKHVH�UHDVRQV�RXU�FKRLFH�
ZDV�WR�DGDSW�57,�LPDJHV�IRU�WKH�6DQ�0DWWHR�NLRVN�

4. Acquisition and Processing of RTI data

7KH�¿UVW�VWHS�RI�WKH�SURMHFW�ZDV�WKH�DFTXLVLWLRQ�
DQG� WKH� JHQHUDWLRQ� RI� WKH� 57,� LPDJHV�� )RU� WKH�
DFTXLVLWLRQ� WKH� PXVHXP� FXUDWRU� VHOHFWHG� D� VXEVHW�
RI����FRLQV�IURP�WKH�PXVHXP¶V�FROOHFWLRQ��IROORZLQJ�
YDOXH� DQG� VWRU\WHOOLQJ� FULWHULD�� 7KH� FRLQV� FRYHU�
GL̆HUHQW� HSRFKV�� IURP� WKH� 5RPDQ� (PSLUH� WR� WKH�
*UDQG�'XFK\�RI�7XVFDQ\��;9,�±;,;�FHQWXULHV��

)RU� WKH� GLJLWDOL]DWLRQ� ZH� XVHG� D� PLQLGRPH�
GHVLJQHG�E\�WKH�8QLYHUVLW\�RI�/HXYHQ��:LOOHPV�HW�DO��
�����FXQHLIRUP�WDEOHWV��HLWKHU�PDQXDOO\��E\�PRYLQJ�
OLJKWV� DURXQG� WKH� WDEOHW� WR� PD[LPL]H� UHDGDELOLW\��
RU� E\� VWXG\LQJ� SKRWRJUDSKV� �RU� GUDZQ� FRSLHV��
7KH� GRPH� LV� FRPSRVHG� E\� �� VKHOOV� WKDW� FDQ� HDVLO\�
DVVHPEOH�DQG�GLVDVVHPEOH�WR�VLPSOLI\�WKH�WUDQVSRUW��
,W�KDV�����ZKLWH�/('V�DQG�DQ�RYHUKHDG�&&'�FDPHUD��
DQG�LW�LV�FRPSXWHU�FRQWUROOHG�WR�DOORZ�D�FRPSOHWHO\�
DXWRPDWLF� DFTXLVLWLRQ� �)LJ�� ���� )RU� HDFK� FRLQ� WKH�
DFTXLVLWLRQ�WDNHV�DERXW����PLQXWHV��UHTXLUHG�WR�VKRW�
DQG� VWRUH� ���� SKRWRV� ����� SKRWRV� IRU� HDFK� VLGH���
7KH�GDWD�ZDV�UHFRUGHG�ZLWK���GL̆HUHQW� LQWHJUDWLRQ�
WLPHV�� WR�SURYLGH� WKH�QHFHVVDU\�G\QDPLF� UDQJH� IRU�
+'5,� LPDJLQJ� DQG� IXUWKHU� DQDO\VLV��'L̆HUHQW� VHWV�
RI� OHQVHV� DQG�PDFUR� ULQJV�KDYH�EHHQ�XVHG� WR� FRSH�
ZLWK�WKH�YDULHW\�RI�VL]HV�LQ�FRLQV��$OO�WKH�FRLQV�ZHUH�
GLJLWDOL]HG�LQ�D�VLQJOH�ZRUNLQJ�GD\��,W�ZDV�PDGH�RQ�
VLWH�LQ�WKH�PXVHXP�WKDQNV�WR�WKH�IHDWXUHV�RI�WKH�XVHG�
OLJKW�GRPH� �LW� FDQ�EH�GLVPRXQWHG�DQG� WUDQVSRUWHG�
HDVLO\���7KH�DFTXLVLWLRQ�SKDVH�ZDV�GRQH�E\�VWD̆�RI�
WKH�8QLYHUVLW\�RI�/HXYHQ��EXW� LW� LV�TXLWH�HDV\�WR�GR�
HYHQ� IRU�D�SHUVRQ�ZLWKRXW�DQ\�VSHFL¿F�H[SHUWLVH� LQ�
WKLV�¿HOG��,Q�WKH�VSHFL¿F�WKH�KDUGZDUH�VHWXS�UHTXLUHV�
RQO\� WR� PRXQW� WKH� VKHOO� DQG� WKH� FDPHUD� DQG� WR�
SXW�WKH�FRLQV� LQ�WKH�PLGGOH�RI� WKH�GRPH��ZKLOH�WKH�
VRIWZDUH�WXQLQJ�QHHGV�RQO\�WR�VHW�WKH�H[SRVXUH�WLPH�
LQ�DQ�LQWHUDFWLYH�ZD\�ZLWK�YLVXDO�IHHGEDFN�

7KH� SURFHVVLQJ� RI� WKH� DFTXLUHG� UDZ� GDWD� WR�
SURGXFH�WKH�¿QDO�57,�LPDJH�LQYROYHG���VWHSV�

�� WKH�WUDQVIRUPDWLRQ�RI�WKH�UDZ�LPDJH�WDNHQ�ZLWK�
WKH�PLQLGRPH�IURP�WKH�%D\HU�3DWWHUQ�WR�D�5*%�
IRUPDW��
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WKH� FRLQ��ZKLFK� LV�SURJUHVVLYHO\� UH¿QHG�DV� VRRQ�DV�
WKH�KLJKHU�UHVROXWLRQ�GDWD�DUH�ORDGHG��7KH�ORDGLQJ�RI�
WKH�WLOHV�DW�WKH�GL̆HUHQW�UHVROXWLRQV�LV�JXLGHG�E\�WKH�
]RRP�DQG�SDQ�RSHUDWLRQ�RI�WKH�XVHU�

7KH�JHQHUDWLRQ�RI�WKH�57,�LPDJHV�WRRN�DERXW�
��� KRXUV� RI� WRWDOO\� DXWRPDWLF� SURFHVVLQJ�� ZLWKRXW�
XVHU�LQWHUYHQWLRQ�

5. The San Matteo Kiosk

7KH� NLRVN� LV� FRPSRVHG� E\� WZR� LQWHJUDWHG�
VHFWLRQV�� 7KH� ¿UVW� VHFWLRQ� DOORZV� WR� LQWURGXFH� DQG�
SUHVHQW� WR� WKH� XVHU� WKH� GL̆HUHQW� VXEVHW� RI� FRLQV��
7KH� VHFRQG� VHFWLRQ� SHUPLWV� WKH� LQWHUDFWLYH� 57,�
YLVXDOL]DWLRQ�� 7KH� NLRVN� KDV� EHHQ� LPSOHPHQWHG� E\�
XVLQJ� WKH� &RPPXQLW\� 3UHVHQWHU�� D� WRRO� GHYHORSHG�
IRU�GHVLJQLQJ�LQIRUPDWLYH�NLRVNV�LQ�WKH��'&2)250�
SURMHFW��7KLV�DOVR�GHPRQVWUDWHG�WKH�ÀH[LELOLW\�RI�WKH�
WRRO� WKDW�KDV�EHHQ�GHVLJQHG� IRU�PDQDJLQJ��'�GDWD�
DQG�KDV�EHHQ�H[WHQGHG�WR�PDQDJH�DQ�LQQRYDWLYH��'�
PHGLXP�VXFK�DV�WKH�57,�LPDJHV��

7KH�PDLQ�IHDWXUHV�RI�WKH�NLRVN�DUH�

�� WKH�RUJDQL]DWLRQ�RI�WKH�FRLQV�LQ�FDWHJRULHV�DQG�WKH�
SUHVHQWDWLRQ�RI�WKHVH�FDWHJRULHV�ZLWK�PXOWLPHGLD�
GDWD�

�� WKH� YLUWXDO� LQVSHFWLRQ� RI� WKH� FRLQ� E\� 57,�
PDQLSXODWLRQ�� :H� DVVRFLDWH� WR� HDFK� FRLQ� � D�
JHQHUDO� SUHVHQWDWLRQ� DQG� VRPH� KRW�VSRWV�� WKDW�
DUH�ORFDWHG�RQ�VHOHFWHG�DUHDV�RQ�WKH�VXUIDFH�RI�WKH�
FRLQ� WR� WHOO� WKH�PRVW� LPSRUWDQW� DQG� VLJQL¿FDQW�
GHWDLOV�

�� WKH�SRVVLELOLW\�WR�UXQ�WKH�NLRVN�RQ�D�ZHE�VLWH�RU�RQ�
D�WRXFK�VFUHHQ�V\VWHP��DQ�LQWHUDFWLYH�LQVWDOODWLRQ�
LQVLGH� WKH�PXVHXP�� WKDQNV� WR� WKH� WHFKQRORJLHV�
XVHG�IRU�WKH�GHYHORSPHQW��+70/�DQG�-DYD6FULSW�
IRU�WKH�JHQHUDO�VWUXFWXUH�RI�WKH�NLRVN�DQG�IRU�WKH�
SUHVHQWDWLRQ� RI� PXOWLPHGLD� GDWD�� :HE*/� DQG�
6SLGHU*/�IRU�WKH�57,�YLVXDOL]DWLRQ��

:HE*/� �.KURQRV� *URXS� ������ LV� D� OLEUDU\�
WKDW� H[WHQGV� WKH� FDSDELOLW\� RI� -DYD6FULSW� WR� DOORZ�
WKH�LQWHUDFWLYH�JHQHUDWLRQ�RI��'�FRQWHQW�ZLWKLQ�DQ\�
FRPSDWLEOH�ZHE� EURZVHU� �&KURPH�� )LUHIR[��2SHUD��
6DIDUL���7KH�PDLQ�DGYDQWDJH�RI�:HE*/��ZLWK�UHVSHFW�
WR� WKH�SUHYLRXV� VROXWLRQV� IRU� WKH� LQWHJUDWLRQ�RI��'�
FRQWHQW�LQ�WKH�ZHE��LV�WKH�DEVHQFH�RI�H[WHUQDO�SOXJ�LQV�

WR�EH�LQVWDOOHG��EHFDXVH�:HE*/�LV�D�EXLOG�LQ�IHDWXUH�
RI�PRGHUQ�ZHE�EURZVHUV��6SLGHU*/��'L�%HQHGHWWR�HW�
DO��������LV�D�FRPSXWHU�JUDSKLFV�-DYD6FULSW�OLEUDU\�
WKDW�SURYLGHV�D�VHW�RI�GDWD�VWUXFWXUHV�DQG�DOJRULWKPV�
WR�VLPSOLI\�WKH�GHYHORSPHQW�RI�D�:HE*/�DSSOLFDWLRQ��
,W�LV�FRPSRVHG�E\�D�QXPEHU�RI�PRGXOHV�WKDW�DOORZ�WR�
GH¿QH�DQG�PDQLSXODWH�VKDSHV��WR�LPSRUW��'�PRGHOV�
LQ� VHYHUDO� IRUPDWV�� WR� KDQGOH� DV\QFKURQRXV� GDWD�
ORDGLQJ� DQG� WR� PDQDJH� WKH� XVHU� LQWHUDFWLRQ�� 7KH�
XVH� RI� :HE*/� DQG� 6SLGHU*/� DOORZV� WR� FXVWRPL]H�
WKH�SLSHOLQH�RI�WKH�*UDSKLFV�3URFHVVRU�8QLW�GLUHFWO\�
IURP� WKH� ZHE� EURZVHU� ZLWK� VSHFLDOL]HG� VKDGHUV��
7KH� FXVWRP� VKDGHUV� SHUPLW� WR� KDYH� D� FRPSOHWH�

Figure 2. Minidome from the University of Leuven used 
for the RTI acquisition. 

Figure 3. Decomposition of the nine layers that compose 
the HSH image format.

Figure 4. Quad-tree encoding of the RTI image.
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LQWHUDFWLRQ�ZLWK� WKH�57,� LPDJH� FKDQJLQJ� HYHQ� WKH�
OLJKW�GLUHFWLRQ�LQ�UHDO�WLPH��7KLV�NLQG�RI�LQWHUDFWLRQ�
LV�QRW�SRVVLEOH�ZLWK�D�VLPSOH�+70/�YLHZHU� IRU��'�
LPDJHV� EHFDXVH�ZLWKRXW�:HE*/�ZH�GRHV�QRW� KDYH�
WKH�SRVVLELOLW\�WR�FKDQJH�WKH�UHQGHULQJ�RI�WKH�REMHFW�
G\QDPLFDOO\�DQG�LQ�UHDO�WLPH���

7KH�SUHVHQWDWLRQ�VHFWLRQ�LV�FKDUDFWHUL]HG�E\�D�
+70/�WHPSODWH�ZLWK�D�-DYD6FULSW�HQJLQH�WKDW�DOORZV�
WR� ORDG� WKH�PXOWLPHGLD� FRQWHQW� WR� YLVXDOL]H� LQ� WKH�
NLRVN��7KH�PXOWLPHGLD�FRQWHQW�LV�RUJDQL]HG�LQ�;0/�
¿OHV�� )RU� HDFK� FDWHJRU\� ZH� VWRUH� WKH� PXOWLPHGLD�
+70/�GDWD�DQG�WKH�OLVW�RI�LWV�FRLQV��ZKLOH�IRU�HDFK�
FRLQ�ZH�VWRUH�WKH�JHQHUDO�GHVFULSWLRQ�DQG�WKH�SRVLWLRQ�
DQG� WKH� FRQWHQW� RI� WKH� KRW�VSRWV�� 7KH� -DYD6FULSW�
HQJLQH�ORDGV�G\QDPLFDOO\�WKH�FRQWHQW�IURP�WKH�;0/�
¿OHV�DFFRUGLQJ�WKH�XVHU�FKRLFH�DQG�LQWHUDFWLRQ�

7KH�)LJXUHV�����VKRZ�VRPH�VFUHHQVKRWV�RI�WKH�
NLRVN��(QWHULQJ�IURP�WKH�FRYHU�SDJH��)LJ������WRS�OHIW��
WKH�XVHU�KDV�D�SUHVHQWDWLRQ�SDJH�RI�WKH�SURMHFW��)LJ��
����WRS�ULJKW���2Q�WKH�OHIW�WKHUH�LV�D�PHQX�WKDW�DOORZV�
WR� QDYLJDWH� DPRQJ� WKH� GL̆HUHQW� SDJHV� RI� WKH� ¿UVW�
VHFWLRQ�DQG�WR�DFFHVV�GLUHFWO\�WKH�57,�YLHZHU��,Q�WKH�
PLGGOH�WKHUH�LV�D�VKRUW�GHVFULSWLRQ�RI�WKH�SURMHFW��7KH�
LWHPV�LQ�WKH�PHQX�DOORZ�WKH�DFFHVV�WR�WKH�GL̆HUHQW�
VXEVHWV� RI� FRLQV�� 7KH� VXEVHWV� DUH� VXEGLYLGHG� LQWR�
WZR� FDWHJRULHV�� WKH� KLVWRULFDO� FROOHFWLRQV� �)LJXUH�
�� �� ERWWRP� OHIW�� DQG� WKH� WKHPDWLF� VXEMHFW� �)LJXUH�
����ERWWRP�ULJKW���7KH�6DQ�0DWWHR�0XVHXP¶V�FRLQV�
EHORQJ�WR�WKUHH�GL̆HUHQW�KLVWRULFDO�FROOHFWLRQV�

�� WKH�0RLVH� 6XSLQR¶V� FROOHFWLRQ�� GHDOHU� RI� 3LVD� LQ�
WKH� ��WK� FHQWXU\� WKDW� JDYH�KLV� FRLQ� FROOHFWLRQ� WR�
WKH�PXVHXP�

�� WKH� $QJLROR� )UDQFHVFKL¶V� FROOHFWLRQ�� DUFKELVKRS�
RI�3LVD�LQ�WKH���WK�FHQWXU\��

�� WKH� FROOHFWLRQ� RI� FRLQV� ¿QGLQJV�� WKDW� FRQWDLQV�
WKH� VPDOO� WUHDVXUHV� GLVFRYHUV� LQ� 3LVD� DQG�
VXUURXQGLQJV�LQ�WKH���WK�FHQWXU\�

�� 7KH�WKHPDWLF�VXEMHFWV�DUH�IRXU�

�� WKH�FRLQDJH�WHFKQLTXHV��WKDW�H[SORUHV�WKH�GL̆HUHQW�
PHWKRGV�IRU�WKH�SURGXFWLRQ�RI�WKH�FRLQV�

�� WKH�FRLQV�RI�WKH�7XVFDQ\��WKDW�SUHVHQWV�WKH�FRLQV�
RI�WKH�7XVFDQ\�FLWLHV�LQ�WKH�GL̆HUHQW�HSRFK�

�� WKH� LFRQRJUDSK\� VXEMHFW�� WKDW� DQDO\]HV� WKH�
FKDQJHV� LQ� WKH� UHSUHVHQWDWLRQ� RI� WKH� PDLQ�
FKDUDFWHUV�RI�WKH�EDV�UHOLHI�LQ�WKH�GL̆HUHQW�FRLQV�

�� WKH� YDOXH� RI� WKH� FRLQV�� WRSLF� GHGLFDWHG� WR� WKH�
XQGHUVWDQGLQJ�RI�WKH�HFRQRPLF�YDOXH�RI�WKH�FRLQV�

%\� VHOHFWLQJ� D� VXEVHW�� WKH� XVHU� FDQ� UHDG�
DGGLWLRQDO� LQIRUPDWLRQ� DERXW� LW� �)LJ�� ���� 7KH�
PXOWLPHGLD� SUHVHQWDWLRQ� FRQWHQW� LV� VKRZHG� LQ�
WKH� PLGGOH� RI� WKH� SDJH�� 7KH� FRQWHQW� LV� RUJDQL]HG�
LQ� VHYHUDO� VXEVHFWLRQV� WKDW� FDQ� EH� QDYLJDWHG� DQG�
FRQVXOWHG� ZLWK� WKH� DUURZV� LQ� WKH� ERWWRP� RI� WKH�
SDJH��2Q� WKH� OHIW� WKHUH� LV� D� VFUROODEOH�EDU�ZLWK� WKH�
WKXPEQDLO�DQG�WKH�QDPH�RI�WKH�FRLQV�LQ�WKH�VXEVHW��
%\�FOLFNLQJ�RQ�D�FRLQ�LQ�WKLV�EDU�WKH�XVHU�FDQ�RSHQ�WKH�
YLVXDOL]DWLRQ�RI�WKH�UHODWLYH�57,�LPDJH��,Q�WKH�SDJH�
RI�57,�LPDJHV��)LJXUH����WKHUH�LV�WKH�57,�YLHZHU�LQ�
WKH�PLGGOH��D�JHQHUDO�GHVFULSWLRQ�RI�WKH�FRLQ�RQ�WKH�
OHIW� DQG� WKH� VFUROODEOH� EDU� RQ� WKH� ULJKW��8VLQJ� WKLV�
EDU�WKH�XVHU�FDQ�VZLWFK�YHU\�TXLFNO\�RQ�RWKHU�FRLQV�
RI�WKH�FXUUHQW�VXEVHW��,Q�WKH�57,�YLHZHU�ZH�KDYH�D�
WLWOH�EDU�RQ�WKH�WRS�ZLWK�WKH�QDPH�RI�WKH�FRLQV�DQG�
WKH�QDPH�RI�WKH�VXEVHW�XVHG�WR�DFFHVV�LW��DQG�D�WRRO�
EDU�RQ�WKH�ERWWRP�WKDW�DOORZV�WKH�PDQLSXODWLRQ�RI�
WKH�LPDJHV��7KH�XVHU�FDQ�FKDQJH�WKH�OLJKW�GLUHFWLRQ��
SDQ�WKH�LPDJH��]RRP�LQ�DQG�]RRP�RXW��ÀLS�WKH�FRLQ�
WR�VHH�WKH�RWKHU�VLGH��HQDEOH�WKH�YLVXDOL]DWLRQ�RI�WKH�
KRW�VSRWV�� %\� FOLFNLQJ� RQ� D� KRW�VSRW� WKH� XVHU� FDQ�
GLVSOD\� WKH� UHODWLYH�PXOWLPHGLD�FRQWHQW�RQ� WKH� OHIW�
VLGH�RI�WKH�SDJH��)LJ������7KH�YLVXDOL]DWLRQ�RI�WKH�KRW�
VSRW¶V� FRQWHQW� LV� SUHFHGHG� E\� DQ� DXWRPDWLF� ]RRP�
DQLPDWLRQ�RQ�WKH�GHWDLO�DVVRFLDWHG�WR�WKH�KRW�VSRW�WR�
EHWWHU�KLJKOLJKW�LW��7KH�DUURZV�LQ�WKH�ERWWRP�RI�WKH�
GLDORJ�DOORZ�WR�VFUROO�DPRQJ�WKH� LPDJHV�DVVRFLDWHG�
ZLWK�WKH�KRW�VSRW��

7KH� LQWHUDFWLYH� NLRVN�ZLOO� EH� LQVWDOOHG� DW� WKH�
HQG�RI������DW�WKH�1DWLRQDO�0XVHXP�RI�6DQ�0DWWHR�
LQ�3LVD��7KH�LQVWDOODWLRQ�VHWXS�LV�FRPSRVHG�E\�D����
LQFK� PXOWL�WRXFK� VFUHHQ�� XVHG� IRU� WKH� XVHU� LQSXW�
DQG�YLVXDOL]DWLRQ��SDLUHG�E\�D�ELJJHU� VFUHHQ�VHW�RQ�
WKH� VLGH� WKDW� VKRZV� WKH� VDPH�FRQWHQW�RI� WKH� WRXFK�
VFUHHQ��DOORZLQJ�D�FOHDQ�YLVLRQ�IRU�WKH�RWKHU�YLVLWRUV�
WKDW�GRQ¶W�LQWHUDFW�GLUHFWO\�ZLWK�WKH�NLRVN��

6. Conclusions

:H� KDYH� SUHVHQWHG� WKH� GHVLJQ� DQG� WKH�
LPSOHPHQWDWLRQ� RI� DQ� LQWHUDFWLYH� NLRVN� IRU� WKH�
YLVXDOL]DWLRQ� DQG� LQVSHFWLRQ� RI� D� FRLQV� FROOHFWLRQ�
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XVLQJ�PXOWLPHGLD� GDWD� DQG� 57,� LPDJHV�� 7KH�
NLRVN� LV� GHVLJQHG� WR� EH� HDV\� DQG� LQWXLWLYH� WR�
XVH�IRU�WKH�RUGLQDU\�SXEOLF�RI�WKH�PXVHXP��DQG�
WR�WUDQVIHU�D�SDUW�RI�WKH�NQRZOHGJH�RI�WKH�FRLQV�
XVLQJ� PXOWLPHGLD� GDWD�� ZLWK� D� FRPELQDWLRQ�
RI� WH[W�� LPDJHV� DQG� YLGHRV�� )RU� WKLV� SXUSRVH�
WKH� FRLQV� DUH� VXEGLYLGHG� LQ� VHYHUDO� VXEVHWV��
WR� EHWWHU� SUHVHQW� WKHP� DFFRUGLQJ� GL̆HUHQW�
FULWHULRQV� DQG� DVSHFWV�� DQG� HDFK� FRLQ� LV�
FRPSOHPHQWHG�E\�D�VHW�RI�KRW�VSRWV�XVHIXO�WR�
EHWWHU� XQGHUVWDQG� WKH� PRVW� LPSRUWDQW� DQG�
LQWHUHVWLQJ� GHWDLOV� GHSLFWHG� RQ� WKH� HQJUDYH�
GHFRUDWLRQ�� 7KH� RYHUDOO� PHWKRGRORJ\� ZDV�
VXFFHVVIXO�VLQFH�

�� FRLQV�DUH��'��EXW�XVXDOO\�PRVW�RI�WKH�LQWHUHVW�
LV�LQ�WKHLU�IURQW�DQG�EDFN�IDFHV��UDWKHU�WKDQ�RQ�
WKH�VLGH�

�� YLVXDO� LQVSHFWLRQ� RI� FRLQV� LV� SHUIRUPHG�
XVXDOO\� E\� FKDQJLQJ� WKH� OLJKW� DQG� JDWKHULQJ�
�'�LQIRUPDWLRQ�IURP�WKH�G\QDPLFDOO\�FKDQJH�
RI� WKH� UHÀHFWLRQ�DQG� VKDGRZV�� WKLV� LV� H[DFWO\�
ZKDW� LV� VXSSRUWHG� �DW� KLJK� TXDOLW\�� E\� WKH�
LQWHUDFWLYH� LQVSHFWLRQ� RI� WKH� 57,� PHGLXP��
PRUH�IDLWKIXOO\�WKDQ�ZKDW�LV�SRVVLEOH�ZLWK�WKH�
LQWHUDFWLYH�UHQGHULQJ�RI��'�PRGHOV�

�� 57,� �'� DFTXLVLWLRQ� LV� IDVWHU� DQG� PRUH�
DXWRPDWLF� WKDQ� WKH� FRUUHVSRQGLQJ� �'�
DFTXLVLWLRQ�� WKXV� UHVXOWV� LQ� VDYLQJV� IRU� WKH�
GLJLWL]DWLRQ�SKDVH�

�� ¿QDOO\��ZH�KDYH�VKRZHG�KRZ�WR�LQFOXGH�DOVR�
WKLV�UHSUHVHQWDWLRQ�W\SH�LQ�D�WRRO�IRU�LQWHUDFWLYH�
SUHVHQWDWLRQ� RI� �'� PRGHOV� �WKH� &RPPXQLW\�
3UHVHQWHU��� H[WHQGLQJ� LWV� FDSDELOLWLHV� DQG�
ÀH[LELOLW\�

Figure 5. (Top-left) Cover page. (Top-right) 
Presentation page. (Bottom-left) The collections. 
(Bottom-right) The thematic subject.

Figure 6. Category content.

Figure 7. RTI viewer: (Top-left) starting page; 
(Top-right) activation of the hot-spots; (Bottom-
left) coin detail; (Bottom-right) coin detail with a 
different light direction.

Figure 8. Visualization of the hot-spot’s content.
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7R� XQGHUVWDQG� WKH� UHDO� H̆HFWLYHQHVV� RI�
WKH� FXUUHQW� RUJDQL]DWLRQ� RI� WKH� NLRVN�� ZH� KDYH�
LPSOHPHQWHG�D�GDWD�ORJJLQJ�IUDPHZRUN�WKDW�DOORZV�
WR�UHFRUG�WKH�LQWHUDFWLRQ�RI�WKH�XVHUV�ZLWK�WKH�V\VWHP�
LQ� RUGHU� WR� DOORZ� IROORZLQJ� DQDO\VLV�� )URP� WKLV�
DQDO\VLV�ZH�ZLOO�EH�DEOH�WR�HYDOXDWH�GL̆HUHQW�WKLQJV��
DV� WKH�HDVLQHVV�RI� WKH� LQWHUIDFH�� WKH� UHODWLRQ�RI� WKH�
XVHU�ZLWK�WKH�QHZ�57,�WHFKQRORJ\��WLPH�VSHQW�LQ�WKH�
LQWHUDFWLYH�PDQLSXODWLRQ� VHVVLRQ��� VLPSOH� VWDWLVWLFV�
RQ�WKH�PRVW�YLHZHG�FDWHJRULHV�DQG�FRLQV��DQG�VR�RQ�
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