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The digitization of Cultural Heritage involves not 
only engaging in critical and interpretive processes 
of analysis but also utilizing tools and technologies, 
thereby requiring specific technical skills. The science 
of representation, therefore, finds itself more than ever 
in a position to merge humanistic and technological 
disciplines in a holistic vision, in a continuous renewal 
and updating of communicative methods and tools.
Drawing represents the world by re-presenting it as a 
duplicate on the plane of the image. Whether for an 
existing reality or a design intention, there is always 
the need to understand the complexity of space and 
architecture, which over time has manifested in ever-
evolving languages and techniques, from painting to 
photography, from cartography to satellite maps, to 
the most current interactive information systems.
Today, virtual reconstructions allow for the remote 
analysis of distant landscapes, knowledge of endangered 
heritage, and the revelation of archaeological sites no 
longer visible by reconstructing their original form. At 
the same time, expectations for the quality of digital 
products describing built heritage and enabling analysis 
and investigation at different scales are growing.

Models and information systems, constituting 
repositories of knowledge, simulation scenarios, 
and spaces of interconnection and interaction, have 
assumed an importance that is now an essential 
goal for all projects aimed at describing cultural assets. 
However, the volume of information constantly generating 
new products and the updating of tools and technologies 
FDSDEOH� RI� JHQHUDWLQJ� WKHP� SURPSW� UHÁHFWLRQ� RQ� WKH�
“future” of these digital information products. How many 
of these digital outputs truly represent advancements 
IRU� UHVHDUFK� LQ� WKH�ÀHOG"� ,Q�ZKLFK�GLUHFWLRQ� LV� WKH�YLUWXDO�
ZRUOG� PRYLQJ"� :KDW� DUH� WKH� PRVW� HරHFWLYH� SURFHGXUHV�
IRU� FRQWUROOLQJ� DQG� YHULI\LQJ� GLJLWDO� GXSOLFDWHV"� $QG�
KRZ� GR� GLරHUHQW� YDULDWLRQV� RI� YLUWXDO� WKUHH�GLPHQVLRQDO�
representation support the management of the built 
HQYLURQPHQW�DW�YDULRXV�VFDOHV"
5HVHDUFKHUV� ZRUNLQJ� LQ� WKH� ÀHOG� RI� DUFKLWHFWXUDO�
representation must consider and discuss the implications 
RI� WKH� WHUP� ´GLJLWDO�µ� ,Q� WKLV� UHJDUG�� IRFXV� LV� UHTXLUHG�RQ�
the enormous amount of data we can produce, their actual 
TXDOLW\��DQG�WKH�XVH�RI�WKLV�LQIRUPDWLRQ�WR�VWUXFWXUH�QHZ�DQG�
LQFUHDVLQJO\�LQ�GHSWK�NQRZOHGJH�WKDW�VKRXOG�EH�QRW�RQO\�DQ�
endpoint but also the beginning of deeper consideration. 

FRANCESCA FATTA 
PRESIDENT OF UID - UNIONE ITALIANA DISEGNO
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There is primarily an ethical factor that concerns the role 
of digitization in the sustainable development of cultural 
heritage, making it available to visitors from anywhere and 
DW�DQ\�WLPH�HරHFWLYHO\�DQG�HFLHQWO\��'LJLWL]DWLRQ�FDQ�EH�
VHHQ�QRW�RQO\�DV�DQ�DFWLRQ�EXW�DOVR�DV�D�SURFHVV��7KLV�PHDQV�
not limiting oneself to simple preservation, cataloging, and 
dissemination of heritage, but also considering aspects 
that arise from the enjoyment and engagement of an 
LQFUHDVLQJO\�GLYHUVH�DQG�H[WHQVLYH�DXGLHQFH�
,�WKDQN�WKH�UHVHDUFKHUV�LQYROYHG�LQ�WKH�FRQWH[W�RI�WKH�'LJLWDO�
	�'RFXPHQWDWLRQ�&RQIHUHQFH��QRZ�LQ�LWV�ÀIWK�HGLWLRQ��ZKLFK�
SURYLGHV� IXUWKHU�VFLHQWLÀF�VSDFH� IRU� WKHVH�FRQVLGHUDWLRQV��
Each contribution presented here is an additional 
RSSRUWXQLW\�WR�UHÁHFW�RQ�WKH�PDQ\�DVSHFWV�WKDW�FRQWULEXWH�
WR� GHÀQLQJ� WKH� ÀHOG� RI� DUFKLWHFWXUDO� UHSUHVHQWDWLRQ�� RQ�
digitization for the purpose of preservation, knowledge, 
and dissemination, as well as for the correct use of digital 
content, for accessibility and enjoyment that will generate 
SRVLWLYH�VRFLDO�LPSDFWV�
I hope that the results of this research can further stimulate 
a critical sense of the evolution of the academic discipline 
of Representation to look towards the future in a proactive 
DQG�FRQÀGHQW�GLUHFWLRQ�
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The Digital and Documentation conference has aimed to 
foster a debate on the adaptation of digital duplicates 
through several transformation processes to establish 
ÁH[LEOH� UHDGLQJV� IRU� KHULWDJH� DQDO\VLV�� 7KH� ÀIWK� HGLWLRQ�
of D&D, an event held in Pavia in September 2022, once 
again saw the participation of professors and researchers 
LQ� WKH�ÀHOG�RI�GUDZLQJ�DQG� UHSUHVHQWDWLRQ��KDLOLQJ� IURP�
SUHVWLJLRXV� QDWLRQDO� DQG� LQWHUQDWLRQDO� XQLYHUVLWLHV�� 7KLV�
LQWHUGLVFLSOLQDU\� DXGLHQFH�� IURP� GLරHUHQW� H[SHULHQFHV��
DOORZHG� IRU� D� FRPSUHKHQVLYH� H[SORUDWLRQ� RI� SUDFWLFHV�
concerning the production of methodologies linked to 
the documentation, enhancement, and management of 
H[LVWLQJ�KHULWDJH�
7KLV�\HDU��LW�VHHPHG�DSSURSULDWH�IRU�WKLV�HYHQW�WR�VHUYH�DV�
WKH�RSHQLQJ�RI�3DYLD�'LJL:HHN��D�ZHHN�HQWLUHO\�GHGLFDWHG�
to the multidimensional aspects of the “Digital,” spanning 
IURP�$UFKLWHFWXUH� WR� (QJLQHHULQJ�� DQG� IURP� WHUULWRU\� WR�
EXLOGLQJ�� 7KH� 3DYLD� 'LJL:HHN� HYHQW� DLPV� WR� SURYLGH� DQ�
DGYDQFHG� HGXFDWLRQDO� H[SHULHQFH� RQ� WKH� RSSRUWXQLWLHV��
DULVLQJ�IURP�WKH�DSSOLFDWLRQ�RI�GLJLWDO�VNLOOV�LQ�WKH�ÀHOG�RI�
$UFKLWHFWXUH�DQG�(QJLQHHULQJ��VWLPXODWLQJ�LQWHUGLVFLSOLQDU\�
H[SHULHQFHV�LQ�WKH�LPSOHPHQWDWLRQ�RI�'LJLWDO�&RQWHQW�DQG�
9LUWXDO�5HDOLW\�IRU�&XOWXUDO�+HULWDJH�PDQDJHPHQW�

Within this week, organized from September 19th to 
23rd, 2022 by the Department of Civil Engineering and 
Architecture at the University of Pavia, a huge program of 
conferences, events, exhibitions, and social gatherings was 
curated to bring the public closer to the reality of Digital 
Practices and their advanced potential. This initiative aimed 
to foster the open sharing of cultural and creative content 
linked to Digital Twins and Digital Humanities for Cultural 
Heritage.
The European digital transformation approach, 
recommended for the sustainability of Cultural Heritage, 
LQHYLWDEO\�UHÁHFWV�WKH�VFLHQWLÀF�FRQWULEXWLRQ�WKDW�XQLYHUVLWLHV�
FDQ� SURYLGH� LQ� WKH� ÀHOG� RI� GLJLWDO� VWUDWHJLHV� IRU� +HULWDJH�
knowledge, design, and communication. Today’s challenge 
revolves around hardening a foundation of knowledge and 
research for young students, citizens, and professionals to 
LQWHUDFW�DQG�FROODERUDWH�ZLWK�WKH�ÀHOGV�RI�FUHDWLYH�LQGXVWULHV�
and virtual products while applying the languages and 
practices of digitization and content enhancement.
7KH�ÀHOG�RI�$UFKLWHFWXUH�DQG�(QJLQHHULQJ�KDV�ORQJ�SXUVXHG�
the convergence of several disciplines, acknowledging the 
joint contribution of knowledge in surveying, restoration, 
architectural history, building technologies, Cultural 

SANDRO PARRINELLO
SCIENTIFIC RESPONSIBLE FOR PAVIA DIGIWEEK 2022 
AND FOR D&D CONFERENCES
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Heritage policies, and territorial planning. This integration is 
considered essential education for informed users to learn 
how to interact and contribute to the sustainability of global 
Heritage.
Digital environments and virtual spaces continue to be 
developed and enriched to meet the needs of society, 
providing an increasingly realistic and multidimensional 
reproduction of contents ranging from architectural 
artifacts to urban and territorial scales. In the last years, 
the pandemic crisis has accelerated the utilization and 
sharing of cultural and creative content, spanning from 
Digital Twins to Digital Humanities, museums, architecture, 
and the construction industry. The potential linked to 
the advancement of digital technologies and content 
in professional and social sectors can be expanded and 
enriched, creating an educational ecosystem that bolsters 
international excellence in Digital Cultural Heritage 
technologies.
The digital models and products presented on this occasion, 
both for the D&D conference and as outcomes of the 
training workshops organized within the PaviaDigiWeek, 
have enlightened some proposals to establish systems of 
LQWHUDFWLRQ� EHWZHHQ� XVHUV� DQG� KHULWDJH�� DFURVV� GLරHUHQW�
forms of the architectural-engineering paradigm. 

&RQÀJXUHG�DV�H[WHQVLRQV�RI�KXPDQ�LQWHOOLJHQFH��HYHQ�LI�ZLWK�
VRPH� FRPPXQLFDWLYH� OLPLWDWLRQV� WKDW� VHHP� LQFUHDVLQJO\�
H[FHHGHG�� WKHVH�PRGHOV� WU\� WR�H[SORUH�WKH�FKDUDFWHULVWLFV�
DQG�YDOXHV�RI�DUFKLWHFWXUDO�KHULWDJH��7KH\�RXWOLQH�UHDGLQJ�
V\VWHPV�IRU�H[LVWLQJ�REMHFWV�DQG� LPSOHPHQWDWLRQ�V\VWHPV�
IRU� LQIRUPDWLRQ�� FDSDEOH� RI� VKRZFDVLQJ� DFWLYLWLHV� GLUHFWO\�
FRUUHODWHG�WR�KHULWDJH��WKHUHE\�DGRSWLQJ�D�GXDO�LGHQWLW\�RI�
WKH�´UHDOµ�DQG�WKH�´GLJLWDOµ�
0RUHRYHU��WKHVH�WKUHH�GLPHQVLRQDO�PRGHOV�DQG�GDWDEDVHV��
ÁH[LEOH� LQ� WKHLU� FRQÀJXUDWLRQV� DQG� UHVHDUFK� REMHFWLYHV��
XQGHUVFRUH�DQ�DGGLWLRQDO�DVSHFW��:LWKLQ� WKH�PXOWLWXGH�RI�
GDWD� JHQHUDWHG�� WKH� WHFKQRORJLHV� XVHG� WR� SURGXFH� WKHP�
DQG�WKH�SUDFWLFHV�WR�PDQDJH�WKHP��DULVHV�D�SUHVVLQJ�QHHG�
WR�VWUXFWXUH�D�NQRZOHGJH�SURFHVV��7KLV�ZLOO�KDYH�WR�EH�VXFK�
WKDW� WKH� DYDLODEOH� WHFKQRORJLHV� FDQ� VHOHFWLYHO\� FDSWXUH�
RQO\� WKH� HVVHQWLDO� GDWD�� EXLOGLQJ� D� FRJQLWLYH� IUDPHZRUN�
RI� LQIRUPDWLRQ�UHOHYDQW�WR�WKH�GHVFULSWLRQ�RI�WKDW�VSHFLÀF�
FRQWH[W�� ,Q� WKLV� VHQVH��GLJLWDO� LPDJHV� DQG��'�PRGHOV� DUH�
HYROYLQJ�LQWR�LQFUHDVLQJO\�DXJPHQWHG�DQG�SUDFWLFDO�WRROV��
JHQHUDWLQJ�HVVHQWLDO�GLUHFW�DQG�V\QWKHWLF�GDWD�IRU�NQRZOHGJH�
JHQHUDWLRQ�� &RQVHTXHQWO\�� D� KDUPRQLRXV� LQWHJUDWLRQ� RI�
PRGHOV� DQG� PHWDGDWD� FRXOG� FRQVWLWXWH� DQ� LQIRUPDWLYH�
DQG� LQWHUDFWLYH� GDWDEDVH�� VHUYLQJ� DV� DQ� DVVXPSWLRQ� IRU�
SUHVHUYLQJ�WKH�KLVWRULFDO�PHPRU\�RI�&XOWXUDO�+HULWDJH��
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In the Digital Era, the image has emerged as the primary 
tool of communication. From the early days of analog 
representation to sophisticated interactive 3D models 
and printed prototypes, narrative processes have evolved 
through the logical and procedural approach of design.
,Q�WKLV�FRQWH[W��WKH�LPSRUWDQFH�RI�VHOHFWLQJ�DQ�HරHFWLYH�DQG�
VSHFLÀF�JUDSKLF�ODQJXDJH�EHFRPHV�LQFUHDVLQJO\�HYLGHQW�LQ�
the realm of knowledge, management, and dissemination 
RI� FXOWXUDO� KHULWDJH�� 7KLV� ODQJXDJH� PXVW� EH� FDSDEOH� RI�
translating the complexity of a physical space, capturing 
QRW� RQO\� YLVLEOH� EXW� DOVR� LQWDQJLEOH� LQIRUPDWLRQ�� DQG�
preserving its memory over time. This evolution is driven 
E\� DQ� H[SRQHQWLDO� SURJUHVV� LQ� GLJLWDO� GRFXPHQWDWLRQ�
WHFKQLTXHV� DQG� WHFKQRORJLHV�� EHFRPLQJ� PRUH� DGYDQFHG�
DQG�FDSDEOH�RI�LQWULFDWHO\�UHSOLFDWLQJ�LQYHVWLJDWHG�REMHFWV��
The transformation of architectural elements into a virtual 
form detached from their context facilitates control and 
XQUHVWULFWHG� DFFHVVLELOLW\�� &RQVHTXHQWO\�� RQFH� UHQGHUHG�
virtual, cultural heritage can experience a new existence 
where its integrity endures the passage of time, and its 
potential remains largely unexplored.
The current demand for immersive or interactive 3D digital 
products, serving diverse purposes such as education, 
PXVHXPV�� DQG� GHVLJQ�� UHÁHFWV� WKH� LQFUHDVLQJ� YDOXH�
RI� GLJLWDO� GHVLJQ� LQ� WKHVH� VHFWRUV�� &XUUHQW� PRGHV� RI�

representation, shaped by ongoing cultural transformation, 
enable exploration of the past and projection into future 
scenarios and simulations. These expressive forms not only 
enrich spaces with invisible information but also engage the 
observer, making them an active participant in understanding 
and disseminating collected information.
The evolution of theories and methods for creating 
informative or educational digital images of cultural 
heritage is an ongoing process, one that both anticipates 
and follows technological and instrumental advancements. 
,Q� WKLV� FRQWH[W�� WKH� ÀIWK� HGLWLRQ� RI� WKH� ´'LJLWDO� DQG�
'RFXPHQWDWLRQµ� FRQIHUHQFH� UHSUHVHQWV� DQ� RSSRUWXQLW\�
for comparison and exchange, particularly advantageous 
for young researchers. The event, returning to Pavia after 
IRXU� \HDUV� DQG� KHOG� DV� SDUW� RI� 3DYLD'LJLZHHN������ WKH�
8QLYHUVLW\�RI�3DYLD·V�ÀUVW�GLJLWDO�ZHHN��RරHUV�D� FKDQFH� WR�
host distinguished speakers from both Europe and beyond 
Europe. The participation of these speakers has provided 
a broad and multidisciplinary perspective on digital tools 
for enhancing cultural heritage. The audience, comprised 
of representatives from various universities with diverse 
specialized competencies, contributed to making the 
discussions stimulating, especially with the presence of 
RYHU� ��� VWXGHQWV� IURP� GLරHUHQW� GHJUHH� SURJUDPV� DQG�
doctoral studies.

FOREWORD
DIGITAL TOOLS BETWEEN VIRTUAL AND INFORMATION REALITY
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This volume gathers the outcomes of a day of discussion and 
training on the utilization of digital tools to comprehend and 
preserve cultural heritage. Young researchers present case 
studies that focus on two current themes: the perception of 
heritage through virtual design and its renewed management 
through three-dimensional information systems.
The paper presented, stemming from research conducted 
ZLWK�VFLHQWLÀF�DQG�PHWKRGRORJLFDO�ULJRU��DUH�RUJDQL]HG�LQWR�
WZR� GLVWLQFW� VHFWLRQV� WKDW� FRQVWLWXWH� WKH� FRUH� RI� WKLV� ÀIWK�
volume: “PART 1 - Perception: Virtual Spaces, Simulations, 
and Interactions” and “PART 2 - Information Databases 
DQG�,QIRUPDWLRQ�6\VWHPV�IRU�$UFKLWHFWXUH�µ�,Q�WKH�ÀUVW�SDUW��
authors explore the evolution of design over time, from 
analog past to digital present, from static to dynamic. 
They address issues related to the representation and 
understanding of illusory and vanished spaces, as well as 
WKH� QHZ� RSSRUWXQLWLHV� RරHUHG� E\� YLUWXDO� DQG� DXJPHQWHG�
reality platforms. Techniques for digitally reconstructing 
past environments that are no longer visible are examined, 
and the importance of architectural surveys for acoustic 
simulation and utilization of UNESCO heritage elements 
DQG�VLWHV�DW�GLරHUHQW�VFDOHV�LV�GLVFXVVHG��,Q�DOO�WKHVH�FDVHV��
RQH�ÀQGV�WKHPVHOYHV�LPPHUVHG�LQ�D�SURFHVV�WKDW��WKURXJK�
the virtual, allows for rediscovery or initial exploration of the 
surrounding reality.

Francesca Picchio
Organizer of the D&D 2022

The second part of the volume delves into the advantages 
derived from the increasingly widespread use of databases 
DQG� LQIRUPDWLRQ� V\VWHPV� LQ� WKH� ÀHOG� RI� DUFKLWHFWXUH�� ,W�
explores the communicative and collaborative potential 
RI�GLJLWDO� UHSRVLWRULHV�DQG�ZHE�SODWIRUPV��)XUWKHUPRUH�� LW�
H[DPLQHV�WKH�FRQVWUXFWLRQ��SRWHQWLDO��DQG�IXWXUH�SURVSHFWV�
RI� WKUHH�GLPHQVLRQDO� %,0� DQG� *,6� PRGHOV�� WRROV� WKDW�
enable sustainable and more precise management of 
EXLOGLQJV�DQG� WHUULWRULHV��7KURXJKRXW�� WKH�JXLGLQJ� WKUHDG�
RI� GHVLJQ� UHPDLQV� FRQVWDQW�� WDNLQJ� RQ� YDULRXV� IRUPV�
DQG�PRGDOLWLHV�� JXLGLQJ� WKH� DFWLYLWLHV� RI� GRFXPHQWDWLRQ��
PRGHOLQJ�� DQG� GLJLWDO� UHSURGXFWLRQ� RI� KHULWDJH�� 'HVSLWH�
WKHLU� VHSDUDWLRQ�� WKH� WZR� SDUWV� RI� WKH� YROXPH� LQWHUVHFW�
through the interaction between virtual and informational 
V\VWHPV��SURPSWLQJ�QHZ�UHÁHFWLRQV�RQ�SRWHQWLDO�HYROXWLRQV�
RI�UHSUHVHQWDWLRQ�DQG�RSHQLQJ�QHZ�DYHQXHV�IRU�VLPSOLÀHG�
DQG� HFLHQW� PDQDJHPHQW� RI� FXOWXUDO� KHULWDJH� WKURXJK�
XQWDSSHG�GLJLWDO�VWUDWHJLHV�





PERCEPTION: VIRTUAL SPACE, SIMULATION AND INTERACTION

PART 1
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JACEK LEBIEDZ 
Gdansk University of Technology - Poland

0�6F�� (QJ�� LQ� &RPSXWHU� 6FLHQFH�
from the Faculty of Electronics at 
WKH� *GDĕVN� 8QLYHUVLW\� RI� 7HFKQR-
ORJ\�� 0�6F�� LQ� 0DWKHPDWLFV� IURP�
WKH� )DFXOW\� RI� 0DWKHPDWLFV�� 3K\VL-
cs and Chemistry at the University 
RI� *GDĕVN�� DQG� 3K�'�� LQ� &RPSXWHU�
Science from the Faculty of Electro-
nics, Telecommunications and In-
IRUPDWLFV� DW� WKH� *GDĕVN� 8QLYHUVLW\�
RI� 7HFKQRORJ\�� ZKHUH� KH� LV� QRZ� D�
deputy head of the Department of 
,QWHOOLJHQW�,QWHUDFWLYH�6\VWHPV��
+H� ZDV� D� FR�LQLWLDWRU� DQG� FR�GHVL-
gner of the Immersive 3D Visualiza-
WLRQ�/DE��ZKLFK�KH�LV�FXUUHQWO\�D�KHDG�
RI�� +LV� FXUUHQW� UHVHDUFK� IRFXV� KDV�
been computer graphics and virtual 
UHDOLW\�

keynote speak!
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VIRTUAL REALITY AS A TOOL FOR 
DEVELOPMENT AND SIMULATION.
RESEARCH PROJECTS AND EXPERIENCE OF THE GDANSK UNIVERSITY OF TECHNOLOGY01

Abstract

By supporting the human imagination, virtual reality technology 
FDQ�EH�DSSOLHG�LQ�DOPRVW�HYHU\�KXPDQ�DFWLYLW\��7KLV�LV�HYLGHQFHG�
E\�WKH�FRRSHUDWLRQ�RI�WKH�,PPHUVLYH��'�9LVXDOL]DWLRQ�/DE�ZLWK�
VSHFLDOLVWV�UHSUHVHQWLQJ�VXFK�GLරHUHQW�SURIHVVLRQV�IURP�DUFKLWHFWV�
and artists, astronomers and chemists, through historians and 
museologists, criminologists and military educators, mechanical 
DQG� VKLS� HQJLQHHUV�� XS� WR� SK\VLFLDQV� DQG� SV\FKRORJLVWV�� 7KH�
UHVXOWV�RI� WKLV�FRRSHUDWLRQ�DUH�SUHVHQWHG�ZLWK�DQ�HPSKDVLV�RQ�
DUFKLWHFWXUDO�DSSOLFDWLRQV�LQFOXGLQJ�QRW�RQO\�EXLOGLQJ�SURWRW\SLQJ��
1HZ�DSSOLFDWLRQV�DUH�ZHOFRPH�
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Introduction
9LUWXDO� UHDOLW\� �95�� LV�D� WHFKQRORJ\� WKDW�DOORZV� WKH�XVHU� WR�
´VRDNµ� �LPPHUVH� KLPVHOI�� LQWR� WKH� GLJLWDO� ZRUOG� >�@�� )URP�
PRUH�WHFKQLFDO�SRLQW�RI�YLHZ��YLUWXDO�UHDOLW\�FDQ�EH�GHÀQHG�
as high-end user-computer interface that involves realtime 
simulation and interactions through multiple sensorial 
FKDQQHOV��YLVXDO��DXGLWRU\��WDFWLOH��VPHOO��WDVWH�>�@��7KHUHIRUH�
VXFK� D� WHFKQRORJ\� FDQ� EH� DGDSWHG� WR� PDQ\� GLරHUHQW�
DSSOLFDWLRQV� FRQFHUQLQJ� YDULRXV� SURIHVVLRQV�� 6RPHWLPHV�
the term “virtual reality” is abused for applications using 
VPDUWSKRQHV�RU�W\SLFDO�SHUVRQDO�FRPSXWHUV�HTXLSSHG�ZLWK�
PRQLWRUV�� NH\ERDUGV�� PLFH� DQG� SHUKDSV� MR\VWLFNV�� ,Q� WKLV�
FDVH�� XVHU� LV� DZDUH� RI� DQG� NHHSV� FRQWURO� RI� WKH� SK\VLFDO�
HQYLURQPHQW�� 6RPHWLPHV� VXFK� VROXWLRQV� DUH� FDOOHG� QRQ�
LPPHUVLYH�YLUWXDO�UHDOLW\��,Q�FRQWUDVW�ZLWK�LW��LPPHUVLYH�YLUWXDO�
UHDOLW\�XVHV�PRUH�VRSKLVWLFDWHG�GHYLFHV��95�GHYLFHV��DQG�LQ�
FRQVHTXHQFH� LW� LVRODWHV� �FXWV�Rර��D�XVHU� IURP�WKH�SK\VLFDO�
HQYLURQPHQW��,Q�WKH�UHVW�RI�WKH�SDSHU�ZH�ZLOO�XVH�WKH�WHUP�
´YLUWXDO�UHDOLW\µ�LQ�WKH�VHQVH�´LPPHUVLYH�YLUWXDO�UHDOLW\µ�
1RZDGD\V��LPPHUVLYH�YLUWXDO�UHDOLW\�LV�YHU\�RIWHQ�LGHQWLÀHG�
ZLWK�95�KHDGVHWV�ZRUQ�E\�XVHUV�RQ�WKHLU�KHDGV��,Q�VSLWH�RI�
95�KHDGVHWV·�ZHLJKW��D�XVHU�ZHDUV�RQ�WKHLU�KHDG�DERXW�KDOI�
D�NLORJUDP�RI�RSWRHOHFWURQLF�GHYLFH���95�KHDGVHWV�EHFRPH�
PRUH�DQG�PRUH�SRSXODU��1R�ZRQGHU�DW�LW�²�WKH\�KDYH�D�ORW�
RI� DGYDQWDJHV�� 7KH\� DUH� UHODWLYHO\� FKHDS� �WKHLU� SULFHV� DUH�
similar to the prices of personal computers) , have a small 
VL]H��WKH\�FDQ�EH�NHSW�LQ�D�GUDZHUV��DQG�FRQVXPH�VKRUW�RI�
HQHUJ\� �VR� PXFK� OLNH� VPDUWSKRQHV��� 8QIRUWXQDWHO\� D� 95�
headset is an appliance exactly for one person, because 
RWKHU� SHRSOH� FDQQRW� EH� YLVLEOH�� 0RUHRYHU� D� XVHU� FDQQRW�
VHH�WKHLU�RZQ�ERG\�DQG�KDQGKHOG�FRQWUROOHUV��+H�RU�VKH�LV�
H[WUDFWHG� IURP� WKHLU� SK\VLFDOLW\�� 95� KHDGVHWV� FDQ� SURYLGH�
XVHUV�RQO\�ZLWK�YLUWXDO�VXEVWLWXWH��DYDWDUV��RI�WKHLU�RZQ�ERG\��
FRQWUROOHUV�DQG�RWKHU�SHRSOH�ORRNLQJ�DQG�PRYLQJ�DUWLÀFLDO��
,I�ZH�ZDQW�WR�SODFH�D�IHZ�XVHUV�LQ�RQH�YLUWXDO�HQYLURQPHQW��
ZH�PXVW�DSSO\�D�IHZ�95�KHDGVHWV�FRQQHFWHG�E\�GLVWULEXWHG�

interactive simulation putting avatars under cooperating 
RU�FRPSHWLQJ�XVHUV�
95�KHDGVHWV�DUH�RSWRHOHFWURQLF�GHYLFHV�ZKHUH�VFUHHQV�DQG�
VSHDNHUV�DUH�IDVWHQHG�WR�WKH�XVHU·V�KHDG��)RU�WKDW�UHDVRQ�
such devices are also called head-mounted displays 
�+0'��� 7KHLU� IXQFWLRQLQJ� FDQ� EH� GHVFULEHG� DV� DWWDFKLQJ�
the signal (image and sound) generators to the sensory 
RUJDQV��H\HV�DQG�HDUV���:KHQ�WKH�XVHU�LV�WXUQLQJ�RU�VORSLQJ�
their head, the processor controlling the headset must 
UHFRJQL]H� WKLV� PRYHPHQW� DQG� JHQHUDWH� QHZ� LPDJH� DQG�
VRXQG�ÀW�IRU�WKH�WLPHO\�SRVLWLRQ�RI�WKH�KHDG��7KLV�SURFHVV�
lasts only fractions of second, but human organism can 
IHHO� GHOD\� HYHQ� XQFRQVFLRXVO\�� 3UREDEO\�� WKLV� LV� D� UHDVRQ�
RI�YHU\�IUHTXHQW�F\EHUVLFNQHVV�DSSHDULQJ�DW�95�KHDGVHWV·�
XVHUV�²�IXQGDPHQWDO�GLVDGYDQWDJH�RI�95�KHDGVHWV�
&\EHUVLFNQHVV�LV�PXFK�UDUH�ZKHQ�XVLQJ�&$9(�W\SH�V\VWHPV�
�&$9(� $XWRPDWLF� 9LUWXDO� (QYLURQPHQWV�� ²� DQRWKHU� 95�
WHFKQRORJ\��&$9(�W\SH�V\VWHP�FDQ�EH�GHÀQHG�DV�D�URRP�
ZHUH�LWV�ZDOOV�DUH�VFUHHQV�VKRZLQJ�LPDJHV�XVXDOO\�VXSSOLHG�
E\�SURMHFWRUV��0RUH�IRUPDO�GHÀQLWLRQ�VD\V�WKDW�&$9(�W\SH�
system is a multi-person, multi-sided, high-resolution 3D 
HQYLURQPHQW�WKDW�LV�XVHG�IRU�YLHZLQJ�YLUWXDO�FRQWHQW�LQ�DQ�
LPPHUVLYH� LQWHUDFWLYH� VHWWLQJ�� 8VHUV� LQVLGH� WKH� &$9(� DUH�
VXUURXQGHG�E\��'�LPDJHV�RI�YLUWXDO�VFHQH��,Q�RWKHU�ZRUGV��
the sensory organs (eyes and ears) are surrounded by the 
VLJQDO��LPDJH�DQG�VRXQG��JHQHUDWRUV�IURP�DOO�VLGHV��$�XVHU�
VKRXOG�ZHDU� RQ� WKHLU� KHDG�RQO\� OLJKW� �'�JODVVHV� �NQRZQ�
from 3D cinemas) for separating stereoscopic images and 
GLUHFWLQJ�SURSHU�LPDJH�WR�HDFK�XVHU·V�H\H��:KHQ�WKH�XVHU�
LV� FKDQJLQJ� SRVLWLRQ� RI� WKHLU� KHDG�� WKH� LPDJH� LV� ZDLWLQJ�
RQ� HDFK�ZDOO�VFUHHQ� IRU� WKHLU� JODQFH�� $OWKRXJK� D� &$9(·V�
FRPSXWHU� LV� WUDFNLQJ� WKH� SRVLWLRQ� RI� WKH� XVHU·V� KHDG� LQ�
VLPLODU�ZD\� OLNH�D�KHDGVHW·V�SURFHVVRU��EXW�FKDQJHV�RI�DQ�
image generated from the user’s perspective are on every 
part of each screen much subtler, because they concern 
RQO\�SURJUHVVLYH�XVHU·V�KHDG�PRWLRQ��ZLWKRXW�FRQVLGHUDWLRQ�
RI�URWDWLRQ�
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9LUWXDO�UHDOLW\�DV�D�WRRO�IRU�GHYHORSPHQW�DQG�VLPXODWLRQ��5HVHDUFK�SURMHFWV�DQG�H[SHULHQFH�RI�WKH�*GDĕVN�8QLYHUVLW\�RI�7HFKQRORJ\01

&$9(�W\SH� V\VWHPV� DUH� YHU\� H[SHQVLYH� �D� IHZ� VFUHHQV�
FRPELQHG� E\� D� IUDPH�� D� IHZ� �'� SURMHFWRUV� FRQWUROOHG� E\�
VRPH�FRPSXWHU�FOXVWHU��DGGLWLRQDO�VXEV\VWHPV�OLNH�VSHDNHUV�
DQG� WUDFNLQJ��� QHHG� D� ODUJH� VSDFH� �URRP�VL]H� &$9(� DQG�
projectors outside on each side) and consume a lot of energy 
�NLORZDWWV��� 7KH\� VWLOO� KDYH� DGYDQWDJHV� FRPSDULQJ�ZLWK�95�
KHDGVHWV��6HYHUDO�SHRSOH�FDQ�EH�SUHVHQW�DW�WKH�VDPH�WLPH�
in a CAVE and can participate together in a single virtual 
UHDOLW\� VHVVLRQ�� (DFK� XVHU� FDQ� VHH� RWKHU� SDUWLFLSDQWV� DQG�
FDQ�FRPPXQLFDWH�ZLWK�WKHP�LQ�QDWXUDO�ZD\��YRLFH��JHVWXUH��
WRXFK���0RUHRYHU��KH�RU�VKH�LV�LQ�YLUWXDO�ZRUOG�ZLWK�WKHLU�RZQ�
ERG\�DQG�SK\VLFDO�FRQWUROOHU�KHOG�LQ�WKHLU�KDQG��&$9(�W\SH�
virtual reality can be treated as augmented by users’ body 
ZLWK�SK\VLFDO�FORWKHV��VKRHV��DQG�KDQG�KHOG�REMHFWV�
&RPSDULQJ�&$9(�W\SH�V\VWHPV�WR�95�KHDGVHWV�ZH�FDQ�VD\�
WKDW� WKHLU� UHODWLRQ� LV� DQDORJLFDO� WR� WKH� UHODWLRQ� EHWZHHQ�
VXSHUFRPSXWHUV�DQG�FRPSXWHUV��&RPSXWHUV�DQG�95�KHDGVHWV�
are enough for many applications, but supercomputers and 
CAVE-type systems give us appropriately bigger computing 
SHUIRUPDQFH�DQG�JUHDWHU�XVH�FRPIRUW��,Q�FDVH�RI�&$9(�W\SH�
systems one can additionally say about deeper immersion 
LQ�YLUWXDO�UHDOLW\�

Immersive 3D Visualization Lab
7KH� VXUYH\� RI� GLරHUHQW� XVH� RI� YLUWXDO� UHDOLW\�ZLOO� EH� OHG� RQ�
the case of the Immersive 3D Visualization Lab (I3DVL) and 
LWV� DSSOLFDWLRQV� GHYHORSHG� LQ� FROODERUDWLRQ� ZLWK� YDULRXV�
LQVWLWXWLRQV� DQG� UHVHDUFK� FHQWHUV� >�@�� 7KH� ,PPHUVLYH� �'�
Visualization Lab is placed at the Faculty of Electronics, 
7HOHFRPPXQLFDWLRQV� DQG� ,QIRUPDWLFV� RI� WKH� *GDĕVN�
8QLYHUVLW\�RI�7HFKQRORJ\� �3RODQG���7KH�EDVLF� LQVWDOODWLRQV�RI�
the lab are CAVE-type systems featured by various levels 
RI� LPPHUVLRQ�� 7KHUHIRUH� VRIWZDUH� GHYHORSPHQW� LQ� WKH� ODE�
FRQVLVWV�LQ�WHVWLQJ�RI�LPSOHPHQWHG�95�DSSOLFDWLRQ�ÀUVW�RQ�D�
VLPSOLÀHG�&$9(��QH[W�RQ�PRUH�FRPSOLFDWHG�RQH��DQG�ÀQDOO\�

RQ�WKH�PRVW�LPPHUVLYH�RQH��6XFK�D�VHTXHQFH�RI�&$9(�W\SH�
V\VWHPV�FRQVWLWXWHV�VSHFLÀF�VRIWZDUH�SURGXFW�OLQH�>�@��ZKLFK�
KDV� DOORZHG� WKH� ,�'9/� WHDP� DQG� FRRSHUDWLQJ� VWXGHQWV�
(preparing their engineer diploma projects, group projects, 
DQG�06F�GLSORPD�SURMHFWV��WR�GHYHORS�DERXW�RQH�KXQGUHG�
95�DSSOLFDWLRQV�
The most immersive CAVE-type system of the lab is a virtual 
UHDOLW\�FXELF�IXOO�&$9(��FDOOHG�%LJ&$9(��)LJ�����ZLWK�VL[�VTXDUH�
ZDOOV�����P�ï�����P�WKDW�DUH�VFUHHQV��IRXU�YHUWLFDO�ZDOOV��ZKHUH�
RQH�RI�WKHP�LV�D�JDWH��D�ÁRRU�DQG�D�FHLOLQJ���'�LPDJHV�SURMHFWHG�
on all screens are generated from the user’s perspective (head 
WUDFNLQJ��DQG�GLVSOD\HG�E\�XVH�RI����UHDU�SURMHFWRUV��WZR�SHU�
ZDOO���$� IURQW��'�SURMHFWRU� LQ�DXGLWRULXP�VKRZV�DGGLWLRQDOO\�
XVHU·V�YLHZ�IRU�H[WHUQDO�REVHUYHUV��8VHUV�FDQ�ZHDU�DOWHUQDWLYHO\�
WZR�NLQGV�RI� VWHUHRVFRSLF�JODVVHV��SDVVLYH� �,QÀWHF��RU� DFWLYH�

)LJ������%LJ&$9(��
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�VKXWWHUV���6XUURXQG�VRXQG�LV�SURYLGHG�E\���VSHDNHUV�DQG�D�
VXEZRRIHU��,QVLGH�WKH�&$9(�D�XVHU�FDQ�ZDON�IURP�ZDOO�WR�ZDOO��
but for far dislocation he or she can navigate through virtual 
VSDFH�XVLQJ�PRUH�RU�OHVV�VSHFLDOL]HG�FRQWUROOHUV��
The most unconventional controller is a freely revolving 
WUDQVSDUHQW� VSKHUH� ��� ����� P��� VXSSRUWHG� RQ� UROOHUV�
�VRPHWKLQJ�OLNH�DQ�RPQLGLUHFWLRQDO�KDPVWHU�ZKHHO�FDSDEOH�
RI� DFFRPPRGDWLRQ� D� KXPDQ� XVHU�� )LJ�� ��� HQULFKHG�ZLWK� D�
PRWLRQ�WUDFNLQJ�V\VWHP��$�XVHU·V�JDLW�FDXVHV�WKH�VSKHUH�WR�
rotate and triggers changes in the computer rendered 3D 
LPDJHV�JHQHUDWLQJ�DQ�LPSUHVVLRQ�RI�PRWLRQ�LQ�YLUWXDO�VSDFH�
,Q�WKH�ODE��WKHUH�LV�DOVR�DQRWKHU�&$9(�W\SH�V\VWHP�ZKLFK�LV�
SUREDEO\�WKH�PRVW�SRSXODU�&$9(�DUFKLWHFWXUH�LQ�WKH�ZRUOG��
,W��0LGL&$9(��)LJ�����KDV�IRXU�ZDOOV��IURQW�YHUWLFDO�ZDOO�����P�ï�
����P�ZLWK�UHDU�SURMHFWLRQ��OHIW�DQG�ULJKW�YHUWLFDO�ZDOOV�����P�
ï�����P�ZLWK�UHDU�SURMHFWLRQ��DQG�D�ÁRRU�����P�ï�����P�ZLWK�
IURQW� SURMHFWLRQ�� �'� LPDJHV� RQ� DOO� VFUHHQV� DUH� JHQHUDWHG�

)LJ���� ��6SKHULFDO�ZDON�VLPXODWRU� LQVLGH� WKH�%LJ&$9(� �SKRWR��'RURWD�
3DWVFKXOO��

)LJ������0LGL&$9(�

)LJ������%RG\�PRWLRQ�WUDFNLQJ�V\VWHP�LQ�WKH�0LGL&$9(�
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IURP� WKH� XVHU·V� SHUVSHFWLYH� �KHDG� WUDFNLQJ��� 8VHUV� VKRXOG�
ORRN�DW��'�LPDJHV�E\�VWHUHRVFRSLF�SDVVLYH�JODVVHV��,QÀWHF���
DQG�FDQ�KHDU�VXUURXQG�VRXQG�� ,QVLGH�WKH�&$9(�D�XVHU�FDQ�
ZDON�IURP�ZDOO�WR�ZDOO��EXW�IRU�IDU�GLVORFDWLRQ�KH�RU�VKH�FDQ�
QDYLJDWH�WKURXJK�YLUWXDO�VSDFH�XVLQJ�KDQG�KHOG�FRQWUROOHUV��
Simulations in this CAVE can by supported by enhanced 
ERG\�DQG�ÀQJHU�PRWLRQ�WUDFNLQJ�V\VWHPV��)LJ�����
The next CAVE-type system in the lab is a small CAVE 
consisting of four stereoscopic monitors 27”: three vertical 
ZDOOV�DQG�D�ÁRRU��7KLV�GHYLFH��0LQL&$9(��)LJ�����LV�RQO\�IRU�RQH�
SHUVRQ��PRUH�SUHFLVHO\�²�IRU�WKHLU�KHDG��DQG�VHUYHV�PDLQO\�
IRU� WHVWLQJ�GHYHORSHG�DSSOLFDWLRQV��$V� IRUPHUO\���'� LPDJH�
LV� JHQHUDWHG� IURP� WKH� XVHU·V� SHUVSHFWLYH� �KHDG� WUDFNLQJ���
navigation is accessible by hand-held controllers and 
VXUURXQG�VRXQG�LV�SUHVHQW��$�XVHU�VKRXOG�ZHDU�VWHUHRVFRSLF�
DFWLYH� JODVVHV� �VKXWWHUV��� 2Q� DFFRXQW� RI� VPDOO� VL]H� RI� WKLV�
GHYLFH�� LW� FDQ� EH� WUHDW� DV� WUDQVSRUWDEOH� &$9(� V\VWHP��:H�
YLVLWHG�D�IHZ�HYHQWV�ZLWK�LW�

Applications of virtual reality in the I3DVL
Probably the most popular application of virtual reality is 
YLUWXDO� SURWRW\SLQJ�� $UFKLWHFWXUDO� DQG� XUEDQ� SURWRW\SLQJ�
VHHPV�WR�EH�WKH�PRVW�REYLRXV��,Q�WKH�,�'9/�ZH�GHYHORSHG�
D� IHZ� VXFK� DSSOLFDWLRQV�� 7KH� ROGHVW� RQH� SUHSDUHG� LQ�
FRRSHUDWLRQ� ZLWK� WKH� )DFXOW\� RI� $UFKLWHFWXUH� DW� P\�
university presents three projects of the development of 
WKH�ZHVWHUQ� IURQWDJH�RI� WKH�&RDO�0DUNHW� LQ�*GDĕVN� �)LJ��
����7KH�H[LVWLQJ�DQG�GHVLJQHG�EXLOGLQJV�ZHUH�PRGHOHG� LQ�
�'6WXGLR��,Q�WKLV�DSSOLFDWLRQ�ZH�FDQ�VZLWFK�EHWZHHQ�WKUHH�
SURSRVLWLRQV� RI� DUUDQJHPHQW�� ZH� FDQ� FKDQJH� WKH� WLPH�
RI� WKH� GD\� �GD\�QLJKW��� ZH� FDQ� ZDON� DQG� WHOHSRUWDWH� WR�
GLරHUHQW�SRLQWV�RI�WKH�PDUNHW�DQG�WKH�URRIV�RI�VXUURXQGLQJ�
EXLOGLQJV� >�@�� 2WKHU� XUEDQ� SURWRW\SLQJ� DSSOLFDWLRQV�
concern project of the development of the vicinity of the 
9LVWXODPRXWK�)RUWUHVV��)LJ������SURMHFW�RI�WKH�GHYHORSPHQW�
RI� WKH� YLFLQLW\� RI� WKH�:DWHU� )RUJH� LQ� *GDĕVN�2OLZD�� DQG�
SURMHFW�RI� WKH�GHYHORSPHQW�RI� WKH�WRZQ�RI�&]DUQD�:RGD�
>��� �@�� 7KHVH� DSSOLFDWLRQV� ZHUH� SUHSDUHG� LQ� FRRSHUDWLRQ�
ZLWK�WKH�$FDGHP\�RI�)LQH�$UWV�LQ�*GDĕVN�DQG�WKHLU�VFHQHV�
ZHUH�PRGHOHG�LQ�6NHWFK8S��$V�DQ�H[DPSOH�RI�DUFKLWHFWXUDO�
visualization can serve virtual visiting of the I3DVL building 
�)LJ������ZKHUH�ZH�FDQ�HQWHU�WKH�YLUWXDO�&$9(�DQG�UHFXUVLYHO\�
participate in the next level of virtual visiting of the I3DVL 
EXLOGLQJ��OLNH�LQ�WKH�PRYLH�´,QFHSWLRQµ��
9HU\�VLPLODU�SURWRW\SLQJ�LV�FRQQHFWHG�ZLWK�DUW��$�IHZ�\HDUV�
DJR�ZH�RUJDQL]HG�WKH�RSHQLQJ�DQG�FORVLQJ�RI�DQ�H[KLELWLRQ�
“Implosion” by an artist from the Academy of Fine Arts 
LQ�*GDĕVN��'XULQJ�WKHVH�WZR�HYHQWV�� WKH�YLUWXDO�VFXOSWXUH�
SURWRW\SH�ZDV�SUHVHQWHG�LQ�WKH�&$9(�IRU�H[KLELWLRQ�YLVLWRUV�
DQG�D�\HDU�ODWHU��WKH�VFXOSWXUH�ZDV�SK\VLFDOO\�PDGH�DV�DQ�
HOHPHQW� RI� VPDOO� DUFKLWHFWXUH� LQ� *GDĕVN� :U]HV]F]� �)LJ��
����2I� FRXUVH�� SURWRW\SLQJ� FDQ� EH� XVHG� IRU� RWKHU� GHVLJQ�
GLVFLSOLQHV�OLNH�YHKLFOHV�RU�PDFKLQHV�FRQVWUXFWLQJ��)LJ������
Virtual reconstruction is similar to prototyping, but 
concerns old, very often no longer existing objects 

)LJ������0LQL&$9(�
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LQVWHDG� RI� GHVLJQHG� QHZ� RQHV�� ,I� UHFRQVWUXFWHG� REMHFW�
still exists, virtual reconstruction can be supported by 3D 
VFDQQLQJ��)RU�LQVWDQFH��LQ�WKH�,�'9/�WKHUH�ZDV�GHYHORSHG�
9LVWXODPRXWK� )RUWUHVV� UHFRQVWUXFWLRQ� �)LJ�� ���� RQ� WKH�
basis of photogrammetry made by the Faculty of Civil and 
Environmental Engineering at my university in cooperation 
ZLWK�WKH�0XVHXP�RI�*GDĕVN��$QRWKHU�H[DPSOH�RI�KLVWRULFDO�
architectonical reconstruction is visualization of history 
of changes in the interior of the sacristy in the gothic 
6W��1LFKRODV� FKXUFK� LQ�*GDĕVN� �)LJ�� ����� 7KH� VDFULVW\�ZDV�
modeled by the Faculty of Architecture at my university 
LQ� FRRSHUDWLRQ� ZLWK� WKH� 'RPLQLFDQ� 0RQDVWHU\�� ZKR� LV�
WKH� FKXUFK�XVHU� DQG�RZQHU�� ,Q� FRRSHUDWLRQ�ZLWK� WKH� /YLY�
Polytechnic National University, the monument to the 
3ROLVK� NLQJ� -DQ� ,,,� 6RELHVNL� KDYH� UHWXUQHG� YLUWXDOO\� LQ� WKH�
&$9(�IURP�*GDĕVN�WR�/YLY��8NUDLQH���ZKHUH�LW�ZDV�VLWXDWHG�

)LJ������9LUWXDO�GHYHORSPHQW�RI�&RDO�0DUNHW�LQ�*GDĕVN�²�%LJ&$9(�

)LJ�� �� �� 9LUWXDO� GHYHORSPHQW� RI� WKH� YLFLQLW\� RI� WKH� 9LVWXODPRXWK�
)RUWUHVV�²�%LJ&$9(�

)LJ������9LUWXDO�YLVLWLQJ�RI�WKH�,�'9/�EXLOGLQJ�²�%LJ&$9(�
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)LJ�� �� �� 3K\VLFDO� VFXOSWXUH� ZKLFK� ZDV� YLUWXDOO\� SUHVHQWHG� GXULQJ�
RSHQLQJ�RI�H[KLELWLRQ�´,PSORVLRQµ�

)LJ�������9LUWXDO�SURWRW\SH�RI�WKH�6WHZDUW�SODWIRUP�²�%LJ&$9(�

)LJ�������9LUWXDO�UHFRQVWUXFWLRQ�E\�SKRWRJUDPPHWU\�RI�WKH�9LVWXODPRXWK�
)RUWUHVV�²�%LJ&$9(�

)LJ�������9LUWXDO�UHFRQVWUXFWLRQ�RI�WKH�VDFULVW\�LQ�WKH�JRWKLF�6W��1LFKRODV�
FKXUFK�LQ�*GDĕVN�²�%LJ&$9(�
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RULJLQDOO\�EHIRUH�WKH�,,�:RUOG�:DU��)LJ�������7KH�PRQXPHQW�
ZDV�VFDQQHG�E\�3ROLVK�-DSDQHVH�$FDGHP\�RI�,QIRUPDWLRQ�
7HFKQRORJ\� LQ� :DUVDZ�� 2WKHU� H[DPSOHV� RI� YLUWXDO�
reconstruction are medieval Kashubian port in cooperation 
ZLWK� WKH�0XVHXP�RI� WKH� 3XFN� 5HJLRQ�� WKH�$PEHU� 5RRP�
�)LJ������LQ�FRRSHUDWLRQ�ZLWK�WKH�0XVHXP�RI�*GDĕVN��DQG�
SDQRUDPLF�YLVLW�LQ�6FRWWLVK�&DIp�LQ�/YLY�LQ�FRRSHUDWLRQ�ZLWK�
/YLY�3RO\WHFKQLF�1DWLRQDO�8QLYHUVLW\�
Virtual reconstruction can concern contemporary objects 
DQG�VFHQHV�WRR��)RU� LQVWDQFH�� WKHUH�ZHUH� LPSOHPHQWHG� LQ�
the I3DVL visualization of an arranged occurrence (crime or 
DFFLGHQW��ORFDWLRQ�LQ�FRRSHUDWLRQ�ZLWK�)RUHQVLF�/DERUDWRU\�
RI�WKH�3URYLQFLDO�3ROLFH�+HDGTXDUWHUV� LQ�*GDĕVN�� ,W�VKRZV�
QHZ�HFLHQW�PHWKRG� IRU� FUHDWLQJ�GLJLWDO�SROLFH� DUFKLYHV��
Another example of virtual reconstruction is an application 
IRU��'�PHGLFDO�LPDJLQJ��05,��&7��3(7��86*��)LJ������LQ�WKH�
&$9(�SUHSDUHG�LQ�FRRSHUDWLRQ�ZLWK�WKH�0HGLFDO�8QLYHUVLW\�
RI� *GDĕVN�� 9LUWXDO� WRXULVP�� H[KLELWLRQV� DQG�PXVHXPV� DUH�
LQ�D�VHQVH�YLUWXDO�UHFRQVWUXFWLRQ�WRR��,Q�RUGHU�WR�SUHVHQWLQJ�
FXOWXUDO�KHULWDJH�REMHFWV�WKHLU�YLUWXDO�UHFRQVWUXFWLRQ�LV�QHHGHG��
7KH�,�'9/�FDQ�VKRZ����PLOOLRQ�\HDUV�ROG�*LHUâRZVND·V�/L]DUG��
WKDW�LV�LQFOXVLRQ�LQ�DPEHU�IURP�WKH�0XVHXP�RI�*GDĕVN��7KLV�
PXOWLSOH� ]RRPHG� LQ� WKH� &$9(� UHSWLOH� ZDV� VFDQQHG� XVLQJ�
WRPRJUDSK\�E\�WKH�:DUVDZ�8QLYHUVLW\�RI�7HFKQRORJ\�>�@�
7KH� QH[W� NLQG� RI� 95� DSSOLFDWLRQV� LV� HGXFDWLRQ�� 'LරHUHQW�
VFKRRO�GLVFLSOLQHV�FDQ�SURÀW�E\�YLUWXDO�UHDOLW\�� ,Q�WKH�,�'9/�
ZH� FDQ� ÀQG� DVWURQRPLFDO�� ELRORJLFDO�� FKHPLFDO�� PHGLFDO��
SK\VLFDO�� WHFKQLFDO� DQG� HYHQ� PDWKHPDWLFDO� YLVXDOL]DWLRQ��
:H�FDQ�SHQHWUDWH�YLUWXDOO\�WZR�6RODU�6\VWHPV�LPSOHPHQWHG�
LQ� FRRSHUDWLRQ� ZLWK� ,QWHJUD� $9� FRPSDQ\� �IRUPHU�� DQG�
Polish Space Agency (latter), various Galaxies developed in 
FRRSHUDWLRQ�ZLWK�0$(�FRPSDQ\�DQG�3ROLVK�6SDFH�$JHQF\��
YDULRXV�SURWHLQV�SUHSDUHG� LQ� FRRSHUDWLRQ�ZLWK� WKH� )DFXOW\�
RI� &KHPLVWU\� DW� P\� XQLYHUVLW\�� RUJDQ� �H�J�� IRRW�� DQDWRP\�
²� UHVXOW�RI� FRRSHUDWLRQ�ZLWK� ,QWHJUD�$9�FRPSDQ\�DQG� WKH�
0HGLFDO� 8QLYHUVLW\� RI� *GDĕVN�� UHÀQHU\� �)LJ�� ���� PRGHOHG�
E\� 7DSSWLF� FRPSDQ\�� 0HQJHU� 6SRQJH� IUDFWDO� �L�H�� �'�
6LHUSLĕVNL·V� FDUSHW��� �'� SURMHFWLRQV� RI� �'� K\SHUVROLGV� �H�J��

)LJ�������9LUWXDO�SODFHPHQW�RI�WKH�PRQXPHQW�WR�WKH�3ROLVK�NLQJ�-DQ�,,,�
6RELHVNL�LQ�/YLY�²�%LJ&$9(��

)LJ�������9LUWXDO�UHFRQVWUXFWLRQ�RI�WKH�$PEHU�5RRP�²�%LJ&$9(�
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WHVVHUDFW� ��'�K\SHUFXEH���DQG�:LNLSHGLD�SDJHV��'�JUDSK��
+RZHYHU�YLVXDOL]DWLRQ�LV�WKH�VLPSOHVW�IRUP�RI�HGXFDWLRQ��0RUH�
VRSKLVWLFDWHG�95�DSSOLFDWLRQV�UHTXLUH�LQWHUDFWLRQ�ZLWK�D�YLUWXDO�
ZRUOG�� $� YLUWXDO� FKHPLFDO� ODE� DOORZV� VWXGHQWV� WR� OHG� LQ� WKH�
&$9(�VDIH�FKHPLFDO�H[SHULPHQWV��)LJ�������7ZR�GLරHUHQW�YLUWXDO�
chemical escape rooms “smuggle” to them some theoretical 
NQRZOHGJH�FRQFHUQLQJ�FKHPLVWU\��7KHVH�LQWHUDFWLYH�FKHPLFDO�
95� DSSOLFDWLRQ� ZHUH� GHYHORSHG� LQ� FRRSHUDWLRQ� ZLWK� WKH�
)DFXOW\�RI�&KHPLVWU\�DW�P\�XQLYHUVLW\�
Virtual training is a next example of interactive education, but 
LW�LV�ZRUWK�GLVWLQJXLVKLQJ�EHFDXVH�RI�LWV�ZLGH�UDQJH��,W�VHHPV�
WKDW� HYHU\� MRE� FDQ� EH� WUDLQ� ZLWK� XVH� RI� YLUWXDO� UHDOLW\�� 7KH�
I3DVL have various such applications: ship survey simulator, 
ZKLFK�LV�DGDSWDWLRQ�RI�'19�FRPSDQ\�DSSOLFDWLRQ��LQGXVWULDO�
inspection training and examination), parachute jump 
VLPXODWRU�²�UHVXOW�RI�FRRSHUDWLRQ�ZLWK�WKH�*G\QLD�0DULWLPH�

University, Polish Space Agency, Integra AV and Squadron 
companies, shooting trainer simulator programmed in 
FRRSHUDWLRQ�ZLWK�WKH�)DFXOW\�RI�0HFKDQLFDO�(QJLQHHULQJ�DQG�
Ship Technology at my university, drone operator trainer 
simulator, distributed simulator of helicopter marshalling 
implemented in VBS environment (military/homeland security 
WUDLQLQJ�DQG�RSHUDWLRQV� >�@��� URERW�DVVHPEOLQJ�DGMXVWHG� IRU�
&$9(� �)LJ�� ����E\�+HLOEURQQ�8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV�
�*HUPDQ\���OXQDU�0DUWLDQ�URYHU�VLPXODWRU��)LJ������GHYHORSHG�
LQ�FRRSHUDWLRQ�ZLWK�3ROLVK�6SDFH�$JHQF\�DQG�0$(�FRPSDQ\�
�WHFKQLFDO�WUDLQLQJ���ÀUHÀJKWHU�WUDLQHU�VLPXODWRU��)LJ�������DQG�
evacuation trainer simulator consulted by the War Studies 
8QLYHUVLW\�LQ�:DUVDZ��FULVLV�PDQDJHPHQW���6XFK�YLUWXDO�WUDLQLQJ�
DSSOLFDWLRQV�YHU\�RIWHQ�KDYH�IRUP�RI�D�JDPH�²�WKHUHIRUH�WKH\�
DUH�FDOOHG�VHULRXV�JDPHV��6FLHQWLÀF�YLVXDOL]DWLRQ�LV�LQ�D�VHQVH�
FRQQHFWHG� ZLWK� HGXFDWLRQ�� )RU� LQVWDQFH�� PHQWLRQHG� DERYH�

)LJ�������9LUWXDO��'�PHGLFDO�LPDJLQJ�²�%LJ&$9(� )LJ�������9LUWXDO�UHÀQHU\�²�%LJ&$9(�
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)LJ�������9LUWXDO�FKHPLFDO�ODE�²�%LJ&$9(��SKRWR��$OHQD�5XGD\D��
)LJ�������9LUWXDO�URERW�DVVHPEOLQJ�²�%LJ&$9(�
)LJ�������/XQDU�0DUWLDQ�URYHU�VLPXODWRU�²�0LQL&$9(�
)LJ�������)LUHÀJKWHU�WUDLQHU�VLPXODWRU�²�%LJ&$9(�
)LJ�������9LUWXDO�DHURG\QDPLFDO�WXQQHO�²�FRORUHG�VWULSHV�VKRZ�DLU�ÁRZ�²�%LJ&$9(�
)LJ�������9LUWXDO�UHKDELOLWDWLRQ�LQ�EDODQFH�GLVRUGHUV�²�0LGL&$9(�
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proteins visualizer can be used both in education and in 
UHVHDUFK��+RZHYHU��VRPH�RWKHU�95�DSSOLFDWLRQ�LQ�WKH�,�'9/�
DUH�GHGLFDWHG�UDWKHU�UHVHDUFK�WKDQ�HGXFDWLRQ��DLU�ÁRZ��)LJ������
²�UHVXOW�RI�FRRSHUDWLRQ�ZLWK�'19�FRPSDQ\�DQG�WKH�0DULWLPH�
0XVHXP�LQ�*GDĕVN��RU�ZDYH�LQWHUDFWLRQ�RQ�D�PDULQH�REMHFW�
LPSOHPHQWHG�LQ�FRRSHUDWLRQ�ZLWK�WKH�)DFXOW\�RI�0HFKDQLFDO�
(QJLQHHULQJ� DQG� 6KLS� 7HFKQRORJ\� DW�P\� XQLYHUVLW\�� /LQNLQJ�
together phenomena and behaviors modeling and simulation 
ZLWK�YLVXDOL]DWLRQ�ZH�REWDLQ�YHU\�LQWHUHVWLQJ�WRRO�IRU�UHVHDUFK�LQ�
physics, chemistry, biology, medicine, psychology, sociology 
DQG�RWKHU�VFLHQFH�EUDQFKHV�
9LUWXDO�UHDOLW\�FDQ�VXSSRUW�PHGLFLQH�LQ�RWKHU�ZD\V�WRR���'�
PHGLFDO�LPDJLQJ�ZDV�PHQWLRQHG�DERYH��EXW�WKH�,�'9/�FDQ�
UXQ�DOVR�PHGLFDO�YLUWXDO� WUDLQHU�VLPXODWRUV� OLNH�SDUDPHGLF�
WUDLQHU� VLPXODWRU� LPSOHPHQWHG� LQ� FRRSHUDWLRQ�ZLWK�9LVXV�
95�DQG�,QWHJUD�$9�FRPSDQLHV�DQG�H[SORUDWLRQ�RI�D�KRVSLWDO�
operating room prepared by Integra AV company as a tool 
IRU�SODQQLQJ�RI�PHGLFDO�RSHUDWLRQV��9HU\�LQWHUHVWLQJ�PHGLFDO�
95�DSSOLFDWLRQV�FRQFHUQ�GLDJQRVLV�DQG�UHKDELOLWDWLRQ��8VLQJ�
elaborated in the I3DVL applications physicians can support 
GLDJQRVLV�DQG�UHKDELOLWDWLRQ�LQ�EDODQFH�GLVRUGHUV�²�UHVXOW�RI�
FRRSHUDWLRQ� ZLWK� 'HSDUWPHQW� RI� %LRPHGLFDO� (QJLQHHULQJ�
DW�P\�IDFXOW\��8QVWDEOH�YLVXDO�YLUWXDO�HQYLURQPHQW�DOORZ�WR�
FKHFN�ZKHWKHU�D�SDWLHQW�KDV�SUREOHPV�ZLWK�EDODQFH��6RPH�
RWKHU�95�JDPHV�DOORZ�D�SDWLHQW� WR�SHUIRUP�H[HUFLVHV� WKDW�
KHOS� NHHSLQJ� WKHLU� EDODQFH� �)LJ�� ����� $QRWKHU� H[DPSOH� RI�
UHKDELOLWDWLRQ�95�DSSOLFDWLRQV�DUH�DUFDGH�JDPHV�GHYHORSHG�
LQ�FRRSHUDWLRQ�ZLWK� WKH�0HGLFDO�8QLYHUVLW\�RI�*GDĕVN�DQG�
WKH�)DFXOW\�RI�0HFKDQLFDO�(QJLQHHULQJ�DQG�6KLS�7HFKQRORJ\��
They supports rehabilitation of muscles in muscular 
dystrophy through repetition of given hand gestures in such 
VFHQDULRV�OLNH�ZL]DUG�FDVWLQJ�VSHOOV�E\�JHVWXUHV�RU�%HDW�6DEHU�
7KH� ODVW� EXW� QRW� OHDVW� NLQG� RI� 95� DSSOLFDWLRQV� GHVFULEHG�
LQ�WKH�SDSHU� LV�VXSSRUW�RI�SV\FKRORJ\��9LUWXDO�UHDOLW\�JLYHV�
SV\FKRORJLVWV�D�QHZ�WRRO�IRU�VXSSRUWLQJ�WUHDWPHQW�DQG�IRU�
UHVHDUFK��8VLQJ�VSHFLDO�SUHSDUHG�95�DSSOLFDWLRQV�WKH�,�'9/�
and the SWPS University of Social Sciences and Humanities 
OHG� PHDVXUHPHQWV� RI� WKH� LPPHUVLRQ� GHJUHH� ZKHQ� XVLQJ�

GLරHUHQW�95�GHYLFHV� �95�KHDGVHWV��&$9(V���9HU\�SURPLVLQJ�
95� DSSOLFDWLRQV� DUH� WKHVH� RQHV� WKDW� VXSSRUW� SKRELDV�
WUHDWPHQW��H�J��WUHDWPHQW�RI�DFURSKRELD��IHDU�RI�KHLJKWV��)LJ��
����DQG�DUDFKQRSKRELD��IHDU�RI�VSLGHUV��)LJ������ZKLFK�ZHUH�
FRQVXOWHG�ZLWK�WKH�6:36�8QLYHUVLW\�RI�6RFLDO�6FLHQFHV�DQG�
+XPDQLWLHV�>��@��9LUWXDO�UHDOLW\�FDQ�DOVR�EH�XVHG�IRU�DGGLFWLRQ�
RU�SRVWWUDXPDWLF�VWUHVV�GLVRUGHU�V\QGURPH��376'��WUHDWPHQW��
2WKHU�95�DSSOLFDWLRQV�VHUYH�SV\FKRORJLVWV�IRU�VLPXODWLRQ�RI�
SV\FKLFDO� GLVHDVHV� OLNH� GHSUHVVLRQ� VLPXODWRU� GHYHORSHG� LQ�
FRRSHUDWLRQ�ZLWK�WKH�6:36�8QLYHUVLW\�RI�6RFLDO�6FLHQFHV�DQG�
+XPDQLWLHV�RU�IRU�LQÁXHQFLQJ�KXPDQ�EHKDYLRU�OLNH�VKDSLQJ�
SUR�HFRORJLFDO� SRVWXUHV� �)LJ�� ���� SUHSDUHG� LQ� FRRSHUDWLRQ�
ZLWK�WKH�8QLYHUVLW\�RI�*GDĕVN��95�DSSOLFDWLRQV�FDQ�EH�DOVR�
XVHG� IRU� PHPRU\� VWLPXODWLRQ� �DQRWKHU� FRRSHUDWLRQ� ZLWK�
the SWPS University of Social Sciences and Humanities) 
DQG� DGYHUWLVLQJ� HරHFWLYHQHVV� DQDO\VLV� �3R]QDĕ� 8QLYHUVLW\�

)LJ�� ��� �� 7UHDWPHQW� RI� DFURSKRELD� �IHDU� RI� KHLJKWV�� E\� VXSSRUW� RI�
YLUWXDO�UHDOLW\�²�%LJ&$9(�
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RI� (FRQRPLFV� DQG�%XVLQHVV�� >��@��$QRWKHU� YHU\� LQWHUHVWLQJ�
SV\FKRORJLFDO� 95� DSSOLFDWLRQ� LV� PHDVXUHPHQW� RI� PRUDOLW\�
RI�KXPDQ�EHKDYLRU�²�UHVXOW�RI�FRRSHUDWLRQ�ZLWK�WKH�6:36�
+XPDQLVWLF�8QLYHUVLW\��0RUHRYHU�WKH� ,�'9/� LQ�FRRSHUDWLRQ�
ZLWK�1OLJKWQLQ� FRPSDQ\� WULHG� WR� XVH� KXPDQ� HPRWLRQV� WR�
FRQWURO� YLVXDOL]DWLRQ�� ([SHULPHQW� ÀQLVKHG� ZLWK� VXFFHVV�
ZRXOG� DOORZ� H�J�� FDQFHU� SDWLHQWV� WR� LPSURYH� HFLHQF\� RI�
WKHLU�WKHUDS\��+RZHYHU�WKLV�SUREOHP�QHHGV�IXUWKHU�UHVHDUFK�

VR related issues
8QIRUWXQDWHO\��WKHUH�LV�WURXEOHVKRRWLQJ�ZLWK�95�DSSOLFDWLRQV��
$ERYH� DOO�� ,QWHUDFWLRQ� ZLWK� YLUWXDO� ZRUOG� LV� YHU\� RIWHQ�
SUREOHPDWLF�� LW� LV�QRW�FRPPRQ��RIWHQ�XQQDWXUDO��H�J��PRYLQJ�
ZLWK�WKH�MR\VWLFN�LQVWHDG�RI�WKH�OHJV��8VHU�PD\�JHW�ORVW�ZLWKRXW�
VRPH�SUHSDUDWLRQ��$QRWKHU�SUREOHP�LV�F\EHUVLFNQHVV�FRPPRQ�
IRU� KHDGVHWV�� EXW� IRUWXQDWHO\� UDUHU� IRU� &$9(�W\SH� V\VWHPV��
(UURUV� RI� DVVHWV� PRGHOLQJ� UHSUHVHQW� VHSDUDWH� SUREOHP� ZLWK�
XVLQJ� YLUWXDO� HQYLURQPHQW�� �'� JUDSKLF� DUWLVWV� KDYH� WR� SD\�
DWWHQWLRQ�WR�GLරHUHQW�DVSHFWV�RI��'�PRGHOLQJ��QDPLQJ�UXOHV��
hierarchy of models, texture mapping, object modeling, game 
HQJLQH�SURMHFW�RUJDQL]DWLRQ�HWF��>��@��'HYHORSPHQW�RI�XVHIXO�95�
DSSOLFDWLRQ�QHHGV�FRRSHUDWLRQ�EHWZHHQ�SURJUDPPHUV��JUDSKLF�
DUWLVWV�DQG�FOLHQWV��DUFKLWHFWV��HGXFDWRUV��SV\FKRORJLVWV�HWF���

Conclusions
9LUWXDO�UHDOLW\�FDQ�ÀQG�LWV�DSSOLFDWLRQ�LQ�DOPRVW�HYHU\�KXPDQ�
DFWLYLW\�GLVFLSOLQH��,Q�WKH�SDSHU�WKHUH�ZHUH�SUHVHQWHG�YDULRXV�
95�DSSOLFDWLRQ�GHYHORSHG�LQ�WKH�,PPHUVLYH��'�9LVXDOL]DWLRQ�
/DE� IRU� GLරHUHQW� GLVFLSOLQHV�� IURP� DUFKLWHFWXUH� DQG� DUW��
astronomy and chemistry, through history and museology, 
criminology and military education, mechanical and ship 
HQJLQHHULQJ�� XS� WR�PHGLFLQH� DQG� SV\FKRORJ\�� 7KH� ,�'9/�
LV�ZDLWLQJ�IRU�\RX�LQ�RUGHU�WR�XQGHUWDNH�QHZ�HQGHDYRUV�RQ�
WKH�EDVLV�RI�YLUWXDO�UHDOLW\�

)LJ�������7UHDWPHQW�RI�DUDFKQRSKRELD��IHDU�RI�VSLGHUV��E\�VXSSRUW�RI�
YLUWXDO�UHDOLW\�²�%LJ&$9(�

)LJ�������95�JDPH�VKDSLQJ�SUR�HFRORJLFDO�SRVWXUHV�LQ�WRZQ�²�%LJ&$9(�
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Abstract

7KH�UHODWLRQVKLS�EHWZHHQ�HQYLURQPHQW�FUHDWLRQ�DQG�VWRU\WHOOLQJ�
LV�D�WRSLF�WKDW�LV�VHOGRP�GLVFXVVHG��/RRNLQJ�DW�KRZ�DUFKLWHFWXUH�
could relate to elements of storytelling is easy to forget that 
“Visual storytelling displays a history of the past, an identity 
for the present, and a story for the future … Architecture is an 
HYHU�SUHVHQW�IRUP�RI�YLVXDO�VWRU\WHOOLQJ��7KH�EXLOW�HQYLURQPHQW�
FDQ�FDSWXUH�D�SODFH·V�KLVWRU\�DQG�WHOO�WKDW�VWRU\�WKURXJK�VSDFH��
$UFKLWHFWXUH�IRUPV�D�YLVXDO��VSDWLDO�OLQN�EHWZHHQ�WKH�SDVW��SUHVHQW�
and the future, becoming a point in the timeline of a place and 
FXOWXUH�µ�>��@�$QLPDWLRQ�LV�DOVR�D�PHGLXP�RI�YLVXDO�VWRU\WHOOLQJ�
WKDW��OLNH�SDLQWLQJ��LOOXVWUDWLRQ��DQG�FLQHPD��LV�FRQVWDQWO\�LQVSLUHG�
E\�UHDOLW\��7KH�JUDSKLF�UHVHDUFK�DQG�WKH�QHFHVVLW\�WR�JLYH�WKH�
spectator recognisable references often combine strong 
LFRQRJUDSKLF�LPDJHV�ZLWK�UHFRJQLVDEOH�ORFDWLRQV�
With animation, artists and storytellers can overcome the limits 
RI�SKRWRJUDSK\��WKH�́ UHDOµ�IUHTXHQWO\�EHFRPHV�D�VLPSOH�VWDUWLQJ�

FROM DRAWING TO ANIMATION
THE CREATION OF VIRTUAL PLACES AND THE DEVELOPMENT OF STORYTELLING 
FOR CONSTRUCTING NARRATIVE PATHS THROUGH DRAWING

SRLQW� WR� EH� PRGLÀHG� DQG� UH�FRQFHSWXDOLVHG� ZLWK� DOWHUDWLRQV�
GLFWDWHG�E\�WKH�VW\OLVWLF�QHHGV�RI�D�VWRU\�
Stylistic considerations often mediate the need to be truthful 
WR�UHDOLW\��$QLPDWLRQ��VLQFH�LWV�LQFHSWLRQ��KDV�H[SORUHG�JUDSKLF�
ODQJXDJHV���DQG�WHFKQLTXHV��DUWLVWV�OLNH�7\UXV�:RQJ��0DU\�%ODLU��
(\YLQG�(DUOH��*HUDOG�6FDUIH��5RQDOG�6HDUOH��.HQ�$QGHUVRQ��0RULFH�
1REOH��+D\DR�0L\D]DNL�� /RUHQ]R�0DWWRWWL�� DQG� HYHQ� 6DOYDGRU�
'DOL�KDYH�FRQWULEXWHG�ZLWK�WKHLU�XQLTXH�DQG�GLරHUHQW�YLVLRQV�WR�
WKH�FUHDWLRQ�RI�PHPRUDEOH�LPDJHV�
7KLV� SDSHU� ZLOO� DGGUHVV� WKH� UHODWLRQVKLS� EHWZHHQ� DQLPDWLRQ�
DQG� WKH� ORFDWLRQ� VWXG\�� ,W� ZLOO� LOOXVWUDWH� KRZ� XQGHUVWDQGLQJ�
architecture and exploiting illustrative style can be combined 
to develop storytelling through appropriate design 
PHWKRGRORJLHV��7KH�SDSHU�ZLOO��LQ�WKH�HQG��VKRZFDVH�WKH�JUDSKLF�
UHVHDUFK�XQGHUWDNHQ�E\�WKH�DXWKRU�IRU�D�VSHFLÀF�SURMHFW�ZLWKLQ�
WKLV�IUDPHZRUN�
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Introduction
$QLPDWLRQ�DV�DQ�DUW�IRUP�FDQ�WUDQVSRUW�WKH�YLHZHU�LQVLGH�
D� VWRU\� WR� DQRWKHU� WLPH� DQG�SODFH�� 7KLV� GLPHQVLRQ�� UHDO�
RU�IDQWDVWLF��LV�FUHDWHG�E\�FRPELQLQJ�EDFNJURXQG�GHVLJQ�
and the sequential juxtaposition of images to support 
WKH� VWRU\WHOOLQJ�� 7KH� VFHQRJUDSKLF� HOHPHQW� HVWDEOLVKHV�
the scale and atmosphere, giving the audience the 
LQWHUSUHWDWLYH�NH\�WR�UHODWH�WR�WKH�VWRU\�
$QLPDWHG� ÀOPV� KDYH� HQRUPRXV� YDULDWLRQV� LQ� WHFKQLTXH�
IURP� ÁDW�SDLQWHG� LPDJHV�� �'� HOHPHQWV� RU� PLQLDWXUH�
PRGHOV��DV�LQ�VWRS�PRWLRQ�DQLPDWLRQ�
5HJDUGOHVV�RI�WKH�WHFKQLTXH��WR�FUHDWH�ORFDWLRQV��GHVLJQHUV�
often need to refer to real places or periods, understand art 
KLVWRU\��DQG�PDNH�GHVLJQ�FKRLFHV�WR�XOWLPDWHO\�FRQVWUXFW�
WKH�YLUWXDO�VSDFH�ZKHUH�WKH�DFWLRQ�ZLOO�WDNH�SODFH�
It is an established practice that designers and illustrators 
are involved in a project by a director at the beginning 
RI� HDFK� SURGXFWLRQ�� ,W� LV� FRPPRQ� IRU� WKH� GHVLJQHU� DQG�
GLUHFWRU�WR�EH�WKH�VDPH�SHUVRQ��HVSHFLDOO\�IRU�VKRUW�ÀOPV��
While the creation of the preliminary illustrations is not 
FRQFHUQHG� ZLWK� WHFKQLFDO� UHTXLUHPHQWV�� WKH� OD\RXW� DQG�
WKH�VFHQRJUDSK\�DUH�VSHFLÀF�DFWLYLWLHV�WKDW�GHDO�ZLWK�KRZ�
WKH� ÀOP� DSSHDUV� RQ� WKH� VFUHHQ�� GHÀQLQJ� JHRJUDSKLFDO�
and historical references, the camera movements and 
HVWDEOLVKLQJ� WKH� RYHUDOO� FLQHPDWRJUDSK\� RI� WKH� ÀOP��
0DQ\�DQLPDWHG�ÀOPV�RZQ�WKHLU�VXFFHVV�QRW�RQO\�WR�ZHOO�
developed narratives but to unique locations that are 
engraved in the public’s imagination, so much so that 
sometimes these locations become more “real” than 
WKH� UHIHUHQFH� WKH\�ZHUH� WDNHQ� IURP�RQH�KDV� WR� ORRN�QR�
IXUWKHU�WKDQ�WKH�'LVQH\·V�3DUN�ZKHUH�GUDZQ�VFHQRJUDSK\�
EHFRPHV�DFWXDO�ORFDWLRQV�
Whatever the type of story, real or imagined architecture 
UHSUHVHQWV�D�UHIHUHQFH�SRLQW�WKDW�FDQQRW�EH�LJQRUHG�ZKHQ�
FRQFHLYLQJ�DQ�LPDJLQDU\�ORFDWLRQ��:KHWKHU�SKRWR�UHDOLVWLF��

fantastic or highly abstract, the architectural element 
KHOSV�GHÀQH� WKH� UHIHUHQFH� VFDOH�EHWZHHQ� FKDUDFWHU� DQG�
HQYLURQPHQW�� LQVHUWLQJ� D� SLHFH� RI� IDPLOLDULW\� WKDW� DOORZV�
WKH�YLHZHU�WR�LGHQWLI\�ZLWK�WKH�FKDUDFWHU�DQG�WKH�VWRU\��

Places of Architecture in Animation
)RU�WKHLU�H[WUDRUGLQDU\�YLVXDO�LPSDFW��PDQ\�LFRQLF�ODQGPDUNV�
DQG�EXLOGLQJV�KDYH�EHHQ�XVHG�LQ�DQLPDWHG�ÀOPV��7KH\�KDYH�
been re-interpreted graphically through the lens of famous 
illustrators and designers from London in Disney’s 101 
Dalmatians to the fairy tale land of Sleeping Beauty to the 
Italian coastal riviera in Pixar’s Luca.
$�XQLTXH� ODQGPDUN� LQ�KLV�RZQ�ULJKW�� WKH�1HXVFKZDQVWHLQ�
Castle, built in Bavaria in the late nineteenth century, and 
HOHPHQWV�ERUURZHG�IURP�WKH�+RKHQ]ROOHUQ�&DVWOH�LQVSLUHG�
the princess’s castle in Disney’s Sleeping Beauty (Disney, 
������� (\YLQG� (DUOH�� WKH� ÀOP·V� DUW� GLUHFWRU�� ZDV� LQVSLUHG�
not only by elements present in such architecture but 
DOVR� E\� SRVW�5HQDLVVDQFH� DUW�� FKDUDFWHULVHG� E\� YHUWLFDO�
elements traceable in the architecture and design of all the 
EDFNJURXQG�HOHPHQWV�RI�WKH�ÀOP��XS�WR�WKH�GHWDLOV�RI�WKH�
YHJHWDWLRQ��%\�GHVLJQ��WKH�RULJLQDO�FDVWOH�RI�1HXVFKZDQVWHLQ�
LV�D�SODFH�RI�´IDLU\�WDOHµ�ZLWK�D�VFHQRJUDSKLF�DSSDUDWXV�WKDW�
WKH�'LVQH\�DUWLVW�IXOO\�H[SORLWHG��
/RRNLQJ� DW� WKH� ÀOP�� LW� LV� DOVR� SRVVLEOH� WR� UHFRJQLVH� WKH�
presence of graphic entities in the series of tapestries, The 
Hunt for the Unicorn��ODWH�ÀIWHHQWK�FHQWXU\�
,Q�KLV�DXWRELRJUDSK\��(DUOH�ZURWH��́ ,�EHJDQ�SUDFWLVLQJ�GRLQJ�
VOHHSLQJ�EHDXW\·V�IRUHVW�VFHQHV��$IWHU�DOO��P\�IDYRXULWH�DUWLVWV�
ZHUH�$OEUHFKW�'XUHU��9DQ�(\FN�DQG�%UXHJHO��DQG�DOO�JRWKLF�
DUW�� DQG� ´7KH� +RXUV� RI� WKH� 'XNH� GH� %HUU\���� ,� ZDQWHG�
VW\OLVHG��VLPSOLÀHG�JRWKLF��6WUDLJKW��WDOO�SHUSHQGLFXODU�OLQHV�
OLNH�JRWKLF�FDWKHGUDOV��´>��@
,Q�WKH�GHWDLOV�RI�PDQ\�VHWV�RI�WKH�ÀOP��LW� LV�FOHDU�KRZ�WKH�
DUFKLWHFWXUH�LV�GHOLEHUDWHO\�H[FHVVLYH��UHIHUHQFHV�WR�WKH�UHDO�
REMHFW� DUH�QRW�SUHFLVH� DQG� VLJQLÀFDQWO\�ERUURZ�HOHPHQWV�
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IURP�WKH�SDLQWLQJV�RI�'XUHU��%UXHJHO��9DQ�(\FN��DQG�%RWWLFHOOL�
but also go a step further by adding contaminations from 
Persian miniatures and even Japanese art as Earle admits in 
WKH�VDPH�ERRN�
Sleeping Beauty represents a milestone in the aesthetic 
HYROXWLRQ�RI�'LVQH\�ÀOPV��,Q�KLV�ÀUVW�IHDWXUH��Snow White and 
WKH� 6HYHQ�'ZDUIV ������ WKH� LFRQRJUDSKLF� HOHPHQWV�ZHUH�
W\SLFDO�RI�WKH�QLQHWHHQWK�DQG�WZHQWLHWK�FHQWXULHV��UHZRUNHG�
IRU�WKH�ÀOP�E\�LOOXVWUDWRUV�*XVWDI�7HQJJUHQ�DQG�.D\�1LHOVHQ�
LQ�WKH�PLG�ÀIWLHV��WKDQNV�WR�FRPSHWLWLRQ�IURP�VWXGLRV�OLNH�
:DUQHU� RU� 83$� VW\OLVHG� FKDUDFWHUV� DQG� EDFNGURSV� WKDW�
LQYHVWLJDWHG�D�GLරHUHQW�JUDSKLF�VHQVLELOLW\�HPHUJHG�
5HIHUHQFHV� WR� UHDO� SODFHV� DUH� WRR� PDQ\� WR� PDNH� DQ�
exhaustive list, from Sylvain Chomet’s Dublin in The 
Illusionist (2010) to the Paris of Pixar’s Ratatouille �������
7KH�YLOODJHV�RI�5HLTXHZLKU�DQG�5LEHDXYLOOp�LQ�$OVDFH�LQVSLUHG�
WKH�OLWWOH�WRZQ�LQ�Beauty and the Beast �'LVQH\��������ZLWK�
precise references to eighteenth-century France and, 
in this case, the style of the French painter Jean-Honoré 
)UDJRQDUG��
7ZR� -DSDQHVH� 2QVHQ� EXLOGLQJV� FRQVWLWXWH� D� VWDUWLQJ�
UHIHUHQFH�IRU�+D\DR�0L\D]DNL·V�VHWWLQJV�LQ�WKH�ÀOP�Spirited 
Away� �������� 7KH� SRSXODULW\� RI� WKH� ÀOP�� LQ� -DSDQ� DQG�
abroad, has meant that many Onsen claims to be the 
VRXUFH� RI� LQVSLUDWLRQ� ZKHQ� WKH� ÀOP� GRHV� QRW� SUHFLVHO\�
UHSURGXFH�DQ\�SODFH��0L\D]DNL�FRPELQHG�VHYHUDO�HOHPHQWV�
of the original architecture typical of traditional buildings 
FUHDWLQJ�D�XQLTXH�ORRN�IRU�WKH�FHQWUDO�2QVHQ��ZKHUH�PRVW�
RI�WKH�VWRU\�WDNHV�SODFH�
2WKHU�ÀOPV�E\�*KLEOL�VWXGLR�DFFXUDWHO\�UHFRQVWUXFW�-DSDQHVH�
ORFDWLRQV�� OLNH� WKH� IHDWXUH� The Wind Rises (2013), set in 
-DSDQ�EHIRUH�:RUOG�:DU�,,�RU�LQ�,VDR�7DNDKDWD·V�A Grave for 
)LUHÁLHV� (1988), a detailed and realistic description of the 
HරHFWV�RI�WKH�ERPELQJ�RI�WKH�-DSDQHVH�FLW\�RI�.REH�
7KH� <R\JRJL� .DLNDQ� %XLOGLQJ�� D� UHFHQWO\� GHPROLVKHG�
EXLOGLQJ� WKDW� VWRRG� LQ� WKH� 6KLQMXNX� GLVWULFW� RI� 7RN\R�� LV�
WKH� VHW� IRU� WKH� FOLPD[� RI� WKH� ÀOP�Weathering with you 
E\� 0DNRWR� 6KLQNDL� �������� 7KH� EXLOGLQJ� LV� UHSUHVHQWHG�

LQ� WKH� ÀOP� DV� LW� ZDV�� ZLWK� PLQLPDO� DOWHUDWLRQV� IURP� WKH�
RULJLQDO�� ,Q� -DSDQHVH� DQLPDWHG� ÀOPV�� ZLWK� 6KLQNDL� DW� WKH�
IRUHIURQW�� WKH� DFWXDO� UHIHUHQFH� LV� RIWHQ� GHOLYHUHG� ZLWK� D�
K\SHU�UHDOLVWLF�WRXFK��UHIHUHQFLQJ�SODFHV�RI�PRGHUQ�-DSDQ��
VFHQHV�RI�HYHU\GD\�7RN\R�SRUWUD\HG�LQ�WKH�ÀOP�KDG�´IDQV�
WR�GHVFHQG�RQ�ORFDWLRQV�IURP�WKH�ÀOP��´�IRUFLQJ�SURGXFWLRQ�
VWDර�WR�SOHDG�ZLWK�WKHP�QRW�WR�GLVWXUE�UHVLGHQWV�IROORZLQJ�
FRPSODLQWV�DERXW�WKHLU�EHKDYLRXU�µ�5HI

Style
,Q�DQ�DQLPDWHG�VKRUW�ÀOP��VW\OH�FDQ�EH�WKH�SURGXFW�RI�D�VLQJOH�
SHUVRQ·V�DUWLVWLF�YLVLRQ��ZKHUHDV�� LQ� IHDWXUH�SURGXFWLRQV�� WKH�
VW\OH�EHFRPHV�WKH�FRPELQDWLRQ�RI�D�WHDP�HරRUW��&RPSDQLHV�
FKRRVH�IURP�ZLWKLQ�RU�LQYLWH�RQH�RU�PRUH�H[WHUQDO�DUWLVWV�WR�
FRQWULEXWH�ZLWK� WKHLU� LGHDV� WLOO� WKH� DUW� GLUHFWRU� DQG�GLUHFWRU�
DJUHH�DQG�VHWWOH�DURXQG�D�FRPPRQ�DHVWKHWLF�LGHD��&RPSDULQJ�
EDFNJURXQGV� IURP� GLරHUHQW� SURGXFWLRQ� KHOSV� XQGHUVWDQG�
KRZ�VW\OH�DQG�DWWHQWLRQ�WR�SHULRG�DQG�ORFDWLRQ�LQIRUPDWLRQ�
FDQ�GHWHUPLQH�WKH�YLVXDO�RXWFRPH�RI�DQ�DQLPDWHG�ÀOP�
%DFNJURXQGV� IURP�'LVQH\·V Saludos Amigos (1942) present 
a stylised and almost abstract use of vibrant colours, subtly 
DOOXGLQJ� WR� 6RXWK� $PHULFDQ� UHIHUHQFHV�� ,W� VHHPV� DOPRVW�
abstract art compared to the detailed rendering for the 101 
Dalmatians that instead do not allude but precisely reference a 
ORFDWLRQ��'LVQH\·V�Bambi (1940) is inspired instead by Chinese 
6RQJ�G\QDVW\�SDLQWLQJV��,Q�FRQWUDVW��:DUQHU�%URWKHUV·�VKRUWV�
featuring Willy the Coyote and Beep Beep�������FD���KDYH�WKHLU�
URRWV�LQ�WKH�FRPPHUFLDO�JUDSKLF�DUW�W\SLFDO�RI�WKH�VL[WLHV��ZLWK�
FRORXUV�DQG�W\SHV�RI�LPDJHV�PXFK�FORVHU�WR�PRGHUQ�DUW��
:H� FDQ� FRPSDUH� WKH� EDFNGURSV� RI� &KXFN� -RQHV·V�
“What’s Opera Doc” (������ZLWK�WKHLU�ORRN�FXUDWHG�E\�0RULFH�
Noble, loosely referencing stage opera and oversized 
architectural clues to those of Mister Magoo’s Christmas Carol, 
ZKHUH�WKH�VSDFH�DQG�ORFDWLRQ�DOOXGH�WR�D�%URDGZD\�VWDJH��$OO�
WKHVH�ÀOPV��SURGXFHG�E\�GLරHUHQW�FRPSDQLHV��UHYHDO�WKH�FOHDU�
LQWHQW�WR�SURSRVH�D�XQLTXH�DQG�UHFRJQLVDEOH�VW\OH��WKH�SODFHV�
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UHSUHVHQWHG�GR�QRW�H[LVW�� VWLOO��E\�DQDO\VLQJ� WKH� LPDJHV��ZH�
recognise elements that allude to design and architecture 
WKDW�UHFDOO�JUDSKLFV�IRUPV�DOORZLQJ�WKH�YLHZHU�WR�UHIHUHQFH�D�
SHULRG�DQG�ORFDWLRQ�
Architecture becomes a design element 
in Cinderella’s� �'LVQH\�� ������ EDFNJURXQG�� $� GLVWRUWHG�
scale in the architectural elements and decors places the 
UHDOLVWLFDOO\�GHVLJQHG�FKDUDFWHUV�LQ�D�GLVWLQFWO\�YHUWLFDO�ZRUOG�
Alice in Wonderland, and Cinderella�� RZQ� WKHLU� ORRN� WR�
0DU\� %ODLU·V� LOOXVWUDWLRQV�� 7KH\� DUH� UHPDUNDEO\� DEVWUDFW��
WKDQNV�WR�D�VHULHV�RI�GHVLJQ�HOHPHQWV��YLEUDQW�FRORXUV��DQG�
FRQWUDVW�EHWZHHQ�OLJKW�DQG�VKDGRZ��FUHDWLQJ�DQ�DEVWUDFW�EXW�
VRPHZKDW�EHOLHYDEOH�IDQWDV\�ZRUOG�
As previously mentioned, Disney’s 101 Dalmatians is an 
interesting example in this context: the storytelling dictates 
WKDW�WKH�DFWLRQ�WDNHV�SODFH�LQ�FRQWHPSRUDU\�/RQGRQ��DQG�
D� IDLU\� WDOH�VW\OH� ÀIWLHV�/RQGRQ� ZRXOG� QRW� KDYH� ZRUNHG��
.HQ� $QGHUVHQ�� WKH� DUW� GLUHFWRU�� DGRSWHG� D� GLරHUHQW�
approach, conducting extensive research on the interiors 
RI�VSHFLÀF�HOHPHQWV�RI�D�7HUUDFH�+RXVH�LQ�/RQGRQ��7KHVH�
investigations created a sense of contemporaneity through 
the reproduction of the design and furniture typical of a 
KRXVH�LQ�WKH�KLOOV�RI�3ULPURVH�LQ�������WKH�SHULRG�LQ�ZKLFK�
WKH�ÀOP�LV�VHW��2Q�WKH�RWKHU�KDQG��WKH�LGHD�RI�VW\OH�LV�SUHVHQW�
WKDQNV�WR�WKH�LQÁXHQFH�RI�(QJOLVK�LOOXVWUDWRU�5RQDOG�6HDUOH·V�
JUDSKLF�VW\OH�DQG�H[WHQVLYH�XVH�RI�EODFN�LQN�SHQ�VWURNHV�
,Q� WKH� DQLPDWHG� ÀOP� The Aristocats (1970), all the 
DUFKLWHFWXUDO� HOHPHQWV�DOORZ� WKH� VSHFWDWRU� WR�XQGHUVWDQG�
ZKHUH�WKH�DFWLRQ�WDNHV�SODFH��WKDW�LV��LQ�3DULV��7KH�GUDZLQJ�
VW\OH�VKDUHV�PDQ\�VLPLODULWLHV�ZLWK�����'DOPDWLDQV�DQG�LV�VWLOO�
LQ�OLQH�ZLWK�D�YHU\�PRGHUQ�JUDSKLF�DQG�GUDZQ�LQ�VHQVLWLYLW\��
HYHQ�LI�WKH�XVH�RI�FRORXU�LV�GLරHUHQW��ZKHUH�WKH�ODWWHU�XVHV�D�
ÁDWWHU�FRORXU�DSSURDFK�WKDQ�WKH�VHFRQG��7KH�KLVWRULFDO�&DIp�
GH�OD�3DL[�DQG�WKH�(LරHO�7RZHU�DUH�IHDWXUHG�LQ�WKH�ÀOP��LQ�
VFHQHV�IURP�WKH�ÀOP��RQH�UHFRJQLVHV�WKH�DWWHQWLRQ�WR�GHWDLO�
WKDW�PDNHV�WKH�KRXVH�RI�0DGDPH��WKH�RZQHU�RI�WKH�FDW·V�
SURWDJRQLVWV��ZHOO�DQFKRUHG�WR�WKH�3DULVLDQ�DWPRVSKHUH�RI�
WKH�HDUO\�WZHQWLHWK�FHQWXU\�

The Layout
7KH� OD\RXW� LQ� DQLPDWLRQ� FDQ� EH� GHÀQHG� DV� WKH� XQLRQ� RI�
QDUUDWLRQ�DQG�FRPSRVLWLRQ��LW�LV�WKH�DUW�RI�SODFLQJ�PRYLQJ�
LPDJHV�ZLWKLQ�D�IUDPH�VR�WKH\�FDQ�ÁRZ�LQ�IURQW�RI�XV�LQ�UHDO�
WLPH�IRU�D�VWRU\·V�VDNH�
The cinematography in animation results from a close 
FROODERUDWLRQ�EHWZHHQ�WKH�DUWLVWV�ZKR�GHVLJQ�DQG�FUHDWH�
the various scenographic elements and the technicians 
ZKR�GHVLJQ�DQG�PDQDJH�WKH�FRPSOH[�FDPHUD�PRYHPHQWV��
UHDO� RU� YLUWXDO�� WKURXJK� ZKLFK� WKH� DUWZRUN� HYHQWXDOO\�
EHFRPHV�VWRU\WHOOLQJ�RQ�WKH�VFUHHQ��/D\RXW�RYHUODSV�ODUJH�
DUHDV� ZLWK� WKH� YDULRXV� VHFWLRQ� RI� DQLPDWLRQ� SURGXFWLRQ�
and addresses a multiplicity of problems: story, framing 
DQG�OLJKWLQJ��GHÀQLQJ�SKRWRJUDSK\��FLQHPDWRJUDSK\�DQG�
HVWDEOLVKLQJ�WKH�VHW�GHVLJQ��
-XVW� DV� DQLPDWLRQ� ÀQGV� LWV� SODFH� EHWZHHQ� FLQHPD� DQG�
LOOXVWUDWLRQ�� OD\RXW� UHSUHVHQWV� D� EULGJH� EHWZHHQ� GHVLJQ�
DQG� FLQHPDWRJUDSKLF� ODQJXDJH�� 7KH� OD\RXW� DUWLVW� LV� WKH�
RQH�ZKR�JXDUDQWHHV�ÀOPLF� FRQWLQXLW\�E\�RUJDQLVLQJ� WKH�
YDULRXV�HOHPHQWV�RI� D�EDFNJURXQG� VR� WKDW� WKH\� VXSSRUW�
WKH�DFWLRQ�
:KHQ� GHVLJQLQJ� HQYLURQPHQWV� IRU� DQ� DQLPDWHG� ÀOP��
LW� LV�QHFHVVDU\� WR�GHVLJQ�QRW�RQO\� WKH�DUHD� LQ�ZKLFK� WKH�
FKDUDFWHU�PRYHV�EXW� LV�RIWHQ�HVVHQWLDO� WR� YLVXDOLVH�ZKDW�
LV�RXWVLGH�WKH�FDPHUD��7KLV�QHHG�RIWHQ�OHDGV�WR�UHDOLVLQJ�
UHDO�SURMHFWV��ZLWK�SODQV�DQG�HOHYDWLRQV��PLQLDWXUH�PRGHOV�
RI� EXLOGLQJV� RU� HYHQ� VPDOO� XUEDQ� SODQV� WKDW� DOORZ� WKH�
FLQHPDWRJUDSKHU�WR�JHW�DQ�LGHD�RI�WKH�LPDJLQDU\�ORFDWLRQ�
,W� LV� HVVHQWLDO� WKDW� WKH�SLFWXUH� LV� YLVXDOO\�ZHOO�FRPSRVHG�
DQG�JLYHV�SUHFLVH�LQIRUPDWLRQ��$V�SDUW�RI�D�PRYLQJ�LPDJH��
WKH�EDFNJURXQG�LV�UDUHO\�WKH�SURWDJRQLVW�EXW�VXSSRUWV�WKH�
VWRU\��VRPHWLPHV�UHGXFHG�WR�VLPSOH�GHWDLOV��DQ�XQZULWWHQ�
UXOH�LV�WKDW�D�VFHQH�VKRXOG�ORRN�HPSW\�XQWLO�WKH�FKDUDFWHU�
LV�LQVHUWHG�
Early animation and live-action directors studied the great 
SDLQWHUV� RI� WKH� SDVW�� 5HPEUDQGW�� 9HUPHHU�� DQG� *XVWDY�
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'RUp�� 7KHVH� DUWLVWV� NQHZ� WKDW� WKHLU� LPDJHV�ZHUH�SLFWXUHV�
WKDW�WROG�D�VWRU\�LQ�D�PRPHQW�RI�OLIH�IUR]HQ�LQ�WLPH��$�ÀOP�
composition not only tells a story in isolation, but the 
UHODWLRQ� EHWZHHQ� WKH� SDUWV� XOWLPDWHO\� FRQWULEXWHV� WR� WKH�
RYHUDOO� VWRU\WHOOLQJ�DV�ZH�GHÀQH�PRWLRQ�QRW�RQO\� IRU� WKH�
characters but also in a  more general sense of movement 
WKURXJK� VSDFH�� (YHU\WKLQJ� LQ� WKH� FRPSRVLWLRQ�� IURP� WKH�
position to the size of the characters to the relationship 
RI�WKH�ÀJXUHV�WR�WKH�IUDPH�DQG�HDFK�RWKHU��FRQWULEXWHV�WR�
WKH�PHDQLQJ�� +RZ�PDQ\� WLPHV� FDQ� WKH� FDPHUD� EHFRPH�
VWRU\WHOOLQJ�PRPHQWV��IURP�WKH�PXOWLSODQH�DHULDO�YLHZV�RI�
Geppetto village in Disney’s Pinocchio��������WR�WKH�ÁLJKW�
through over mediaeval Paris and Notre Dame in Disney’s 
Hunchback of Notre Dame(1996)?
In 101 Dalmatians, � IXUQLWXUH� DQG� DSSDUHO� LQ� WKH� NLWFKHQ�
VFHQH� DUH� VKDSHG� OLNH� WKRVH� RI� 9LFWRULDQ� WHUUDFH� KRXVHV�
LQ�DQ�HUD�ZKHQ�OLJKW�DQG�KHDWLQJ�ZHUH�JDV��(DFK�HOHPHQW�
LV� DGHTXDWHO\� UHSUHVHQWHG� LQ� LWV� IXQFWLRQDO� LQWHJULW\��
Presenting the apartment of the protagonist provides us 
ZLWK�DOO� WKH�QHFHVVDU\� LQIRUPDWLRQ��(YHU\�GHWDLO� UHLQIRUFHV�
WKH�FRQFHSW�RI� WKH�EDFKHORU�ZLWK�KLV�KHDG� LQ� WKH�FORXGV��
IURP� WKH�PHVV\� REMHFW� FDVXDOO\� ODLG� DOO� RYHU� WKH� ÁRRU� DW�
WKH�ÀOP·V�EHJLQQLQJ�WR�WKH�VFRUHV�VKHHWV�OHIW�O\LQJ��JLYLQJ�
FOXHV� RYHU� 5RJHU·V� OLQH� RI� ZRUN� WR� WKH� PRXQWDLQV� RI�
XQZDVKHG�WHDFXSV��,Q�WKH�+XQFKEDFN�RI�WKH�1RWUH�'DPH��
WKH� DUFKLWHFWXUH� LV� FHQWUDO� WR� WKH� SORW�� DQG� HYHU\� HරRUW�
ZDV� PDGH� WR� UHFUHDWH� WKH� FKXUFK� LQWHULRUV� DQG� H[WHUQDO�
IHDWXUHV��WKH�ÀOPPDNHUV�FUHDWHG��'�PRGHOV�RI�WKH�FKXUFK�
WR�DOORZ�4XDVLPRGR�WKH�PDLQ�FKDUDFWHU�DEVROXWH�IUHHGRP�
RI�PRYHPHQW�DV�KH�FOLPEV�WKH�EHOO�WRZHUV�DQG�WKH�VSLUH�
In a Tom and Jerry cartoon or a Willy, Coyote cartoon, the 
VSDWLDO� UHODWLRQVKLS� EHWZHHQ� WKH� YDULRXV� HOHPHQWV� LV� QRW�
fundamental to the success of a “gags”, so continuity is 
QRW�QHFHVVDU\��RQ�WKH�FRQWUDU\��LQ�D�ORQJHU�IRUPDW�ÀOP��WKH�
YLHZHU�PXVW�EXLOG�D�PHQWDO�PDS�WKDW�FDQ�WLH�KLP�WR�WKDW�
LPDJLQDU\�ZRUOG�
:KHQ� FUHDWLQJ� D� EDFNJURXQG� IRU� WKH� DQLPDWLRQ�� LW�
is necessary to pay particular attention to the scale 

UHODWLRQVKLS�EHWZHHQ�WKH�VXEMHFW�DQG�EDFNJURXQG�HOHPHQWV�
�VWHSV��UDLOLQJV��IXUQLWXUH�HWF���
(YHQ�LQ�WKH�FDVH�RI�DQ�DQLPDWHG�ÀOP��ZKHUH�QRWKLQJ�H[LVWV�
or needs to be correctly functional, if the elements are not 
ZHOO�RUJDQLVHG��WKH�YLHZHU�ZLOO�JHW�FRQIXVHG�DQG�PLJKW�VWDUW�
IRFXVLQJ�RQ�ZKDW�GRHV�QRW�ZRUN�DW� WKH�H[SHQVH�RI�ZKDW�
LV�HVVHQWLDO��OLNH�WKH�VWRU\�DQG�WKH�FKDUDFWHUV��'HVLJQLQJ�D�
PDVWHU� SODQ� JLYHV� DQ� LGHD� RI� WKH�ZKROH� VHWWLQJ�� DQG� WKH�
FRPSRVLWLRQ�RI�WKH�VSDFH�GHÀQHV�ZKDW�REMHFWV�WKH�FDPHUD�
VHHV�DW�HYHU\�FKDQJH�RI�SRLQW�RI�YLHZ�
(YHQ� LQ� WKH� FDVH� RI� D� KDQG�GUDZQ� ÀOP�� DV� VRRQ� DV� WKH�
FDPHUD� PRYHV�� WKH� LOOXVLRQ� RI� D� �'� VSDFH� LV� FUHDWHG��
DUWLVWV� XVH� VHYHUDO� WULFNV� WR� HQVXUH� WKDW� WKH� EDFNJURXQG�
is not perceived as a static plane, often creating separate 
OD\HUV�IRU�WKH�IRUHJURXQG�PLGGOH�JURXQG�DQG�EDFNJURXQG�
WR� DFFRPPRGDWH� SDUDOOD[� HරHFWV�� GHSWK� RI� ÀHOG� DQG� DOO�
those features that the audience expects from modern 
FLQHPDWRJUDSK\�
&RPSXWHU�JHQHUDWHG� LPDJHV� DOORZ� WKH� DUWLVWV� WR� IUHH�
WKHPVHOYHV�IURP�WKH�ÁDW�SDJH�DQG�FUHDWH�PXOWL�GLPHQVLRQDO�
EDFNGURSV��,I��'�FDQ�IUHH�WKH�DUWLVW�IURP�FHUWDLQ�WHFKQLFDO�
limitations, the freedom to create complex camera 
movements must serve the chosen medium’s aesthetic 
FKDUDFWHULVWLFV��
&XUUHQWO\��LW�LV�FRPPRQ�WR�XVH�VRIWZDUH�VXFK�DV�6NHWFK8S�
WR� FUHDWH� DQG� GHVLJQ� HQYLURQPHQWV�PRUH� HFLHQWO\� DQG�
UHDOLVWLFDOO\��WKDQNV�WR�WKH�DELOLW\�WR�GUDZ�IURP�D�YDVW�OLEUDU\�
RI� SUH�SDFNDJHG� REMHFWV� WKDW� FDQ� WKHQ� EH� UHDVVHPEOHG�
DQG�UHLPDJLQHG��DFFRUGLQJ�WR�D�VSHFLÀF�VW\OH��DOORZLQJ�IRU�
experimentation by, for example varying the point or by 
VLPSO\� KHOSLQJ� WR� GUDZ� D� SUREOHPDWLF� SHUVSHFWLYH�� (YHQ�
ZLWK� DOO� WKLV� WHFKQRORJ\� DW� RXU� GLVSRVDO�� LW� LV� VRPHWLPHV�
appropriate to contain camera moves to respect aesthetic 
FRQVLVWHQFLHV�� )RU� H[DPSOH�� LW� LV� SRVVLEOH� WR� DFKLHYH� D�
GHSWK�RI�ÀHOG�E\�EOXUULQJ�HOHPHQWV�LQ�WKH�GLVWDQFH�RU�WKH�
IRUHJURXQG��+RZHYHU�� VRPHWLPHV�� LW� LV� SRVVLEOH� WR� UHVRUW�
WR� JUDSKLF� VROXWLRQV� E\� RPLWWLQJ� GHWDLOV� RU� ZRUNLQJ� RQ�
FKLDURVFXUR�YDOXHV��
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Project Showcase
7KH�VW\OLVWLF�UHIHUHQFHV�IRU�WKH�SURMHFW�SUHVHQWHG�DV�D�VKRZFDVH�
DUH�WZR�IDPRXV�'LVQH\�SURGXFWLRQV�DOUHDG\�PHQWLRQHG��WKH 
101 Dalmatians and the Aristocats, both set in Europe and 
IHDWXULQJ�KLJKO\�UHFRJQLVDEOH�JUDSKLF�VW\OHV�PDUNHG�E\�VSHFLÀF�
geographical locations, respectively, contemporary London 
DQG�3DULV��%RWK�ÀOPV��HVSHFLDOO\� WKH�ÀUVW�RQH�� UHIHUHQFH� WKH�
ZRUN�RI�(QJOLVK�LOOXVWUDWRU�5RQDOG�6HDUOH������²�������IDPRXV�
for his covers in life�DQG�RWKHU�LQWHUQDWLRQDO�PDJD]LQHV�
(YHQ�DW�D�VXSHUÀFLDO�JODQFH�� WKH�101 Dalmatians reveals an 
innovative�VW\OH�DQG�D�YHU\�GLරHUHQW�ORRN�IRU�D�'LVQH\�ÀOP��WKH�
VHWWLQJV�DUH�DFFXUDWH�DQG�ÀQHVVHG�LQ�OLQH�GUDZLQJV�DQG�WKHQ�
FRORXUHG�LQ�ZDVKHV�RI�FRORXU��ZKLFK�VXJJHVW�WKH�RYHUDOO�PRRG�
RI�WKH�VFHQH�LQ�D�VNHWFK\�ZD\��
7KDQNV� WR� WKH�QHZO\� LQYHQWHG�;HUR[�PDFKLQH� �WKH�DQFHVWRU�
RI� WKH� SKRWRFRSLHU��� WKH� DUWZRUNV�ZHUH� GLUHFWO\� WUDQVIHUUHG�
IURP�SDSHU�WR�DFHWDWHV��DOORZLQJ�IRU�PRUH�JUDSKLF�DQG�IUHVK�
GUDZLQJV�VR�WKDW�FKDUDFWHUV�DQG�VHWV�YLVXDOO\�EHORQJHG�WR�WKH�
VDPH�ZRUOG�
7KH�OHDS�LQ�TXDOLW\�ZDV�SULPDULO\�GXH�WR�WKH�DUWLVWLF�GLUHFWRU�
RI� WKH� ÀOP�� .HQ� $QGHUVRQ�� ZKR�� WRJHWKHU� ZLWK� RWKHU� VWDර�
PHPEHUV��VXFK�DV�7RP�2UHE�DQG�0LOW�.KDO��PRGHUQLVHG�WKH�
style of the studio by referencing the trends of illustration 
DQG�JUDSKLF�UHVHDUFK�RI�WKH���V�DQG���V��ZKLFK�LQ�WXUQ�KDG�
absorbed the trends of the modern paintings of the second 
SRVW�ZDU�SHULRG��
As already mentioned, the other point of reference for the 
SURMHFW�ZH�DUH�SUHVHQWLQJ� LV�5RQDOG�6HDUOH·V�ZRUN��7KH�ÀUVW�
VWHS�ZDV��WKHUHIRUH��WR�VWXG\�5RQDOG�6HDUOH·V�VW\OH��
6HDUOH�HQOLVWHG�LQ�WKH�5R\DO�(QJLQHHUV�RI�WKH�%ULWLVK�$UP\�DW�
WZHQW\�RQH��$W�WKH�EHJLQQLQJ�RI�:RUOG�:DU�,,��KH�DUULYHG�LQ�
6LQJDSRUH�RQ� ��� )HEUXDU\� ������ 6LQJDSRUH� VXUUHQGHUHG� WR�
-DSDQHVH�WURRSV�WZR�GD\V�ODWHU��DQG�6HDUOH�ZDV�WKHQ�WDNHQ��
SULVRQHU�� +H� VXUYLYHG� DQG� UHWXUQHG� KRPH� LQ� ������ 'XULQJ�
KLV�FDSWLYLW\��KH�SURGXFHG�PDQ\�GUDZLQJV�WKDW�KH�WRRN�EDFN�
WR� (QJODQG�� GRFXPHQWLQJ� KLV� WLPH� DV� D� SULVRQHU� RI� :DU��
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+LV� GUDZLQJ� VW\OH� ZDV� XQGRXEWHGO\� WKH� UHVXOW� RI� KLV� 32:�
H[SHULHQFH��6HDUOH�KDG�WR�OHDUQ�D�QHZ�VW\OH�RI�GUDZLQJ�GLUHFWO\�
ZLWK�LQN�ZLWKRXW�ÀUVW�VNHWFKLQJ�LQ�SHQFLO��WKLV�JDYH�ULVH�WR�D�
SHFXOLDU��JUDSKLF��DQG�VSRQWDQHRXV�ZD\�RI�SURGXFLQJ�LPDJHV��
5RQDOG�6HDUOH�EHFDPH�LQWHUQDWLRQDO�UHQRZQ�IRU�ZRUNLQJ�RQ�
WKH�FRYHUV�RI�LQWHUQDWLRQDO�PDJD]LQHV�OLNH�WKH�1HZ�<RUNHU�RI�
/H�0RQGH�DQG�SURGXFLQJ�FRXQWOHVV�LOOXVWUDWHG�ERRNV�
+H� LQÁXHQFHG� D� JHQHUDWLRQ� RI� LOOXVWUDWRUV�� GHVLJQHUV�� DQG�
DQLPDWRUV��LQ�WKH�FDVH�RI�,WDO\��LW�LV�VXFLHQW�WR�UHIHU�WR�DQLPDWLRQ�
from Bruno Bozzetto, countless designs of animations made 
IRU�WKH�&DURVHOOL��XS�WR�WKH�7XVFDQ�FDUWRRQLVW�)UHPXUD��
,Q� ������ GXULQJ� KLV� ÀUVW� WULS� WR� $PHULFD�� 6HDUOH� YLVLWHG� WKH�
'LVQH\�6WXGLRV�DQG�EHIULHQGHG�PDQ\�DUWLVWV�ZRUNLQJ�RQ���� 
Dalmatians�� $OWKRXJK� WKH� %ULWLVK� DUWLVW� GLG� QRW� SDUWLFLSDWH�
LQ�WKH�ÀOP�GLUHFWO\��WKH�ÀOP�DGRSWHG�KLV�VW\OH��5HPDLQLQJ�LQ�
FRQWDFW�ZLWK� WKH� DUWLVWLF� GLUHFWRU�� 6HDUOH� FRQWULEXWHG� WR� WKH�
ÀOP��DOWKRXJK�QRW�RFLDOO\��ZLWK�QRWHV�RQ�/RQGRQ�DQG�WKH�
5HJHQW�3DUN�DUHD�
)RU�WKH�SURMHFW·V�VWRU\OLQH��WKH�PLG�VL[WLHV�,WDOLDQ�5LYLHUD�ZDV�
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FKRVHQ�DV�D�FHQWUDO�FKDUDFWHU��&RXQW�'UDFXOD��7KH�LQWHQW�LV�WR�
create a short comedy narrative that places the character in 
DQ�XQXVXDO�HQYLURQPHQW�
7KH�ÀUVW�VWHS�IRU�WKH�SURMHFW�ZDV�WR�YLVXDOLVH�SRVVLEOH�VLWXDWLRQV�
and places that suggest character moments and interaction 
ZLWK�WKH�HQYLURQPHQW��,Q�WKLV�FDVH��&RXQW�'UDFXOD�LV�QRW�LQ�KLV�
typical handsome vampire disguise but is a grumpy middle-
DJHG�JHQWOHPDQ�ZKR�ZRXOG�OLNH�WR�UHDG�KLV�QHZVSDSHU�DQG�
GULQN�EORRG�RXW�RI�D�ZLQH�FXS��
,Q�D�SURMHFW�RI�WKLV�QDWXUH��RQH�RI�WKH�ÀUVW�WDVNV�LV�WR�VHWWOH�RQ�
D�YLVXDO�VW\OH�WKDW�PHGLDWHV�EHWZHHQ�WKH�UHIHUHQFHG�VW\OLVWLF�
FKRLFH�DQG�VRPHWKLQJ�RULJLQDO�

6WXG\LQJ�6HDUOH·V�DUWZRUN��WKH�ÀUVW�WKLQJ�WKDW�EHFDPH�REYLRXV�
ZDV� WKDW� WKH� ZRUN� KDV� D� VWURQJ� FRPPRQ� GHQRPLQDWRU��
FKDUDFWHULVHG�XVLQJ�LQN�SHQ�OLQHV�RI�GLරHUHQW�WKLFNQHVVHV�DQG�
WKDW�KH�VRPHWLPHV�HPSOR\HG�PL[HG�WHFKQLTXHV�OLNH�PDUNHUV��
ZDWHUFRORXUV��RU�JRXDFKH�
'XULQJ�WKLV�UHVHDUFK�SURFHVV��FRORXU�ZDV�GLVFDUGHG�LQ�IDYRXU�RI�
EODFN�DQG�ZKLWH��D�FKRLFH�FRQVLVWHQW�ZLWK�WKH�KLVWRULFDO�SHULRG�
RI�WKH�ÀOP��VHW�LQ�WKH�VL[WLHV��D�FKRLFH�ZDV�PDGH�WR�IRFXV�RQ�
6HDUOH·V� SHFXOLDULW\� RI� WKLFN� DQG� WKLQ� LQN�ZRUN� RQ� SDSHU� WR�
FUHDWH�DQ�DWPRVSKHUH�WKDW�FDQ�UHFDOO�WKH�FODVVLF�EODFN	�ZKLWH�
ÀOPV�RI�'UDFXOD�ZLWK�%HOD�/XJRVL·V�DV�D�SURWDJRQLVW� ��������
�)LJ��SDJH�����
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7KH�FHQWUDO�SLHFH�RI�DUFKLWHFWXUH�ZKHUH�WKH�DFWLRQ�WDNHV�SODFH�
LV� WKH� IRFXV� RI� WKH� UHVHDUFK� RU� WKH� ÀOP� VHWWLQJV�� 7ZR� UHDO�
locations serve as inspirations, the Grand Hotel of Cesenatico 
DQG�*UDQG�+RWHO� GL� 5LPLQL� ,WDO\� �)LJ�� SDJH� ����� WKHVH� ODUJH�
structures are similar in their architectural structure, and 
scenographic appearance and are highly recognisable in 

,WDO\·V�5RPDJQD�5LYLHUD��7KH�*UDQG�+RWHO�LQ�5LPLQL�²�EXLOW�LQ�������
ZDV�GHVLJQHG�E\�WKH�6RXWK�$PHULFDQ�DUFKLWHFW�3DROR�6RPD]]L��
,W�IHDWXUHG�WZR�GRPHV�DGRUQLQJ�WKH�URRI��EXW�D�ÀUH�GDPDJHG�
WKH�EXLOGLQJ�LQ�-XO\�������GHVWUR\LQJ�WKH�GRPHV��7KH�+RWHO�ZDV�
VHYHUHO\�GDPDJHG�GXULQJ�WKH�:DU�DQG�UHFRQVWUXFWHG�LQ�������
7KH�URRPV�DUH�VWLOO�GHFRUDWHG�ZLWK�9HQHWLDQ�DQG�)UHQFK�DQWLTXHV�
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RI�WKH���WK�FHQWXU\��DQG�WKH�RULJLQDO�ZRRGHQ�ÁRRU��SDUTXHW��DQG�
9HQHWLDQ�FKDQGHOLHUV�KDYH�EHHQ�UHVWRUHG��)HGHULFR�)HOOLQL·V�ÀOP�
Amarcord� IHDWXUHG� WKH�+RWHO�� DQG�5REHUWR�%HQLJQL� DOVR�XVHG�
LW�DV�D�VHW�IRU�KLV�ÀOP�Johnny Stecchino���������7KH�XVH�RI�VWLOOV�
WDNHQ�IURP�%HQLJQL·V�ÀOP�KDV�DOORZHG�IRU�XVHIXO�YLVXDO�UHIHUHQFHV��
SULPDULO\�WR�IRFXV�RQ�IXUQLWXUH��ÁRRU�GHVLJQ�DQG�VSDFH�LQ�JHQHUDO��

7KH�ÀQDO�+RWHO�GHVLJQHG�IRU�WKH�SURMHFW�GRHV�QRW�LQWHQG�WR�
UHSURGXFH�&HVHQDWLFR�RU�5LPLQL�EXW�EOHQGV� LW�E\� UHZRUNLQJ�
elements of both to create a recognisable and evocative 
EXLOGLQJ�� �)LJ�� SDJH� ����� �'� PRGHOV� ZHUH� FUHDWHG� XVLQJ�
6NHWFK8S� WR� IDFLOLWDWH� WKH� GUDZLQJ� SURFHVV� DQG� KHOS� ZLWK�
FRPSOH[�SHUVSHFWLYH�LVVXHV��WKLV�ZDV�SDUWLFXODUO\�UHOHYDQW�ZLWK�
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WKH�YLHZ�RI� WKH�+RWHO� IURQW�DQG�IRU� WKH� LQWHULRU�GHVLJQ�DQG�
YLVXDOLVDWLRQ�RI�WKH�OLIW�DUHD�DQG�WKH�EHGURRPV���)LJ��SDJH�����
One of the project sequences centres on Count Dracula’s 
DUULYDO�DW�WKH�+RWHO��IRU�WKLV�UHDVRQ��LW�ZDV�QHFHVVDU\�WR�FDUU\�
RXW�D�GHWDLOHG�VWXG\�RI�WKH�HQWUDQFH��6RPH�LOOXVWUDWLRQV�ZHUH�
FUHDWHG�HDUO\�WR�H[SORUH�D�SRLQW�RI�YLHZ�DQG�SRVVLEOH�FDPHUD�
DQJOHV��RQFH�WKH�ORRN�RI�WKH�+RWHO�ZDV�ÀQDOLVHG�LQ�D�VXEVHTXHQW�
GHYHORSPHQW��PRUH�DUFKLWHFWXUDO�IHDWXUHV�ZHUH�DGGHG�WR�WKH�
VHTXHQFH��LQ�WKH�LPDJH��)LJ��SDJH������LW�LV�SRVVLEOH�WR�VHH�WKH�
FDQRS\� WKDW�SURWUXGHV� IURP� WKH�EXLOGLQJ�ZLWKRXW� VXSSRUWV��
7ZR� FDVW�LURQ� FDQRSLHV� RI� WKH� VDPH� W\SH�� RQH� LQ� )ORUHQFH�
DQG� WKH�RWKHU� LQ�3DULV��ZHUH� WDNHQ�DV�D� UHIHUHQFH�DQG� WKHQ�
H[DJJHUDWHG�LQ�SURSRUWLRQV�WR�REWDLQ�WKH�GHVLUHG�HරHFW��
A coherent design approach that inserts Searle’s style in 
FKDUDFWHUV�RU�HOHPHQWV�RI� WKH�EDFNJURXQG� LV� FHQWUDO� WR� WKH�
SURMHFW��,W�LV�SUHVHQW�HYHQ�VXEOLPLQDOO\�LQ�DV�PDQ\�HOHPHQWV�DV�
SRVVLEOH��)RU�H[DPSOH��)LJ��SDJH������GHSLFWV�WKH�VWXG\�RQ�WKH�
IRXQWDLQ�ORFDWHG�LQ�IURQW�RI�WKH�PDLQ�HQWUDQFH�RI�WKH�+RWHO��
7KH�*UHHN�VWDWXH�RI�WKH�'DQFLQJ�6DW\U�LQVSLUHV�WKH�ÀUVW�VNHWFK��
the second to the left is the image made by the set designer, 
ZKR�VRPHKRZ�PDLQWDLQV�WKH�SRVWXUH�DQG�JHQHUDO�OLQH�RI�DFWLRQ�
RI�WKH�LQLWLDO�VNHWFK�DQG�WKH�ÀQDO�LPDJH�WKDW�PDNHV�WKH�IHPDOH�
ÀJXUHV�PRUH�RI�D�6HDUOH·V�FKDUDFWHU��
7KH�ÀUVW�VHTXHQFH�RI�WKH�ÀOP�LV�VHW�LQ�D�GRFWRU·V�RFH��7\SLFDOO\��
WKH�ZRUN�KDSSHQV�LQ�D�SDUDOOHO�IDVKLRQ��7KH�VHW�GHVLJQHU�QHHGV�
WR� XQGHUVWDQG� HOHPHQWV� FRQFHUQHG� ZLWK� WKH� SHUVSHFWLYH�
SRLQW�RI�YLHZ�WR�FUHDWH�D�IXQFWLRQLQJ�FRPSRVLWLRQ�WKDW�LV�WKHQ�
GHFRUDWHG� ZLWK� DGGLWLRQDO� HOHPHQWV�� 7KH� LPDJH� IHDWXUHV� D�
GRFXPHQW� XVHG� WR� SODQ� WKH� EXLOGLQJV·� LQWHULRU�� GHÀQLQJ� WKH�
SODFH·V�JHRJUDSK\�XVHG�WR�SODQ�WKH�FDPHUD�PRYHV�
)LJ��SDJH����VKRZV�WKH�HQYLURQPHQW�RI�WKH�'RFWRU·V�ZDLWLQJ�
URRP�ZLWK�YDULRXV�REMHFWV�RI�WKH�LQWHULRU�GHVLJQ�RI�HYHU\GD\�
XVH�WKDW�PDNHV�LW�ORRN�´OLYHG�LQµ��
,Q� WKLV� FDVH�� LW� LV� D� ULFK� VFHQRJUDSK\�ZLWK�PDQ\� GHWDLOV� WKDW�
RYHUSRZHU� D� FKDUDFWHU�� +RZHYHU�� LQ� WKLV� VSHFLÀF� FDVH�� LW�
EHFRPHV�SDUW�RI�WKH�ÀOP·V�VWRU\WHOOLQJ��DV�LW�SHUIRUPV�D�VSHFLÀF�
QDUUDWLYH�IXQFWLRQ�E\�LQWURGXFLQJ�WKH�VSHFWDWRU�WR�WKH�RFH·V�
DWPRVSKHUH��
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In the case of the exterior of the building Fig-XX, the designer 
deliberately chose to reference the poster of the live-action 
ÀOP�The Exorcist��WKH�VKRUW�ÀOP�RunAway Brain�'LVQH\������
DOVR�XVHG�WKH�VDPH�SOR\���,Q�WKLV�FDVH��WKH�EDFNJURXQG�SOD\V�
ZLWK� DQ� DGGHG� YDOXH� WR� D� VXEOLPLQDO� UHIHUHQFH� WR� D� ZHOO�
NQRZQ�KRUURU� ÀOP�� 7KH� LPDJH� FRQWDLQV� SUHOLPLQDU\� VWXGLHV�
RI� FRPSRVLWLRQ�� ZKHUH� OLJKWV� DQG� VKDGRZV� DUH� XVHG� DV�
VROLG� FRPSRVLWLRQDO� HOHPHQWV�� 5HGXFLQJ� VRPH� SDUWV� RI� WKH�
EDFNJURXQG� GHWDLOV� IDFLOLWDWH� UHDGLQJ� DQG� PD[LPLVHV� WKH�
YLVLELOLW\�RI�WKH�DFWLRQ�)LJ��SDJH����
)RU� DQ� DQLPDWHG� VKRUW� ÀOP�� D� VHTXHQFH� LV� RIWHQ� FRQFHLYHG�
VWDUWLQJ� IURP� D� FHQWUDO� FRQFHSW�� )LJ�� SDJH� ��� LV� WKH� YLVXDO�
exploration that is then divided into individual scenes through 
D�VWRU\ERDUG�� ,Q� WKLV� FDVH�� WKH� VHTXHQFH� IHDWXUHV�D�FRPLFDO�
VLWXDWLRQ� ZKHUH� WKH� FKDUDFWHU� PXVW� FDUU\� KHDY\� VXLWFDVHV�
IRU�D� ORQJ�ÁLJKW�RI�VWDLUV�DV�WKH�HOHYDWRU� LV� IDXOW\��2QFH�WKH�
succession of events has been established, it is advisable 
WR� SODQ� WKH� JHRJUDSK\� RI� WKH� ÀQDO� VHW�� 'LරHUHQW� SDUWV� RI�
WKH�XSVWDLUV�ÁRRU�SODQ�DUH�VXEGLYLGHG�� OLNH�WKH�FRUULGRU��WKH�
HQWUDQFH��DQG�WKH�YLHZ�RI�WKH�URRP�LQWHULRU�
As production progresses, the designer may be called upon 
WR�GHYHORS�HOHPHQWV� LQ�GHWDLO��ZKLFK�FDQ�EH�VLPSOH�REMHFWV�

or parts of an environment that prove essential to the 
VWRU\WHOOLQJ�
The elevator is one of the central elements of the atrium of 
WKH�+RWHO�)LJ��DW�SDJH�����,W�ZDV�LQLWLDOO\�RQO\�SDUWLDOO\�GHÀQHG��
but as the story evolved, it became a more critical narrative 
HOHPHQW�QHHGLQJ�D� FORVHG� ORRN�� 7KH�EDVLF� LGHD� LV� WKDW�RI� D�
FHQWUDO� HOHYDWRU� DURXQG� ZKLFK� D� VWDLUFDVH� OHDGLQJ� WR� WKH�
YDULRXV�ÁRRUV�GHYHORSV��7KH� LQLWLDO� YLVXDO� UHIHUHQFH�ZDV� WKH�
+RWHO�*HRUJH�9�LQ�3DULV��+RZHYHU��WKH�UHVXOW�GLG�QRW�PHHW�WKH�
intended expectations, as this type of lift has a gate to access 
WKH�FDELQ·V�LQWHULRU��ZKLFK�ZRXOG�KDYH�FRPSOLFDWHG�WKH�VWRU\�
XQQHFHVVDULO\��$Q�HOHYDWRU�ZKRVH�GRRU�RSHQV�FRQYHQWLRQDOO\�
ZDV�DGRSWHG��ZLWK�D�GRRU�GHVLJQ�UHPLQLVFHQW�RI�1HZ�<RUN·V�$UW�
'HFR�HOHYDWRUV��:H�KDYH�WKHUHIRUH�FRPPLWWHG�D�JHRJUDSKLFDO�
LPSURSULHW\�VROHO\�IRU�DHVWKHWLF�VWRU\WHOOLQJ�SXUSRVHV���
7KH�LPDJH�LQ�)LJ��DW�SDJH����VKRZV�WKH�GHWDLOHG�VWXG\�DQG�
YDULRXV� LWHUDWLRQV� RI� WKH� HOHYDWRU�� 2WKHU� LPDJHV� VKRZ� WKH�
GHVLJQ� GHYHORSPHQW� RI� VSHFLÀF� REMHFWV�� LQ� WKLV� FDVH�� WKH�
SKRQH��WKURXJK�SKRWRJUDSKLF�UHIHUHQFHV��LQ�WKLV�FDVH��D�SKRQH�
ZLWK�DQ�DQWLTXH�IHHOLQJ�ZDV�ÀUVW�XVHG��WKLV�FRQFHSW�ZDV�WKHQ�
DEDQGRQHG�LQ�IDYRXU�RI�VRPHWKLQJ�VOLJKWO\�PRUH�PRGHUQ�OLNH�
WKH�H[DPSOH�LQ�)LJ��SDJH����
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Conclusion
'HVLJQHUV� LQ�HYHU\�ÀHOG�PXVW�DVVHPEOH�PDQ\� LQSXWV�DQG�
UHRUJDQLVH� WKHP� WR� VXLW� WKH�GHVLUHG� VWRU\WHOOLQJ��ZKHWKHU�
ZRUNLQJ�RQ�D�EDFNJURXQG�IRU�DQ�DQLPDWHG�ÀOP�RU�GHVLJQLQJ�
DQ�DFWXDO�EXLOGLQJ�� %RWK�GLVFLSOLQHV�KDYH� LQ� FRPPRQ� WKH�
HOHPHQW�RI�PRYHPHQW�WKURXJK�VSDFH�
,Q�WKLV�SDSHU��ZH�KDYH�SUHVHQWHG�D�VHULHV�RI�H[DPSOHV�UHODWHG�
WR�DQ�DQLPDWHG�VKRUW�ÀOP�WKDW�IHDWXUHG�VSHFLÀF�UHIHUHQFHV�
WR� JHRJUDSKLF� DQG� VSDWLDO� HOHPHQWV� DQG� GLVFXVVHG� KRZ�
the study of locations and its implementations in a real-
ZRUOG� H[DPSOH� FRXOG� VXFFHVVIXOO\� PDUU\� GHVLJQ� LQWHQW��
VWRU\WHOOLQJ��DQG�WKH�VWXG\�RI�DUFKLWHFWXUH��7KH�SDSHU�KDV�
GLVFXVVHG� VRPH� H[DPSOHV� ZKHUH� WKH� LQWHUGLVFLSOLQDU\�
LQWHUVHFWLRQ� EHWZHHQ� DUFKLWHFWXUH� DQG� DQLPDWLRQ� KDV�
HVWDEOLVKHG�D�FRQQHFWLRQ�ZLWK�UHDOLW\�IRU�WKH�DXGLHQFH�DQG�
IXUWKHU� DUJXHG� KRZ� WKH� NQRZOHGJH� RI� DUFKLWHFWXUH� DQG�
art history has been employed in the past and present of 
DQLPDWHG�FLQHPD�� ,Q� WKH� IXWXUH�RI� WKH�'LJLWDO�+XPDQLWLHV�
GLVFLSOLQHV�� WKH� LQWHUGLVFLSOLQDU\� FRQQHFWLRQV� EHWZHHQ�
DSSDUHQWO\� XQUHODWHG� GLVFLSOLQHV� QHHG� WKH� FRGLÀFDWLRQ�
of methodologies that both scholars can adopt in the 
KXPDQLWLHV�DQG�SUDFWLWLRQHUV�LQ�DQLPDWLRQ�DQG�DUFKLWHFWXUH�
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Abstract

7KRVH� ZKR� REVHUYH� D� SDLQWHG�� GUDZQ�� FDUYHG�� RU� VFXOSWHG�
perspective perceive three-dimensional spaces and 
HQYLURQPHQWV� WKDW� DUH� QRW�� KRZHYHU�� SUHVHQW� LQ� UHDOLW\��
6LPLODUO\��WKH�XVHU�XVLQJ�95�DQG�$5�V\VWHPV�SHUFHLYHV�VSDFHV�
DQG�HOHPHQWV�WKDW�DUH�QRW�SK\VLFDOO\�WDQJLEOH�
7KHVH� WHFKQRORJLHV� DOORZ�� WKURXJK� WKH� XVH� RI� WKUHH�
dimensional models, to simulate scenarios and interactions 
ZLWK� VWURQJ� FRPPXQLFDWLYH� SRZHU� WKDW� LQWURGXFH� WKHPHV�
VXFK� DV� WKH� SHUFHSWLRQ� RI� LOOXVRU\� VSDFHV�� WKDQNV� WR� WKHLU�
fundamental characteristics such as immersiveness and 
LQWHUDFWLRQ��WKURXJK�ZKLFK�WKH�XVHU�FRPHV�LQWR�FRQWDFW�ZLWK�
YLUWXDO�VFHQDULRV��
7KH� SDSHU� SUHVHQWHG� LQWHQGV� WR� UHÁHFW� RQ� WKLV� DQDORJ\��
relating it to the suggestive aspect that quadratures could 
DURXVH� LQ� WKH� YLHZHU� RI� WKH� WLPH�� GHFHLYLQJ� WKH� H\H� DQG�
GLODWLQJ� VSDFH�� DQG� WKH� LQWHUHVW� WKDW� QHZ� WHFKQRORJLHV�
VWLPXODWH�LQ�WKH�FRQWHPSRUDU\�YLHZHU�
7KLV� UHODWLRQVKLS� DOORZV� XV� WR� PDNH� WKH� PRVW� RI� WKH�
SHUFHSWXDO� FRPSRQHQW� RI� WKHVH� H[SHULHQFHV� DQG� WR� UHÁHFW�

on the contribution these technologies can have in the study 
RI�$UFKLWHFWXUDO�3HUVSHFWLYHV�
This paper discusses some applications and consequent 
UHÁHFWLRQV� DULVLQJ� IURP� GLරHUHQW� FDVH� VWXGLHV�� ZKLFK� KDYH�
GLරHUHQW�GLPHQVLRQDO�FKDUDFWHULVWLFV�DQG�PDGH�ZLWK�GLරHUHQW�
WHFKQLTXHV�
,Q� SDUWLFXODU�� LW� DLPV� WR� EULQJ� WR� OLJKW� WKH� GLරHUHQW� W\SHV�
RI� LQWHUDFWLRQV� WKDW� WKH� XVHU� FDQ� JHW� IURP� WKH� XVH� LQ� QHZ�
WHFKQRORJLHV� LI� WKH\�DUH�DSSOLHG� WR� WKH�FKRVHQ� WKHPH��$QG�
DJDLQ�� XQGHUVWDQG� KRZ�� WKURXJK� SHUFHSWXDO� H[SHULHQFH��
LOOXVRU\� VSDFH� FDQ� EHVW� EH� UHSUHVHQWHG� ZLWK� WKH� VHOHFWHG�
GLJLWDO�WRROV�
The use of these instruments for the study of Architectural 
Perspectives is intended to represent the innovative 
contribution that this study proposes, relating to the 
VXJJHVWLYH�DVSHFW�WKDW�TXDGUDWXUH�FRXOG�DURXVH�LQ�WKH�YLHZHU�
of the past, deceiving the eye and dilating the space, and the 
LQWHUHVW�WKDW�QHZ�WHFKQRORJLHV�VWLPXODWH�LQ�WKH�FRQWHPSRUDU\�
YLHZHU��FDSDEOH�RI�DVWRQLVKLQJ�DQG�VKRZLQJ�QHZ�UHDOLWLHV�
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Introduction
Perceiving space is a simple yet complex exercise involving the 
VHQVHV��7KLV�H[HUFLVH�LV�SUDFWLFHG�HYHU\�GD\�DQG�LQ�HYHU\�FRQWH[W�
because a right understanding of the environment around us 
LV�QHFHVVDU\��7KHUHIRUH��ZKHQ�ZH�DUH� IDFHG�ZLWK� V\VWHPV� WKDW�
VLPXODWH�VSDWLDO�HරHFWV��RXU�EUDLQ�JHQHUDWHV�D�UHVSRQVH��ZKLFK�LV�
DOZD\V�PHGLDWHG�E\�RXU�H[SHULHQWLDO�EDFNJURXQG�
7KLV�NLQG�RI�UHVSRQVH�LV�REWDLQHG�ZKHQ�ORRNLQJ�DW�$UFKLWHFWXUDO�
Perspectives1��D�ÀJXUDWLYH�JHQUH��ZKLFK�DLPV��WKURXJK�WKH�XVH�RI�
SHUVSHFWLYH��WR�WULFN�WKH�H\H�E\�UHSUHVHQWLQJ�WKUHH�GLPHQVLRQDO�
HQYLURQPHQWV�
-XVW�DV�SHUVSHFWLYH��ZKLFK�IRXQG�LWV�FRGLÀFDWLRQ�DQG�ZLGH�XVH�
LQ�DUWLVWLF�SURGXFWLRQ�LQ�WKH�5HQDLVVDQFH2, aimed to surprise the 
YLHZHU�E\�GHFHLYLQJ�WKH�H\H�DQG�DURXVLQJ�DZH��9LUWXDO�5HDOLW\�DQG�
$XJPHQWHG�5HDOLW\3�DOVR�ZDQW�WR�VXUSULVH�WKH�XVHU�E\�FDWDSXOWLQJ�
KLP�RU�KHU�LQWR�YLUWXDO�VFHQDULRV��)LJ�����
%HFDXVH�RI�WKH�YDVW�KHULWDJH�WKDW�PDNHV�XS�WKH�JHQUH��FDVH�VWXGLHV�

ZLOO�EH�XVHG�WKDW�GLරHU�LQ�WKHLU�FKDUDFWHULVWLFV�DQG�SHFXOLDULWLHV��
the Sala dei Centro Giorni��)LJ���D���SDLQWHG�E\�*LRUJLR�9DVDUL�LQ�
����4��LV�D�ODUJH�IUHVFRHG�URRP��FUHDWHG�LQ�WKH�VDPH�SHULRG�DUH�
WKH�ZRRGHQ�LQOD\V�RI�WKH�FKRLU�RI�6DQ�'RPHQLFR�UHDOL]HG�E\�
)UD�'DPLDQR�=DPEHOOL��)LJ���E���FRPSRVHG�RI�LQGLYLGXDO�LPDJHV�
of more modest dimensions���HYHQ�VPDOOHU�LQ�VL]H�DUH�WKRVH�RI�
WKH�SHUVSHFWLYHV�FRQWDLQHG�LQ�$QGUHD�3R]]R·V�WUHDWLVH��)LJ���F���
ZKLFK��E\�GDWH�LV�VLWXDWHG�ODWHU�LQ�WLPH������6�
7KH�YLHZHU�REVHUYLQJ�OLYH�SHUVSHFWLYH�LPDJHV�LV�VWURQJO\�LQÁXHQFHG�
E\�ZKDW�WKHLU�H\H�SHUFHLYHV�DV�D�GLODWHG�VSDFH��L�H���D�YLUWXDO�VSDFH��
WKLV�DOVR�RFFXUV�LQ�RWKHU�VLPLODU�ZD\V�LQ�$5�DQG�95�DSSOLFDWLRQV�
LQ�ZKLFK� WKH� YLHZHU� LV� FRQYROXWHG�E\� YLUWXDO� WKUHH�GLPHQVLRQDO�
FRQWHQW��6R��WKH�SXUSRVH�LV�WR�H[SORUH�WKH�UHODWLRQVKLS�EHWZHHQ�
TXDGUDWXUHV�DQG�LPPHUVLYH�V\VWHPV��UHÁHFWLQJ�LQ�SDUWLFXODU�RQ�WKH�
SHUFHSWXDO�LPSOLFDWLRQV�WKH\�KDYH�
But in addition to this function, the use of these tools, in 
the proposed research, aims to the investigation and deep 
XQGHUVWDQGLQJ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�UHDO�DQG�LOOXVRU\�VSDFH�
through the creation of a digital model7�UHSUHVHQWLQJ�ERWK��)LJ�����

)LJ������7KH�YLHZHU�LQVLGH�WKH�6DOD�GHL�&HQWR�*LRUQL��OHIW��DQG�WKH�XVHU�YLHZLQJ�WKH�VDPH�6DOD�LQ�9LUWXDO�5HDOLW\�
)LJ������7KH�ZRUNV�FKRVHQ�DV�FDVH�VWXGLHV��D��6DOD�GHL�&HQWR�*LRUQL��3DOD]]R�GHOOD�&DQFHOOHULD��5RPH��E��VL[WK�LQOD\�RI�WKH�'RVVDO�RI�WKH�&KRLU�RI�6DQ�
'RPHQLFR��%RORJQD��F��)LJXUH����RI�WKH�VHFRQG�YROXPH�RI�WKH�WUHDWLVH�3HUVSHFWLYD�SLFWRUXP�HW�DUFKLWHFWRUXP�E\�$QGUHD�3R]]R�
)LJ������7KUHH�GLPHQVLRQDO�PRGHO�UHSUHVHQWLQJ�WKH�SHUVSHFWLYH�VSDFH�RI�WKH�FDVH�VWXGLHV�
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AR and VR for the study of cultural heritage
$5�DQG�95�WHFKQRORJLHV�DUH�SDUW�RI�WKH�,7&�D�PDFUR�JURXS�
WKDW�LQFOXGHV�WKH�VHW�RI�LQIRUPDWLRQ�WHFKQRORJLHV��EXW�PRUH�
VSHFLÀFDOO\� WKH\� DUH�SDUW�RI� WKRVH� LPPHUVLYH� WHFKQRORJLHV�
WKDW�IRFXV�RQ�WKH�XVHU�H[SHULHQFH�DQG�ZH�ÀQG�WKHP�DORQJ�
ZLWK�RWKHU�W\SHV�RI�WRROV�VXFK�DV�6SDWLDO�$XJPHQWHG�5HDOW\��
9LGHR� 0DSSLQJ�� DQG� 0L[HG� 5HDOLW\� MXVW� WR� QDPH� D� IHZ8� 
These tools are in the context of Cultural Heritage 
conventionally and increasingly used for communication and 
YDORUL]DWLRQ�SKDVHV��$5�DQG�95�PDNH�LW�SRVVLEOH�WR�VLPXODWH�
VFHQDULRV�DQG�LQWHUDFWLRQV�ZLWK�VWURQJ�FRPPXQLFDWLYH�SRZHU�
that introduce themes such as the perceptual contribution 
RI� WKH� YLHZHU� WR� WKH� DUWZRUNV�� 7KLV� LV� EHFDXVH� WKHLU� NH\�
IHDWXUH�LV�WKH�LPPHUVLYHQHVV�DQG�LQWHUDFWLRQ�WKURXJK�ZKLFK�
WKH� XVHU� FRPHV� LQWR� FRQWDFW� ZLWK� WKH� YLUWXDO� VFHQDULRV� 
Neurobiology states that the nervous system developed as 
a response to input from the surrounding environment9��
WKH� REMHFWV� DURXQG� XV� ZH� VHH� WKURXJK� FRXQWOHVV�
SHUVSHFWLYHV�� XQGHU� GLරHUHQW� OLJKWLQJ� FRQGLWLRQV� DQG� DW�
HYHU�FKDQJLQJ� GLVWDQFHV�� QHYHUWKHOHVV�� ZH� DUH� DEOH� WR�
understand their absolute form because it is the mind 
that actively contributes in vision by providing “added 
YDOXHµ� WR� WKH� LPDJHV� ZH� UHFHLYH� IURP� WKH� RXWVLGH� ZRUOG� 

$� VLPLODU� SURFHVV� KDSSHQV� ZKHQ� YLHZLQJ� WZR�GLPHQVLRQDO�
LPDJHV�� ZKHWKHU� SDLQWHG� RU� GUDZQ� RU� WKH� UHVXOW� RI� YLUWXDO�
SURMHFWLRQV�� WKDW� VLPXODWH� WKUHH�GLPHQVLRQDO� VSDFHV� �)LJ�� ��� 
-XVW�DV�WKH�DUWLVW�NQRZV�WKDW�WKH\�FDQQRW�WDNH�IRU�JUDQWHG�WKH�
understanding of the imagined space in their mind and therefore 
PXVW�DOZD\V�UHLWHUDWH�LW��WKURXJK�YLVXDO�PHWKRG10��LQ�WKH�VDPH�ZD\�
WKRVH�ZKR�DSSURDFK�WKH�XVH�RI�QHZ�WHFKQRORJLHV�PXVW�DOZD\V�
WDNH�WKHVH�UXOHV�LQWR�DFFRXQW�IRU�HරHFWLYH�SHUFHSWXDO�LPSDFW� 
0XFK�KDV�EHHQ�ZULWWHQ11 about the use of these technologies 
applied to Cultural Heritage by framing the topic and 
HPSKDVL]LQJ� WKH�SRWHQWLDO� WKDW� WKHVH� WRROV� KDYH�ZLWK� LQ� WKH�
FRPPXQLFDWLRQ�� 7KHUH� DUH� PDQ\� UHVHDUFKHV� WKDW� PDNH� XVH�
of these tools for the representation and enhancement of 
&XOWXUDO� +HULWDJH�� VXFK� DV� WKH� ZRUN� GRQH� RQ� WKH� EDVLOLFD�
RI� 6DQWD�0DULD� GL� /RUHWR12� LQ� ZKLFK� GLරHUHQW� VWUDWHJLHV� DUH�
LQWURGXFHG�WR�GHOYH� LQWR�GLරHUHQW�DVSHFWV�RI�DQ�DUFKLWHFWXUDO�
PRQXPHQW�� LQ� WKLV� VWXG\� GLරHUHQW� WHFKQRORJLHV� DUH� XVHG�
WR� KLJKOLJKW�� LQ� D� V\VWHPDWLF� DQG� YLVXDO� ZD\�� LQIRUPDWLRQ� RI�
YDULRXV� NLQGV��2U� DJDLQ�� LQ� WKH�ZRUN13 done on the Scoletta 
GHO�&DUPLQH�LQ�3DGXD��WKH�SRWHQWLDO�RI�GLරHUHQW�9LUWXDO�5HDOLW\�
WRROV� DUH� WHVWHG�� ZLWK� GLරHUHQW� GHJUHHV� RI� LPPHUVLYHQHVV��
RQ� WKH� SDLQWHG� SHUVSHFWLYHV� ZLWKLQ� WKH� HQYLURQPHQW� 
7KH�WZR�V\VWHPV�SUHVHQWHG�SRVVHVV�GLරHUHQW�FKDUDFWHULVWLFV�LQ�
WHUPV�RI�WKH�GHJUHH�RI�LPPHUVLYHQHVV�DQG�WKXV�LQ�WKH�ZD\�RQH�
LQWHUDFWV�ZLWK�DQG�SHUFHLYHV�WKH�GLODWHG�VSDFH��)LJ�����

)LJ������$�WZR�GLPHQVLRQDO�LPDJH�FDQ�EH�LQWHUSUHWHG�DV�WKUHH�GLPHQVLRQDO�
)LJ������$5�V\VWHPV��OHIW��KDYH�ORZ�LPPHUVLYHQHVV�FRPSDUHG�WR�95�V\VWHPV��ULJKW���EHFDXVH�LQ�WKH�ODWWHU�FDVH�GLJLWDO�FRQWHQW�VXUURXQGV�WKH�XVHU�
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Perception in AR systems
7KH� TXDGUDWXULVW� ZRUN�� ZLWK� LWV� GLරHUHQW� OHYHOV� RI� UHDGLQJ��
PDNHV� LW� SRVVLEOH� WR� VWXG\� WKH� UHODWLRQVKLS� EHWZHHQ� WZR�
dimensional and three-dimensional elements, as is the case, 
IRU� H[DPSOH�� LQ� H[SHULPHQWV� WKDW�PDNH� XVH� RI� $XJPHQWHG�
5HDOLW\�� RYHUOD\LQJ� WKH� WZR�GLPHQVLRQDO� SHUVSHFWLYH� LPDJH�
ZLWK� WKH� WKUHH�GLPHQVLRQDO� PRGHO� LW� UHSUHVHQWV�� 7DNLQJ�
advantage of this type of technology and associating it 
ZLWK�DUFKLWHFWXUDO�SHUVSHFWLYHV��WKH�UHODWLRQVKLS�EHWZHHQ��'�
information content and target becomes fundamental, the 
ODWWHU� UHSUHVHQWHG�E\� WKH�ZRUN� LWVHOI� EHFRPLQJ�SDUW� RI� WKH�
PRGHO�� ZLWKRXW� ZKLFK� WKH� LQIRUPDWLRQ� FRQWHQW� ZRXOG� ORVH�
UHOHYDQFH��7KH�SHUVSHFWLYH�LPDJH�XVHG�DV�D�WDUJHW�UHSUHVHQWV�
an added value in this reading: the use of the target is no 
ORQJHU�MXVW�D�UHFRJQLWLRQ�PDUNHU��ZKRVH�IXQFWLRQ�LV�WKHUHIRUH�
no longer just relegated to the orientation of the digital 
FRQWHQW�ZLWK�UHIHUHQFH�WR�WKH�FDPHUD�
,Q� V\VWHPV� WKDW� H[SORLW� $XJPHQWHG� 5HDOLW\�� LQWHUDFWLRQ� LV�
DOZD\V�PHGLDWHG�E\�WKH�GHYLFH�WKDW�VWDQGV�EHWZHHQ�WKH�UHDO�
HQYLURQPHQW�DQG�WKH�DXJPHQWHG�H[SHULHQFH��,Q�WKLV�FDVH�WKH�
XVHU�PDQDJHV�WKH�SRLQW�RI�YLHZ�ZLWK�ZKLFK�WKH�PRGHOV�DUH�
VKRZQ�DQG�YLVXDO�FRQWDFW�ZLWK� WKH�VRXUFH�ZRUN� LV�SRVVLEOH��
ZKLFK�LQ�WKH�DQDO\]HG�FDVHV�EHFRPHV�WKH�DFWLYDWLQJ�WDUJHW�RI�
WKH�WHFKQRORJ\��7KH�WKUHH�GLPHQVLRQDO�PRGHO�DULVHV�IURP�WKH�
SHUVSHFWLYH�LPDJH�DQG�LV�LQ�FRQWLQXLW\�ZLWK�LW�DQG�LV�LWV�VSDWLDO�
WUDQVSRVLWLRQ��7KLV�UHLQIRUFHV�WKH�OLQN�EHWZHHQ�SHUVSHFWLYH�DQG�
$5�WKDW�VHHV�WKH�FHQWUH�RI�SURMHFWLRQ�DV�WKH�YLUWXDO�FKDPEHU��
WKH�SLFWXUH�SODQH��RQ�ZKLFK�WKH�LPDJH�LV�IRUPHG��DV�WKH�WDUJHW��
DQG�WKH�PRGHO�DV�WKH�DXJPHQWHG�FRQWHQW��)LJ�����
2Q� WKLV� ZH� FDQ� UHÁHFW� RQ� WKH� SRVLWLRQ� RI� WKH�PRGHO� ZLWK�
UHVSHFW�WR�WKH�SLFWXUH�SODQH��ZKLFK�LQ�WKH�FODVVLFDO�SHUVSHFWLYH�
FDQ�WDNH�RQ� LQÀQLWH�SRVLWLRQV��EXW�ZKLFK�ZH�FDQ�WUDFH�EDFN�
WR�WKUHH�FDVHV��ZKHUHDV�LQ�WKH�GHIDXOW�$5�WKH�PRGHO�DOZD\V�
SURMHFWV�LQ�IURQW�RI�WKH�WDUJHW��)LJ�����
,Q�RUGHU�WR�DFKLHYH�D�SHUFHSWXDO�HරHFW�VLPLODU�WR�WKH�VHFRQG�
FDVH�� LQ� ZKLFK� WKH�PRGHO� VWUDGGOHV� WKH� SLFWXUH� SODQH�� LW� LV�

)LJ������&RPSDULVRQ�EHWZHHQ�SHUVSHFWLYH��WRS��DQG�$XJPHQWHG�5HDOLW\�
�ERWWRP��

)LJ������&RPSDULVRQ�RI�VSDWLDO�FRQÀJXUDWLRQV��LQ�SHUVSHFWLYH�WKH�PRGHO�
FDQ� EH� DKHDG� RU� EHKLQG� WKH� SLFWXUH� SODQH�� LQ� $5� LW� DXWRPDWLFDOO\�
SURMHFWV�LQ�IURQW�RI�WKH�WDUJHW�
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possible to integrate parts of the target into the virtual model 
VR�WKDW� WKH\�VHUYH�DV�D�SHUFHSWXDO� UHIHUHQFH��7KLV�RFFXUV� LQ�
the Sala dei Centro Giorni�PRGHO� LQ�ZKLFK� WKH�SDUWV� LQ� WKH�
PRGHO�FRLQFLGHQW�ZLWK�WKH�SDUWLWLRQV�KDYH�EHHQ�WH[WXUHG��LQ�
WKH�WUXH�IRUP�SDUWV�ZKHUH�WKH�PRGHO�LV�RQ�WKH�SLFWXUH�SODQH��
7KLV�DOORZV�XV�WR�SHUFHLYH�WKH�VWDLUFDVHV�LQ�IURQW�RI�WKH�WDUJHW�
DQG�WKH�VFHQH�EHKLQG��)LJ�����
Again in an inlay of the choir of San Domenico in Bologna, the 
XUEDQ�VFHQH�VHHPV�WR�XQUDYHO�ZLWKLQ�WKH�ZRRGHQ�IUDPHZRUN�
RI� WKH� EDFNUHVW�� :LWKRXW� PRGLÀFDWLRQ� E\� SURMHFWLQJ�

$XJPHQWHG�5HDOLW\�WKH�PRGHO�ZRXOG�VHHP�WR�FRPH�RXW�RI�WKH�
SHUVSHFWLYH�LPDJH��,Q�WKLV�FDVH��LQ�DGGLWLRQ�WR�LQWHJUDWLQJ�SDUW�
RI�WKH�WDUJHW�ZLWKLQ�WKH�PRGHO��WKH�EDFNVLGH�ZDV�VFUHHQHG�DV�
LV�GRQH�LQ�SKRWRJUDSKLF�VHWV�DQG�D�IURQW�VFUHHQ�ZDV�FUHDWHG�
WKDW�H[WHQGV�EH\RQG�WKH�IUDPH��)LJ�����
7KHVH� WZR� VWUDWHJLHV� WKXV� PDNH� WKH� LPSUHVVLRQ� WKDW� WKH�
PRGHO�RI�WKH�XUEDQ�VFHQH�GHYHORSV�EH\RQG�WKH�IUDPH��7KH�
VHQVH�RI�SHUVSHFWLYH�EUHDNLQJ�WKURXJK�LV�WKXV�SRVVLEOH�LI�RQH�
IXOO\�H[SORLWV� WKH�UHODWLRQVKLS�ZLWK�WKH�WDUJHW�E\� LQWHJUDWLQJ�
SDUWV�RI�LW�ZLWKLQ�WKH�PRGHO��)LJ������

)LJ������$5�H[SHULPHQW�RQ�WKH�6DOD�GHL�&HQWR�*LRUQL�
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2U�WKH�H[SHULPHQWDWLRQ�FRQGXFWHG�RQ�ÀJXUH����RI�$QGUHD�
3R]]R·V� WUHDWLVH�� ZKLFK� WKURXJK� $5� PDNHV� H[SOLFLW� WKH�
perspective decoding by revealing the position of the 
REVHUYHU� LQ� VSDFH�� ,W� LV� SRVVLEOH� WR� H[SORLW� WKH�SRWHQWLDO�
RI�WKH�WRRO�E\�GHVLJQLQJ�LQWHUDFWLRQV�WKDW�DOORZ�WKH�XVHU��
once the device is placed in the centre of projection, to 
DSSUHFLDWH� WKH� FROOLPDWLRQ� EHWZHHQ� SHUVSHFWLYH� LPDJH�
DQG�WKUHH�GLPHQVLRQDO�PRGHO��)LJ������
$XJPHQWHG� 5HDOLW\� UHSUHVHQWV� DQ� RYHUOD\� RI� FRQWHQW�
RI� WKH� H[LVWLQJ� UHDOLW\�� ,Q� WKLV� FDVH�� WKH� ´DGGLWLRQDOµ�
LQIRUPDWLRQ� WKDW� LV� DGGHG� WR� WKH� UHDOLW\� RI� WKH� ZRUN�
ZLOO� EH� SUHFLVHO\� WKRVH� FRQWHQWV� SURFHVVHG� E\� PHDQV�
of the interpretative phase and in particular the 
UHODWLRQVKLS� EHWZHHQ� WKH� WZR�GLPHQVLRQDO� LPDJH� RI�
WKH� IUHVFR� DQG� WKUHH�GLPHQVLRQDO� VSDFH� UHVWLWXWHG� 
,I�$XJPHQWHG�5HDOLW\�DOZD\V�PDLQWDLQV�FRQWDFW�ZLWK�UHDOLW\��
so it has a type of interaction that is not very immersive, 
9LUWXDO�5HDOLW\�LV�WKH�W\SH�RI�WHFKQRORJ\�WKDW�JXDUDQWHHV�
the gratest immersiveness and is able to involve to a 
greater extent the perceptual aspects in the observation 
RI�SHUVSHFWLYH�LPDJHV�DQG�WKUHH�GLPHQVLRQDO�PRGHOV�

)LJ������6WUDWDJHPV�XVHG�WR�VLPXODWH�SHUVSHFWLYH�EUHDNWKURXJK�
)LJ�������$5�H[SHULPHQWDWLRQ�RQ�WKH�LQOD\�RI�WKH�FKRLU�RI�6DQ�'RPHQLFR�

Perception in VR systems
6SHDNLQJ�RI�95�UHIHUV�WR�D�W\SH�RI�LPPHUVLYH�WHFKQRORJ\��
HQMR\HG�WKURXJK�D�YLVRU��JODVVHV�RU�KHOPHW��ZLWK�ZKLFK�LW�LV�
SRVVLEOH�WR�REVHUYH�YLUWXDO�HQYLURQPHQWV�ZLWK�D�����GHJUHH�
YLHZ��7ZR�W\SHV�RI�H[SHULHQFHV�FDQ�EH�GLVWLQJXLVKHG�� WKH�
ÀUVW� H[SORLWV� SDQRUDPLF� LPDJHV� DQG� WKH� VHFRQG� DOORZV�
VSDWLDO�LQWHUDFWLRQ�ZLWKLQ�D�WKUHH�GLPHQVLRQDO�PRGHO�
%RWK�V\VWHPV��KRZHYHU��DUH�PHGLDWHG�E\�WKH�XVH�RI�D�YLVRU��
7KLV�HOHPHQW�JHQHUDWHV�D�VHULHV�RI�UHÁHFWLRQV�UHODWHG�WR�WKH�
perceptual aspect: basically, the type of technology tends 
WR�ZDQW�WR�WULFN�RXU�EUDLQV��DQG�IRU�WKLV�UHDVRQ�WKHUH�FDQ�
often be a feeling of estrangement or disorientation for the 
XVHU��WKH�H[SHULPHQWV�FRQGXFWHG�DOVR�UHÁHFW�RQ�WKLV�DVSHFW�
The Sala dei Cento Giorni�� GXH� WR� LWV� FKDUDFWHULVWLFV�� L�H���

)LJ�������$5�H[SHULPHQWDWLRQ�RQ�WKH�SDJH�RI�$QGUHD�3R]]R·V�WUHDWLVH�
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SHUVSHFWLYH�LPDJHV�VXUURXQGLQJ�WKH�YLHZHU�RQ�WKH�IRXU�ZDOOV��
is the perfect subject to conduct the experiments and test the 
GLරHUHQFHV�EHWZHHQ�WKH�WZR�V\VWHPV��
The features focused on during the applications are the 
particular characteristic of the Sala: it, in fact, has a very high 
KRUL]RQ� FRPSDUHG� WR� WKDW� RI� D� YLHZHU�� 7KLV� DVSHFW� VWURQJO\�
LQÁXHQFHV� WKH�SHUFHSWLRQ�RI� WKH�SDLQWHG�DUFKLWHFWXUDO�VSDFH�
EHFDXVH�ZKHQ�REVHUYHG��WKH�SODQHV�WKDW�RXU�EUDLQ�ZRXOG�OLNH�
WR�LQWHUSUHW�DV�KRUL]RQWDO�DSSHDU�VODQWHG�WR�XV��)LJ������
)RU�WKLV�SXUSRVH�ZH�PDNH�XVH�RI�WZR�YHUVLRQV�RI�WKH�WKUHH�
GLPHQVLRQDO�PRGHO�RI�WKH�LOOXVRU\�VSDFHV��7KXV�REWDLQLQJ�WZR�
models: a realist one, more closely matching an ideal model, 
DQG�D�VXUUHDOLVW�RQH�ZLWK�VODQWHG�SODQHV��PRUH�VLPLODU�WR�ZKDW�
WKH�XVHU�RI�WKH�URRP�SHUFHLYHV�LQ�WKH�IUHVFRHV��)LJ�������7KHVH�
WZR� YHUVLRQV� RI� WKH� PRGHO� VXEVHTXHQWO\� ZHUH� YLVXDOL]HG�
WKURXJK�95� V\VWHPV� WR�XQGHUVWDQG� WKH�GLරHUHQW�SHUFHSWLYH�
LPSOLFDWLRQV�
Obviously, perspective is the method most comparable to 
KXPDQ�YLVLRQ��WKH�95�FRPSDULVRQ�EHFRPHV�LPPHGLDWH�LQ�ZKLFK�
WKH�YLHZHU�LV�WULFNHG�E\�DQ�LPDJH�WKDW�VLPXODWHV�WKH�VHQVDWLRQ�
RI�EHLQJ�LQ�D�WKUHH�GLPHQVLRQDO�HQYLURQPHQW�
7KDQNV�WR�WKH�XVH�RI������LPDJHV��DFTXLUHG�RQ�VLWH�DQG�GLJLWDOO\�
FUHDWHG�ZLWK� WKH� KHOS� RI� WKH� WKUHH�GLPHQVLRQDO�PRGHO�� LW� LV�
SRVVLEOH�WR�H[SHULPHQW�LQ�9LUWXDO�5HDOLW\��WKH�SHUFHSWLYH�DVSHFW�
that the observation of the perspectives and the model of the 
LOOXVRU\�VSDFH�FDXVHV�LQ�WKH�YLHZHU�LQ�GLරHUHQW�QRWDEOH�SRVLWLRQV�
The experimentation consists of setting up a panoramic tour 
WKURXJK� VSHFLDOO\� FUHDWHG� VSKHULFDO� LPDJHV�� HDFK� ZLWK� WKH�
SXUSRVH�RI�KLJKOLJKWLQJ�VSHFLÀF�UHÁHFWLRQV�RQ�DVSHFWV�RI�WKH�
Sala�� WKH� SRVVLELOLW\� RI� REVHUYLQJ� DQG� FRPSDULQJ� GLරHUHQW�
FRQÀJXUDWLRQV��PRYLQJ�IURP�RQH�YHUVLRQ�WR�DQRWKHU�LQ�ZKLFK�
WKH�GLරHUHQW�PRGHOV�UHSODFH�WKH�IUHVFRHV�DOORZV� IRU�D�GHHS�
XQGHUVWDQGLQJ� RI� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� SDUWV�� 2U�
again, it is possible to observe the models and frescoes from 
FHUWDLQ�SRLQWV�RI�YLHZ��VXFK�DV�IURP�WKH�YLHZHU·V�KHLJKW�RU�
WKH�KRUL]RQ�KHLJKW�RI�WKH�SHUVSHFWLYHV��)LJ������
:KDW�LV�QRWLFHDEOH�LV�WKDW�WKH�95�SURMHFW�ZLWK�SDQRUDPDV�QHHGV�
a clear reference system for navigation to help the user not only 
PRYH�IURP�RQH�FRQÀJXUDWLRQ�WR�DQRWKHU�EXW�DOVR�WR�SUHGLFW�WKH�

)LJ�� ��� �� 7KH� KRUL]RQ� RI� WKH� SDLQWHG� SHUVSHFWLYH�� LQ� UHG�� DQG� WKH�
KRUL]RQ�RI�DQ�REVHUYHU�LQ�WKH�6DOD��LQ�EOXH�

)LJ�������5HDOLVW�DQG�6XUUHDOLVW�PRGHO�RI�WKH�6DOD�GHL�&HQWR�*LRUQL�

simulated movement, or change in the model that interaction 
ZLWK�KRWVSRWV�SURGXFHV�
In this type of system, since these are static images, focusing on 
GHWDLOV�RU�FHUWDLQ�DVSHFWV�LV�IDYRUHG��(YHQ�E\�JUDSKLFDOO\�HGLWLQJ�
RQ�SDQRUDPDV��)LJ������
7KHQ�WKHUH�DUH�WKH�G\QDPLF�95�DSSOLFDWLRQV�WKDW�WDNH�DGYDQWDJH�
of real-time rendering technology to be able to navigate three-
GLPHQVLRQDO�PRGHOV��LQ�WKLV�FDVH�WKH�XVHU��LQ�DGGLWLRQ�WR�ZHDULQJ�
D�YLVRU��LV�DOVR�HTXLSSHG�ZLWK�VOLGHUV�RU�MR\SDGV�WKDW�DOORZ�WKHP�
WR�PDQDJH�PRYHPHQW�ZLWKLQ�WKH�PRGHO��,QWHUDFWLRQ�LV�JUHDWHU�



61

03Spatial Perception in Architectural Perspectives: visualization through AR e VR systems

EHFDXVH�LW�LV�SRVVLEOH�WR�PRYH�ZLWKLQ�WKH�GLJLWDOO\�FUHDWHG�VSDFH��
WKXV�DOORZLQJ�IRU�PXOWLSOH�SRLQWV�RI�YLHZ��)LJ������
%\�QDYLJDWLQJ�WKH�UHDOLVW�PRGHO�DW�WKH�WZR�DOWLWXGHV��LW�LV�FOHDU�
KRZ�DW�WKH�YLHZHU·V�DOWLWXGH�WKH�KRUL]RQWDO�SODQH�LQ�ZKLFK�WKH�
VFHQHV�WDNH�SODFH�ZRXOG�QRW�EH�YLVLEOH��$OWKRXJK�WKH�VHFRQG�
DVVXPSWLRQ�LV�PRUH�ÀWWLQJ�ZLWK�WKH�SDLQWHG�SHUVSHFWLYH�LPDJHV��
WKH�YLHZHU�KDV�D�VWURQJ�VHQVH�RI�HVWUDQJHPHQW�EHFDXVH�WKH\�
SHUFHLYH�WKDW�WKH\�DUH�ZDONLQJ�RQ�DQ�LQYLVLEOH�SODQH�RU�SRVVHVV�
DQ�XQUHDOLVWLF�KHLJKW�
2Q�WKH�RWKHU�KDQG�� LI�RQH�ZDQWV� WR� WU\� WR�FOLPE�WKH�VORSLQJ�
VWHSV�RI� WKH� VXUUHDOLVW�PRGHO� WKLV�ZLOO� QRW� EH�PDGH� HDV\�E\�
WKH� V\VWHP� WKDW� VLPXODWHV� SK\VLFDO� ODZV� WR�PLPLF� WKH� HරHFW�
RI�JUDYLW\��7KH�UHDOLVW�VWHSV��KRZHYHU��DUH�ZDONDEOH��FRPLQJ�WR�
REVHUYH�WKH�LOOXVRU\�VSDFH�PRGHO�DV�LI�WKH�XVHU�ZHUH�RQH�RI�WKH�
FKDUDFWHUV�LQ�WKH�VWRULHV�

)LJ� ���� 3DQRUDPLF� H[SORUDWLRQ� RI� WKH� 6DOD�� WKH� LPDJH� VKRZV� D�
FRQÀJXUDWLRQ�LQ�ZKLFK�WKH�PRGHO�RI�D�ZDOO�LV�LQVHUWHG�LQWR�UHDO�VSDFH�

Conclusions 
7KH�GHFLVLRQ�WR�H[SORLW�WKH�SRWHQWLDO�RI�WKHVH�WZR�WHFKQRORJLHV��
$5�DQG�95��LV�PRWLYDWHG�E\�WKH�UHFRJQLWLRQ�LQ�WKHVH�WRROV�RI�D�
GLUHFW�FRQQHFWLRQ�ZLWK�SHUVSHFWLYH��ERWK�DUH�REYLRXVO\�UHODWHG�
to the concept of projection, but in addition, Augmented 
5HDOLW\� KDV� VLPLODULWLHV� EHWZHHQ� LWV� HOHPHQWV� �FDPHUD�
centre of projection, target/picture plane) that it is useful to 
GHHSHQ�DQG�KLJKOLJKW�RU� DJDLQ� LQ�9LUWXDO�5HDOLW\�ZKHUH� WKH�

)LJ�������*UDSKLFDO�HOHPHQWV�WKDW�DLG�LQ�WKH�SHUFHSWLRQ�RI�WKH�QDYLJDEOH�PRGHOV�
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)LJ�������9LHZV�RI�WKH�PRGHO�H[SORUDWLRQ�LQ�UHDO�WLPH�PRGH�

UROH�RI�WKH�REVHUYHU��FHQWUH�RI�SURMHFWLRQ�FDQ�EH�GHHSHQHG� 
These experiments are strictly designed to interpret and 
SURYLGH�QHZ�NH\V� WR� LQWHUSUHW� WKH�DUFKLWHFWXUDO�SHUVSHFWLYH��
WKHUHIRUH�� QRW� SRVLQJ� WKHPVHOYHV�ZLWK� WKH� VROH� SXUSRVH�RI�
YDORUL]DWLRQ��FRQVLGHUHG�DV�WKH�ÀQDO�DQG�FRPPXQLFDWLYH�SKDVH�
RI�WKH�ZKROH�SURMHFW��EXW�PDLQO\�DV�D�WRRO�IRU�XQGHUVWDQGLQJ�
WKH�SKHQRPHQRQ��DOORZLQJ� WR�H[SORUH�� LQ� WKH� WUXH�VHQVH�RI�
WKH�ZRUG��DQG�WR�LQWHUDFW��DOWKRXJK�WKLV�LV�GRQH�YLUWXDOO\��ZLWK�
WKH� GLරHUHQW� LQVWDQFHV� RI� WKH� ZRUNV� XQGHU� FRQVLGHUDWLRQ� 
,Q�FRQFOXVLRQ��ZH�FDQ�VD\�WKDW�9LUWXDO�5HDOLW\�DQG�$XJPHQWHG�
5HDOLW\� KDYH� VXLWDEOH� FKDUDFWHULVWLFV� IRU� WKH� H[SORUDWLRQ� RI�
architectural spaces, but the perceptual implications of the 
DSSOLFDWLRQV�QHHG�WR�EH�NHSW�ZHOO� LQ�PLQG�� ,Q�DGGLWLRQ�� LW� LV�
VKRZQ�WR�EH�QHFHVVDU\�WKDW�WKH�SHUVSHFWLYH�FKDUDFWHULVWLFV�RI�
WKH�ZRUNV�EH�ZHOO�XQGHUVWRRG�WR�FUHDWH�HFLHQW�DSSOLFDWLRQV�
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7 The models presented in this contribution are obtained by prospective 
UHVWLWXWLRQ��)RU�D�PRUH�LQ�GHSWK�GLVFXVVLRQ�RQ�WKLV�PHWKRGRORJ\��VHH�
,Q]HULOOR������
8�2I�FRXUVH��ZLWK�WHFKQRORJLFDO�DGYDQFHPHQW��WKH�GHÀQLWLRQV�RI�WKHVH�
technologies are becoming more and more blurred, and often the 
YDULRXV�H[SHULHQFHV�RYHUODS�
9�&DVDOH�������
10�$UQKHLP�������
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DIGITAL SIMULACRA AND VIRTUAL USE 
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Abstract

$IWHU�PRUH�WKDQ�WZR�GHFDGHV�RI�GHEDWH��QRZDGD\V��VFLHQWLÀF�
UHVHDUFK� LQ� WKH� ÀHOG� RI� DUFKDHRORJ\� LQYROYHV� QRW� RQO\� WKH�
application of the natural sciences but also the support of 
WKH�ODWHVW�LQIRUPDWLRQ�WHFKQRORJ\��$V�D�UHVXOW��DUFKDHRORJLFDO�
excavations and virtual archaeology have become part of a 
XQLÀHG� PHWKRGRORJLFDO� DQG� FXOWXUDO� SURFHVV�� HQDEOLQJ� WKH�
production of numerous digital outputs, thus providing a 
clear understanding of the data obtained from excavation 
FDPSDLJQV�� )RFXVLQJ� RQ� WKH� WRSLF� RI� DUFKDHRORJLFDO�
UHSUHVHQWDWLRQ��WKH�FRQWHPSRUDU\�VFLHQWLÀF�GHEDWH�LV�FXUUHQWO\�
addressing the development of an accurate methodological 
protocol regarding the implementation of digital visual 
VLPXODWLRQ�RI� DQWLTXH� FRQWH[WV�� 7KH� FULWLFDO� LVVXHV� UHODWHG� WR�
the digital representation of archaeological contexts are 
heightened in the case of “invisible landscapes”,  that are no 
ORQJHU�DFFHVVLEOH�RU�QR�ORQJHU�H[LVW�DQG�ZKRVH�GRFXPHQWDWLRQ�
WRRN�SODFH�LQ�UHFHQW�WLPHV�FDUULHG�RXW�WKURXJK�DQDORJXH�WRROV�
DQG�XQGHU�HPHUJHQF\�FRQGLWLRQV�

Digital models, used as valuable cognitive tools, complemented 
ZLWK�WKH�ODWHVW�LPPHUVLYH�YLUWXDO�UHDOLW\�WHFKQRORJLHV��SURYLGH�
the opportunity to recreate and explore an archaeological 
H[FDYDWLRQ�ZKRVH�SODFHPHQW�ZLWKLQ� LWV� RULJLQDO� ODQGVFDSH� LV�
no more visible, as it belongs to a dynamic environment that 
FKDQJHV�RYHU�WLPH��7KH�JUHDWHVW�FKDOOHQJH�OLHV�LQ�XQGHUVWDQGLQJ�
these transformations and in the digitally graphic translation 
RI� WKH� DUFKLYH� PDWHULDO�� ZKLFK� LV� QRW� DOZD\V� VSDWLDOO\� DQG�
WHPSRUDOO\�UHORFDWDEOH�ZLWKLQ�WKH�RULJLQDO�VFHQHU\��7KH�DFWLYLW\�
RI� JUDSKLFDOO\� V\QWKHVLVLQJ� LQIRUPDWLRQ� LV� DLPHG� DW� GHÀQLQJ�
QHZ�FRPPXQLFDWLRQ�VWUDWHJLHV�IRU�WKH�QDUUDWLRQ�RI�LQDFFHVVLEOH�
VLWHV�WKURXJK�WKH�GHYHORSPHQW�RI�YLUWXDO�DSSOLFDWLRQV�ZKHUHE\�
GUDZLQJV�DQG�WH[WXDO�FRQWHQW�EHFRPH�LQWHUDFWLYH��$V�D�UHVXOW�
RI�WKH�RSHUDWLRQDO�ZRUNÁRZ��WKH�GLJLWDO�SURGXFW�LV�QRW�MXVW�D�
PHUH�UHSUHVHQWDWLRQ�LQ�D�YLUWXDO�ZRUOG�EXW�EHFRPHV�D�YDOXDEOH�
WRRO�IRU�IXUWKHU�UHVHDUFK��DV�ZHOO�DV�IRU�SURPRWLQJ�DZDUHQHVV�
DQG� UHFRQQHFWLRQ�ZLWK� WKH� SDVW� E\� LPEXLQJ� WKH� VSDFH� ZLWK�
QHZ�PHDQLQJV�
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)LJ������¶H�$UFKHR·�SURMHFW��SURPRWHG�E\�WKH�0LQLVWU\�RI�&XOWXUH�DQG�$/(6�6�S�$���LQ�FROODERUDWLRQ�ZLWK�VHYHUDO�,WDOLDQ�XQLYHUVLWLHV�DQG�&15��,WDOLDQ�
1DWLRQDO�5HVHDUFK�&RXQFLO���KWWSV���H�DUFKHR�LW��

Introduction
Archaeological areas and ancient artefacts have an important 
UROH�LQ�WKH�GHÀQLWLRQ�RI�WKH�KLVWRULFDO�HYLGHQFH�RI�D�ODQG��VR�
much so that archaeological sites and museums are considered 
places where historical and artistic memory is preserved over 
time [...] contributing to the dissemination of knowledge1��7KH�
cultural relevance of archaeological heritage requires the 
VFLHQWLÀF� FRPPXQLW\� WR� FRQVWDQWO\�DQG�FRQWLQXRXVO\� UHÁHFW�
RQ�WKH�VXEMHFW�RI�LWV�UHSUHVHQWDWLRQ�DQG�WKH�XVH�RI�GUDZLQJ�
as the main tool for codifying evidence of the past, so as 
WR�PDNH�LW�from imaginary to existing in our understanding2�
At the same time, documenting and transforming heritage 
components into data useful for its management and 
preservation is part of a digitisation process that is constantly 
UHQHZHG�E\� WHFKQRORJLFDO� GHYHORSPHQW��'RFXPHQWDWLRQ�RI�
archaeological heritage is a useful tool for both the acquisition 
of information and its evaluation based on logical reading and 

UHFRQVWUXFWLRQ�FULWHULD�� 7KH�GDWD�DFTXLVLWLRQ�DQG�SURFHVVLQJ�
PHWKRGRORJLHV�DSSOLHG�DUH�FKDQJLQJ�DQG�WUDQVIRUPLQJ�WKDQNV�
WR�WKH�SRVVLELOLWLHV�RරHUHG�E\�GLJLWDO�WHFKQRORJ\���)LJ����7KH�
GHYHORSPHQW�RI�QHZ�WHFKQRORJLHV�PDNHV�LW�SRVVLEOH�WR�REWDLQ�
increasingly reliable data, from a metric and qualitative point 
RI�YLHZ��DV�ZHOO�DV�WR�SODQ�DQG�RUJDQLVH�GDWDEDVHV�DFFRUGLQJ�
WR�WKH�PDQDJHPHQW�DQG�HQKDQFHPHQW�SXUSRVHV�RI�WKH�VLWH��,Q�
WKLV�ZD\��WKH�GHVFULSWLYH�SRWHQWLDO�RI�DUFKDHRORJLFDO�FRQWH[WV�
manifests itself in the realisation of parallel scenarios and 
DOWHUQDWLYH�PRGHV�RI�XVH��HVSHFLDOO\�ZKHQ�GHDOLQJ�ZLWK�VLWHV�
LQ�D�IUDJLOH�FRQGLWLRQ�RU�ZKHQ�WKHLU�NQRZOHGJH�LV�IXQGDPHQWDO�
to the understanding of the evolution of the urban fabric in 
ZKLFK�WKH\�DUH�ORFDWHG���)LJ����
Unfortunately, current documentation practices do not fully 
meet the needs of representing heritage that has evolved and 
changed over time, or environments that no longer physically 
H[LVW�DQG�DUH�RQO\�NQRZQ�WKURXJK�KLVWRULFDO�GHVFULSWLRQV�RU�
LOOXVWUDWLRQV�� 7KLV� W\SH� RI� LQYLVLEOH� KHULWDJH�� LGHQWLÀDEOH� IRU�
DUFKDHRORJLFDO� VLWHV� RI� PLQRU� UHOHYDQFH� RU� RI� ZKLFK� OLWWOH�
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information is available, is part of the many archaeological 
FRQWH[WV�LQ�ZKLFK�V\VWHPDWLF�RU�RFFDVLRQDO�LQYHVWLJDWLRQV�KDYH�
made it possible to document and recover a small part of the 
architectural, artistic, historical and sometimes archaeological 
WUDFHV��7KLV� LV�GXH� WR�VHYHUDO�KHWHURJHQHRXV�DVSHFWV�RI� WKH�
archaeological documentation: the complexity of ancient 
contexts or the very nature of the material collected during 

H[FDYDWLRQ� FDPSDLJQV�� ZKLFK� LV� RIWHQ� KHWHURJHQHRXV� DQG�
QRW�SHUIHFWO\�SUHVHUYHG�� >&KULVWLOOLQ��*UHFR������@��0RUHRYHU��
WKH� UHFRYHUHG� DUFKDHRORJLFDO� GDWD� LV� QRW� DOZD\V� PDWFKHG�
by full public enjoyment, as it is often limited or completely 
LPSHGHG�>*LDQQRWWD�HW�DO�������@��7KH�UHVXOW�LV�D�IUDJPHQWHG�
or absent type of information, completely inaccessible and 
WRWDOO\� XQNQRZQ�� 7KH� UHVXOWLQJ� LQYLVLELOLW\� FRQWUDVWV� ZLWK�
the cultural and informational value that an archaeological 
VLWH� VKRXOG� KDYH� DQG� KLJKOLJKWV� WKH� QHHG� WR� GHÀQH� D� QHZ�
form of communication related to the representation and 
UHFRQVWUXFWLRQ� RI� LQYLVLEOH� FRQWH[WV�� 7KH� VWUXFWXULQJ� RI� D�
method to narrate through digital visual simulation systems 
WKH� G\QDPLF� FRQWH[W� RI� DQ� H[FDYDWLRQ� RI�ZKLFK� IHZ� WUDFHV�
remain has been one of the objectives related to this area of 
UHVHDUFK�� ,W� LV� LPSRUWDQW� WR�GHYHORS�D�JUDSKLFDO�PRGHO� WKDW�
PDNHV�H[SOLFLW�WKH�LQWHUFRQQHFWHGQHVV�RI�WKH�GDWD�XVHG�IRU�WKH�
reconstruction of fragmented or destroyed archaeological 
FRQWH[WV��PDNLQJ�H[SOLFLW�WKH�GLVDSSHDUHG�ODQGVFDSH���)LJ����

)LJ������7KH�GRFXPHQWDWLRQ�SURMHFW�E\�8QLYHUVLW\�RI�3DYLD��8QLYHUVLW\�
of Florence and University of Bologna for the digital representation of 
+DGULDQ·V�9LOOD��7LYROL�� )LJ������,QDFFHVVLELOLW\�DQG�QRQ�H[LVWHQFH�RI�DUFKDHRORJLFDO�VLWHV�
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Three-dimensional models as knowledge 
and representation tools
'LJLWDO� WHFKQRORJLHV� XVHG� LQ� WKH� ÀHOG� RI� KHULWDJH�
representation have radically changed techniques and 
WRROV�GHULYHG�IURP�FHQWXULHV�ROG�GUDZLQJ�WUDGLWLRQV��'LJLWDO�
SODQV� DQG� VHFWLRQV� KDYH� WDNHQ� RYHU� IURP� SHUVSHFWLYH�
UHSUHVHQWDWLRQV��SURYLGLQJ�D�QHZ�PHGLXP�WKURXJK�ZKLFK�
WR� FRQVWUXFW� WKUHH�GLPHQVLRQDO� GLJLWDO� PRGHOV�� In the 
process of visual transposition, based on the use of digital 
tools, drawing loses its expression as a direct consciousness 
of the sign because the meaning goes beyond the graphic 
matter by incorporating algorithms and graphic libraries of 
REMHFWV��GHÀQHG�WKURXJK�FDWHJRULHV�DQG�SDUDPHWULF�GDWD3��
:KLOH� SUHYLRXVO\� WKUHH�GLPHQVLRQDO� UHSUHVHQWDWLRQ� ZDV�
left to the use of perspectives or material models, from 
the 1960s it became possible to replace these iconic forms 
RI�WKUHH�GLPHQVLRQDO�UHSUHVHQWDWLRQ�ZLWK�YLHZV�RI�GLJLWDO�
PRGHOV�� GHVSLWH� WKH� IDFW� WKDW� WKH� SURFHVVHV� ZHUH� VWLOO�
limited by the calculation capabilities of the computers 
RI� WKH� WLPH��With the introduction of digital modelling, 
the way we see objects and their representations has 
changed. [...] The introduction of 3D digital models links 
GUDZLQJ� HYHQ�PRUH� FORVHO\� WR� FRQVWUXFWLRQ�� ÀUVW� YHULI\LQJ�
it in a virtual environment and then allowing the operator 
WR� FDUU\� RXW� WKH� QHFHVVDU\� YHULÀFDWLRQV� LQ� D� GHVNWRS�
environment; in this way drawing once again becomes 
an experimental synthesis between imagination and 
image formation that, by overcoming the barrier of reality, 
opens up a new way of thinking and thus of building4��
,Q� WKLV� GLJLWDO� FRQWH[W�� D� QHZ� HYROXWLRQDU\� SURFHVV� LQ�
the representation of architecture is emerging, still in 
SURJUHVV��ZKLFK�DLPV� WR� UH�H[DPLQH� WKH� UROH�RI�GUDZLQJ�
through the use of digital three-dimensional models 
DV� WRROV� RI� ÀJXUDWLRQ� DQG� NQRZOHGJH��� For knowledge 
is not simply perception, just as perception is not simply 
described by representation. The modelling process, i.e. the 

model, could be understood as one of the possible ways 
of replacing reality in perception with a more complex 
element6��0RGHOOLQJ�WKHUHIRUH�PHDQV�UHSUHVHQWLQJ�UHDOLW\�
as a structured reproduction, both on a subjective and 
VWDQGDUGLVHG� OHYHO�� �)LJ������)URP�WKLV� LW� FDQ�EH�GHGXFHG�
that the iconic, perceptive and geometric value of a space 
RU�REMHFW�LV�RQO\�FRQVROLGDWHG�ZKHQ�WKHLU�UHSUHVHQWDWLRQ�
LV�WUDQVIRUPHG�LQWR�D�YHKLFOH�RI�LQIRUPDWLRQ��LQ�WKH�VSHFLÀF�
FDVH� RI� WKUHH�GLPHQVLRQDO� UHSUHVHQWDWLRQV�� ZKHQ� WKH�
characters of materiality, spatiality and volumetry can be 
XQGHUVWRRG�WKURXJK�WKH�GHYHORSPHQW�RI�D�PRGHO��,Q�WKH�
ODVW� WZHQW\� \HDUV�� GLJLWDO� WKUHH�GLPHQVLRQDOLW\� LV� RQH� RI�
WKH�NH\� IHDWXUHV�RI� WKH�FRPPXQLFDWLRQ�DQG� LQIRUPDWLRQ�
WUHQG��7KDQNV�WR�WKH�XVH�RI�WKUHH�GLPHQVLRQDO�PRGHOV��WKH�

)LJ�� �� �� $Q� HDUO\� IRUP� RI� HQKDQFHPHQW� RI� UHSUHVHQWDWLRQDO� WRROV� LV�
UHODWHG�WR�WKH�GHYHORSPHQW�RI�&$'�VRIWZDUH��ZKLFK��DFWLQJ�DV�HOHFWURQLF�
GUDIWLQJ�PDFKLQHV��DUH�XVHG�WR�SURGXFH�GLJLWDO�GUDZLQJV�DQG�PRGHOV�
%DVLOLFD�GL�6LSRQWR��3URMHFW�E\�(GRDUGR�7UHVROGL�������
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aim is to recover the cognitive structures that characterise 
NQRZOHGJH� SURFHVVHV�� FRQQHFWLQJ� WKH� FRJQLWLYH� DVSHFW�
ZLWK�WKH�HPRWLRQDO�RQH��ÀQDOO\�RYHUFRPLQJ�ZKDW�$UQKHLP�
called the pathology of Western thought��WKH�VSOLW�EHWZHHQ�
abstract concepts and the visual elements that produced 
and accompany them7��)RU�WKLV�UHDVRQ�� LW� LV�WKURXJK�WKH�
in-depth study of issues related to three-dimensional 
digital representation that it has been possible to 
develop descriptive geometric representations as tools 
for reconstructing an archaeological context that is no 
ORQJHU� DFFHVVLEOH� �)LJ�� ���� $� UHFRQVWUXFWLRQ� LV� QRW� RQO\�
represented as a simple animated image that brings 
GLVWDQW� HSRFKV� EDFN� WR� OLIH�� EXW� EHFRPHV� D� FRJQLWLYH�
WRRO�WKDW�DOORZV��VWDUWLQJ�IURP�WKH�DUFKDHRORJLFDO�GDWXP��

WR�EXLOG�D�SDUWLFXODU� FRQQHFWLRQ�ZLWK� WKH�SDVW�� >3LHWURQL��
)HUGDQL������@��7KHUHIRUH��D�GLJLWDO�PRGHO�FDQ�EHFRPH�D�
mediating space, constituting itself as a representation 
of an archive of heterogeneous information, becoming 
D� SDUWLFLSDWRU\� WRRO� LQ� ZKLFK� WKH� FXUDWRU�� WKH� DUWHIDFW�
DQG� WKH� XVHU� DUH� LQ� GLDORJXH� ZLWK� HDFK� RWKHU�� ,Q� WKLV�
dynamic process, the digital model becomes an element 
that formalises interpretations and moments of the past 
and accompanies archaeological science in its active 
UROH� RI� PHGLDWLRQ� EHWZHHQ� GLVFRYHU\�� PDWHULDO� UHPDLQV�
DQG�VRFLHW\��UHVSRQGLQJ�WR�WKH�ÀUVW�UHDO�QHHG�LQ�WKH�FDUH�
of archaeological heritage: to stop the inevitable and 
constant process of decay and disappearance through 
WRROV�RI�UHSUHVHQWDWLRQ�DQG�NQRZOHGJH���)LJ�����

)LJ�� �� �� 7KH� XVH� RI� WKUHH�GLPHQVLRQDO�PRGHOV� DV� YLVXDO� V\PEROV� DQG� YHKLFOHV� IRU� WKH� WUDQVPLVVLRQ� RI� JUDSKLF� LQIRUPDWLRQ� FKDUDFWHULVHV�PDQ\�
LQWHUYHQWLRQV�UHODWHG�WR�WKH�HQKDQFHPHQW�RI�FXOWXUDO�KHULWDJH��FRQÀUPLQJ�KRZ�YLUWXDO�V\VWHPV�WDNH�RQ�QHZ�PHDQLQJV�DQG�IXQFWLRQV��DPSOLI\LQJ�WKH�
YDOXH�RI�WKH�LQIRUPDWLRQ�SRWHQWLDO�RI�WKH�UHVXOWLQJ�DSSOLFDWLRQV��$ERYH��GLරHUHQW�UHSUHVHQWDWLRQ�RI�DQ�DQFLHQW�DUWLIDFW�RI�$USRFUDWH�VWDWXH��
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Digital modelling procedures and 
experiences: from reality-based models to 
reconstructive methodologies
If three-dimensional digital models can be considered as 
D� PHHWLQJ� SRLQW� EHWZHHQ� WKH� ZRUOGV� RI� 5HSUHVHQWDWLRQ�
and Simulation, then all methodologies leading to the 
FUHDWLRQ�RI� VXFK�PRGHOV� FDQ�EH� FRQVLGHUHG� DV� D� ÀHOG� RI�
experimentation and research for the improvement of 
NQRZOHGJH� DQG� DQDO\VLV� RI� WKH� LQYLVLEOH� KHULWDJH�� 8QOLNH�
GLJLWDO� GRFXPHQWDWLRQ� PHWKRGV� ZLWK� UHDOLW\�EDVHG�
WHFKQLTXHV�� IURP� ZKLFK� LW� LV� SRVVLEOH� WR� UHFRQVWUXFW� WKH�
geometric and material complexity of any existing artefact, 
the application of virtualisation methods of something 
that no longer exists presupposes the application of a 
GLරHUHQW�W\SH�RI�RSHUDWLRQDO�ZRUNÁRZ��$Q�LQ�GHSWK�D�SULRUL�
analysis of the historical and iconographic information 
RI� WKH� DVVHW� LV� UHTXLUHG�� DV� ZHOO� DV� WKH� DUFKLYH� RI� GDWD�
obtained from the documentation phase, integrated 
ZLWK� WKH� XVH� RI� WKH� UXOHV� RI� DUFKLWHFWXUDO� UHSUHVHQWDWLRQ�
PRGLÀHG� DFFRUGLQJ� WR� FRQVWUXFWLRQ� WHFKQLTXHV8�� :KLOH�
ZRUNÁRZV� IRU� YLUWXDO� UHFRQVWUXFWLRQV� RI� H[LVWLQJ� REMHFWV�
are mostly technologically or logistically demanding, a 
virtual reconstruction of objects that no longer exist adds 
WDVNV� VXFK� DV� LQWHUSUHWDWLRQ� DQG� LQFOXVLRQ� RI� KLVWRULFDO��
GRFXPHQWDU\�RU�SKRWRJUDSKLF�VRXUFHV��7KH�GLJLWDO�PRGHO�
obtained at the end of the reconstructive modelling 
SURFHVV� LV� D� UHSUHVHQWDWLRQ� WKDW� FDQ� EH� HDVLO\� PRGLÀHG��
depending on the variations proposed by experts in the 
YDULRXV�ÀHOGV��0RUHRYHU��WKH�UHVXOWLQJ�ÁH[LELOLW\�DOORZV�WKH�
PRGHO� WR�FRQVWLWXWH� LWVHOI�DV� WKH�VWDUWLQJ�SRLQW� IRU�D�QHZ�
SURFHVV�RI�VKDUHG�NQRZOHGJH�
5HJDUGLQJ� UHFRQVWUXFWLYH� SUDFWLFH�� PRGHOOLQJ� WHFKQLTXHV�
GHSHQG�RQ�WKH�DUFKLYDO�GDWD�RQ�ZKLFK�WKH�UHFRQVWUXFWLRQV�
DUH�EDVHG��,Q�JHQHUDO����PDFUR�DUHDV�RI�DSSOLFDWLRQ�FDQ�EH�
GHÀQHG9:

��� 5HFRQVWUXFWLRQ� IURP� D� FRPSUHKHQVLYH� GLJLWDO� DUFKLYH�
containing three-dimensional databases of point clouds 
and photogrammetric 3D models, supplemented by digital 
GUDZLQJV� RI� SODQV� DQG� VHFWLRQV�� >3LFFKLR� HW� DOO�� ����@� 
,Q� WKLV�VSHFLÀF�FDVH�� WKH� UHFRQVWUXFWLRQ�RI� WKH�H[FDYDWLRQ�
is considerably advantaged, even though there are 
considerable problems in managing the huge amount of 
data collected during the excavation campaigns and in the 
digital representation of the multiple documented phases, 
ZKLFK�DUH�RIWHQ�RYHUODSSLQJ� �)LJ�����7R�SURYLGH�DGHTXDWH�
GLJLWDO� VXSSRUW� IRU� WKH� VSHFLÀF� SURMHFW� REMHFWLYHV�� WKH�
PRGHOOLQJ�SURFHVV�ZDV�VXSSOHPHQWHG�E\�SRVW�SURGXFWLRQ�
and reverse modelling activities that ensured an easily 
usable, metrically and morphologically reliable and 
FRQVWDQWO\�XSGDWDEOH�ÀQDO�SURGXFW��)LJ����

)LJ������7KH�ODUJH�DPRXQW�RI�GDWD�WKDW�FKDUDFWHULVHV�DQ\�DUFKDHRORJLFDO�
investigation has led to the extensive use of digital systems for the 
documentation, management and cataloguing of archaeological 
excavation data, aimed at a comprehensive understanding of the 
GDWD�� 7KDQNV� WR� WKH� LQWHJUDWHG� VXUYH\�PHWKRGRORJLHV�EHWZHHQ�GLJLWDO�
7HUUHVWULDO�/DVHU�6FDQQHU�V\VWHPV�DQG�6I0�SKRWRJUDPPHWU\�WHFKQLTXHV��
WKH�UHDGLQJ�RI�VWUDWLJUDSKLHV�LV�PRUH�RUJDQLF�DQG�HFLHQW��SURYLGLQJ�WKH�
possibility of reconstructing excavation volumes, surfaces and structures 
LQ�WKUHH�GLPHQVLRQDO�VSDFH�
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)LJ������7KH�WKUHH�GLPHQVLRQDO�RXWSXWV�UHVXOWLQJ�IURP�WKH�LQWHJUDWHG�GRFXPHQWDWLRQ�DFWLYLWLHV�SURYLGH�D�KLJKO\�GHVFULSWLYH�UHDGLQJ�RI�WKH�H[FDYDWLRQ�SKDVHV��
IURP�ZKLFK�PRUH�LQIRUPDWLRQ�UHODWHG�WR�WKH�JHRPHWULF��FKURPDWLF�DQG�PDWHULDO�FKDUDFWHULVWLFV�RI�WKH�DUFKDHRORJLFDO�DUWHIDFW�FDQ�EH�XQGHUVWRRG�DQG�HYDOXDWHG�
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���5HFRQVWUXFWLRQ�IURP�D�SDUWLDOO\�FRPSOHWH�GLJLWDO�DUFKLYH��
consisting mainly of documentary photographic images, not 
acquired for the purpose of photogrammetric modelling and 
GLJLWDO�GUDZLQJV�RI�SODQV�RU�VHFWLRQV�>*DODVVR�HW�DOO������@� 
,Q� WKLV�VSHFLÀF�FDVH�� WKH� UHFRQVWUXFWLRQ�RI� WKH�H[FDYDWLRQ�
WRRN�SODFH�DFFRUGLQJ�WR�GLරHUHQW�RSHUDWLRQDO�SKDVHV��ZKLFK�
DOORZHG�WKH�H[WUDSRODWLRQ�RI�DQ�RXWOLQH�WKUHH�GLPHQVLRQDO�
PRGHO� IURP� WKH� WZR�GLPHQVLRQDO� GUDZLQJV� WKURXJK�
extrusion actions of the polylines and curves of the vector 

GUDZLQJV��7KH�UHVXOW�ZDV�DQ�RXWOLQH�PRGHO�WKDW�DOORZHG�DQ�
easier understanding of the site and the excavation phases 
WKDQNV� WR�DQ�XQSUHFHGHQWHG�YLVXDOLVDWLRQ�RI� WKH� VDPH� LQ�
WKUHH� GLPHQVLRQV� �)LJ����� 7KH� RYHUDOO� PRGHO� VXSSRUWHG�
the visual description of the excavation process and the 
documentation of the archaeological site, highlighting the 
continuity of the structures present in the subsurface at 
GLරHUHQW�GHSWKV�DQG�IDFLOLWDWLQJ�WKH�XQGHUVWDQGLQJ�RI�WKH�
H[FDYDWLRQ�DFWLYLWLHV�WKDW�WRRN�SODFH�RYHU�WLPH�

)LJ������$W�WKH�HQG�RI�WKH�SURFHVVLQJ�RI�WKH�LQGLYLGXDO�HOHPHQWV�PRGHOOHG�IRU�HDFK�H[FDYDWLRQ�FDPSDLJQ��WKH�DOLJQPHQW�DQG�RYHUODS�ZLWKLQ�D�XQLTXH�
PDQDJHPHQW�V\VWHP�KDYH�EHHQ�SUHSDUHG��7KH�FRPPRQ�KRPRORJRXV�SRLQWV�EHWZHHQ�RQH�H[FDYDWLRQ�DQG�DQRWKHU�KDYH�EHHQ�XVHG�WR�UHIHU�LQGLYLGXDO�
PRGHOV�RQ�D�VLQJOH�GLJLWDO�SODWIRUP�WR�GHÀQH�WKH�6WUDWLJUDSKLF�8QLWV��7KLV�PDGH�LW�SRVVLEOH�WR�REWDLQ�GLVFUHHWO\�UHOLDEOH�DQG�SODXVLEOH�RYHUODSV�IURP�D�
YROXPHWULF�DQG�VSDWLDO�SRLQW�RI�YLHZ�RI�WKH�HQWLUH�H[FDYDWLRQ�
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���5HFRQVWUXFWLRQ�IURP�DQ�LQFRPSOHWH�QRQ�GLJLWDO�DUFKLYH��LQ�
ZKLFK�WKHUH�DUH�DQDORJXH�SKRWRJUDSKLF�LPDJHV�GRFXPHQWLQJ�
the excavation, but no details of the structures, most often 
LQ�EODFN�DQG�ZKLWH��DQG�XQUHOLDEOH�JUDSKLF�GUDZLQJV��PRVWO\�
GUDZQ�XS�E\�KDQG�ZLWKRXW�WKH�DLG�RI�GLJLWDO�WRROV�>3DUULQHOOR�
HW� DOO�� ����@�� ,Q� WKLV� VSHFLÀF� FDVH�� WKH� URXJK� PRGHO� ZDV�
developed through extrusion actions from the graphic 
GUDZLQJV� �)LJ����� 7KH� FRPSRXQG� PRGHO� ZDV� GHWDLOHG� DW� D�
later stage through digital sculpting actions based on the 
DQDORJXH� SKRWRJUDSKLF� LPDJHV�� ,Q� SDUWLFXODU�� HDFK� LPDJH�
RI�WKH�DUFKLYH�ZDV�EURNHQ�GRZQ�LQWR�WKUHH� OHYHOV�RI�GHSWK��
WKH�ÀUVW�ÁRRU��LQ�ZKLFK�WKH�H[FDYDWLRQ�VWUXFWXUHV�DUH�SUHVHQW��
WKH� VHFRQG� ÁRRU�� LGHQWLÀHG� E\� WKH�PDLQ� YROXPHV� DQG� WKH�

)LJ�������9LHZV�RI�WKH�H[FDYDWLRQ�PRGHO��REWDLQHG�IURP�ERWK�GHWDLOHG�GLJLWDO�VFXOSWLQJ�RI�VWUXFWXUHV�DQG�H[WHQVLYH�GLJLWDO�VFXOSWLQJ�RI�WKH�HQWLUH�DUHD�

)LJ�������7KH�GHÀQLWLRQ�RI�OHYHOV�RI�GHWDLO�DSSURSULDWH�WR�WKH�DUFKLYH�GDWD�PDGH�LW�SRVVLEOH�WR�REWDLQ�D�PXOWL�VFDOH�UHSUHVHQWDWLRQ��ZLWK�GLරHUHQW�OHYHOV�
RI�PRGHOOLQJ�GHSWK�GHSHQGLQJ�RQ�WKH�LQWHUSUHWDWLRQ�RI�WKH�VRXUFH�LQIRUPDWLRQ�DQG�WKH�SXUSRVHV�WR�ZKLFK�WKH�PRGHO�PXVW�UHVSRQG�



74

Digital & Documentation. From Virtual space to Information database

VXUURXQGLQJ�WHUUDLQ��DQG�WKH�EDFNJURXQG�� L�H��WKH�ODQGVFDSH�
VN\OLQH�� 7KDQNV� WR� WKH� SUHVHQFH� RI� VRPH� ODQGPDUNV� HDVLO\�
LGHQWLÀDEOH� EHWZHHQ� GLරHUHQW� LPDJHV�� LW� ZDV� SRVVLEOH� WR�
optimise the digital sculpture of the rough model, matching 
LW� WR� WKH� GLරHUHQW� DQJOHV� DQG� YLHZV� DYDLODEOH� ZLWK� YLUWXDO�
FDPHUDV�� 7KH� UHVXOW� LV� D� PRGHO� WKDW� UHSURGXFHV� LQ� WKUHH�
GLPHQVLRQV� RQO\� ZKDW� ZDV� UHSUHVHQWHG� E\� D� SKRWRJUDSK� 
The listed methods of representation can be integrated 
and organised according to multiple levels of detail, 
emphasising the potential of three-dimensional models: the 
UHSUHVHQWDWLYH�FRPSDULVRQ�RI�PHWDGDWD�EHWZHHQ�¶UHDO·�DQG�
¶YLUWXDO·�VSDFH�LV�GLUHFWO\�UH�SUHVHQWHG�WKURXJK�D��'�GLJLWDO�
LQIR�JUDSKLF�FRQWDLQHU�>*DODVVR������@��7KDQNV�WR�WKH�XVH�
RI�WKUHH�GLPHQVLRQDO�PRGHOV��WKH�SK\VLFDO�VSDFH�LV�GUDZQ�
WKURXJK� QHZ� FRPPXQLFDWLYH� ODQJXDJHV�� SURPRWLQJ� WKH�
development of a critical reading of its forms and relations 
to arrive at a synthesis of the information necessary for its 
UHSUHVHQWDWLRQ�DQG�XVH�RQ�LQWHUDFWLYH�SODWIRUPV��)LJ�����

)LJJ�� ������ �� 7KUHH�GLPHQVLRQDO� UHFRQVWUXFWLRQ� RI� WKH� H[FDYDWLRQ�
RI� $UVLQRH�� GHVWUR\HG� IROORZLQJ� WKH� XUEDQ� H[SDQVLRQ� RI� WKH� FLW\� RI�
(O�)D\XXP�� (J\SW�� 7KH� YLUWXDO� H[FDYDWLRQ� EHFRPHV� D� QHZ� SODFH� WR�
UHGLVFRYHU� DUFKDHRORJLFDO� ÀQGV�� H[FDYDWLRQ� DFWLYLWLHV� DQG�� ÀQDOO\�� WKH�
KLVWRU\�RI�WKH�DUHD�

)LJ�������9LHZ�RI�WKH�LQWHJUDWHG�PRGHO�RI�WKH�GLරHUHQW�OHYHOV�RI�GHWDLO��
IURP�WKH�DUFKLWHFWXUDO�VFDOH�WR�WKH�H[FDYDWLRQ�DUHD�
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Conclusion
7KH� DELOLW\� WR� VSDWLDOO\� FRQÀJXUH� ¶ORVW·� HQYLURQPHQWV�
GHÀQHV� D� QHZ� IURQWLHU� RI� WHFKQRORJLHV� UHODWHG� WR� YLVXDO�
FRPPXQLFDWLRQ�� 7KLV� KDSSHQV� QRW� RQO\� EHFDXVH� RI� WKH�
FRPPXQLFDWLYH�SRZHU�RI�DQ�LQFUHDVLQJO\�GHPDWHULDOLVHG�DQG�
¶PRXOGDEOH·�GHVLJQ�LQ�LWV�GLJLWDO�IRUP��EXW�DERYH�DOO�EHFDXVH�
of the ability to produce outputs that are characterised 
ZLWKLQ�GLJLWDO�VSDFHV��7KLV�SURFHVV�RI�GLJLWDO�UHFRQÀJXUDWLRQ�
JHQHUDWHV�QHZ�DSSURDFKHV�WR�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�
LQGLYLGXDO� DQG� VSDFH� DQG�� FRQVHTXHQWO\�� D� QHZ� GHPDQG�
in terms of products and performances related to digital 
FRPPXQLFDWLRQ��,W�IROORZV�WKDW�WKH�XVH�RI�GLJLWDO�DSSOLFDWLRQV�
for the three-dimensional reconstruction of invisible 
archaeological contexts represents an extraordinary means 
of research, promotion and enhancement: it highlights 
WKH� SRWHQWLDO� RI� SHUFHSWLYH� NQRZOHGJH�� FRQWH[WXDOLVLQJ�
DQG� UHZRUNLQJ� VSDWLDO� LQIRUPDWLRQ� DQG� PHQWDO� PDSV�� ,Q�
WKLV�ZD\��WKH�LQIRJUDSKLFV�REWDLQHG�GXULQJ�WKH�H[FDYDWLRQ�
operations and the models elaborated in the post-
SURGXFWLRQ�SKDVH�ZLOO�QRW�RQO\�FRQVLVW�RI�SKRWR�JDOOHULHV�
DQG� UHIHUHQFH� VKHHWV�� EXW� ZLOO� FRQVWLWXWH� D� VLJQLÀFDQW�
support for the representation and understanding of 
environments that can only be restored through a virtual 
FRQÀJXUDWLRQ���)LJJ����������7KH�LQWHJUDWLRQ�RI�WKH�GLරHUHQW�
RXWSXWV��FRPELQHG�ZLWK� WKH�GHYHORSPHQW�RI�DQ� LQWHUIDFH�
GHGLFDWHG� WR� WKH� YLVXDOLVDWLRQ� DQG� LQWHUDFWLRQ� EHWZHHQ�
WKH� XVHU� DQG� WKH� GLJLWDO� VSDFH�� ZLOO� DOORZ� WKH� GHVLJQ� RI�
DQ�DSSOLFDWLRQ� WKURXJK�ZKLFK�GLරHUHQW� OHYHOV�RI� LQ�GHSWK�
FRQWHQW�FDQ�EH�DFFHVVHG��7KURXJK�WKHVH�FRQWHQW�PRGHOOLQJ�
DQG�XWLOLVDWLRQ�VWUDWHJLHV��GLVFUHWL]HG�GLJLWDO�SURGXFWV�WDNH�
WKH�IRUP�RI�D�QHZ�IRUP�RI�YLVXDO�WUDQVODWLRQ�RI�SURFHVVHG�
LQIRUPDWLRQ��7KH�XVHU�LV�RරHUHG�WKH�RSSRUWXQLW\�WR�LQWHUDFW�
ZLWK� PXOWLPHGLD� SURGXFWV� WKDW� EHFRPH� FRQWDLQHUV� RI�
QHZ� UHDOLWLHV�� PDNLQJ� WKH� SURFHVV� RI� LQIRUPDWLRQ� DQG�
LQYHVWLJDWLRQ�PRUH�HQJDJLQJ�DQG�VWLPXODWLQJ��)LJJ����������

Notes
1�&LW��5DJQL��������S���
2�&LW��+RRNN�������S�����
3�&LW��$PRUXVR��������S�����
4�&LW��*DUDJQDQL�������
�� ,Q�WKH�ÀHOG�RI�GHVLJQ��WKH�PRGHO��RU�PDTXHWWH��0DOGRQDGR���������
LV�XVHG�WR�VHH�WKH�GHYHORSPHQW�RI�EXLOGLQJV�LQ�DGYDQFH�DQG�PDNHV�LW�
possible to assess not only the architectural validity, but also aspects 
UHODWHG� WR� WKH� FRPSRVLWLRQ� RI� VSDFHV� DQG� WKHLU� SHUFHSWLRQ�� 7KH�
function of the model is no longer only to represent and communicate 
D�SURMHFW��EXW�DOVR�WDNHV�RQ�D�VLPXODWLYH�YDOXH�
6� &LW�� *DUDJQDQL�� ������ 5HIHUULQJ� LQ� VRPH� UHVSHFWV� WR� WKH� WKHRU\� RI�
LPDJHV� GHVFULEHG� E\� (GPXQG� +XVVHUO� LQ� KLV� )LIWK� 4XHVW� IRU� /RJLF��
LQ�KLV�ZRUN� WKH�$XVWULDQ�SKLORVRSKHU� DQG�PDWKHPDWLFLDQ�PRYHV�KLV�
critique against representation in the sense of depiction, placing 
KLPVHOI�LQ�GLUHFW�RSSRVLWLRQ�WR�WKRVH�ZKR�FODLP�WKDW�WKH�LPDJH�RU�VLJQ�
of a real subject is, in certain circumstances, exactly corresponding to 
WKH�LPDJH�WKDW�LQGLYLGXDO�FRQVFLRXVQHVV�SRVVHVVHV�RI�LW�
7 Perhaps the real problem was more fundamental: a split between 
VHQVH�DQG�WKRXJKW��ZKLFK�FDXVHG�YDULRXV�GHÀFLHQF\�GLVHDVHV�LQ�PRGHUQ�
man��FLW��$UQKHLP��5���������S��9
8 Any architectural reconstruction always starts with clues, which 
may be of varying complexity: sometimes there may be remains, the 
presence of ruins, the guidance of drawings or accurate representations, 
such as photographs, archival documents and written descriptions. &LW��
Verdiani, 2017
9� 7KH� UHFRQVWUXFWLYH� SUDFWLFHV� OLVWHG� DUH� VNHWFK\� DQG� LQ� FRQWLQXRXV�
GHYHORSPHQW�� ,Q� SDUWLFXODU�� WKH� FRQWULEXWLRQ� SUHVHQWV� FDVH� VWXGLHV�
of inaccessible or destroyed archaeological excavations related to 
UHVHDUFK�SURMHFWV�FRQGXFWHG�ZLWKLQ�WKH�'$GD�/$%�UHVHDUFK�ODERUDWRU\�
RI�WKH�8QLYHUVLW\�RI�3DYLD��LQ�FROODERUDWLRQ�ZLWK�PXOWLSOH�QDWLRQDO�DQG�
LQWHUQDWLRQDO�RUJDQLVDWLRQV�DQG�LQVWLWXWLRQV�
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Abstract

The issue of acoustics is an increasingly debated topic in 
WKH� ÀHOGV� RI� GLJLWDO� GRFXPHQWDWLRQ� DQG� &XOWXUDO� +HULWDJH�
preservation, especially in contexts such as theater halls, 
FKXUFKHV�� DQG� DXGLWRULXPV�� 7KHVH� DFRXVWLF� FKDUDFWHULVWLFV�
change over time and thus contribute to structuring the 
historical memory of a place, playing a fundamental role in 
WKH�SHUFHSWLRQ�DQG�IUXLWLRQ�RI�WKH�EXLOW�HQYLURQPHQW��,QGHHG��
the acoustics of an architecture is an intangible consequence 
of its construction and the design choices made on the 
PDWHULDOV�DQG�IXUQLVKLQJ�V\VWHPV�WKDW�ZLOO�FRQVWLWXWH�WKH�WUXO\�
WDQJLEOH�HOHPHQWV�RI�WKH�$UFKLWHFWXUDO�+HULWDJH�
On these theoretical aspects has thus moved the European 
SURMHFW� $85$� ²� $XUDOLVDWLRQ� RI� $FRXVWLF� +HULWDJH� 6LWHV�
8VLQJ�$XJPHQWHG�DQG�9LUWXDO�5HDOLW\��FR�IXQGHG�VLQFH������
E\� &UHDWLYH� (XURSH�� ZKRVH� DLP� LV� WR� H[SORUH� WKH� SRWHQWLDO�

RI� DXUDOL]DWLRQ� ²� D� WHFKQLTXH� IRU� VLPXODWLQJ� WKH� DFRXVWLFV�
RI� D�JLYHQ�SODFH�ZLWKLQ�PRGHOV� ²�E\� FRPELQLQJ� LW�ZLWK� WKH�
three-dimensional-visual representations of the virtual 
HQYLURQPHQW�EDVHG�RQ�DFFXUDWH�GLJLWDO�VXUYH\V�
For this purpose, three emblematic European case studies 
ZHUH� WKXV� H[DPLQHG� ²� WKH� .RQ]HUWKDXV� LQ� %HUOLQ� �'(��� WKH�
7HDWUR�GHO�0DJJLR�0XVLFDOH�)LRUHQWLQR� LQ�)ORUHQFH� �,7��DQG�
WKH�2SHUD�DQG�%DOOHW�7KHDWHU�LQ�/YLY��8$��²�IRU�HDFK�RI�ZKLFK�
an appropriate methodology dedicated to digitization 
DQG� YLUWXDO� UHFRQVWUXFWLRQ� ZDV� FRQFHLYHG�� ZLWK� WKH� DLP� RI�
REWDLQLQJ� UHOLDEOH� DVVHWV� RQ�ZKLFK� VXEVHTXHQW� DXUDOL]DWLRQ�
SURFHVVHV� FRXOG� EH� VHW� DQG�� IROORZLQJ� WKHVH�� WR� GHYHORS�
multisensory, reliable and high-performance 3D models 
both in terms of graphic rendering and virtual fruition, and 
LQ�WHUPV�RI�DFRXVWLF�VLPXODWLRQ�
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Introduction: the AURA project
The development of modern technologies had a 
substantial impact on the Cultural and Creative Industries 
�&&,��� ZKLFK� WDNH� DGYDQWDJH� RI� LWV� SRWHQWLDO� WR� H[SORUH�
QHZ�SHUIRUPDWLYH�KRUL]RQV��FUHDWH�QHZ�EXVLQHVV�PRGHOV�
DQG� DWWUDFW� HYHU�QHZ� DQG� G\QDPLF� XVHUV� >%HUWRFFL� HW�
DO��� ����@�� 7KH� &29,'���� SDQGHPLF� KDV� KLJKOLJKWHG� WKH�
XUJHQW� QHHG� WR� GHYHORS� DOWHUQDWLYH� ZD\V� WR� DFFHVV� WR�
FXOWXUDO� DQG� DUWLVWLF� KHULWDJH�� 7KH� $85$� ²� $XUDOLVDWLRQ�
of Acoustic Heritage Sites Using Augmented and Virtual 
5HDOLW\� SURMHFW�� FR�IXQGHG� E\� WKH� &UHDWLYH� (XURSH� FDOO�
since 2021, aims to explore the potential of auralisation1 
to create immersive virtual experiences that combine 
ERWK�YLVXDO�UHSUHVHQWDWLRQ�DQG�DFRXVWLF�VLPXODWLRQ�
The project is designed to deliver an immersive experience 
ZKHUH� WKH� XVHU� FDQ� LQWHUDFW� ZLWK� WKH� HQYLURQPHQW� DQG�
H[SHULHQFH� KRZ� WKH� SHUFHSWLRQ� RI� VRXQGVFDSH� LV�
LQIOXHQFHG�E\�DUFKLWHFWXUDO�VSDFH��DQG�KRZ�DW�WKH�VDPH�
time soundscape influences the perception of the built 
HQYLURQPHQW�� $FRXVWLF� VLPXODWLRQ� H[SHULHQFHV� DUH�
JHQHUDOO\� EXLOW� DURXQG� D� OLVWHQHU�� ZKLOH� DUFKLWHFWXUDO�
YLVXDOLVDWLRQ� H[SHULHQFHV� UHYROYH� DURXQG� DQ� REVHUYHU��
These immersive experiences stimulate a single sense, 
thus limiting the user’s perceptive possibilities of the 
UHSUHVHQWHG� REMHFW�� 7KH� DFRXVWLF� RI� DQ� HQYLURQPHQW�
SOD\V� D� IXQGDPHQWDO� UROH� LQ� SHUFHSWLRQ�� 7KH� FUHDWLRQ�
RI� 9LUWXDO� $FRXVWLF� (QYLURQPHQWV� �9$(V�� >.DWR� HW�
DO��� ����@� PDNHV� LW� SRVVLEOH� WR� EULQJ� EDFN� WR� OLIH� WKH�
acoustic experience of places that no longer exist, or 
to compare the acoustic of distant places in a virtual 
HQYLURQPHQW� >(OH\� HW� DO��� ����@�� %H\RQG� WKH� SK\VLFDO�
aspect of the acoustic phenomenon, the perception of 
a site soundscape carries a heritage value that needs to 
EH�GRFXPHQWHG� DQG� DUFKLYHG� >'H�0X\QNH� HW� DO��� ����@��
7KLV� ZDV� VSRWOLJKWHG� E\� WKH� ����� 81(6&2� UHVROXWLRQ�
��� &����� ´7KH� LPSRUWDQFH� RI� VRXQG� LQ� WRGD\·V� ZRUOG��

SURPRWLQJ� EHVW� SUDFWLFHVµ�� ZKLFK� FRPSOHPHQWV� WKH�
FRQFHSWV� DQG� SULQFLSOHV� RI� VDIHJXDUGLQJ� WKDW� ZHUH�
LQWURGXFHG�ZLWK� WKH� ´&RQYHQWLRQ� IRU� WKH� 6DIHJXDUGLQJ�
RI� WKH� ,QWDQJLEOH�&XOWXUDO�+HULWDJHµ� LQ�������7KDQNV� WR�
WHFKQRORJ\�DGYDQFHPHQWV��LW�LV�QRZ�SRVVLEOH�WR�GHYHORS�
QHZ� DSSOLFDWLRQV� WKDW� DOORZ� IRU� ERWK� DXGLR� DQG� YLVXDO�
FRQWHQW� LQWHJUDWLRQ�� $5� DQG� 95� DSSOLFDWLRQV� HQKDQFHG�
WKH�XVHU�H[SHULHQFH��DV�WKH\�DOORZ�GHYHORSPHQW�RI�QHZ�
LQWHUDFWLRQ� V\VWHPV� EHWZHHQ� WKH� XVHU� DQG� WKH� YLUWXDO�
H[SHULHQFH��FUHDWLQJ�DQ�LPPHUVLYH�V\VWHP�WKDW�WDNHV�IXOO�
advantage of the dissemination potential of ArcViz and 
$FRXVWLF�H[SHULHQFHV�>%RULVRY�HW�DO�������@�
7KH�$85$�SURMHFW�H[SORUHV�WKUHH�HPEOHPDWLF�(XURSHDQ�
case studies: the Berlin Konzerthaus (DE), the Teatro 
GHO�0DJJLR�0XVLFDOH�)LRUHQWLQR��,7��DQG�WKH�/YLY�2SHUD�
DQG�%DOOHW�7KHDWHU��8$���$Q�DSSURSULDWH�GLJLWLVDWLRQ�DQG�
virtual reconstruction methodology has been developed 
for each of the theatres to create reliable 3D models from 
a graphic rendering and digital accessibility perspective, 
DV� ZHOO� DFRXVWLF�� 6HOHFWLQJ� WKUHH� GLරHUHQW� FDVH� VWXGLHV�

)LJ�� �� �� 7KH� $85$� (XURSHDQ� SURMHFW�� LWV� SDUWQHUVKLS� DQG� WKH� WKUHH� FDVH�
VWXGLHV��WKH�.RQ]HUWKDXV�LQ�%HUOLQ��'(����WKH�7HDWUR�GHO�0DJJLR�LQ�)ORUHQFH��,7��
DQG�WKH�6RORPL\D�6WDWH�$FDGHPLF�7KHDWHU�RI�2SHUD�DQG�%DOOHW�LQ�/YLY��8$��
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from an acoustic, functional, and architectural point of 
YLHZ� ZDV� HVVHQWLDO� WR� GHÀQH� D� UHOLDEOH� DQG� UHSOLFDEOH�
PHWKRGRORJ\�� 7KH� SURMHFW� DQDO\VHV� D� FRQWHPSRUDU\�
EXLOGLQJ�� WKH� 7HDWUR� GHO� 0DJJLR� )LRUHQWLQR� �������� WR�
address issues related to contemporary technologies 
DQG�PDWHULDOV��D�QHRFODVVLFDO�VW\OH�����V�UHFRQVWUXFWLRQ��
the Konzerthaus in Berlin (1984), to address problems 
DVVRFLDWHG�ZLWK� WKH� FRPELQDWLRQ�RI�GLරHUHQW�PDWHULDOV��
VXFK�DV�UHLQIRUFHG�FRQFUHWH��ZRRG�DQG�GHFRUDWLYH�VWXFFR��
DQG�ÀQDOO\�DQ�DUFKLWHFWXUDO�W\SRORJ\�SUHVHQW�WKURXJKRXW�
(XURSH�� UHSUHVHQWHG� E\� WKH� ,WDOLDQ�VW\OH� WKHDWUH� ZLWK�
the neo-baroque features Lviv Opera and Ballet Theater 
�������� ZKLFK� SUHVHQWV� WKH� OLPLWDWLRQV� RI� DUFKLWHFWXUDO�
DQG�GHFRUDWLYH�VWUXFWXUHV�ZKHQ�LW�FRPHV�WR�DFRXVWLF��7KH�
project, completed in December 2022, sets guidelines 
for the creation of multi-sensory virtual experiences to 
PDNH�WKH�DXUDOLVDWLRQ�RI�FXOWXUDO�VSDFHV�HDVLO\�DFFHVVLEOH�
DQG�DSSOLFDEOH�LQ�WKH�IXWXUH���)LJ�����

The importance of acoustic in cultural 
heritage safeguarding strategies
The strategies to investigate and safeguard cultural 
KHULWDJH�� ERWK� WDQJLEOH� DQG� LQWDQJLEOH�� OHDQ� WRZDUGV�
a greater integration and use of acquired data, often 
KHWHURJHQHRXV� DQG� IURP� GLරHUHQW� UHVHDUFK� ÀHOGV�� $�
JURZLQJ� VHQVLWLYLW\� WRZDUGV� D� PRUH� HSKHPHUDO� DQG�
IUDJLOH�DVSHFWV�RI�KHULWDJH�²�VXFK�DV�LWV�DFRXVWLF�IHDWXUHV�
²� OHDGV� WR� WKH� GHYHORSPHQW� RI� QHZ� PHWKRGRORJLFDO�
protocols that reinterpret and integrate approaches 
DOUHDG\� FRQVROLGDWHG�E\� HDFK� LQGLYLGXDO� GLVFLSOLQH�� 7KH�
QHZ� IURQWLHUV� RI� GLJLWDO� VXUYH\LQJ�� �'� PRGHOOLQJ� DQG�
UHQGHULQJ�DSSOLHG�WR�EXLOW�KHULWDJH�DOORZ�WKH�UHFUHDWLRQ�
of a digital copy of the investigated object, preserving 

LWV� LPDJH� RYHU� WLPH� DQG� PDNLQJ� LW� ZLGHO\� DFFHVVLEOH�
WKURXJK�PL[HG� UHDOLW\� WHFKQRORJLHV� �05��� 6LPLODUO\�� WKH�
DXUDOLVDWLRQ�SURFHVVHV�>.OHLQHU�HW�DO�������@�²�ZKLFK�KDG�
been already employed in acoustic design for several 
\HDUV� ²� KDYH� EHHQ� LQWHJUDWHG� E\� YLVXDOO\� DFFHVVLEOH�
PRGHOV� WKDW� FRQWH[WXDOLVH� VRXQG� H[SHULHQFHV�� )RU�
UHVHDUFK� SURMHFWV� RQ� DFRXVWLF� KHULWDJH� ²� SDUWLFXODUO\�
those that investigate the acoustic of an archaeological 
VLWH� RU� D� GDPDJHG� RU� GHVWUR\HG� EXLOGLQJ� ²� D� ZHOO�
balanced integration of acoustic and visual aspects is 
necessary2��2QH�H[HPSODU�LV�(9$$��([SHULPHQWDO�9LUWXDO�
Archeological Acoustics), an umbrella project that 
gathers multiple sub-projects on heritage acoustics 
UHVHDUFK�� YLUWXDO� UHDOLW\� DQG� UHDO�WLPH� DXUDOLVDWLRQ��
Amongst the case studies investigated by the research 
group coordinated by the Sorbonne University of Paris, 
that forms part of the Past Has Ears project (PHE 2020-
2023)3�>.DW]�HW�DO�������@��LV�WKH�&DWKHGUDO�RI�1RWUH�'DPH��
then further explored by the Past Has Ears at Notre-
'DPH�SURMHFW��3+(1'������������>(OH\�HW�DO�������@�>'H�
0X\QNH� HW� DO��� ����@�� 7KH� DFRXVWLFV� RI� 1RWUH� 'DPH� LV�
considered an essential part of its intangible heritage, 
particularly as it may have played a fundamental role 
in the development of musical practices during the 
0LGGOH� $JH�� 7KH� VWXG\� FRPSDUHV� WKH� FXUUHQW� LQWHUQDO�
DFRXVWLFV��IROORZLQJ�WKH�ÀUH�RI�������ZLWK�WKDW�UHFRUGHG�
by archival acoustic measurements, particularly those 
DFTXLUHG� LQ� ����� GXULQJ� DQ� LQYHVWLJDWLRQ� FDPSDLJQ�
IRU� WKH�YLUWXDOLVDWLRQ�RI� WKH�81(6&2�KHULWDJH�VLWH��7KLV�
FRPSDULVRQ� DOVR� DOORZV� IRU� PRQLWRULQJ� WKH� HරHFWLYH�
acoustic correspondence of the restoration project 
during the construction phase and verifying the accurate 
UHVWRUDWLRQ�RI�WKH�RULJLQDO�DWPRVSKHUH�
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The AURA work!ow: developing a 
methodology for VR and acoustic simulation 
of theatre halls
As mentioned earlier, the very purpose of the project is 
WR�H[SORLW�WKH�SRWHQWLDO�RI�WKH�WKUHH�GLරHUHQW�FDVH�VWXGLHV�
WR�GHÀQH�D�PHWKRGRORJLFDO�ZRUNÁRZ�IRU�95�DQG�DFRXVWLF�
simulation of theater halls that can be replicated and 
applied at the European level for the virtualization of other 
YHQXHV�DV�ZHOO��)LJJ�������
7KLV�PHWKRGRORJLFDO�ZRUNÁRZ��PRVWO\�FRPPRQ�WR�WKH�WKUHH�
cases, included an initial phase focused to digital surveying 
XVLQJ�WHUUHVWULDO�ODVHU�VFDQQHU��7/6��LQVWUXPHQWDWLRQ�²�DQG�
LQ� RQH� FDVH� DOVR� WKURXJK� 6WUXFWXUH� IURP� 0RWLRQ� �6I0��
SKRWRJUDPPHWU\�WHFKQLTXHV�²�LQ�RUGHU�WR�HQVXUH�D�UHOLDEOH�
metric basis for the next step concerning the 3D modeling 
RI�WKH�PDLQ�KDOOV�
At the same time, a semantic subdivision of the furniture 
and architectural elements that constitute the main halls, 
WRJHWKHU� ZLWK� D� FODVVLÀFDWLRQ� RI� WKH� UHODWHG� FRQVWUXFWLYH�
PDWHULDOV�� ZDV� DOVR� FDUULHG� RXW�� %DVHG� RQ� WKLV�� HDFK�
PDWHULDO� ZDV� DOVR� FODVVLÀHG� DFRXVWLFDOO\� WKURXJK� RQ�VLWH�
investigations and studies on technical documentation, and 
SURSHUO\�PDWFKHG�ZLWK� WKH� VSHFLÀF� DFRXVWLF�SDUDPHWHUV4, 
in order to develop a parametric acoustic database useful 
IRU� VXEVHTXHQW� DXUDOL]DWLRQ� SURFHVVHV�� $ORQJ� ZLWK� WKHVH�
studies, a series of photographic surveys of the various 
PDWHULDOV�SUHVHQW�ZHUH�DOVR�FDUULHG�RXW�IRU�WKHLU�VDPSOLQJ�
intended for the creation of photorealistic textures for 
PDSSLQJ�WKH��'�PRGHOV�
The next phase involved the actual virtual reconstruction of the 
WKHDWHU�KDOO��7KLV�ZDV�FDUULHG�RXW�WKURXJK�VSHFLÀF��'�PRGHOLQJ�
processes based on the morphometric assets developed from 
WKH�GLJLWDO�VXUYH\�DQG�WKH�VHPDQWLF�DQG�PDWHULDOV�VXEGLYLVLRQ��
7KH��'�PRGHOV�ZHUH�WKHQ�DOVR�VXEMHFWHG�WR�VSHFLÀF�PDSSLQJ�
and texturing operations in order to optimize their graphical 
rendering for ArchViz�VLPXODWLRQ�

1H[W�� D� SUHSDUDWRU\� SKDVH� WR� DXUDOL]DWLRQ� SURFHVVHV� ZDV�
carried out, aimed at creating a parametric and coded 
GDWDEDVH� ZLWKLQ� ZKLFK� WKH� YDULRXV� HOHPHQWV� DQG� WKHLU�
UHVSHFWLYH�FRQVWUXFWLYH�PDWHULDOV�FRXOG�EH�DVVRFLDWHG�ZLWK�
WKH� YDOXHV� RI� WKH� DFRXVWLF� SDUDPHWHUV� LGHQWLÀHG� LQ� WKH�
SUHOLPLQDU\�RQ�VLWH�VWXGLHV�
Finally, the operations related to auralization and 
YLUWXDOL]DWLRQ�RI�WKH�WKHDWULFDO�YHQXHV�²�ZKLFK��KRZHYHU��ZLOO�
QRW�EH�H[SORUHG�LQ�GHSWK�ZLWKLQ�WKLV�SDSHU�²�ZHUH�FDUULHG�
RXW� E\� H[SORULQJ� WKH� PXOWLSOH� SRWHQWLDOLWLHV� RරHUHG� E\�
Unity�SODWIRUP��,QGHHG��WKLV�*DPH�(QJLQH�DOORZV�ERWK�WKH�
creation of virtual and immersive 3D environments and, 
WKURXJK�D�VSHFLÀF�SOXJLQ��DOVR�WKHLU�DXUDOL]DWLRQ�
All of these methodological experimentations thus made 
LW� SRVVLEOH� WR� GHYHORS� DQ� HDVLO\� UHSOLFDEOH� ZRUNÁRZ� IRU�
WKH� FUHDWLRQ� RI� LPPHUVLYH� PXOWLVHQVRU\� 95� H[SHULHQFHV�
LQWHQGHG�IRU�GLරHUHQW�W\SHV�RI�XVHUV��,QGHHG��WKH�ODVW�SKDVH�
of the project involved a series of testing activities on users 
in order to verify the actual response and contribution 
RරHUHG� E\� WKH� DXUDOL]DWLRQ� RI� �'� PRGHOV� GHYHORSHG�
DFFRUGLQJ�WR�WKLV�ZRUNÁRZ�

)LJ������&RQFHSW�RI�$XUD�SURMHFW��7KH�PDLQ�KDOO�RI�WKH�/YLY�2SHUD�+RXVH�
GHSLFWLQJ�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�WZR��'�PRGHOV��RQ�WKH�OHIW�WKH�RQH�
LQWHQGHG�IRU�DXUDOL]DWLRQ�DQG�RQ�WKH�ULJKW�WKH�RQH�IRU�YLVXDO�UHQGHULQJ��
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)LJ����²�0HWKRGRORJLFDO�
ZRUNÁRZ�RI�WKH�DFWLYLWLHV�

FDUULHG�RXW�IRU�HDFK�FDVH�VWXG\��
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The digital survey for a reliable virtual 
reconstruction of the three case studies
7KH� SURMHFW·V� ÀUVW� VWHS� LV� GLJLWL]LQJ� WKH� EXLOW� KHULWDJH�
through appropriate technologies that ensure a reliable 
YLUWXDO�PRUSKRPHWULF�UHFRQVWUXFWLRQ��6SHFLÀF�DQG�GLරHUHQW�
GLJLWDO� VXUYH\� FDPSDLJQV� ZHUH� WKXV� SODQQHG� IRU� WKH�
GRFXPHQWDWLRQ�RI�WKH�WKUHH�FDVH�VWXGLHV��)LJ�����

Data acquisition activities for the Berlin Konzerthaus began 
LQ� 6HSWHPEHU� ����� DQG� LQFOXGHG� ODVHU�VFDQQHU� VXUYH\V��
7ZR� GLරHUHQW� 7/6� LQVWUXPHQWV� ZHUH� XVHG�� D� Z+F Imager 
5016 and a Faro FocusM 70�� ERWK� ZLWK� SKDVH� GLරHUHQFH�
WHFKQRORJ\��6SHFLÀFDOO\��WKH�ÀUVW�RQH�ZDV�XVHG�WR�DFTXLUH�
����5*%�FRORU�VFDQV�UHODWHG�WR�WKH�H[WHULRU�HQYLURQPHQWV�RI�
WKH�.RQ]HUWKDXV��LWV�IR\HU�DQG�PDLQ�KDOO��ZKLOH�WKH�VHFRQG�
RQH� ZDV� XVHG� WR� DFTXLUH� ���� %�:� VFDQV� RI� FRUULGRUV��
VWDLUZHOOV�DQG�VHUYLFH�DUHDV��)LJ�����

)LJ�����²�'LJLWDO�VXUYH\�DFTXLVLWLRQ�DFWLYLWLHV�RI�WKH�WKUHH�FDVH�VWXGLHV�DQG�SDQRUDPLF�YLHZV�RI�WKH�FRORUHG�SRLQW�FORXGV�RI�WKHLU�H[WHULRU�DUHDV��
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/LNHZLVH��WKH�GLJLWDO�GRFXPHQWDWLRQ�DFWLYLWLHV�IRU�WKH�7HDWUR�
GHO�0DJJLR�0XVLFDOH�)LRUHQWLQR�²�FRQGXFWHG�LQ�HDUO\������
²�LQYROYHG�WKH�XVH�RI�WKH�VDPH�7/6V��WKURXJK�ZKLFK�ZHUH�
DFTXLUHG�UHVSHFWLYHO\�����5*%�FRORU�VFDQV�RI�WKH�H[WHULRUV��
its foyer and main hall, and 110 B/W scans for corridors, 
VWDLUZHOOV�DQG�VHUYLFH�DUHDV��)LJ�����
The digital survey of the Lviv Opera House required instead 
WZR�GLරHUHQW�WHPSRUDO�WUDQFKHV��'XULQJ�WKH�ÀUVW�FDPSDLJQ�
²�FRQGXFWHG�DV�ZHOO�LQ�HDUO\������²�JHRPHWULF�GDWD�RI�PDLQ�
KDOO��IR\HU��DQG�FRUULGRUV�ZHUH�DFTXLUHG�XVLQJ�D�Leica C10 
ODVHU�VFDQQHU��6LQFH�WKH�����VFDQV�ZHUH�FDSWXUHG�LQ�%�:��D�
6I0�SKRWRJUDPPHWULF�VXUYH\�RI�WKH�KDOO�ZDV�FRPELQHG�IRU�
FRORU�GDWD�DFTXLVLWLRQ��$W�WKH�HQG�RI������D�VHFRQG�GLJLWDO�
VXUYH\�FDPSDLJQ�ZDV�SODQQHG��WKURXJK�ZKLFK�PLVVLQJ�GDWD�
from the exterior areas and again some interior spaces 
ZHUH�LQWHJUDWHG�ZLWK�����5*%�FRORU�VFDQV�DFTXLUHG�XVLQJ�D�
Faro FocusM 70��)LJ�����
All of these laser-scanner surveys have thus provided 
D� ODUJH� DPRXQW� RI� GDWD�� ZKLFK� KDYH� EHHQ� VXEVHTXHQWO\�
LPSRUWHG� DQG� SURFHVVHG� ZLWKLQ� D� VSHFLÀF� SRLQW� FORXG�
PDQDJHPHQW�VRIWZDUH��Leica Geosystems Cyclone, through 
ZKLFK� WKH�PDLQ�SKDVHV�RI�ÀOWHULQJ�� UHJLVWUDWLRQ�� FKHFNLQJ�
DQG�SURFHVVLQJ�RI�WKH�SRLQW�FORXGV�ZHUH�GHYHORSHG�
7KH� UHVXOWV� RI� WKLV� ÀUVW� VWHS�KDYH� WKXV�SURYLGHG� D� VHW� RI�
highly descriptive and reliable three-dimensional metric 
DVVHWV�� IURP� ZKLFK� ERWK� PRUSKRPHWULF� DQG� FKURPDWLF�
material information could be extracted and used for the 
development of graphical-technical supports necessary for 
WKH�VXEVHTXHQW�PRGHOLQJ�DQG�DXUDOL]DWLRQ�VWHSV�
In parallel to these digital data documentation activities, the 
PHWKRGRORJLFDO�ZRUNÁRZ�LQFOXGHG�D�VHULHV�RI�RQ�VLWH�VWXGLHV�
on the constructive materials and their acoustic properties, 
investigating the values of the above-mentioned acoustic 
parameters necessary for subsequent auralisation processes 
ZLWKLQ�WKH�FKRVHQ�*DPH�(QJLQH�SOXJLQ�
)RU�WKLV�DFRXVWLF�VXUYH\��YLVXDO�H[DPLQDWLRQV�ZHUH�FRQGXFWHG�
>3RPSROL�HW�DO�������@��WKURXJK�ZKLFK�LW�ZDV�SRVVLEOH�WR�DWWULEXWH�
WR�WKH�DFRXVWLFDOO\�VLJQLÀFDQW�PDWHULDOV�SUHVHQW�LQ�WKH�PDLQ�KDOO�

WKHLU�UHVSHFWLYH�DFRXVWLF�FKDUDFWHULVWLFV�²�LQ�WHUPV�RI�VFDWWHULQJ�
DQG�DYHUDJH�FRHFLHQW�RI�VRXQG�DEVRUSWLRQ�DQG�GLරXVLRQ�DW�
ORZ��PHGLXP��DQG�KLJK�IUHTXHQFLHV�²�UHO\LQJ�RQ�GDWD�IRXQG�LQ�
DFRXVWLF�WHFKQLFDO�UHSRUWV��VFLHQWLÀF�SXEOLFDWLRQV��DQG�DFRXVWLF�
VLPXODWLRQ�VRIWZDUH�VXFK�DV�Odeon� and Ramsete6�>%DUWDOXFFL�
HW�DO�������@�

)LJ�����²�&RORUHG�SRLQW�FORXG�RI�WKH�PDLQ�KDOO�RI�WKH�%HUOLQ�.RQ]HUWKDXV�
GHYHORSHG�IURP�ODVHU�VFDQQHU�VXUYH\V��
)LJ�����²�&RORUHG�SRLQW�FORXG�RI�WKH�PDLQ�KDOO�RI�WKH�7HDWUR�GH�0DJJLR�
developed from laser-scanner surveys
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Processing of 3D digital-twins for auralization 
and visualization purposes
The processing and post-production phase of the acquired 
GDWD� ZDV� GHYHORSHG� E\� SXUVXLQJ� WZR� FRPSOHPHQWDU\� DQG�
methodologically propaedeutic objectives for the auralization 
DQG�YLVXDOL]DWLRQ�RI�WKH�WKUHH�YHQXHV��7KH�ÀUVW�DLPHG�DW�FUHDWLQJ�
highly descriptive 3D models of the main halls based on the 
JHRPHWULF�UHVXOWV�RI�WKH�GLJLWDO�VXUYH\��7KH�VHFRQG�UHJDUGLQJ�
the semantic subdivision of the various architectural elements 
WR�HQULFK�WKH�PRUSKRORJLFDO�FRQWHQWV�ZLWK�LQIRUPDWLRQ�UHODWLQJ�
WR�WKH�LQYHVWLJDWHG�DFRXVWLF�SDUDPHWHUV�
6SHFLÀFDOO\�� UHJDUGLQJ� WKH� ÀUVW� DVSHFW�� WKH� KLJKO\� UHOLDEOH�
metric data obtained through point cloud post-production 
SURFHVVHV�ZHUH�XVHG�WR�YLUWXDOO\�GHYHORS�WKH�GLJLWDO�WZLQV�RI�
WKH�YDULRXV�FDVH�VWXGLHV�IROORZLQJ�WZR�GLරHUHQW�UHFRQVWUXFWLYH�
PHWKRGRORJLHV��)LJ�����
)RU�WKH�FDVHV�RI�WKH�7HDWUR�GHO�0DJJLR�DQG�/YLY�2SHUD�+RXVH��
PRUSKRPHWULF� GDWD� IURP� WKH� UHVSHFWLYH� SRLQW� FORXGV� ZHUH�
extracted and, through a careful data discretization, used for 
WKH�GHYHORSPHQW�RI��'�GUDZLQJV�LQ�CAD environment in order 
to create a geometric basis for modeling each element of the 
PDLQ�KDOOV��7KHVH�GUDZLQJV7�ZHUH�WKHQ�LPSRUWHG�ZLWKLQ�McNeel 
Rhinoceros�PRGHOLQJ�VRIWZDUH�ZKHUH�WKH\�ZHUH�XVHG�DV�PHWULF�
support for the creation of the 3D model of the halls and 
each of their components8, exploiting the management and 
SUHFLVLRQ�SRWHQWLDO�RI�185%6�JHRPHWULHV�
For the Berlin theater, on the other hand, an existing 3D model 
PDGH� DYDLODEOH� E\� WKH� .RQ]HUWKDXV� LQVWLWXWLRQ� ZDV� XVHG��
+RZHYHU��VLQFH�LW�GLG�QRW�PHWULFDOO\�UHÁHFW�WKH�UHDO�GLPHQVLRQDO�
DVSHFWV��VSHFLÀF�PRUSKRORJLFDO�WUDQVIRUPDWLRQV�EDVHG�RQ�WKH�
SRLQW�FORXG�GDWD�ZHUH�FDUULHG�RXW�ZLWKLQ�Rhinoceros�
6LPLODUO\� WR� WKH� PRGHOLQJ� RQH�� D� GXDO� DSSURDFK� ZDV� DOVR�
IROORZHG�ZLWK�UHJDUG�WR�WKH�PDSSLQJ�PHWKRGRORJ\�RI�WKH��'�
PRGHOV�GHYHORSHG��)RU�WKH�FDVHV�RI�WKH�.RQ]HUWKDXV�DQG�7HDWUR�
GHO�0DJJLR��VXUIDFHV�PDSSLQJ�ZDV�EDVHG�RQ�WH[WXUHV�FUHDWHG�
IURP�SKRWRJUDSKLF�VDPSOHV�RI�UHDO�PDWHULDOV��)LJJ���������

For the case of the Lviv Opera House, on the other hand, 
D� GLරHUHQW� PHWKRGRORJ\� ZDV� WHVWHG�� 7KH� 185%6� PRGHO�
GHYHORSHG� IRU� WKH� DXUDOL]DWLRQ� SURFHVVHV�� ZDV� RYHUODLG� ZLWK�
an identical one in the form of a mesh textured by projecting 
RQWR� LW� WKH� SKRWRJUDPPHWULF� GDWD� GHYHORSHG�ZLWKLQ�Agisoft 
Metashape Pro�� ,Q� WKLV� ZD\�� ZLWKLQ�Unity, both the acoustic 
VLPXODWLRQ�GHYHORSHG�E\�WKH�DXUDOL]DWLRQ�RI�WKH�185%6�PRGHO�
and the realistic graphical rendering of the photogrammetric 
PHVK�ZHUH�JXDUDQWHHG�
,Q�SDUDOOHO�ZLWK�WKH�PRGHOLQJ�SURFHVVHV��D�VHPDQWLF�VXEGLYLVLRQ�
RI�WKH�HOHPHQWV�SUHVHQW�DQG�WKHLU�UHODWLYH�PDWHULDO�FODVVLÀFDWLRQ�
ZDV�DOVR�FDUULHG�RXW��$IWHU�SUHOLPLQDU\�RQ�VLWH�VWXGLHV�RI� WKH�
PDWHULDOV��DOO�WKH�HOHPHQWV�LQ�WKH�PDLQ�KDOOV�ZHUH�GLYLGHG�DQG�
FDWHJRUL]HG�ZLWKLQ�WKH��'�PRGHOV�LQWR�W\SRORJLFDO�FDWHJRULHV��
DQG� IRU� HDFK�� D� GLරHUHQW� YLUWXDO� DQG� FRGHG� PDWHULDO� ZDV�
DVVRFLDWHG��7KLV�SURFHVV�WKXV�OHG�WR�WKH�FUHDWLRQ�RI�DQ�DFRXVWLF�
GDWDEDVH�LQ�ZKLFK�HDFK�FDWHJRU\�LV�DVVRFLDWHG�ZLWK�D�VHW�RI�,'�
codes, a material, various numerical-dimensional data, and 
most importantly, the corresponding acoustic parameters 
SUHYLRXVO\�LQYHVWLJDWHG��)LJ�������7KH�YDOXHV�RI�ODWWHU�ZLOO�WKHQ�
EH�DVVRFLDWHG�ZLWK�WKH�YDULRXV�VXUIDFHV�RI�WKH��'�PRGHOV�DQG�
ZLOO�EHFRPH�WKH�EDVLV�IRU�WKH�GHYHORSPHQW�RI�WKH�DXUDOL]DWLRQ�
SURFHVVHV��)LJ������

)LJ�����²�&RORUHG�SRLQW�FORXG�RI�WKH�IR\HU�DQG�PDLQ�KDOO�RI�WKH�/YLY�2SHUD�+RXVH��
GHYHORSHG�IURP�ODVHU�VFDQQHU�DQG�SKRWRJUDPPHWULF�VXUYH\V��UHVSHFWLYHO\��
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)LJ�����²�2YHUYLHZ�RI�GLJLWDO�SURFHVVLQJ�DQG�GLරHUHQW�PHWKRGRORJLHV�XVHG�IRU�YLUWXDO�UHFRQVWUXFWLRQ�RI�WKH�WKUHH�FDVH�VWXGLHV�
)LJ�����²�3DQRUDPLF�YLHZ�RI�WKH�WH[WXUHG��'�PRGHO�RI�WKH�PDLQ�KDOO�RI�WKH�%HUOLQ�.RQ]HUWKDXV�
)LJ�����²�3DQRUDPLF�YLHZ�RI�WKH�WH[WXUHG��'�PRGHO�RI�WKH�PDLQ�KDOO�RI�WKH�7HDWUR�GHO�0DJJLR�
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Development of multisensorial and virtual 
experiences
The research required several tests to develop multisensory 
virtual experiences of the three venues that could simulate 
YLVXDO�DQG�DFRXVWLF�UHDOLW\�VLPXOWDQHRXVO\��7KH�WHVW�UHVXOWV�
LGHQWLÀHG�Unity as the most suitable virtual platform for 
WKLV� VRUW� RI� UHDO�WLPH� DSSOLFDWLRQV�� ,Q� IDFW�� LQ� DGGLWLRQ� WR�

the ArchViz of the developed 3D models, this Game Engine 
DOORZV� WKURXJK� D� VSHFLÀF� SOXJLQ� FDOOHG� 6WHDP�$XGLR� WKH�
development of all auralization processes: importing of 
audio sources, setting of acoustic materials characterized 
by the values of the investigated parameters and the 
DVVRFLDWLRQ�RI�WKHVH�ZLWK�WKH�UHVSHFWLYH�VXUIDFH�PDWHULDOV�
RI�WKH�LPSRUWHG��'�PRGHOV��)LJ������
,Q� RUGHU� WR� PDNH� WKH� YLVXDO�DFRXVWLF� H[SHULHQFH� PRUH�
realistic, in each of the three theaters an orchestra 

)LJ�����²�6HPDQWLF�VXEGLYLVLRQ�RI�WKH�HOHPHQWV�DQG�FODVVLÀFDWLRQ�RI�WKH�PDWHULDOV�SUHVHQW�LQ�WKH�WKUHH�FDVH�VWXGLHV�IRU�WKH�FUHDWLRQ�RI�D�SDUDPHWULF�
DFRXVWLF�GDWDEDVH��
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FRPSRVHG� RI� �'� DYDWDUV� RI� UHDO� PXVLFLDQV� ZDV� SODFHG��
DQG�HDFK�RI�WKHVH�ZDV�DVVRFLDWHG�ZLWK�LWV�UHVSHFWLYH�DXGLR�
source recorded individually in an anechoic chamber and 
PDNLQJ� LW� YLUWXDOO\� DXGLEOH� LQ� D� VSDFLDOLVLQJ� ZD\�� ,Q� IDFW��
ZLWKLQ� WKH�8QLW\�6WHDP�$XGLR�HGLWRU�� LW� LV�SRVVLEOH� WR� VHW�
the sound three-dimensionally so that the volume changes 
ZLWK�WKH�GLVWDQFH�IURP�WKH�VRXUFHV�DQG�ZLWK�WKH�DFRXVWLF�
SURSHUWLHV�RI�WKH�YDULRXV�PDWHULDOV�SUHVHQW��)LJ������
7KXV��WKH�WKUHH�PXOWLVHQVRU\�DQG�YLUWXDO�H[SHULHQFHV�ZHUH�
GHYHORSHG�ZLWKLQ�8QLW\�LQ�WKH�IRUP�RI�95�$SSV��,Q�HDFK�RI�

WKH�WKUHH�WKHDWHUV��HYHQ�WKH�OHDVW�H[SHULHQFHG�XVHU�ZLOO�WKXV�
EH� DEOH� WR� QDYLJDWH� WKH�PDLQ� KDOO� E\�PRYLQJ� WR� VSHFLÀF�
DQG�GHÀQHG�SRVLWLRQV��H�J���IURQW�URZ��EDOFRQ\��VWDJH�����DQG�
GHFLGH�ZKLFK�LQVWUXPHQW�RI�WKH�RUFKHVWUD�VKRXOG�EH�SOD\HG�
by simply activating the respective musician9��)LJ������
7KLV� LQWHJUDWHG� DQG� LPPHUVLYH� DSSURDFK�� LQ� ZKLFK�
photorealistic visualization and acoustic rendering are 
FRPELQHG�ZLWK�GLUHFW�DQG�VLPXODWHG�XVHU�LQWHUDFWLRQ��DLPV�
WR�VLJQLÀFDQWO\�GHYHORS�QHZ�ZD\V�RI�FRPPXQLFDWLQJ�DQG�
GLVVHPLQDWLQJ�$FRXVWLF�DQG�&XOWXUDO�+HULWDJH�

)LJ�����²�([DPSOH�RI�DFRXVWLF�GDWD�HQULFKPHQW�ZLWKLQ�WKH��'�PRGHO�RI�WKH�PDLQ�KDOO�RI�WKH�/YLY�2SHUD�+RXVH�DLPHG�DW�DXUDOL]DWLRQ�SURFHVVHV��
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Conclusions
7KH�UHVXOWV�RI�WKH�$85$�SURMHFW�FRQÀUPHG�WKDW�SUHFLVH�GLJLWDO�
survey campaigns are necessary to develop 3D models that 
LQYHVWLJDWH�WKH�UHODWLRQVKLS�EHWZHHQ�VSDFH�DQG�DFRXVWLF�10 The 
geometric-morphological aspects of the models, as in the case 
RI�WKH�KDOO�RI�WKH�.RQ]HUWKDXV�LQ�%HUOLQ��GHHSO\�LQÁXHQFH�WKH�
VRXQG�UHQGHULQJ�RI�WKH�DXUDOLVHG�PRGHOV�>6FKDXHU�HW�DO�������@�
Through correct data acquisition and accurate sampling of 
PDWHULDOV� DQG� UHODWHG�DFRXVWLF�SDUDPHWHUV�� WKHVH� WRROV� DOORZ�
the documentation of both the material aspects of the built 
heritage and the intangible features related to the soundscape 
RI� WKH� LQYHVWLJDWHG� HQWLW\�� )XUWKHUPRUH�� XVLQJ� WKHVH� WRROV� LQ�
DUFKLWHFWXUDO� GHVLJQ� RරHUV� D� XQLTXH� RSSRUWXQLW\� WR� H[SORUH�
and test acoustic in the preliminary stages of the project, thus 
informing the choice of the best materials and technological 
solutions both from a technological and an aesthetic point of 
YLHZ��2QH�RI�WKH�$85$�SURMHFW·V�REMHFWLYHV�LV�WR�LQYHVWLJDWH�WKH�
possible use of auralised 3D models in the architectural and 
DFRXVWLF�GHVLJQ�ÀHOG��7KH�SURMHFW�IHDWXUHG�D�XVHU�WHVWLQJ�SKDVH�
GHVLJQHG� E\� 9LH� HQ�UR�VH�� ,QJHJQHULD� 6�U�/��� ZKLFK� FROOHFWHG�

IHHGEDFN�IURP�PXVLFLDQV��GHVLJQHUV�DQG�WKH�JHQHUDO�SXEOLF�WR�
RරHU�LQVLJKWV�RQ�WKH�SURV�DQG�FRQV�DQG�SRWHQWLDO�XVH�>%HOORPLQL�
HW�DO������@�
The project also entailed the organisation of a multidisciplinary 
XQLYHUVLW\� ZRUNVKRS� RQ� WKH� WKHPH� RI� DXUDOLVDWLRQ�� ZKLFK�
involved 20 students from the Department of Architecture of 
WKH�8QLYHUVLW\� RI� )ORUHQFH�� 7KH� VWXGHQWV� WRRN� DQ� DFWLYH�SDUW�
LQ�WKH�´WUDQVIHU�RI�NQRZOHGJHµ�SKDVH��DVVLVWLQJ�LQ�GHÀQLQJ�DQ�
approach to disseminate methodological steps to a user base of 
WHFKQLFLDQV�DQG�DUFKLWHFWV��1RWDEO\��WKH�DGRSWHG�PHWKRGRORJLHV�
have proved to be a possible integration in acoustic and digital 
survey classes, training the Next-Gen of architects and building 
HQJLQHHUV�WR�EH�VHQVLWLYH�WR�LVVXHV�UHODWHG�WR�DFRXVWLF�KHULWDJH��
7KHVH� PDWWHUV� DUH� WLJKWO\� LQWHUOLQNHG� ZLWK� %,0� �%XLOGLQJ�
,QIRUPDWLRQ�0RGHOLQJ��DQG�FROODERUDWLYH�GHVLJQ�DSSURDFKHV��
7RJHWKHU��WKHVH�GLVFLSOHV�FUHDWH�D�FRQQHFWLRQ�EHWZHHQ�GHVLJQ�
DQG�,7�VNLOOV�WR�FUHDWH�LPPHUVLYH�H[SHULHQFHV�WKDW�DUH�EHQHÀFLDO�
during the design and development phases of the architectural 
SURMHFW��DV�ZHOO�DV�LQ�WKH�GRFXPHQWDWLRQ�DQG�SURWHFWLRQ�RI�WKH�
DFRXVWLF�KHULWDJH�

)LJ�����²�,PSRUWLQJ�PDLQ�KDOO�PRGHOV�ZLWKLQ�WKH�*DPH�(QJLQH�8QLW\�
SODWIRUP�DQG�DFRXVWLF�SURFHVVLQJ�XVLQJ�WKH�6WHDP�$XGLR�SOXJLQ��

)LJ�����²�7KH�WKUHH�$SSV�IRU�PXOWLVHQVRU\�H[SHULHQFHV�DQG�WKHLU�YLUWXDO�
QDYLJDWLRQ�XVLQJ�95�GHYLFHV��
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)LJ�����²�2Q�WKH�OHIW��SKDVHV�RI�VRXQG�DFTXLVLWLRQ�RI�HDFK�LQVWUXPHQW��6I0�VXUYH\�RI�WKH�UHVSHFWLYH�PXVLFLDQV��DQG�LQVHUWLRQ�RI�WKH�RUFKHVWUD�ZLWKLQ�
8QLW\��2Q�WKH�ULJKW��DXUDOL]DWLRQ�SURFHVVHV�
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FRRUGLQDWHG� E\� 3URI�� -�� 6LHFN�� ZDV� UHVSRQVLEOH� IRU� WKH� DXUDOL]DWLRQ�
of the models and the development of apps for their virtualization 
DQG�XVH��7KH�WHDP�RI�81,),�','$��FRRUGLQDWHG�E\�3URI��6��%HUWRFFL��
has carried out the activities of digital survey and data processing, 
DV�ZHOO� DV� WKH��'�PRGHOLQJ�RI� WKH� WKHDWHUV�� 7KH�81,),�',()� WHDP��
FRRUGLQDWHG� E\� 3URI�� 0�� &DUIDJQL�� KDV� GHDOW� ZLWK� WKH� SUHSDUDWRU\�
investigation for the auralization of the values to be assigned to 
WKH� DFRXVWLF� SDUDPHWHUV�� 7KH� /318� WHDP�� FRRUGLQDWHG� E\� 3URI�� ,��
6DYFK\Q��FDUULHG�RXW�WKH�ÀUVW�GLJLWDO�VXUYH\�DFWLYLWLHV��7/6�DQG�6I0��RI�
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Notes
1 Auralization is a technique that simulates the acoustics of a real place 
ZLWKLQ�D�YLUWXDO�VSDFH�
2� 1RWHZRUWK\�� (5$72� SURMHFWV� ������������� IRFXVHG� RQ� WKH� WKHPH� RI�
archaeoacoustics for the analysis and comparison of the acoustic properties 
RI�DQFLHQW�*UHHN�DQG�5RPDQ�WKHDWUHV�>5LQGHO�HW�DO�������@��(&+2�SURMHFW�
�������������LQYHVWLJDWLQJ�WKH�LVVXH�RI�DFRXVWLFV�DQG�WKH�LQWHJUDWLRQ�ZLWK�
digital survey and 3D modelling for the development of virtual experiences 
>.DW]�HW�DO�������@�
3�3+(�²�´3DVW�+DV�(DUVµ�LV�D�UHVHDUFK�SURMHFW�ÀQDQFHG�E\�WKH�-3,&+������
FDOO��ZKLFK� LQYHVWLJDWHV� DQG�GHYHORS� D�PHWKRGRORJ\� IRU� DUFKHRDFRXVWLF�
LQYHVWLJDWLRQV�WKURXJK�KHULWDJH�VLWHV�LQ�)UDQFH��,WDO\�DQG�8.�
4 The acoustic parameters considered for auralisation are essentially three: 
VRXQG�DEVRUSWLRQ�DQG�WUDQVPLVVLRQ�IUHTXHQFLHV��ORZ��PHGLXP�DQG�KLJK��
DQG�VFDWWHULQJ�
��KWWSV���RGHRQ�GN
6 KWWS���ZZZ�UDPVHWH�FRP

��)RU�VRPH�LQVWDQFHV�ZLWK�FRPSOH[�JHRPHWU\�SRUWLRQV�RI�WKH�GHFLPDWHG�
SRLQW�FORXG�ZDV�LPSRUWHG�GLUHFWO\��DQG�IURP�LW��WKURXJK�VSHFLÀF�DOJRULWKPV�
DQG�FURVV�VHFWLRQV��WKH�WKUHH�GLPHQVLRQDO�VXUIDFHV�ZHUH�H[WUDFWHG�
8�)RU�WKH�0DJJLR�FDVH�VWXG\��LQ�DGGLWLRQ�WR�WKH�DUFKLWHFWXUDO�HOHPHQWV�RI�
WKH�KDOO��WKH�HQWLUH�DFRXVWLF�UHÁHFWLRQ�V\VWHP��VXFK�DV�GLVSHUVLQJ�SDQHOV�RU�
DFRXVWLF�FXUWDLQV��ZDV�DOVR�PRGHOHG��DV�ZHOO�DV�RI�WKH�IXUQLWXUH�HOHPHQWV��
VXFK�DV� WKH� VHDWV��ZKRVH�ZLGH�SUHVHQFH� �PRUH� WKDQ������� LV� H[WUHPHO\�
relevant in the acoustic study of the hall and, consequently, in the 
DXUDOL]DWLRQ�SURFHVVHV�
9� 7KH� RUFKHVWUD� FRQVLVWV� RI� VWDWLF� PHVK� PRGHOV� PDGH� E\� 6I0�
SKRWRJUDPPHWU\�RI�UHDO�PXVLFLDQV��DQG�LQFOXGHV��WZR�YLROLQV��D�YLROD��D�FHOOR��
D�GRXEOH�EDVV��D�ÁXWH��DQ�RERH��D�FODULQHW��D�WUXPSHW��DQ�KDUS��D�GUXP��D�
SLFFROR�ÁXWH��D�EDVVRRQ�DQG�D�KRUQ�
10 A number of researches focuses on the direct use of surfaces generated 
E\�PHVKLQJ�WKH�SRLQW�FORXG��IROORZLQJ�D�JRRG�GDWD�VLPSOLÀFDWLRQ�SURFHVV�
>)RVFKL������@�
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FROM SURVEY TO SIMULATION OF A VIRTUAL SPACE: 
UNESCO WORLD HERITAGE SITES IN SOUTH EAST CHINA AND 
ARCHAEOLOGICAL HERITAGE IN BASILICATA06

Abstract

This contribution is the result of long time cooperation 
EHWZHHQ� 81,%$6�6FKRRO� RI� $UFKLWHFWXUH� DQG� )=8�6FKRRO�
RI� $UFKLWHFWXUH� DQG� 8UEDQ� 5XUDO� 3ODQQLQJ� DQG� EHWZHHQ�
UNIBAS Schools of Architecture and of Specialization of 
$UFKDHRORJLFDO�+HULWDJH�LQ�0DWHUD�
It aims to shed some light on exploration of more economical 
SUHYHQWLYH�FRQVHUYDWLRQ�PHWKRGV�RI�ODUJH�KHULWDJH�VLWHV��7KH�
development of survey technologies has contributed to the 
SURJUHVV� RI� KHULWDJH� FRQVHUYDWLRQ�� 7KXV�� WKH� FRQVHUYDWLRQ�
of large sites has formed a certain amount of accurate and 
V\VWHPDWLF�SURFHVVHV��VLJQLÀFDQWO\�LPSURYLQJ�DFFXUDF\�ZKLOH�
reducing labor costs, also useful as reference for other 
KHULWDJH�VLWHV�ZLWK�VLPLODU�FKDUDFWHUV�
&KLQHVH�FDVH�VWXGLHV�DUH�ERWK�ORFDWHG�LQ�WKH�81(6&2�0L[HG�
+HULWDJH�6LWH�RI�0RXQW�:X\L��)XMLDQ�UHJLRQ���2QH��&KHQJFXQ�
Han City, is a large archaeological site to be surveyed and 
SXWWLQJ� LQ� YDOXH�� 7KH� RWKHU� UHJDUGV� WKH� ´FOLර�EXULDOµ�� DQ�
DQFLHQW� IXQHUDU\� ULWXDO� GXULQJ�ZKLFK� WKH� GHDG�ZHUH� EXULHG�
KLJK�RQ�WKH�FOLරV�RYHUORRNLQJ�ULYHUV��7KH�ORJ�FRQV��KDQJLQJ�
FRQV�� ZHUH� XVHG� WR� EH� OHIW� LQ� QDWXUDO� FDYHV�� H[FDYDWHG�
JURWWRHV��RU�RQ�ZRRGSLOHV��

'XH� WR� WKHLU� VL]H� DQG� LPSHUYLRXV� ORFDWLRQ�� WKHVH�ZHUH�D�JRRG�
starting point to explore the feasibility of combining digital survey 
PHWKRGV�ZLWK�WLOW�SKRWRJUDSK\�DQG�UHPRWH�VHQVLQJ�WHFKQRORJ\��
7KH� UHVHDUFK� DLPV� WR� H[SORUH� D� VDIH� DQG� ORZ�FRVW� VXUYH\LQJ�
method that can acquire and process the maximum amount of 
GHWDLOHG�LQIRUPDWLRQ�LQ�D�VKRUW�WLPH��(FLHQW�DQG�SUDFWLFDO�GLJLWDO�
VXUYH\�PHWKRGV� FDQ� EH� DSSOLHG� WR� RWKHU� KHULWDJH� VLWHV��ZKLFK�
could contribute not only the cultural heritage protection but 
also to the studies in ethnic migration and cultural assimilation 
ÀHOG�
0RUHRYHU�� WKH� UHODWLRQV�EHWZHHQ�DUFKDHRORJ\�DQG�DUFKLWHFWXUH�
ZHUH�GHDOW�ZLWK��E\�LQYHVWLJDWLQJ�WKH�GRFXPHQWDWLRQ�DV�REMHFWLYH�
DQG�VFLHQWLÀF�EDVLV�RQ�ZKLFK�WR�RSHUDWH��,Q�WKH�QHHG�WR�DFW�GLUHFWO\�
on cultural heritage to ensure its transmissibility, theoretical and 
methodological, multi-disciplinary and strategic approach to the 
TXDOLW\�RI�JUDSKLF�UHVWLWXWLRQ�ZDV�H[SORUHG�WKURXJK�DQ�LQ�GHSWK�
VWXG\�RI�WKH�FXOWXUDO�DQG�HYRFDWLYH�YDOXH�RI�WKH�UHSUHVHQWDWLRQ�
European case studies in Greece and south Italy (Basilicata region) 
focus on graphic documentation for archaeological, artistic and 
monumental heritage to experiment Virtual Archaeology and 
9LUWXDO�5HVWRUDWLRQ�
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Knowledge and protection of the UNESCO 
Mixed Heritage Site of Wuyi Mountain: 
Chengcun Han City and the Cliff-Burial 
cases study1

&KHQJFXQ� +DQ� &LW\� LQ� 0RXQW� :X\L�� )XMLDQ� 3URYLQFH�� LV�
NQRZQ�DV� ´3RPSHLL� RI�&KLQDµ�� WKH�RQO\� VXUYLYLQJ� FLW\� RI�
a Western Han Dynasty (202BCE-8CE) in South China, 
ZKLFK�KDV�EHHQ� ORVW� DQG�SUHVHUYHG� IRU�PRUH� WKDQ������
\HDUV�� ,W� ZDV� OLVWHG� LQ� WKH�PL[� 81(6&2�:RUOG� +HULWDJH�
LQ� ������ 7KH� FLW\� VLWH� VXUYH\� ZDV� PDLQO\� EDVHG� RQ�
archaeological excavation and square grid survey and 
D� FORVH�XS�SKRWRJUDPPHWU\�ZDV� FDUULHG�RXW�GXULQJ� WKH�
ÀUVW�WULDO�GLJ�LQ�������7KH�VLWH�PDS�ZDV�FRPSOHWHG�E\�WKH�
Bureau of Cultural Heritage based on the digs and the 
RQVLWH�XQGHUJURXQG�H[SORUDWLRQ�EHWZHHQ������DQG�������
7KH�GLJLWDO� VXUYH\�RI� WKH� VLWH� LV� VWLOO� FKDOOHQJLQJ� IRU� WZR�
PDLQ�SUREOHPV��ÀUVWO\��WKH�PDVVLYH�VL]H�RI�WKH�VLWH��ZKLFK�
FRYHUV�DQ�DUHD�RI�DSSUR[LPDWHO\���������P2 and cannot 
UHO\�HQWLUHO\�RQ�UHPRWH�VHQVRUV��DQG�VHFRQGO\��LWV�ORFDWLRQ�
LQ� WKH� UHPRWH� UXUDO� DUHDV� FDXVHV� D� ODFN� RI� ODERU� IRUFH��
�)LJJ������
7R�ÀJXUH�RXW�WKH�ÀUVW�SUREOHP��D�KLHUDUFKLFDO�FRQVHUYDWLRQ�
PDQDJHPHQW� VWUDWHJ\� LV� GHYHORSHG� LQ� WKLV� VWXG\� ZLWK�
WKH� 6RFLDO�1HWZRUN�$QDO\VLV� �61$��� 7R� VROYH� WKH� VHFRQG�
problem, a mapping routine could be established using 
8$9�LQFOLQHG�SKRWRJUDPPHWU\�WHFKQRORJ\���)LJ����
'XULQJ�WKH�UHFHQW�WZR�GHFDGHV��61$�KDV�EHHQ�FRPPRQO\�
used in archaeology for classifying, processing, and 
quantifying relationships in the process of establishing a 
VLWH�YDOXH�V\VWHP��1RZDGD\V��WKH�DSSOLFDWLRQ�RI�8$9V�XVHG�
in the large-scale site is more concentrated in surveying 
DQG� PDSSLQJ�� DJULFXOWXUH�� IRUHVWU\�� SRZHU� LQGXVWULHV��
HFRORJLFDO�SURWHFWLRQ��DQG�ODUJH�VFDOH�GLVDVWHU�SUHYHQWLRQ�
The Chengcun Han City’s topography is complex, and 
the road system is irregular, but there is still a clear 

spatial separation at the high platform of the site left by 
WKH�EXLOGLQJV��DQG�WKH�WHUUDLQ� LV�ÁDW��:KHQ�SODQQLQJ�WKH�
ÁLJKW�URXWH��WKH�´/RFD6SDFH9LHZHUµ�VRIWZDUH�ZDV�XVHG�WR�
H[SRUW�WKH�.0/�ÀOH�RI�WKH�VXUYH\�DUHD��LPSRUW�LW�LQWR�WKH�
'-,�*6�352�JURXQG�FRQWURO�VWDWLRQ��SODQ�WKH�ÁLJKW�URXWH�
E\� WKH� PDSSLQJ� DHULDO� SKRWRJUDSK\� PRGH� ZLWKLQ� WKH�
survey area, and set the overlap rate of the UAV heading 
DQG� VLGH�GLUHFWLRQ� WR�RYHU� �����$V� WKH� HQWLUH� FRPSOH[�
RI�EXLOGLQJV�DW�WKH�VLWH�LV�RUJDQL]HG�LQ�JURXSV��WKH�ÁLJKW�
SDWK� DURXQG� WKH� VLWH�ZDV� FHQWHUHG� RQ� WKH� SDODFH� DUHD�
and the northern part of the city gate (the ancestral 
PHPRULDO�VLWH����)LJ����
'-,� 3+$1720��ZDV� XVHG� WR� DFTXLUH� WKH� VLWH·V� WLOW� DQG�
YHUWLFDO� LPDJH� GDWD�� 7KH� LPDJHV� FDPH� ZLWK� 326� GDWD��
and the characteristic points of the site-building clusters 
WKHPVHOYHV� ZHUH� XVHG� DV� LPDJH� FRQWURO� SRLQWV�� 7KH�
FRRUGLQDWHV�RI�WKH�LPDJH�FRQWURO�SRLQWV�ZHUH�PHDVXUHG�
ZLWK�D�WRWDO�VWDWLRQ��&RQWH[W�&DSWXUH��'�PRGHOLQJ�VRIWZDUH�
ZDV�XVHG�IRU�PRGHOLQJ��7KH�LPDJH�GDWD�WDNHQ�E\�WKH�8$9�
ZDV�LPSRUWHG�WR�UHDOL]H�WKH�LPDJH�DVVRFLDWLRQ�RI�FRQWURO�
points, solving the problems of aerial triangulation based 
on the tilt photography of light and small UAVs, realistic 
3D models, and accuracy evaluation of buildings in 3D 
VFHQH�PRGHOV��ZKLFK�VLJQLÀFDQWO\�UHGXFHV�WKH�ZRUNORDG�
RI� DUFKDHRORJLFDO� UHVHDUFK�� )XUWKHU� JHQHUDWLQJ� ODUJH�
scale topographic maps provides essential data to guide 
DUFKDHRORJLFDO�VLWH�LQYHVWLJDWLRQ��%,0�PRGHO�DSSOLFDWLRQ��
DQG�VLWH�SURWHFWLRQ�SODQQLQJ���)LJ����
Based on the value of SNA, a survey routine for Chengcun 
+DQ� &LW\� 6LWH� ZDV� GHYHORSHG�� &RPSDUHG� WR� WUDGLWLRQDO�
satellite remote sensing, the high timeliness and high 
ÁH[LELOLW\�RI�8$956� WHFKQRORJ\�SURYLGHV� WKH�SRVVLELOLW\�
RI�ORQJ�WHUP�PRQLWRULQJ�RI�G\QDPLF�FKDQJHV�LQ�WKH�VLWH��
7KH�PRQLWRULQJ�SURFHVV�ZDV�FDUULHG�RXW�DV�IROORZV�
• LPDJH�DFTXLVLWLRQ�
• JUDGHG�SURWHFWLRQ�
• GDWD�3UHSURFHVVLQJ�
• LQIRUPDWLRQ�H[WUDFWLRQ�
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)LJ������'LVWULEXWLRQ�RI�H[SORUDWLRQ�DUHD�RI�&KHQJFXQ�+DQ�&LW\�VLWH�
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7KH� ´FOLර�EXULDOµ� ZDV� DQ� DQFLHQW� IXQHUDU\� ULWXDO� RQFH�
SRSXODU�LQ�)DU�(DVW�$VLD��DQG�QRZDGD\V��VWLOO�LQ�SUDFWLFH�LQ�
VRPH�UHPRWH�DUHDV�RI�6RXWKHDVW�$VLD�DQG�3DFLÀF� ,VODQGV��
7R�SUHVHUYH�KLVWRULFDO� LQIRUPDWLRQ�RI� WKH�KDQJLQJ� FRQV�
LV�VLJQLÀFDQW�LQ�WKH�ÀHOGV�RI�HWKQLF�PLJUDWLRQ�DQG�FXOWXUDO�
DVVLPLODWLRQ���)LJ����
6LQFH� WKH� FOLර�EXULDO� VLWHV� DUH� XVXDOO\� ORFDWHG� RQ� WKH�
HVFDUSPHQWV�RYHUORRNLQJ�WKH�ULYHUV�DQG�ZLWK�JUHDW�VORSH��
H�J��� WKH� -LQML� &DYH� VLWH� LQ� 0W�� :X\L� KDV� D� KHLJKW� XS� WR�
������ P� �=HQJ�� <DQJ�� )X� ������� WKH� /XRSLQJ� 5LYHU� VLWHV�
�%DGRQJ�&RXQW\��&KLQD��DQG�WKH�7DERQ�&DYH�VLWH��3DODZDQ�
,VODQG�� 3KLOLSSLQHV��� VRPH� FRQV� DUH� DV� KLJK� DV� ��������
P� DERYH� WKH� ZDWHU� �&KHQ� ������� WKH� FRQYHQWLRQDO� �'�
survey such as ground laser scanning and traditional aerial 
SKRWRJUDPPHWU\�LV�OHVV�SUDFWLFDO���)LJJ������

)LJ���B3ODQ�YLHZ�RI�WKH�VWDWXV�RI�VLWH�PRQLWRULQJ�

)LJ������0RQLWRULQJ�DQG�YLVXDOL]DWLRQ�RI�&KHQJFXQ�+DQ�&LW\�

)LJ������)OLJKW�VFKHPDWLF�RI�WKH�GURQH�LQ�SRLQW�RI�LQWHUHVW�VXUURXQG�PRGH�

)LJ������3RLQW�FORXG�PDS�RI�FLUFXODU�ÁLJKW�
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The most recent major comprehensive survey of hanging 
FRQV� LQ� WKH�0W��:X\L� ZDV� FDUULHG� RXW� LQ� $XJXVW� ������
DQG�WKH�UHVXOWV�VKRZHG�WKDW����UHOLF�VLWHV�ZLWK�PRUH�WKDQ�
���FRQV�KDG�EHHQ�VHYHUHO\�GDPDJHG�RYHU�WLPH��OHDYLQJ�
QR� FRQ� LQWDFW� (Cultural Heritage Group of Chong’an 
County Culture Museum 1982)�� 'XH� WR� WKH� OLPLWDWLRQ� RI�
the technology available in South China in the 1970s, 
LQIRUPDWLRQ� RQ� WKH� VSHFLÀF� FOLර� KHLJKW�� ORFDWLRQ�� FRQ�
form and remains of each relic site is mostly recorded in 
YDJXH�GHVFULSWLRQ�ZLWKRXW�DFFXUDWH�GRFXPHQWDWLRQ�
,Q� FRPSDUDWLYH� H[SHULPHQWV� ZLWK� UHPRWH� VHQVLQJ�
measurement techniques, the UAV surveying requires the 
OHDVW�DPRXQW�RI�ÀHOG�RSHUDWLRQ�WLPH�IRU�EXLOGLQJ�HOHYDWLRQ�
measurement compared to total station equipment and 3D 
ODVHU�VFDQQLQJ��ZKLOH�WKH�DFFXUDF\�RI�WKH�PRGHO�REWDLQHG�
LV� KLJKHU� FRPSDUHG� WR� WRWDO� VWDWLRQ�� DGMXVWLQJ� ZLWK� WKH�
accuracy of the 3D real scene model to be constructed, 
DQG� PRUH� ÁH[LEOH� WKDQ� �'� VFDQQLQJ� �/L� ������� 7KH� 8$9�
photogrammetric data are found using in the reconnaissance 
DQG�GRFXPHQWDWLRQ�RQ�VORSHV��FOLරV��KLJK�GDPV��DQG�RWKHU�
VLPLODU� WHUUDLQV�� 1HYHUWKHOHVV�� WKH� HQYLURQPHQW� RI� WKH�
ZDWHUIURQW�FOLරV�DUUDQJHV�WKH�WRWDO�VWDWLRQ�HTXLSPHQW�DQG�
ODVHU� VFDQQHU�HYHQ�PRUH�GLFXOW� DV� WKH� WUDGLWLRQDO� DHULDO�
SKRWRJUDSK\� UHTXLUHV� ODUJH�� ORQJ�UDQJH� À[HG�ZLQJ� 8$9�
equipment, but the complex environment of high slopes 
DQG�WKH�VSDFH�OLPLWDWLRQV�RI�FOLර�SURMHFWV�GR�QRW�DOORZ�IRU�
ODUJH�8$9�HTXLSPHQW�WR�EH�EURXJKW�GRZQ��$V�VXFK��VPDOO�
VL]HG�URWDU\�ZLQJ�8$9V�HTXLSSHG�ZLWK�VLQJOH�OHQV�DUH�PRUH�
VXLWDEOH� IRU� SKRWRJUDPPHWU\� RQ� VORSHV� RU� FOLරV� DQG� WKH�
use of UAV oblique photogrammetry should enforce the 
IROORZLQJ� SURFHVVHV�� VLWH� VXUYH\�� URXWH� SODQQLQJ�� ÁLJKW�
RSHUDWLRQV��DQG�GDWD�SRVW�SURFHVVLQJ��<H�������
&XUUHQWO\�� WZR� PDMRU� W\SHV� RI� SKRWRJUDPPHWU\� DUH� LQ�
use on small-sized consumer drones: the conventional 
oblique photogrammetry and the nap-of-the-object 
SKRWRJUDPPHWU\�� ZKLFK� LV� D� QHZ� SKRWRJUDPPHWU\�
PHWKRG� LQYHQWHG� LQ�������DරRUGV�D�PHWKRG�IRU�JUDVSLQJ�
high precision images of vertical surface by segmenting 
LQWULFDWH� WHUUDLQ� LQWR� XQLWV� �7DR�� =KDQJ�� 'XDQ�� .H�� ;L�� +H�

)LJ������6SDWLDO�7HPSRUDO�*UDSK�RI�*OREDO�&OLර�%XULDO�6LWHV�

)LJ������&OLර�%XULDO�6LWHV�RI�6DJDGD��3KLOLSSLQHV�
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������ 7DR�� +H�� ;L�� /LX�� 1LX�� 'XDQ�� =KDQJ� ������� %RWK�
WHFKQLTXHV�KDYH�WKHLU�RZQ�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�
DQG� VKRXOG� EH� XWLOL]HG� LQ� FRQMXQFWLRQ� ZLWK� WKH� VSHFLÀF�
WHUUDLQ�ZKHQ�GLJLWDOO\�UHVHDUFKLQJ��&RPSDUHG�WR�REOLTXH�
photogrammetry, nap-of-the-object photogrammetry 
HQDEOHV� HFLHQW� DFTXLVLWLRQ� RI� VXE�FHQWLPHWUH� RU� HYHQ�
millimetre ultra-high resolution images of the ground 
�H�J��ODQGVOLGHV��GDPV��KLJK�VORSHV��HWF���RU�WKH�VXUIDFH�RI�
DUWLÀFLDO�REMHFWV��H�J��WDOO�DQFLHQW�EXLOGLQJV��ODQGPDUNV��HWF���
DQG� WKXV� LPSOHPHQW� WKH�ÀQH�JUDLQHG��'� UHFRQVWUXFWLRQ�
�7DR��+H��;L��/LX��1LX��'XDQ��=KDQJ��������7KH�QDS�RI�WKH�
object photogrammetry provides an excellent means of 
digitally researching cultural heritage on the precipice, but 
LV�QRW�VXLWDEOH�IRU�ODUJH�VFDOH�'20�DQG�'60�JHRJUDSKLF�
LQIRUPDWLRQ� DFTXLVLWLRQ� IRU� VXUURXQGLQJ� HQYLURQPHQW��
,Q�WKH�PRGHOLQJ�RI�KLJK�GDP�LQ�K\GURSRZHU�SURMHFW���'�
modelling incorporating oblique photogrammetry and 
QDS�RI�WKH�REMHFW� SKRWRJUDPPHWU\� HQDEOHV� HරHFWLYH�
ÀQH�JUDLQHG�� KLJK�UHVROXWLRQ� PRGHOOLQJ� RI� HOHYDWLRQV��
VWHHS�VORSHV�DQG�VKDGHG�DUHDV� �=KDQJ��:X��6KDQJ�� /\X��
:DQJ��������
This study thus explores the possibility of using UAV 
ZLWK� VXEVWDQWLDO� LPSURYHPHQW� LQ� VXUYH\� DFFXUDF\�� UDQJH�
DQG�ÁLJKW�FRQWURO��:LWK� WKH�KHOS�RI�6I0��6WUXFWXUH� IURP�
0RWLRQ��DOJRULWKP��WKH�NH\�UHVXOWV�DUH�H[SHFWHG�DV�IROORZV��
ÀUVW�� WKH�FXUUHQW�VLWXDWLRQ�RI� WKH�KDQJLQJ�FRQV�RQ� WKH�
FOLර�LQ�WHUPV�RI�VL]H��VKDSH��FRQ�FRYHU�DQG�FRQ�ERG\�
SUHVHUYDWLRQ� VWDWXV�� HWF��� VHFRQG�� WKH� DFFXUDWH� ORFDWLRQ�
RI�WKH�FRQV�UHIHUULQJ�WKHLU�JHRJUDSKLFDO�HQYLURQPHQWV��
VXFK�DV�WKH�ORFDWLRQ�RI�WKH�FOLර�RU�FDYH��WKH�VWUXFWXUH�RI�
WKH�VXSSRUWLQJ�VWUXFWXUH��HWF���DQG�RWKHU�KDQJLQJ�FRQV�
LQ�GLරHUHQW� FDYHV�� VXFK�DV� WKH� VWDFNLQJ�PRGH�RI� FRQV�
DQG�WKH�OD\RXW�RI�FOLර�FDYHV��HWF��
7KH�IRUPHU�FOLර�RI�%DL\XQ�7HPSOH�ORFDWHG�LQ�WKH�ZHVW�RI�
0W��:X\L� ZDV� VHOHFWHG� DV� WKH�PDLQ� VXEMHFW� RI� D� GLJLWDO�
survey by UAV photogrammetry and reconstructed by DJI 
7(55$�VRIWZDUH�EDVHG�RQ�6)0�'095�DOJRULWKP��7KH�8$9�
W\SH�XVHG� LQ�WKLV�VWDJH�ZDV�WKH�'-,�6SDUN�3UR�DV�D�PLG�

)LJ������'LDJUDP�VKRZLQJ�WKH�GLරHUHQW�IRUPV�RI�FOLර�EXULDO�SODFHV��:X�
������S�������)LJ���
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SULFHG�FRQVXPHU�GURQH��ZKRVH�VL]H�DQG�ZHLJKW�DUH�DOVR�
VXLWDEOH�IRU�FDUU\LQJ� LQ�KLOO\�HQYLURQPHQWV�IRU�FOLර�EXULDO�
VXUYH\�
7KH�QDS�RI�WKH�REMHFW�SKRWRJUDPPHWU\�ZDV�XVHG�LQ�WKH�
ÀUVW� VWHS� DV� WKH�PDLQ� WRRO� WR� VFDQ� WKH� FRDUVH�PRGHO� RI�
the Baiyun Temple site to obtain not only the basic cave 
dimensions, the approximate shape of the objects in the 
cave, but also the placement position and angle of the 
REMHFW��
To meet the possible requirements of a higher precision 
PRGHO��WKH�QH[W�VWHS�ZDV�WR�SODQ�D�UHÀQHG�SKRWRJUDPPHWULF�
URXWH�ZLWK�:D\SRLQW�0DVWHU��:30��VRIWZDUH��)RU�D�ZLGHU�
LPDJH�UDQJH��ZKLFK�LV�NH\�IRU�LPSURYLQJ�PRGHO�DFFXUDF\�
LQ�SKRWRJUDPPHWULF��'�GLJLWL]DWLRQ��ZH�WULHG�WR�GHWHUPLQH�
WKH�8$9�FDPHUD�GHFOLQDWLRQ��HOHYDWLRQ�DQG�KRUL]RQWDO�ZLWK�
WKH� LQIRUPDWLRQ� VXFK� DV� VL]H�� VKDSH� DQG� FRQ� SRVLWLRQ�
REWDLQHG�IURP�WKH�FRDUVH�PRGHO���)LJ�����
7KH�KDQJLQJ�FRQV�DW�WKH�%DL\XQ�7HPSOH�FOLර�EXULDO�VLWH�
KDYH�EHHQ�GDPDJHG�DQG� ORVW��ZKLOH�PRVW�RI� WKH�EHWWHU�
preserved sites such as Jinji Cave are in a forbidden 
]RQH�� ZKHUH� 8$9V� DUH� QRW� DOORZHG� WR� WDNH� Rර� ZLWKRXW�
D� VSHFLDO� ÁLJKW� SHUPLWV� GXH� WR� DQ� DLU� WUDF� FRQWURO��
The current research, therefore, includes ground data 
collection and preliminary research test of the Jinji Cave 
VLWH�� DQG� SURSRVHV� D� GHWDLOHG� SODQ� IRU� 8$9� ÁLJKWV� DQG�
SKRWRJUDPPHWU\�RQFH�SHUPLVVLRQ�ZDV�JUDQWHG�
7KH�VSDWLDO�SDWWHUQ�RI�FOLර�EXULDOV�IURP�VRXWKHUQ�&KLQD�WR�
6(�$VLD�KDV�D�YDULHW\�RI� W\SHV�� LQ�VHFWLRQ�� WKH�FOLර�EXULDO�
FDYHV�LQ�0W��:X\L��HVSHFLDOO\�WKH�-LQML�&DYH�VLWH��UHJLRQ�DUH�
SUHGRPLQDQWO\�VKDOORZ��LQZDUGO\�FRQFDYH��DQG�WKH�FRQV�
are placed in a direction roughly parallel to the cave 
RSHQLQJV��8VLQJ� WKLV�DV�D�EDVH�SDUDGLJP��ZH�VHOHFWHG�D�
EXLOGLQJ�HOHYDWLRQ�RSHQLQJ�ZLWK�QR�ÁLJKW� UHVWULFWLRQV�DV�
the simulated environment for the Jinji Cave site testing, 
the color and orientation of the elevation and the height 
RI� WKH� RSHQLQJ� EHLQJ� FRQVLVWHQW� ZLWK� WKDW� RI� WKH� -LQML�
&DYH� VLWH�� $� VROLG� PRGHO� RI� D� FRQ� PDGH� RI� VLPLODUO\�
FRORUHG�FDUGERDUG�ZDV�DOVR�SODFHG�LQ�WKH�VLPXODWHG�FOLර�

FDYH�� 7KH� WHVW� ZDV� VHW� E\� VHWWLQJ� WKH� 8$9·V� HOHYDWLRQ�
SRVLWLRQ�� GLVWDQFH� WR� WKH� FOLර� IDFH� DQG� FDPHUD� URWDWLRQ�
DQJOH�WR�WHVW�ZKHWKHU�LW�FRXOG�HරHFWLYHO\�UHFRUG�WKH�FRQ�
IRUP�DQG�SRVLWLRQ� LQIRUPDWLRQ� LQ� WKLV� -LQML�&DYH�VLWH�OLNH�
HQYLURQPHQW���)LJ�����
%\� DGMXVWLQJ� WKH� DQJOH� RI� SLWFK� DQG� GHÁHFWLRQ� RI� WKH�
OHQV�� DQG� WKH� SRLQW� DW� ZKLFK� WKH\� DGMXVW� WKH� DQJOH�� ZH�
FRXOG� GHULYH� WZR� LPDJLQJ� PHDQV� HDFK� IRU� WKH� YHUWLFDO�
DQG� KRUL]RQWDO� GLUHFWLRQV�� LQ� UHVSRQVH� WR� WKH� VSHFLÀFLW\�
RI� WKH� VSDWLDO� HQYLURQPHQW� RI� WKH� FOLර�EXULDO�� ,Q� D�
VLPXODWLRQ�EDVHG�RQ�D�VLPLODU�HQYLURQPHQW��ZH�GHVLJQHG�
H[SHULPHQWV� WR� LQYHVWLJDWH� WKH� HරHFW� RI� WKUHH� GLරHUHQW�
close-in photogrammetry methods on the data obtained 
IURP� SKRWRJUDPPHWU\� RI� FOLර� EXULDO� VLWHV�� XVLQJ� D�
FRPELQDWLRQ�RI�GLරHUHQW�H[SHULPHQWDO�JURXS��7ULDO�ÁLJKWV�
DW� %DL\XQ� 7HPSOH� KDYH� VKRZQ� WKDW� HOHPHQWDU\� KDQG�
FRQWUROOHG� ÁLJKWV� IDFLQJ� D� FOLර�EXULDO� FDYH� HQYLURQPHQW�
FDQ�EH�VXFLHQW�IRU�LQLWLDO�LQIRUPDWLRQ�DFTXLVLWLRQ��$W�WKH�
same time, based on the results of the simulated test in 
VLPLODU�HQYLURQPHQWV��ZH�KDYH�GHULYHG�DQ�DFFXUDWH�VXUYH\�
trajectory based on the elevation position and scale of the 
FOLර�FDYH��DQG�WKH�PRUH�HFLHQW�SLWFK�DQG�URWDWLRQ�DQJOH�
RI�WKH�8$9�
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)LJ������&RDUVH�0RGHO�5HVXOWV�RI�WKH�%DL\XQ�7HPSOH�6LWH�%DVHG�RQ�WKH�1DS�RI�WKH�2EMHFW�3KRWRJUDPPHWU\�'DWD�

)LJ������6LPXODWLQJ�7HVWV�IRU�-LQML�&DYH�&OLර�%XULDO�6LWH�
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Virtual Archaeology and Virtual Restoration 
as tools for knowledge and communication. 
Cases study in Greece and southern Italy2.
7KLV�ZRUN�LV�SDUW�RI�WKH�UHVXOWV�RI�D�GRFWRUDO�UHVHDUFK3 on the 
WRSLF�RI�NQRZOHGJH�DQG�VFLHQWLÀF�FRPPXQLFDWLRQ�WKURXJK�
the experimentation of original methods of graphic 
language of documentation, investigating advanced 
acquisition, archiving and representation tools for cultural 
KHULWDJH��
7KH� JDS� EHWZHHQ� WHFKQLFDO� GUDZLQJV� DQG� GLVVHPLQDWLRQ�
SURGXFWV� LV� LQFUHDVLQJO\� WKLQQHU� GXH� WR� WKH� VSHFLÀFLWLHV�
of digital information systems, capable of capturing the 
shape and physical characteristics of an asset in all its 
GLPHQVLRQV��7KH�GLJLWDO�VXUYH\��IXOÀOOLQJ�WKH�GXDO�IXQFWLRQ�
of documentation and interpretation, assumes the role of 
support for the investigations carried out on the cultural 
SURSHUW\��7KLV�DOORZV�DUFKDHRORJLVWV�WR�EH�DEOH�WR�DQDO\]H��
LQ�D�PRUH�GHWDLOHG�DQG�SXQFWXDO�ZD\��SUHVHUYHG�KRUL]RQWDO�
and vertical deposits, as in the case of the investigations 
carried out at the archaeological site of Kastrì-Pandosia 
�,RQLDQ�FRDVW�RI�(SLUXV��*UHHFH��ZKHUH�WKH�XVH�RI�6WUXFWXUH�
IURP� 0RWLRQ� �6I0�� WHFKQLTXHV� GLUHFWHG� VXEVHTXHQW�
investigations in the study of the archaeological evidence 
IRXQG�RQ�VLWH��)LJ�����
The possibility of extending the dimension of archaeology 
LQWR�GLJLWDO�VSDFH�LV�WKH�EDVLV�RI�D�QHZ�VFLHQWLÀF�SURFHVV�RI�
virtualization, able of transferring the correctness of metric, 
geometric, historical, and archaeological data into digital 
space, increasing the construction of virtual models to 
SUHVHUYH�PHPRU\�DQG�GLVVHPLQDWH�NQRZOHGJH�
9LUWXDO� $UFKDHRORJ\� DQG� 9LUWXDO� �RU� 'LJLWDO�� 5HVWRUDWLRQ�
DOORZ�LQIRUPDWLRQ�UHFRYHU\�LQWHUYHQWLRQV�RQ�YLUWXDO�LPDJHV�
RU�VFHQHV��,W�DLPV�DW�UHFRQVWUXFWLQJ�WKH�LQLWLDO�FRQGLWLRQ�RI�
WKH�DUWLIDFW·V�DSSHDUDQFH�IURP�DQ�DUFKDHRORJLFDO�WUDFH��
The experiments made possible the virtual reconstruction of 
FHUDPLF�DUWLIDFWV�DW�WKH�DUFKDHRORJLFDO�VLWH�RI�.DUDERXUQDNL�

�*5���)LJ������DQG�WKH�YLUWXDO�UHFRQVWUXFWLRQ�RI�WKH�PHGLHYDO�
IRUWLÀHG�VHWWOHPHQW�DW�WKH�DUFKDHRORJLFDO�VLWH�RI�6DWULDQXP�
�7LWR��3=��
7KH�ORQJ�WZHQW\�\HDUV·�SDWK�RI�NQRZOHGJH�DQG�H[FDYDWLRQV4 
RI� WKH� YDVW� PHGLHYDO� IRUWLÀHG� VHWWOHPHQW� RI� 6DWULDQXP��
carried out by the SSBA-Unibas, has made it possible to 
EXLOG�XS�D�ODUJH�DQG�GHWDLOHG�GRFXPHQWDU\�FRUSXV�WHVWLÀHG�
E\� QXPHURXV� ÀQGV��� 7KLV�ZRUN� OHG� WR� WKH� GHÀQLWLRQ� RI� D�
´NQRZOHGJH�PRGHOµ�RI� WKH�HQWLUH� DUFKDHRORJLFDO� VLWH� DQG�
VSHFLÀFDOO\�RI�WKH�UHOLJLRXV�FRPSOH[6�
7KH�SURFHVV�RI�V\QWKHVL]LQJ�WKH�FROOHFWHG�GDWD�ZDV�FDUULHG�
RXW�WRJHWKHU�ZLWK�WKH�DUFKDHRORJLVWV�LQ�FKDUJH�RI�VFLHQWLÀF�
management and made it possible to retrace all the 
KLVWRULFDO� DQG� VHWWOHPHQW� SKDVHV� RI� WKH� FRPSOH[�� ,W� ZDV�
GHFLGHG� WR� UHSUHVHQW� WKH� $QJHYLQ� SKDVH� ������������ RI�
the episcopal complex because, characterized by a decisive 
UHQRYDWLRQ�IROORZLQJ�WKH�HDUWKTXDNH�RI�������LW�UHSUHVHQWV�
the moment of the greatest transformation of the entire 
FRPSOH[�WKDW�LV�VWLOO�HYLGHQW�LQ�WKH�VWUXFWXUHV�

)LJ������,QVWUXPHQWDO�VXUYH\�DQG�WHUUHVWULDO�SKRWRJUDPPHWU\�RI�WKH�ZDOO�
VWUXFWXUH�860��DW�WKH�DUFKDHRORJLFDO�VLWH�RI�.DVWUu�3DQGRVLD��(GLWHG�E\�
0DUJKHULWD�7ULFDULFR�
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)LJ������7KH�GLරHUHQW�VWDJHV�RI�WKUHH�GLPHQVLRQDO�UHFRQVWUXFWLRQ�RI�WKH�.DUDERXUQDNL�
SODWH�LQ�LWV�LQWHJUDO�IRUP��)URP�WKH�SKRWRJUDPPHWULF�PRGHO�RI�WKH�UHDO�REMHFW�WR�WKH�YLUWXDO�
PRGHO��6FUHHQ�H[WUDFWV�IURP�%OHQGHU��'��SURFHVVHG�E\�0DUJKHULWD�7ULFDULFR�

)LJ������'LJLWDO�UHFRQVWUXFWLRQ�RI�WKH�ÁRRU�RI�WKH�
church of Satrianum, emerged after the archaeological 
H[FDYDWLRQV�LQ�������5H�HODERUDWLRQ�E\�0��7ULFDULFR��66%$�
$UFKLYH��81,%$6��0DWHUD�
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7KH� VXUYH\LQJ� DFWLYLW\� FRLQFLGHV� SDUWO\� ZLWK� WKH� SURFHVV�
of studying documentary sources and analysis found in 
KLVWRULFDO�UHVHDUFK��DQG�SDUWO\�ZLWK�DOO�WKDW�LQIRUPDWLRQ�VWLOO�
“found on the body of the monument”7, found by direct 
analysis of the state of conservation of the artifact such 
as the survey, stratigraphic reading of the elevations, and 
GDWD� IURP� DUFKDHRORJLFDO� H[FDYDWLRQV�� 7KH� YDOXDEOH� GDWD�
from the excavation of the cathedral that began in 2006, 

GHVFULEHV�WKH�LQWHUQDO�FRPSRQHQWV�RI�WKH�KRUL]RQWDO�ZDONLQJ�
surface, bringing to the surface part of the pavement, 
various burials, the small frescoed altar, the ground 
DWWDFKPHQW�RI�WKH�SLODVWHUV��DQG�WKH�SHULPHWHU�ZDOOV��ZHUH�
FRYHUHG��DW� WKH�HQG�RI� WKH�H[FDYDWLRQ�� WR�SUHVHUYH� WKHP��
7KHUHIRUH�� WKH� GLJLWDO� UHFRQVWUXFWLRQ� RI� WKH� FKXUFK� ÁRRU�
WKDW�HPHUJHG�LQ������ZDV�FDUULHG�RXW�XVLQJ�DUFKLYH�SKRWRV�
DQG�GRFXPHQWV� WKDW�� DV� WKH\�ZHUH�QRW� DFTXLUHG� WKURXJK�

)LJ������3KRWRJUDPPHWULF�SURFHVVLQJ��3RLQW�GHÀQLWLRQ��DFTXLUHG�WR�DOORZ�
D�GHWDLOHG�UHDGLQJ�RI�WKH�ZDOO�WH[WXUHV��3URFHVVHG�E\�0��7ULFDULFR�

)LJ������3KRWRJUDPPHWULF�SURFHVVLQJ��/DQGVFDSH�GHÀQLWLRQ��DFTXLUHG�
for the understanding of the natural morphological system of the entire 
KLJK�JURXQG��5H�HODERUDWLRQ�E\�0��7ULFDULFR��66%$�$UFKLYH��81,%$6��
0DWHUD�
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the photogrammetric process, made the reconstruction 
SDUWLFXODUO\�FRPSOH[��)LJ�������
Photogrammetric acquisition procedures aimed at 
FRQGXFWLQJ� SXUHO\� DUFKDHRORJLFDO� DQDO\VHV�� IROORZ� D�
PHWKRG� DLPHG� DW� WKH� UHVWLWXWLRQ� RI� WZR�GLPHQVLRQDO�
SKRWR� SODQV�� 7KLV� DOORZV� DUFKDHRORJLVWV� WR� LQWHUUXSW� WKH�
DFTXLVLWLRQ� RI� SKRWRJUDSKV� EHWZHHQ� RQH� HOHYDWLRQ� DQG�
DQRWKHU� RU� EHWZHHQ� WKH� HOHYDWLRQ� DQG� LWV� KRUL]RQWDO�
SURMHFWLRQ�� WR� REWDLQ� VLQJOH� ÀOHV� UHIHUULQJ� WR� LQGLYLGXDO�
VWUDWLJUDSKLF� ZDOO� XQLWV� �860��� 7KLV� SURFHGXUH�� KRZHYHU��
ZDV�QRW�YDOLG� WR�SURGXFH�D� UHOLDEOH�GDWDEDVH� IRU�D�VLQJOH�
complete 3D model designed to capture depths, angles, 

DQG� FRQQHFWLRQV� EHWZHHQ� RQH� HOHYDWLRQ� DQG� DQRWKHU�� $�
QHZ� DFTXLVLWLRQ� WKURXJK� ,PDJH�%DVHG� 7HFKQRORJLHV� ZDV�
therefore deemed necessary, conducted using drones, GIS 
WHFKQRORJ\�� DQG� SURIHVVLRQDO� FDPHUDV�� GLYLGHG� LQWR� WZR�
DFTXLVLWLRQ�SKDVHV��WKH�ÀUVW�RQH�WR�DOORZ�D�GHWDLOHG�UHDGLQJ�
RI� WKH�ZDOO� WH[WXUHV��FDUULHG�RXW� LQ� WKH�UHOLJLRXV�FRPSOH[��
�)LJ������WKH�VHFRQG�RQH�IRU�WKH�ODQGVFDSH�GHÀQLWLRQ�DQG�
understanding of the natural morphological system of the 
HQWLUH�HOHYDWLRQ���)LJ�����
7KH� MRLQW� XVH� RI� WKH� WZR� WHFKQRORJLHV� HQVXUHG� WKH�
construction of a reliable database for metric documentation 
RI�WKH�HQWLUH�FRPSOH[��7KH�DFTXLUHG�GDWD�ZHUH�SURFHVVHG�

)LJ������0DQXDO�PRGHOOLQJ�SURFHVV��$VVHPEO\�EHWZHHQ�YLUWXDO�PRGHO�RI�WKH�DFWXDO�VWDWH�DQG�YLUWXDO�PRGHO�RI�WKH�UHFRQVWUXFWHG�DUWHIDFW��(ODERUDWLRQ�E\�
0��7ULFDULFR�
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XVLQJ� GLරHUHQW� VRIWZDUH8, thus managing the obtained 
database of information and being able to return in graphic 
IRUP�WKH�DUFKLWHFWXUHV�XQGHU�LQYHVWLJDWLRQ��7KH�WHFKQLTXHV�
RI� ,PDJH�%DVHG� 7HFKQRORJLHV� DUH� IROORZHG� E\� WKRVH� RI�
+DQG�0DGH�0RGHOLQJ�WKDW�PDNH�LW�SRVVLEOH�WR�LQWHUDFW�ZLWK�
the virtual model of the buildings, to restore the formal 
XQLW\�RI�WKH�DUWLIDFW��)LJ������WKURXJK�WKH�UHLQWHJUDWLRQ�RI�
missing parts9�
Everything that the survey, previous graphic and 
SKRWRJUDSKLF�GRFXPHQWDWLRQ��ZULWWHQ�VRXUFHV��HSLJUDSKLF��
numismatic, and literary), and archaeological research 
needed in terms of integration, such as certain heights and 

VW\OLVWLF�RU�VSDWLDO�FRQVLGHUDWLRQV��ZDV�LQYHVWLJDWHG�WKURXJK�
the study of typological comparisons of the architecture 
and decorations of other religious complexes built in the 
same period in the regional context10�
7KH� H[SHULPHQWV� ZHUH� FDUULHG� RXW� E\� LQWHJUDWLQJ�
SKRWRJUDPPHWU\�GDWD�ZLWK�WKUHH�GLPHQVLRQDO�PRGHOLQJ11 
ZHUH� XVHG� WR� HODERUDWH� D� FRPSUHKHQVLYH� LQIRUPDWLRQ�
system that combines the metric precision and color 
DVSHFW�RI�WKH�GLJLWDO�VXUYH\�ZLWK�WKH�FULWLFDO�GHVFULSWLRQ�RI�
LWV�YLUWXDO�UHFRQVWUXFWLRQ��
7KH� UHVXOW� LV� GHÀQHG� LQ� YLUWXDO� UHVWRUDWLRQ� DV� D� ´YHULÀFDWLRQ�
PRGHOµ�� L�H�� WKH� WRRO� IRU� XQGHUVWDQGLQJ� WKH� VWUXFWXUDO� DQG�



108

Digital & Documentation. From Virtual space to Information database

IXQFWLRQDO� ORJLF� RI� D� PRQXPHQW� �)LJ�� ����� ,W� UHSUHVHQWV� D�
YHULÀFDWLRQ�RI�FRQVWUXFWLRQ�VROXWLRQV�IRU�D�VFLHQWLÀF�HYDOXDWLRQ�RI�
WKH�VRXUFHV�DYDLODEOH�WR�DUFKDHRORJLVWV�DQG�WKHLU�LQWHUSUHWDWLRQ��
7KLV� SKDVH� RI� H[SHULPHQWDWLRQ� FDQ� EH� GHÀQHG� DV� ´ÀQDOµ� LQ�
DUFKDHRORJLFDO�UHVHDUFK�QRUPDOO\�XQGHUWDNHQ�LQ�WKH�ÀHOG�DQG�LQ�
WKH�ODERUDWRU\��L�H��WKH�FRQÀUPDWLRQ�RI�ZKDW�KDV�EHHQ�LPDJLQHG�
WKURXJK�VWXG\�DQG�DQDO\VLV��EXW�LW�FDQ�DOVR�EH�D�VWHS�LQ�WKH�ZRUN�

LQ�SURJUHVV�REVHUYHG�IURP�DQRWKHU�SRLQW�RI�YLHZ��)LJ�������
7KH�FKRLFH�RI�PRGHOLQJ�WKH�ORVW�IRUP�LQ�D�VLPSOLÀHG�PDQQHU�
concerning the complexity of the shapes and materials of the 
UHDO�VSDFH�PDGH�LW�SRVVLEOH�WR�SURGXFH�JUDSKLFV�IURP�ZKLFK�
direct information could be derived, clear in the understanding 
RI� ZKDW� KDV� EHHQ� SUHVHUYHG� DQG� ZKDW� KDV� EHHQ� FULWLFDOO\�
K\SRWKHVL]HG��)LJJ���������

)LJ������9LUWXDO�UHFRQVWUXFWLRQ�RI�WKH�PHGLHYDO�IRUWLÀHG�FRPSOH[�RI�6DWULDQXP��/RQJLWXGLQDO�VHFWLRQ��$�$·��DQG�FURVV�VHFWLRQ��%�%·��RI�WKH�&DWKHGUDO��
H[WUDFWHG�IURP�WKH�WKUHH�GLPHQVLRQDO�YLUWXDO�PRGHO��(ODERUDWLRQ�E\�0��7ULFDULFR�

)LJ������9LUWXDO�UHFRQVWUXFWLRQ�RI�WKH�PHGLHYDO�IRUWLÀHG�FRPSOH[�RI�6DWULDQXP��6HTXHQFH�RI�WKUHH�LQWHULRU�YLHZV�RI�WKH�FDWKHGUDO��WDNHQ�IURP�WKH�VDPH�
WUDQVYHUVDO�D[LV��RQH�IRU�HDFK�QDYH�LQ�WKH�GLUHFWLRQ�RI�WKH�DSVHV��(GLWHG�E\�0��7ULFDULFR�
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)LJ������7KH�PHGLHYDO�IRUWLÀHG�FRPSOH[�RI�6DWULDQXP��DHULDO�YLHZ�RI�WKH�HDVW�HOHYDWLRQ��3KRWR�LQVHUW�RI�WKH�UHFRQVWUXFWHG�YLUWXDO�PRGHO��(ODERUDWLRQ�E\�
0��7ULFDULFR�
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Conclusions
The results on the simulations and their application 
RQ� GLරHUHQW� FDVHV� VWXG\� LQ� (XURSH� DQG� &KLQD�� QRW� RQO\�
demonstrate not only demonstrate the feasibility of digital 
survey tools for UAV photogrammetry, but also suggest 
operational details for the heritage sites in terms of 
LPDJLQJ�PHWKRGV�� UHÁHFWLQJ� WKH�GLරHUHQFHV�EHWZHHQ� WKH�
DSSOLFDWLRQ�RI�SKRWRJUDPPHWU\�LQ�RWKHU�HQYLURQPHQWV�
The preservation, management, and valorization of 
archaeological, artistic, and monumental heritage go 
WKURXJK� WKHLU� FRQFUHWH� XVDELOLW\�� 7KLV� LV� RQH� RI� WKH�PDLQ�
DVSHFWV� RQ�ZKLFK� WKH� UHVHDUFK� LV� IRFXVHG�� 7KDQNV� WR� WKH�
use of several combined techniques and tools, the research 
DLPV�WR�RSWLPL]H�WKH�OHYHO�RI�LQIRUPDWLRQ��ZLWK�WKH�QHFHVVDU\�
REMHFWLYH�RI�UDLVLQJ�DZDUHQHVV�RI�WKH�H[WHQW�DQG�UHOHYDQFH�
RI�WKH�FXOWXUDO�KHULWDJH�DQG�PDNLQJ�WKH�HQMR\PHQW�RI�WKH�
KHULWDJH�PRUH�SDUWLFLSDWRU\�DQG�FRQVLGHUHG�

Notes
1�(GLWHG�E\�3URI��$UFK��;LQ�:X�DQG�3K�'��$UFK��0DULDQQD�&DOLD�
2 (GLWHG�E\�3K�G��$UFK��0DUJKHULWD�7ULFDULFR�
3 'RFWRUDO� )HOORZVKLS� 3�2�1�� 5HVHDUFK� DQG� ,QQRYDWLRQ� �����������
(XURSHDQ� 6RFLDO� )XQG�� $FWLRQ� ,��� ´,QQRYDWLYH� 'RFWRUDWHV� ZLWK� ,QGXVWULDO�
&KDUDFWHUL]DWLRQµ��7XWRU�3URI��$UFK��$QWRQLR�&RQWH��3URI��)UDQFHVFD�6RJOLDQL�
4� 6LQFH� ������ WKH� 66%$�8QLEDV� XQGHU� WKH� GLUHFWLRQ� RI� 3URI�� 0DVVLPR�
2VDQQD��KDV�XQGHUWDNHQ� LQ�GHSWK�DUFKDHRORJLFDO� VXUYH\V�DQG� UHVHDUFK�
on the entire area surrounding the high ground, obtaining an initial 
RYHUDOO� UHDGLQJ�RI� WKH�HQWLUH�VHWWOHPHQW�QHWZRUN��ZKLFK�VWUHWFKHV� IURP�
WKH� 3URWRKLVWRULF� $JH� WR� WKH� $UFKDLF� &ODVVLFDO� DQG� 5RPDQ� SHULRGV�� ,Q�
2006 archaeological investigations began on the plateau dominated by 
WKH�PHGLHYDO�WRZHU��DLPHG�DW�EULQJLQJ�WR�OLJKW�WKH�YDVW�IRUWLÀHG�PHGLHYDO�
VHWWOHPHQW� RI� 6DWULDQXP�� 7KHVH� LQYHVWLJDWLRQV� KDYH�PDGH� SRVVLEOH� WR�
acquire an initial restitution of the structures of the cathedral and the 
DGMRLQLQJ� URRPV��ZKLFK�ZHUH�XVHG�DV�DQ�HSLVFRSH��7KH�DUFKDHRORJLFDO�
LQYHVWLJDWLRQV��ZKLFK� DUH� VWLOO� RQJRLQJ�� DUH�GLUHFWHG�E\�3URI�� )UDQFHVFD�
6RJOLDQL�

)LJ������7KH�PHGLHYDO�IRUWLÀHG�FRPSOH[�RI�6DWULDQXP��YLHZ�RI�WKH�HDVWHUQ�SURÀOH�RI�WKH�KLOO�ZLWK�WKH�1RUPDQ�WRZHU�DQG�WKH�HSLVFRSDO�FRPSOH[��3KRWR�
LQVHUW�RI�WKH�UHFRQVWUXFWHG�YLUWXDO�PRGHO��(ODERUDWLRQ�E\�0��7ULFDULFR�
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SIMULATION OF SPACE IN PIRANESI’S 
CARCERI BETWEEN ARCHITECTURE, 
PERSPECTIVE AND PERCEPTION07

Abstract

3HUVSHFWLYH� UHVWLWXWLRQ� DORQH� LV� LQVXFLHQW� WR� DFKLHYH� D�
three-dimensional simulation of the represented space in 
SHUVSHFWLYH� LPDJHV� FRQVWUXFWHG� ZLWKRXW� SURMHFWLYH� ULJRXU��
VXFK� DV� *LRYDQQL� %DWWLVWD� 3LUDQHVL·V� &DUFHUL�� 7KHUHIRUH�� D�
method of spatial analysis - that integrates architectural 
(graphic analysis), perspective (perspective restitution and 
SULQFLSOHV� RI� VFHQRJUDSK\��� DQG� SHUFHSWXDO� �H\H�WUDFNLQJ�
technique) interpretations - is proposed and then applied 
WR� WKH� IURQWLVSLHFH� RI� WKH� ÀUVW� HGLWLRQ� RI� WKH� VHULHV�� 7KH�
result is a three-dimensional simulation of Piranesi’s space, 
ZKRVH� SHUVSHFWLYH� YLHZ� FDQ� EH� FRPSDUHG� ZLWK� 3LUDQHVL·V�
SHUVSHFWLYH�� )XUWKHU� D[RQRPHWULF� YLHZV� RI� WKH� �'� PRGHO�
VKRZ� WKH� DUFKLWHFWXUDO� HOHPHQWV� GLUHFWO\� GHULYHG� IURP� WKH�
etching, those varied for architectural-compositional reasons 
DQG�WKRVH�DVVXPHG�WR�FRPSOHWH�WKH�VSDFH�
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Introduction
$PRQJ� SHUVSHFWLYH� YLHZV�� LW� LV� SRVVLEOH� WR� GLVWLQJXLVK�
those that present a rigorous projective construction, 
that therefore derive from and are constructed 

)LJ����²��D��7KHRGRU�9HUNUX\V��HQJUDYLQJ�LQ�WKH��QG�YROXPH�RI�$QGUHD�3R]]R·V�WUHDWLVH�Perspectiva pictorum et architectorum���������E��:LOOLDP�+RJDUWK��
engraving for the frontispiece of the treatise Dr Brook Taylor’s method of perspective made easy��������

according to the method of perspective representation, 
DQG� RWKHUV� WKDW�� ZKLOH� VLPXODWLQJ� SHUVSHFWLYH� YLVLRQ��
LQWURGXFH� LQFRQVLVWHQFLHV� DQG� DPELJXLWLHV�� $PRQJ� WKH�
ÀUVW� JURXS�� DQ� H[FHOOHQW� H[DPSOH� FDQ� EH� IRXQG� LQ� WKH�
ZRUN� RI� WKH� TXDGUDWXULVW� $QGUHD� 3R]]R�� ,Q� KLV� WUHDWLVH�
Perspectiva pictorum et architectorum���������)LJ���D���KH�
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described perspective construction procedures for artists 
DQG� DUFKLWHFWV�� ZKLFK� KH� DOVR� DSSOLHG� LQ� KLV� PDVWHUIXO�
DUFKLWHFWXUDO� SHUVSHFWLYHV� LQVLGH� VRPH� -HVXLW� FKXUFKHV��
The purpose of the quadratures is to create an illusory 
YLUWXDO� VSDFH�� DQG�SURMHFWLYH� ULJRXU� LV� UHTXLUHG� WR�PDNH�
WKH�GHFHSWLRQ�KDSSHQ��6WXG\LQJ�WKLV�W\SH�RI�SHUVSHFWLYH�
SLFWXUHV� SUHVXSSRVHV� D� JRRG� NQRZOHGJH� RI� WKH� LQYHUVH�
method of perspective, the so-called perspective 
UHVWLWXWLRQ�� ZKLFK� DOORZV� XV� WR� UHFRQVWUXFW� WKH� WKUHH�
dimensions of the illusory space virtually1�� +RZHYHU�� DV�
PHQWLRQHG� DW� WKH� EHJLQQLQJ�� QRW� DOO� SHUVSHFWLYH� YLHZV�
DUH� EDVHG� RQ� D� ULJRURXV� FRQVWUXFWLRQ�� 6RPH� FRQFHDO�
LQFRQVLVWHQFLHV��PRUH�RU�OHVV�RYHUWO\��ZKLFK�FRPSOLFDWH�D�
possible three-dimensional interpretation of the depicted 
space, and perspective restitution alone cannot provide an 
XQDPELJXRXV�DQVZHU��$Q�H[WUHPH�DQG�SURYRFDWLYH�FDVH�
LV�UHSUHVHQWHG�E\�WKH�IURQWLVSLHFH��)LJ���E���LOOXVWUDWHG�E\�
William Hogarth, of the treatise Dr Brook Taylor’s method 
of perspective made easy� ������� LQ� ZKLFK� WKH� FDSWLRQ�
UHDGV�¶:KRHYHU�PDNHV�D�GHVLJQ�ZLWKRXW�WKH�NQRZOHGJH�RI�
SHUVSHFWLYH�ZLOO�EH�OLDEOH�WR�VXFK�DEVXUGLWLHV�DV�DUH�VKRZQ�
LQ� WKLV� IURQWLVSLHFH·�� *LRYDQQL� %DWWLVWD� 3LUDQHVL·V� Carceri 
VHULHV� UDQNV� LQ� D� OHVV� H[WUHPH� SRVLWLRQ� WKDQ� +RJDUWK·V�
engraving among the perspective pictures constructed 
ZLWKRXW�SURMHFWLYH�ULJRXU�
The research described here aims to devise a method 
of analysing and interpreting the space represented in 
SHUVSHFWLYH� YLHZV� FRQVWUXFWHG� ZLWKRXW� SURMHFWLYH� ULJRXU�
DQG� DSSOLHV� WKLV� PHWKRG� WR� WKH� IURQWLVSLHFH� RI� WKH� ÀUVW�
edition of the Carceri,  entitled Invenzioni capric[ciose] di 
Carceri all’acquaforte������������)LJ����2�
The most important graphical-analytical study of the 
Carceri� FRQGXFWHG� WR� GDWH� LV� E\� 8O\D� 9RJW�*|NQLO� DQG�
GDWHV� EDFN� WR� WKH� ����V3�� &RQFHUQLQJ� WKH� IURQWLVSLHFH��
9RJW�*|NQLO�FRPSDUHG�WKH�SODQV�RI�WKH�WZR�YHUVLRQV�RI�WKH�
VHULHV��7KHVH�SODQV�GR�QRW�VHHP�WR�GHULYH�IURP�DQ�DWWHPSW�
DW�SHUVSHFWLYH�UHVWLWXWLRQ��QRU�LV�WKH�PHWKRG�E\�ZKLFK�VKH�
DUULYHG�DW�WKHVH�UHSUHVHQWDWLRQV�FOHDUO\�H[SODLQHG�

)LJ����²�*LRYDQQL�%DWWLVWD�3LUDQHVL��IURQWLVSLHFH�RI Invenzioni capric[ciose] 
di Carceri all’acquaforte����������

Graphic analysis and simulation of space

The proposed method of study involves the integration 
of architectural, perspective and perceptual analyses and 
LQWHUSUHWDWLRQV��ZKLFK�PDNH�LW�SRVVLEOH�WR�SURSRVH�D�K\SRWKHVLV�
IRU�WKH�UHFRQVWUXFWLRQ�RI�VSDFH�WKDQNV�WR�WKHLU�LQWHJUDWLRQ�
.QRZOHGJH�RI�WKH�UHSUHVHQWHG�DUFKLWHFWXUH�LV�IXQGDPHQWDO�
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VLQFH� SHUVSHFWLYH� LPDJHV� FDQ� RQO\� HYRNH� FRQÀJXUDWLRQV�
NQRZQ� WR� WKH� REVHUYHU4�� )RU� H[DPSOH�� D� ZKROH� VHULHV�
of assumptions are made upstream of the process in 
perspective restitution, including identifying triorthogonal 
HOHPHQWV�� 7KH�DUFKLWHFWXUDO� VWXG\�RI� WKH� IURQWLVSLHFH�ZDV�
conducted through graphic analysis: a method of studying 
DUFKLWHFWXUH� EDVHG� RQ� GUDZLQJ� DQG� FRQVROLGDWHG� LQ� WKH�
5RPDQ�6FKRRO�VLQFH�WKH�����V���)LJ������7KH�FRPSOH[�VSDFH�
ZDV�EURNHQ�GRZQ�LQWR�PRUH�HDVLO\�UHDGDEOH�GUDZLQJV��WKH�
IXQFWLRQDO�YDOXH�RI�ZKLFK�LV�GHWHUPLQHG�E\�WKH�UHODWLRQVKLS�
EHWZHHQ�HDFK�OHYHO�DQG�DOO�RWKHUV��(LJKW�GLරHUHQW�W\SHV�RI�
DQDO\VLV�ZHUH� FRQGXFWHG� RQ� WKH� IURQWLVSLHFH� �)LJ�� ���� WKH�
UH�GUDZLQJ� RI� WKH� ZRUN�� WKH� DQDO\VLV� RI� V\PPHWULHV� �QRW�
present), proportional ratios, masses, the relationship 
EHWZHHQ�VROLGV�DQG�YRLGV��VWUXFWXUHV��PDWHULDOV�DQG�UHFXUULQJ�
elements (connections, openings, architectural furniture 
DQG� GHFRUDWLRQ�� DQWKURSLF� DQG� SULVRQ� HQYLURQPHQW��� 7KH�
DQDO\VLV�RI�WKH�PDVVHV�UHYHDOHG�WKH�ÀUVW�DPELJXLW\�UHODWHG�
WR� WKH� IRXU� VWHSV�DW� WKH� ORZHU�HGJH�RI� WKH�SODWH� �)LJ�� ����

They can be interpreted as parallel or perpendicular to 
WKH�SODQH�ZLWK� WKH� HSLJUDSK�� 7KLV� DPELJXLW\� LV� WKH� VDPH�
W\SH� DWWULEXWHG� WR� 1HFNHU·V� IDPRXV� FXEH�� ZKHUH� GHSWK�
SHUFHSWLRQ� LV� VXEMHFW� WR� VZLWFKLQJ�� 7KH� DUFKLWHFWXUDO�
DQDO\VHV� DUH� LQWHUHVWLQJ� ERWK� ZKHQ� FRQVLGHULQJ� HDFK�
SODWH� LQ� WKH� VHULHV� DQG� ZKHQ� FRPSDULQJ� DOO� ��� HWFKLQJV�
DQDO\VHG�� 7KH� YLVXDO� SURJUDPPLQJ� ODQJXDJH� �93/�� ZDV�
WKH� WRRO� WKURXJK�ZKLFK� WKH�SHUFHQWDJHV�RI� WKH�SUHVHQFH�
of certain elements of the structural and material analysis 
ZHUH�FDOFXODWHG��)LJ������7KHVH�JUDSKV�XQHTXLYRFDOO\�VKRZ�
that masonry and arches are the elements most present 
QRW�RQO\�LQ�WKH�IURQWLVSLHFH�EXW�DOVR�LQ�PDQ\�RWKHU�SODWHV��
Stone predominates among the materials present in all 
WKH�HWFKLQJV�LQ�WKH�VHULHV��7KH�DUFKLWHFWXUDO�LQWHUSUHWDWLRQ�
RI�WKH�IURQWLVSLHFH�VXJJHVWHG�ZKLFK�HOHPHQWV�WR�FRQVLGHU�
LQ� WKH� IROORZLQJ� UHFRQVWUXFWLYH� K\SRWKHVLV�� H[FOXGLQJ�
WKRVH� QRW� SDUWLFLSDWLQJ� LQ� WKH� VSDWLDO� FRQÀJXUDWLRQ�� ,W�
also suggested the composition’s triorthogonality and 
WKH�DUFKLWHFWXUDO�HOHPHQWV·� UHFRJQLWLRQ��7KH� ODWWHU�KHOSHG�

)LJ����²�9LQFHQ]R�)DVROR��D�IHZ�SDJHV�ZLWK�H[DPSOHV�RI�JUDSKLF�DQDO\VLV��)DVROR�Q�G���
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)LJ����²�$UFKLWHFWXUDO�DQDO\VHV�FRQGXFWHG�RQ�WKH�IURQWLVSLHFH�RI�WKH�&DUFHUL��JUDSKLF�HODERUDWLRQV�E\�WKH�DXWKRU��
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)LJ����²�2Q�WKH�ULJKW��DQDO\VLV�RI�WKH�PDVVHV�$QDO\VLV�RI�WKH�PDVVHV�RI�WKH�IURQWLVSLHFH�ZLWK�WKH�WZR�
SHUFHSWLEOH�YHUVLRQV�RI�WKH�IRXU�VWHSV�EHORZ�WKH�HSLJUDSK�DQG�WKH�IDPRXV�1HFNHU·V�FXEH��JUDSKLF�
HODERUDWLRQV�E\�WKH�DXWKRU��
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)LJ����²�*UDSKV�REWDLQHG�E\�93/�VKRZLQJ�WKH�VXPPDU\�GDWD�RI�WKH�DQDO\VLV�RI�VWUXFWXUHV��OHIW��DQG�PDWHULDOV��ULJKW��IRU�WKH����SODWHV�LQ�WKH�VHULHV��JUDSKLF�
HODERUDWLRQV�E\�WKH�DXWKRU��

)LJ����²�'HFRPSRVLWLRQ�RI�WKH�IURQWLVSLHFH�LQWR�GHSWK�SODQHV��JUDSKLF�HODERUDWLRQV�E\�WKH�DXWKRU��
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)LJ����²�3HUVSHFWLYH�DQDO\VLV�RI�WKH�GHSWK�SODQHV�RI�WKH�IURQWLVSLHFH��$OO�WKH�OLQHV�UXQQLQJ�WR�WKH�VDPH�YDQLVKLQJ�SRLQW�KDYH�WKH�VDPH�FRORXU��JUDSKLF�
HODERUDWLRQV�E\�WKH�DXWKRU��
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present a hypothesis of the development of the space that 
LV�QRW�GLUHFWO\�YLVLEOH�RQ�WKH�SODWH�
The perspective interpretation investigates the spatial 
UHODWLRQVKLS� EHWZHHQ� WKH� REMHFWV� UHSUHVHQWHG�� XVLQJ�
scenography principles and perspective restitution tools 
ZKHUHYHU�SRVVLEOH��)URP�WKH�IRUPHU��ZH�GHULYH�WKH�LGHD�RI�
GHFRPSRVLQJ� WKH� SODWHV� LQWR� YDULRXV� SODQHV� DW� GLරHUHQW�
GHSWKV�� DV� LI� WKH\� ZHUH� EDFNGURSV� DQG� VWDJH� ÁDWV�� 7KH�
GHFRPSRVLWLRQ�LV�GRQH�E\�ORRNLQJ�IRU�WKRVH�HOHPHQWV�WKDW�
GHÀQH� OLPLWV� LQ� WKH� UHSUHVHQWDWLRQ� DQG� LGHQWLI\LQJ� VSDFH�

VHFWRUV�DW�GLරHUHQW�GLVWDQFHV�IURP�WKH�REVHUYHU��$�SHUVSHFWLYH�
analysis of these planes is then performed to trace the 
main elements of perspective (horizon, vanishing points) 
as these settings inform about Piranesi’s communicative 
LQWHQWLRQV�� 7KH� IURQWLVSLHFH� FDQ�EH�EURNHQ�GRZQ� LQWR�ÀYH�
GHSWK�SODQHV� �)LJ������ WKH�HOHPHQW� IUDPLQJ�WKH� OHIW�PDUJLQ�
LQ� WKH� IRUHJURXQG�� WKH�DUFKLWHFWXUH�ZLWK� WKH�HSLJUDSK�� WKH�
EULGJH�DQG�WKH�IRRWEULGJH�DERYH��WKH�VWDLUV��WKH�EDFNJURXQG��
The perspective analysis of the individual depth planes 
�)LJ�� ��� VKRZV� WKDW� WKH�KRUL]RQ·V�SRVLWLRQ� LV� QRW� VKDUHG�� LW�

)LJ����²�$OIUHG�<DUEXV��H\H�PRYHPHQW�H[SHULPHQWV��UHZRUNHG�IURP�<DUEXV��������7KH�ZRUN�REVHUYHG�ZDV�WKH�SDLQWLQJ�An Unexpected Visitor�E\�,O\D�5HSLQ�
��������DQG�HDFK�RI�WKH�VHYHQ�UHFRUGLQJV�KDG�D�GXUDWLRQ�RI���PLQXWHV�DQG�VSHFLÀF�LQVWUXFWLRQV������REVHUYH�WKH�SDLQWLQJ�IUHHO\������DVVHVV�WKH�HFRQRPLF�
FRQGLWLRQ�RI�WKH�IDPLO\������SURSRVH�WKH�DJH�RI�WKH�SHRSOH�GHSLFWHG������K\SRWKHVLVH�DERXW�WKH�DFWLYLWLHV�WKH�IDPLO\�ZDV�HQJDJHG�LQ�EHIRUH�WKH�YLVLWRU·V�
DUULYDO������UHFDOO�WKH�SHRSOH·V�FORWKHV������UHFDOO�WKH�SRVLWLRQ�RI�WKH�SHRSOH�DQG�REMHFWV�LQ�WKH�URRP������DVVHVV�KRZ�ORQJ�WKH�XQH[SHFWHG�YLVLWRU�KDG�EHHQ�
DZD\�IURP�WKH�IDPLO\�
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LV�FRQWDLQHG�ZLWKLQ� WKH�ERDUG� LQ� WKH� IRUHJURXQG�DQG�WKHQ�
SDVVHV�EH\RQG�WKH�ORZHU�PDUJLQ�LQ�WKH�VXEVHTXHQW�SODQHV��
7KH�YDQLVKLQJ�SRLQWV�RI� WKH�KRUL]RQWDO� OLQHV�DOVR�YDU\��7KH�
VHFRQG�GHSWK�SODQH�VKRZV�D�IXUWKHU�RGGLW\��WKH�PRQXPHQW�
ZLWK� WKH� HSLJUDSK�� DVVXPHG� WR� EH� WULRUWKRJRQDO�� KDV� RQH�
ULJKW�YDQLVKLQJ�SRLQW��52��DQG�WZR�OHIW�YDQLVKLQJ�SRLQWV��/1 and 
L2��7KH�OHIW�YDQLVKLQJ�SRLQW�VSOLWV�EXW�QRW�GXH�WR�D�URWDWLRQ�RI�
the triorthogonal element because the right vanishing point 
UHPDLQV�WKH�VDPH��:KDW�KDV�MXVW�EHHQ�GHVFULEHG�LV�OLNHO\�D�
mechanism Piranesi used to provide greater depth to the 
EORFN�ZLWK�WKH�HSLJUDSK�DW�LWV�ORZHU�HGJH�DERYH�WKH�VKHOI�
7KH� SHUFHSWXDO� LQWHUSUHWDWLRQ� FRQWULEXWHV� WR� ÀQGLQJ� WKH�
VSDWLDO�FRQÀJXUDWLRQ�FORVHVW�WR�WKDW�WKH�REVHUYHU�SHUFHLYHV��
,Q�SDUWLFXODU��DQ�H[SHULPHQWDO�PHWKRG�ZDV�XVHG�EDVHG�RQ�
WKH� LPDJH� GHFRGLQJ� SURFHVV�� ZKLFK� LV� LPSOHPHQWHG� E\�
WKH�KXPDQ�YLVXDO� V\VWHP�FRQWLQXRXVO\� DQG�XQFRQVFLRXVO\��
This method involved the recording of eye movements 
XVLQJ� WKH� H\H�WUDFNLQJ� WHFKQLTXH�� 7KH� JUHDWHVW� DFXLW\�
in the human visual system is in the fovea centralis, the 
central part of the retina, so the observation of the eye 
PRYHPHQW� DOORZV� XV� WR� XQGHUVWDQG� ZKDW� LV� DWWUDFWLQJ� DQ�
observer’s attention moment by moment, and its recording 
LV� KHOSIXO� IRU� SHUFHSWXDO� SXUSRVHV�� $OIUHG� <DUEXV� ZDV� WKH�
pioneer of this type of study6�� 7KH� 6RYLHW� SV\FKRORJLVW�
FRQGXFWHG� D� VHULHV� RI� H[SHULPHQWV�� ZKLFK� HQDEOHG� KLP�
to understand that, during an observation, the elements 
RQ� ZKLFK� WKH� JD]H� OLQJHUV� PRVW� DUH� WKRVH� WKH� REVHUYHU�
considers most helpful in perceiving and understanding 
WKH� SKHQRPHQRQ�� 7KH� UHVXOWV� RI� RQH� RI� KLV� H\H�WUDFNLQJ�
H[SHULPHQWV� DSSOLHG� WR� D� SDLQWLQJ� VKRZ� WKDW� WKH� WUDFNLQJ�
pattern varies depending on the instructions given to the 
REVHUYHUV��FRQÀUPLQJ�WKDW�H\H�PRYHPHQW�YDULHV�GHSHQGLQJ�
RQ�ZKDW�WKH�REVHUYHU�XQFRQVFLRXVO\�FRQVLGHUV�PRVW�XVHIXO�
IRU� SHUFHSWXDO� SXUSRVHV� �)LJ�� ���� <DUEXV� LQ� KLV� H[SHULPHQW�
SHUIRUPHG�VHYHQ�WKUHH�PLQXWH�UHFRUGLQJV��+H�JDYH�VSHFLÀF�
LQVWUXFWLRQV� IRU� HDFK� RQH�� H�J�� WR� HVWLPDWH� WKH� HFRQRPLF�
condition of the family, the age of the persons portrayed, 
WR� UHPHPEHU� WKH� FORWKHV�� DQG� VR� RQ�� $QRWKHU� IDFWRU�

)LJ�����²�(\H�WUDFNLQJ�PDS�RI�WKH�IURQWLVSLHFH��JUDSKLF�HODERUDWLRQ�E\�WKH�
DXWKRU��

LQÁXHQFLQJ� WKH� WUDFNLQJ� SDWWHUQ� LV� WKH� FXOWXUDO� YDULDELOLW\�
RI�WKH�REVHUYHUV��)RU�WKLV�UHDVRQ�����LQGLYLGXDOV�RI�GLරHUHQW�
DJHV�DQG�FXOWXUDO�EDFNJURXQGV�ZHUH�LQYROYHG�LQ�WKH�Carceri 
H[SHULPHQWDWLRQ��(DFK�ZDV�DVNHG�WR�ORRN�DW�WKH�IURQWLVSLHFH�
IUHHO\�IRU����VHFRQGV�ZKLOH�H\H�PRYHPHQWV�ZHUH�UHFRUGHG�
E\�D�ZHEFDP�SODFHG�DERYH�WKH�PRQLWRU�DQG�SURFHVVHG�E\�
D� VRIWZDUH�EDVHG� V\VWHP� �*D]H5HFRUGHU��� 7KH� UHVXOWLQJ�
RXWSXW�LQFOXGHV�DQ�H\H�WUDFNLQJ�PDS��ZKHWKHU�G\QDPLF�RU�
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FROOHFWLQJ�À[DWLRQV�RYHU����VHFRQGV��7KH�ZDUP�WRQHV�RI�WKH�
PDS�DUH�DVVRFLDWHG�ZLWK� WKH�PRVW�REVHUYHG�DUHDV�RI� WKH�
SODWH��7KH�IUHH�YLHZ�DOORZHG�XV�WR�XQGHUVWDQG�ZKLFK�DUHDV�
ZHUH�WKH�PRVW�DWWHQWLRQ�FDSWXULQJ�VR�WKDW�PRUH�DWWHQWLRQ�
FRXOG� EH� SDLG� WR�PRGHOOLQJ� WKRVH� SDUWV�� ,Q� DGGLWLRQ�� WKH�
DEVHQFH� RI� LQVWUXFWLRQV� KHOSHG� XV� XQGHUVWDQG� ZKHWKHU�
WKH� SRLQWV� RI�PRVW� VLJQLÀFDQW� À[DWLRQ� ZHUH� WKH� HOHPHQWV�
VHOHFWHG�DV�DPELJXRXV��IRU�H[DPSOH��WKH�IRXU�VWHSV�WRZDUG�
WKH� ORZHU�HGJH�RI�WKH�SODWH��7KH�SHUFHSWXDO� LQWHUSUHWDWLRQ�
RI� WKH� IURQWLVSLHFH� VKRZV� D� SDWWHUQ� FRQFHQWUDWHG� RQ� WKH�
HSLJUDSK��)LJ�������DV�ZDV�ORJLFDO�WR�H[SHFW��6LQFH�WKH�H\H�
WUDFNLQJ�PDS�VKRZV�IHZ�À[DWLRQV�DW�WKH�IRXU�VWHSV��LW�VHHPV�
UHDVRQDEOH�WR�DVVXPH�WKDW�PRVW�REVHUYHUV�RYHUORRNHG�WKH�
DPELJXLW\�LQWURGXFHG�E\�3LUDQHVL��,Q�WKH�ODVW�SDUW�RI�WKH�WHVW��
WKH�JURXS�RI�LQGLYLGXDOV�ZDV�DVNHG�WR�ORRN�IUHHO\�DW�WKH�IRXU�
VWHSV�DQG�LQGLFDWH�ZKLFK�RI�WKH�WZR�SURSRVHG�YDULDQWV�FDPH�

FORVHVW�WR�WKH�RQH�WKH\�SHUFHLYHG��)LJ�������7KH�UHVXOWV�VKRZ�
WKDW�WKH�PRVW�VHOHFWHG�YDULDQW�LV�WKH�RQH�ZKHUH�WKH�VWHSV�DUH�
SHUSHQGLFXODU�WR�WKH�ZDOO�ZLWK�WKH�LQVFULSWLRQ��)XUWKHUPRUH��
LW� VHHPV� WKDW� FXOWXUDO�EDFNJURXQG�ZDV�QRW�GHFLVLYH� LQ� WKH�
FKRLFH�� 6LPLODU� UHVXOWV�ZHUH�REWDLQHG� LQ� SHUFHQWDJH� WHUPV�
EHWZHHQ� LQGLYLGXDOV� ZLWK� D� EDFNJURXQG� LQ� WKH� VFLHQWLÀF�
GLVFLSOLQDU\� ÀHOG� RI� 5HSUHVHQWDWLRQ� �,&$5������ WKXV� ZLWK� D�
VSHFLÀF�EDFNJURXQG�RQ�NQRZOHGJH�RI�DUFKLWHFWXUH�DQG� LWV�
UHSUHVHQWDWLRQ��DQG�DOO�WKH�RWKHUV��%\�FRPELQLQJ�WKH�UHVXOWV�
of the three levels (architectural, perspective and perceptual) 
RI�DQDO\VLV�DQG�LQWHUSUHWDWLRQ�FRQGXFWHG��LW�ZDV�SRVVLEOH�WR�
propose a three-dimensional reconstructive hypothesis of 
WKH� VSDFH� UHSUHVHQWHG�E\�3LUDQHVL� LQ� WKH� IURQWLVSLHFH�� 7KH�
�'�PRGHO�VKRZV�WKH�VDPH�SHUVSHFWLYH�YLHZ�DV�WKH�HWFKLQJ�
ZKHQ�REVHUYHG� IURP� WKH� VDPH�SURMHFWLRQ�FHQWUH� �)LJ�������
7KH� KRUL]RQ� KHLJKW�ZDV� DVVXPHG� E\� FKRRVLQJ� WKH� KHLJKW�

)LJ�����²�3HUFHQWDJHV�RI�SHUFHSWLRQ�RI�WKH�WZR�YDULDQWV�RI�WKH�IURQWLVSLHFH�VWHSV��JUDSKLF�HODERUDWLRQV�E\�WKH�DXWKRU��
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most commonly found in the perspective analyses of the 
GHSWK� SODQHV�� 7KH� SRVLWLRQ� RI� WKH� SURMHFWLRQ� FHQWUH� ZDV�
assumed to be at the intersection of the horizon line and 
WKH� YHUWLFDO� D[LV� RI� WKH� SODWH� �)LJ�� ����� 7KH� UHQGHULQJ� DQG�
the etching do not coincide perfectly due to the series of 
RSWLPLVDWLRQV� UHTXLUHG� WR� PDNH� WKH� 3LUDQHVLDQ� GUDZLQJ�
FRQVLVWHQW�� )RU� WKLV� UHDVRQ�� VRPH� D[RQRPHWULF� YLHZV� RI�
WKH��'�PRGHO�VKRZ�GLරHUHQW�FRORXUV�EDVHG�RQ�DGKHUHQFH�

)LJ�����²�5HQGHULQJ�RI�WKH��'�PRGHO�ZLWK�WKH�UHFRQVWUXFWLYH�K\SRWKHVLV�
of the frontispiece seen from a projection centre similar to the etching 
�JUDSKLF�HODERUDWLRQ�E\�WKH�DXWKRU��

)LJ�����²�)ORRU�SODQ��LQ�SXUSOH��DQG�D[RQRPHWULF�YLHZ�RI�WKH��'�PRGHO�ZLWK�
the perspective setting and position of the projection centre related to the 
DUFKLWHFWXUH��JUDSKLF�HODERUDWLRQV�E\�WKH�DXWKRU��

)LJ�����²�$[RQRPHWULF�YLHZ�RI�WKH��'�PRGHO�ZLWK�WKH�UHFRQVWUXFWLYH�
K\SRWKHVLV�LQ�ZKLFK�WKH�FRORXUV�LQGLFDWH�WKH�OHYHO�RI�UHOLDELOLW\��WKH�HOHPHQWV�
deduced from the etching in light grey, the altered elements in blue, the 
K\SRWKHVLVHG�HOHPHQWV�LQ�GDUN�JUH\��WKH�RPLWWHG�HOHPHQWV�LQ�WUDQVSDUHQW�
EOXH��JUDSKLF�HODERUDWLRQ�E\�WKH�DXWKRU��
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Conclusions
In order to move from a non-rigorous perspective 
representation to a three-dimensional reconstruction of 
WKH� UHSUHVHQWHG� VSDFH�� D� SDWK� ZDV� WUDFHG� LQYROYLQJ� WKH�
integration of analyses and interpretations in three areas: 
DUFKLWHFWXUH�� SHUVSHFWLYH� DQG� SHUFHSWLRQ�� 1RQH� RI� WKHVH�
GLVFLSOLQHV�� LQGLYLGXDOO\�� ZRXOG� KDYH� SURYLGHG� VXFLHQW�
LQIRUPDWLRQ�IRU�UHFRQVWUXFWLRQ��EXW�WRJHWKHU�WKH\�DOORZHG�
the process of interpretation to be based on the most 
REMHFWLYH�GDWD�SRVVLEOH��7KH�PDLQ�SUREOHP�LQ�DSSURDFKLQJ�
a perspective analysis of the Carceri� FRQFHUQV� ZKDW� WKH�
OLWHUDWXUH�GHÀQHG�DV�WKH�PXOWLSOLFDWLRQ�RI�YLHZSRLQWV7��7KH�
VROXWLRQ�WR�WKLV�SUREOHP�ZDV�IRXQG�LQ�EUHDNLQJ�GRZQ�WKH�
plates, the frontispiece in this case, into a series of depth 
planes and analysing the perspective setting of each plane 
WR� KLJKOLJKW� GLරHUHQFHV� DQG� LQYDULDQFHV�� 7KLV� RSHUDWLRQ��
RQ� WKH� RQH� KDQG�� FRQÀUPHG� WKH� JHQHUDO� FRQWUDGLFWLRQ�
RI� WKH�SHUVSHFWLYH� V\VWHP��RQ� WKH�RWKHU�KDQG�� LW�PDGH� LW�
SRVVLEOH�WR�¶EUHDN�GRZQ�WKH�SUREOHP·�LQWR�VPDOO�DQG�PRUH�
FRKHUHQW� SRUWLRQV�� 7KH� UHFRQVWUXFWLYH� K\SRWKHVHV� ZHUH�
based on the recurrences in the analysis of the perspective 
VHWWLQJV��7KH�DQDO\WLF�VWXG\�JXLGHG�WKH�FKRLFH�RI�WKH�PDLQ�
HOHPHQWV� WR� EDVH� WKH� UHVWLWXWLRQ� RI� VSDFH� DQG�� ÀUVW� DQG�
IRUHPRVW��WKH�KHLJKW�RI�WKH�KRUL]RQ�OLQH��,Q�WKH�DEVHQFH�RI�

D�SDLU�RI�YDQLVKLQJ�SRLQWV�RI�DW�OHDVW�WZR�PXWXDOO\�URWDWHG�
triorthogonal elements, the position of the projection 
FHQWUH�ZDV�K\SRWKHVLVHG�RQ�DQ�H[SHULPHQWDO�EDVLV�DW�WKH�
LQWHUVHFWLRQ�RI�WKH�KRUL]RQ�DQG�WKH�YHUWLFDO�D[LV�RI�WKH�SODWH��
7KH�PRGHO�ZDV� VFDOHG�E\�DVVXPLQJ� WKH� VL]H�RI� D�KXPDQ�
ÀJXUH�� WKH�SULVRQHU� DERYH� WKH� HSLJUDSK�� 7KH�SHUVSHFWLYH�
OD\RXW� RI� WKH� UHFRQVWUXFWLRQ� ZDV� FKRVHQ� VR� WKDW� WKH�
SHUVSHFWLYH�LPDJH�ZRXOG�EH�IDLWKIXO�WR�WKDW�RI�WKH�HWFKLQJ��
thus cancelling out perspective inconsistencies but not 
FRPSOHWHO\�GLVWRUWLQJ�3LUDQHVL·V�¶YLVLRQ·�
7KH� DGYDQFHPHQW� RI� NQRZOHGJH� RQ� WKH� VXEMHFW� RI� WKH�
Carceri�ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH�ZLWKRXW�WKH�DWWHPSW�
to rationalise a space that has very little that is reasonable, a 
VSDFH�WKDW�IDVFLQDWHV�SUHFLVHO\�EHFDXVH�RI�LWV�FRQWUDGLFWLRQV��
7KHUH� LV� QR� ULVN�RI�EHOLWWOLQJ� DQ� DUFKLWHFWXUH� WKDW� DPD]HV�
DQG�GLVTXLHWV��D�VSDFH�ZKHUH�WKH�JD]H�LV�ORVW�DQG�GLFXOW�
WR� ÀQG� DJDLQ�� 7KH� UHVXOW� LV� QRW� LQWHQGHG� WR� UHSODFH�
WKH� DUWLVW·V� LPDJLQDWLRQ� RU� WKH� SOHDVXUH� RI� YLHZLQJ� WKH�
DUWZRUN��7KH� UHFRQVWUXFWLYH�K\SRWKHVLV� LV�QRW�PHDQW� WR�
have an emotional response: other interesting outcomes 
have already been proposed in this sense8��7KH�DLP�ZDV�
WKH� VLPXODWLRQ�RI� WKH� LPDJLQDU\� VSDFH�� ,W�ZDV�DFKLHYHG�
E\� UHYHDOLQJ� VRPH�GHFHSWLRQ� EXW�ZLWK� WKH� FHUWDLQW\� RI�
not undermining the fascination of direct observation of 
WKH�HWFKLQJ�

WR� WKH� HWFKLQJ�� (OHPHQWV� GLUHFWO\� GHGXFHG� IURP� WKH� SODWH�
DUH� LQ� OLJKW�JUH\�� ,Q�EOXH�DUH� WKRVH�HOHPHQWV�PRGLÀHG� IRU�
DUFKLWHFWXUDO� DQG� VWUXFWXUDO� FRKHUHQFH�� +\SRWKHVLVHG�
HOHPHQWV�QRW�YLVLEOH�ZLWKLQ�WKH�SODWH�DUH�LQ�GDUN�JUH\��7KH\�
have been deduced based on symmetry principles and 
UHFXUUHQFH� IURP� WKH� DUFKLWHFWXUDO� LQWHUSUHWDWLRQ� �)LJ�� �����
*LYHQ�WKHVH�FRQVLGHUDWLRQV��WKH�PRGHO�LV�RQH�RI�WKH�LQÀQLWH�
SRVVLEOH�UHFRQVWUXFWLYH�K\SRWKHVHV�VLQFH�SHUVSHFWLYH�YLHZV�
FRQVWUXFWHG� ZLWKRXW� ULJRXU� GR� QRW� SURYLGH� ELXQLYRFLW\�
EHWZHHQ�WKH�UHSUHVHQWDWLRQ�DQG�WKH�UHSUHVHQWHG�VSDFH�
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FRQGXFWHG�E\�WKH�DXWKRU�GXULQJ�KHU�GRFWRUDWH��0HQFRQHUR��������7KLV�
VWXG\�ZDV�IXUWKHU�DGYDQFHG�E\�WKH�SXEOLFDWLRQ�RI�D�PRQRJUDSK�RQ�WKH�
VXEMHFW��0HQFRQHUR�������
3�9RJW�*|NQLO������
4 Baglioni et al��������S�������
��)DVROR�Q�G�
6�<DUEXV������
7�9RJW�*|NQLO�������S�����
8 Grégoire Dupond’s videos from 2010 for the exhibition Le arti di 
Piranesi: architetto, incisore, vedutista, designer organised by the Cini 
Foundation in Venice KWWSV���JUHJRLUHGXSRQG�FRP�SLUDQHVL�FDUFHUL�
d-invenzione-2010/��DQRWKHU�YLGHR�E\�WKH�VDPH�DXWKRU�SURGXFHG�LQ�
2020 for the Galleria Nazionale dell’Umbria KWWSV���JUHJRLUHGXSRQG�
com/piranesi-carceri-d-invenzione-300/��WKH�YLGHR�E\�WKH�$&(�JURXS�
of the Scuola Superiore Sant’Anna as part of the exhibition Piranesi. 
La fabbrica dell’utopia� RUJDQLVHG� E\� WKH� 0HWD0RUIRVL� &XOWXUDO�
Association and curated by Luigi Ficacci and Simonetta Tozzi (here an 
excerpt KWWSV���\RXWX�EH�7<F.L-DGJ=Z���WKH�YLUWXDO�UHDOLW\�SURGXFHG�E\�
$OHVVDQGUR�%DVVR��%DVVR�������
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Abstract

The presented study is focused on communicating and 
visualizing architectural representations through computational 
and digital methods in the context of transversality and trans-
GLVFLSOLQDU\�NQRZOHGJH��,Q�SDUWLFXODU��WKH�VWXG\�HQOLJKWHQV�WKH�
role of digital ecosystems in the communication processes of 
EXLOW�FXOWXUDO�KHULWDJH��ZKLFK�LV�LQWHQGHG�DV�D�PHGLXP�IRU�WKH�
YLVXDOL]DWLRQ� RI� WKH� Q�GLPHQVLRQDO� OHYHOV� RI� NQRZOHGJH� WKDW�
can be collected in virtual reconstruction processes according 
WR�GLරHUHQW�NLQGV�RI�UHVRXUFHV�
7KH� VWXG\� LQYROYHG� GLරHUHQW� DSSOLFDWLRQV� DQG� WRROV� IRU�
creating digital ecosystems that manage diverse information: 
GLJLWDO�JDOOHULHV���'�PRGHOV��GUDZLQJ�DQQRWDWLRQ�V\VWHPV��DQG�
D�6RFLDO�9LUWXDO�(QYLURQPHQW��69(��SODWIRUP�
The study focused on the dissemination and virtual 
musealisation of a monument that is no longer extant 
DQG� KDV� DOZD\V� DURXVHG� WKH� LQWHUHVW� RI� PDQ\� VFKRODUV�
DQG� DUFKDHRORJLVWV�� 3RUWD� $XUHD� LQ� 5DYHQQD�� 7KH� 5RPDQ�
*DWH� ZDV� EXLOW� LQ� ��� $'� DW� WKH� EHKHVW� RI� URPDQ� (PSHURU�

7LEHULXV�&ODXGLXV��7KH�H[LVWHQFH�RI� ODUJH�DQG�KHWHURJHQHRXV�
GRFXPHQWDWLRQ�DOORZV�WKH�SRVVLELOLW\�WR�LQYHVWLJDWH�WKH�WKHPH�
RI� GLJLWDO� HFRV\VWHPV� IRU� PXVHXP� FROOHFWLRQV�� ,Q� SDUWLFXODU��
digitization processes’ role in creating digital environments 
IRU�GLරHUHQW�W\SHV�RI�IUXLWLRQ��UHVHDUFK�DQG�GLVVHPLQDWLRQ�IRU�
D�ODUJH�SXEOLF�
Immersive digital environments can shift the focus from the 
management of the museum space, the container of the 
FROOHFWLRQ��WR�WKH�H[KLELWLRQ�LWVHOI��7KH�69(�SODWIRUP�XVHG�LQ�WKH�
study is a novel solution for developing a digital environment 
DFFHVVLEOH� E\� DQ\� ZHE� EURZVHU�� $� URRP� GHGLFDWHG� WR� WKH�
3RUWD�$XUHD� IUDJPHQWV�DW� WKH�1DWLRQDO�0XVHXP�RI�5DYHQQD�
DOVR�RරHUV�QHZ�SHUVSHFWLYHV�RQ�XVLQJ�YLUWXDO�HQYLURQPHQWV�IRU�
disseminating museum collections replicating the environment 
WR�ZKLFK�WKH\�EHORQJ��7KH�VROXWLRQ�GLරHUV�IURP�WKH�ZHEVLWH��
WKH�WZR�GLPHQVLRQDO�DQFHVWRU�RI�YLUWXDO�HQYLURQPHQWV��PDNLQJ�
D�QRYHO�ZD\�RI� IUXLWLRQ� WKDW� LV� QR� ORQJHU�SDVVLYH�EXW� DFWLYH��
LQWHUDFWLYH��DQG�SDUWLFLSDWRU\�
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Introduction
7KH�2[IRUG�(QJOLVK�'LFWLRQDU\�GHÀQHV�DQ�HFRV\VWHP�DV�´D�
biological community of interacting organisms and their 
SK\VLFDO�HQYLURQPHQW�µ�,I�ZH�SDXVH�WR�DQDO\]H��RQH�RI�WKH�
main aspects of an ecosystem is to consider it as the sum 
RI� LWV� FRQVWLWXHQW� HOHPHQWV�� -XVW� DV� D� QDWXUDO� HFRV\VWHP�
has inherent rules that are not necessarily perceivable or 
LGHQWLÀDEOH��WKH�GLJLWDO�HFRV\VWHP�LV�D�V\VWHP�WKDW�LV�LQVWHDG�
GHVLJQHG�DQG�GHYHORSHG�ZLWK�WKH�DPELWLRQ�RI�SHUPDQHQFH�
RYHU� WLPH� DQG� HYHQWXDO� LPSOHPHQWDWLRQ�� :LWKLQ� D� GLJLWDO�
HFRV\VWHP�� WKH� UXOHV�DUH�GHÀQHG� LQ� WKH�GHVLJQ�SKDVH�DQG�
DUH� FORVHO\� UHODWHG� WR� WKH� HQG�XVH� W\SH�� 7KHUHIRUH�� LW� LV�
QHFHVVDU\�WR�GHWHUPLQH�ZKDW�DUH�WKH�JRDOV�DQG�REMHFWLYHV�RI�
WKH�GLJLWL]DWLRQ�SURFHVV�RI�WKH�DVVHW�WKDW�ZLOO�EH�IUXLWHG��WKH�
NLQG�RI�WDUJHW�DXGLHQFH��DQG�WKH�W\SHV�RI�YLVXDOL]DWLRQ�RI�WKH�
GDWD��ZKHWKHU�LW�LV�LQIRUPDWLYH��WKUHH�GLPHQVLRQDO��RU�UHXVHG�
ZLWKLQ�D�SUHGHWHUPLQHG�QDUUDWLYH�SDWK�
2QH�RI�WKH�PDLQ�EHQHÀWV�RI�GLJLWDO�HFRV\VWHPV�LV�WR�GHSRVLW�
SULPDU\� UHVRXUFHV� ZLWKLQ� D� V\VWHP� DFFHVVLEOH� WKURXJK�
GLරHUHQW� GHYLFHV� DQG� SRVVLEO\� WKURXJK� DSSOLFDWLRQV� WKDW�
DOORZ� WKH� UHWULHYDO� RI� UHVRXUFHV� LQ� DQ� RUJDQL]HG� DQG�
VHPDQWLFDOO\�FODVVLÀHG�PDQQHU�
,Q� WKH� FDVH� RI� FXOWXUDO� KHULWDJH�� ZH� DUH� ZLWQHVVLQJ� WKH�
SUROLIHUDWLRQ�RI�GLJLWDO�GDWD�SURGXFWLRQ�RI�YDULRXV�NLQGV�ZLWK�
WKH� DGYHQW� RI� PDVVLYH� GLJLWL]DWLRQ�� 6SHFLÀFDOO\�� LW� VKRXOG�
EH� UHPHPEHUHG� WKDW� ´UDZµ�GDWD�ZLOO�KDYH� WR�EH� UHZRUNHG�
DQG�SRVW�SURFHVVHG�WR�UHDFK�WKH�HQG�XVHUV��+RZ�WKH�GDWD�
is transformed into information or displayed on the Web 
is only the tip of the iceberg of the digital ecosystem: the 
IURQW�HQG��7KH�EDFN�HQG�LV�JHQHUDOO\�KLGGHQ�EXW�QHFHVVDU\�WR�
RUJDQL]H�GDWD�DQG�LQIRUPDWLRQ�WR�EH�HDVLO\�UHWULHYDEOH�
The paper aims to investigate a possible pipeline for 
EXLOGLQJ� GLJLWDO� HFRV\VWHPV� LQ� PXVHXPV�� %HJLQQLQJ� ZLWK�
WKH� GLJLWL]DWLRQ� SURFHVV�� ZKLFK� FDQQRW� EH� H[FOXGHG� IURP�
the ecosystem design process, digitized objects undergo 
YDULRXV� WUDQVIRUPDWLRQV�� TXDOLWDWLYH� LQ� UHVROXWLRQ�� DOORZLQJ�

WKHP�WR�EH�DFFHVVLEOH� LQ�GLරHUHQW�ZD\V�GHSHQGLQJ�RQ�WKH�
VRIWZDUH�XVHG�
2QFH�WKH�DVVHWV�RI�LQWHUHVW�KDYH�EHHQ�LGHQWLÀHG��WKH�GLJLWDO�
curatorship is responsible for selecting and classifying the 
FRQWHQW�� 7KHQ� WKHUH� LV� WKH� GLJLWL]DWLRQ� SKDVH� UHJDUGLQJ�
WKH� GRFXPHQWDU\�DUFKLYDO� DQG� SK\VLFDO� PDWHULDO�� 7KH� ÀUVW�
acquisition phase is generally carried out using the best 
TXDOLW\� DQG� PRVW� DSSURSULDWH� WRROV�� 2Q� WKH� RWKHU� KDQG��
the information processing phase requires a critical a priori 
DQDO\VLV� GHSHQGLQJ� RQ� WKH� GHVLUHG� RXWSXW�� *HQHUDOO\�� WKH�
outcome requires a reduction/retopologization of the 
UDZ�PDWHULDO�� ERWK� EL�GLPHQVLRQDO� DQG� WKUHH�GLPHQVLRQDO��
'LරHUHQW� YHUVLRQV� RI� WKH� VDPH� GLJLWDO� REMHFW� DW� GLරHUHQW�
UHVROXWLRQV�DUH�GHYHORSHG�GHSHQGLQJ�RQ�WKH�ÀQDO�SODWIRUP��
The type of information also changes, is reused, or possibly 
UHRUJDQL]HG�GHSHQGLQJ�RQ�WKH�FKRVHQ�QDUUDWLYH�
,Q�WKH�DUFKLWHFWXUDO�KHULWDJH�ÀHOG��DW�WKH�FRQWHQW�RUJDQL]DWLRQ�
stage, there is also a semantic structuring of information 
related to the architectural features of the building and 
LWV� DUFKLWHFWXUDO� HOHPHQWV�� ,Q� FUHDWLQJ� GLJLWDO� HFRV\VWHPV��
structuring information is a part of the process that has become 
XQDYRLGDEOH��7KH�QHFHVVLW\�WR� LQWHUFRQQHFW�KHWHURJHQHRXV�
data is evident in architectural representation, for example, 
UHODWHG�WR�DUFKLWHFWXUDO�GUDZLQJV��,Q�DQDO\]LQJ�DUFKLWHFWXUDO�
GUDZLQJV�� WKH�JUDQXODULW\�RI� LQIRUPDWLRQ� LV� UHOHYDQW��DQG� LW�
LV�HVVHQWLDO� WR�DGG�D�GLYHUVH� VHPDQWLF� OHYHO�RI�NQRZOHGJH��
6SHDNLQJ� RI� LFRQRJUDSKLF� DSSDUDWXV�� L�H��� WKH� ´FRPSOH[�
of representations in the art relating to a given subject”1 
DSSHDUV� UHGXFWLYH� LQ� DUFKLWHFWXUH�� &ODVVLI\LQJ� UHVRXUFHV�
based on iconographic representations in humanities 
remains fundamental, especially in the archaeological 
DQG� DUFKLYDO� ÀHOGV�� /HDGLQJ� GLJLWDO� SODWIRUPV� LQ� GLJLWDO�
KXPDQLWLHV�XVH�LFRQRJUDSKLF�UHFRJQLWLRQ�DQG�FODVVLÀFDWLRQ�
WR�RUJDQL]H�WKHLU�FRQWHQW��7KHVH�V\VWHPV�JHQHUDOO\�FROOHFW�EL�
GLPHQVLRQDO�GLJLWL]HG�LQVWLWXWLRQV·�FRQWHQWV��,Q�UHFHQW�\HDUV�
many museums have embraced the digitization challenge, 
creating three-dimensional digital collections that are 
XQIRUWXQDWHO\�QRW�OLQNHG�WR�WKH�RULJLQDO�FRQWHQW�
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Porta Aurea: an integrated approach for the 
creation of a digital ecosystem
This study proposes in an organized manner the digitization 
processes put in place for the virtual reconstruction 
hypothesis of Porta Aurea2�� 7KH� SDSHU� SUHVHQWV� D�
PHWKRGRORJLFDO�ZRUNÁRZ� IRU� WKH�SRVVLEOH�XVH� DQG� UHXVH�
of digital assets for the virtual fruition of the museum 
FROOHFWLRQ�RI�H[LVWLQJ�DUFKLWHFWXUDO�IUDJPHQWV�DQG�EH\RQG��
7KH� UHVHDUFK� EHJDQ�ZLWK� WKH� KLVWRULFDO� DQDO\VLV� RI� H[LVWLQJ�
GRFXPHQWDWLRQ�UHJDUGLQJ�3RUWD�$XUHD�LQ�5DYHQQD��DQ�DQFLHQW�
5RPDQ�JDWH�GHVWUR\HG�LQ�������7RGD\��VRPH�IUDJPHQWV�UHPDLQ�
LQ�WKH�1DWLRQDO�0XVHXP�LQ�5DYHQQD��DQG�VRPH�UXLQV�DW�WKH�
FLW\�ZDOOV��7KH�HYHQWV�LQKHUHQW�LQ�WKH�DUFKLWHFWXUDO�DSSDUDWXV�
DQG�H[FDYDWLRQ�FDPSDLJQV�DW�WKH�ZDOOV�KDYH�EHHQ�H[WHQVLYHO\�
LQYHVWLJDWHG�E\�ERWK�ORFDO�KLVWRULDQV�DQG�VFKRODUV�ZKR�KDYH�
been involved in analyzing the collection of architectural 
GUDZLQJV�UHODWHG�WR�WKH�5RPDQ�*DWH���5RVVL��������5RVL��������
7RVL��������6DYLQL��������������1RYDUD��������5DQDOGL��������
7KH� JDWH� ZDV� LQ� WKH� SDVW� UHSUHVHQWHG� E\� VHYHUDO� DXWKRUV��
*LRYDQQL� 0DULD� )DOFRQHWWR� �������� *LRYDQQL� )UDQFHVFR� GD�
6DQJDOOR� �F�D�� ������� $QGUHD� 3DOODGLR� �������� $QRQLPRXV� RI�
WKH�5DSKDHO�FLUFOH��F�D���������$QRQLPRXV�RI�%HUOLQ��F�D���������
�)LJ���
In recent years, the extensive documentation available has 
DOORZHG�IXUWKHU�LQYHVWLJDWLRQ�RI�WKH�GRFXPHQWDU\��DUFKLYDO�DQG�
photographic funds for a virtual reconstruction hypothesis 
DFFRUGLQJ� WR� WKH� GUDZLQJV� GHYHORSHG� E\� $QGUHD� 3DOODGLR��
>$SROORQLR�DQG�*LRYDQQLQL������@�
7KH� DQDO\]HG� DQG� GLJLWL]HG� UHVRXUFHV� EHORQJ� WR� GLරHUHQW�
DUFKLYHV�DQG�LQVWLWXWLRQV�DQG�ZHUH�SDUW�RI�WKH�GDWD�FROOHFWLRQ�
and gathering for the dissemination of the study beyond 
WKH� YLUWXDO� UHFRQVWUXFWLRQ�� 2WKHU� UHVHDUFK� RXWFRPHV�
related to the semi- automatic generation of Architectural 
elements and using data, metadata, and paradata for the 
YLUWXDO� UHFRQVWUXFWLRQ� SURFHVVHV� ZHUH� SUHYLRXVO\� SXEOLVKHG��
>$SROORQLR�DQG�*LRYDQQLQL��������*LRYDQQLQL������@�

7KH�ZRUNÁRZ� FDQ� EH� GLYLGHG� LQWR� WKUHH�PDLQ� SDUWV�� 'DWD�
FROOHFWLRQ�� 'DWD� 0RGHOOLQJ�� DQG� 'DWD� 5HSUHVHQWDWLRQ� 	�
9LVXDOL]DWLRQ� �)LJ����� 7KLV� UHVHDUFK� H[SORUH� WKH� GLJLWL]DWLRQ�
processes and post-processing phase of sources and 
resources for the creation of a digital environment accessible 
RQOLQH��7KH�GHYHORSHG�9LUWXDO�5HDOLW\� �95�� LV�EDVHG�RQ� WKH�
URRP�GHGLFDWHG�WR�3RUWD�$XUHD�DW�7KH�1DWLRQDO�0XVHXP�RI�
5DYHQQD��
The process involved digital acquisitions of documentary 
heritage, photogrammetric acquisition of archeological 
fragments and laser scanning acquisition of the 
DUFKDHRORJLFDO�HYLGHQFH��
7KH�'DWD�0RGHOOLQJ�SKDVH�ZDV�SHUIRUPHG�XVLQJ�UHVRXUFHV�
collected and digital acquisition to obtain metric information 
IRU�WKH�GHYHORSPHQW�RI�ERWK�YLUWXDO�VSDFH�IRU�95�DQG�GLJLWDO�
assets to be displayed using Social Virtual Environment 
�69(��
The data representation and visualization phase involved 
D� ZRUNÁRZ� IRU� GLJLWDO� SRVW�SURFHVVLQJ� RI� DVVHWV� WR� EH�
XSORDGHG� DQG� UHXVHG� WKURXJK� ORZ�FRVW� ZHE� DSSOLFDWLRQV��
6NHWFKIDE�DQG�0R]LOOD�+XEV3��+XEV� LV�D�ZHE�EDVHG�YLUWXDO�
FROODERUDWLRQ�SODWIRUP���,JOHVLDV��-HQNLQV�DQG�0RULVRQ�������
+XEV� LV� FRQVLGHUHG� D� 6RFLDO� 9LUWXDO� 5HDOLW\�� DQ� HPHUJLQJ�
medium that invites multiple users to join a collaborative 
virtual environment (VE) and can support remote 
FRPPXQLFDWLRQ� LQ� D� QDWXUDO� DQG� LPPHUVLYH� ZD\�� �/L� et 
al.�� ������ 7KH� SODWIRUP�� GHYHORSHG� E\� 0R]LOOD�� ZDV� XVHG�
GXULQJ� WKH�&29,'�HPHUJHQF\�ZKHQ� WKH� YLUWXDO� VSDFH�ZDV�
implemented as a solution for attending conferences and 
IRU� HGXFDWLRQ�SXUSRVHV� �+DJOHU�� /DQNHV�DQG�*DOOLVW�� �������
DOORZLQJ� WKH� FUHDWLRQ�RI�GLJLWDO� UHSOLFDV�RI� UHDO� VSDFH�� 7KH�
9LUWXDO�5HDOLW\� LQVWDOODWLRQ� OHWV�XVHUV� LQWHUDFWLYHO\�H[SORUH�D�
virtual space that hosts several digital 3D models and other 
GLJLWDO�FRQWHQW��7KH�FRQWHQW� IRU�FUHDWLQJ�WKH�VFHQH�FDQ�EH�
selected from 3D models available online on the Platform 
6NHWFKIDE��7R�HQULFK�WKH�VFHQH�DQG�PDQDJH�GLYHUVH�FRQWHQW��
0R]LOOD� RරHUV� 6SRNH�� D� EXLOW�LQ� VFHQH� HGLWRU� IRU� FUHDWLQJ�
HQYLURQPHQWV�WR�SXEOLVK�+XEV�URRPV���)LJ����
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)LJ�������0HWKRGRORJLFDO�:RUNÁRZ�IRU�WKH�FUHDWLRQ�RI�D�GLJLWDO�HFRV\VWHP��LQFOXGLQJ�SURFHVVHV�DQG�VRIWZDUH�

)LJ�������&ROOHFWLRQ�RI�0R]LOOD�+XEV�URRPV�DQG�XVHU�LQWHUIDFH�RI�D�GHIDXOW�YLUWXDO�VFHQH�
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Porta Aurea: online repositories and digitization 
processes for documentary heritage
A preliminary search of the online iconographic apparatus 
RQ� 3RUWD� $XUHD� ZDV� FDUULHG� RXW� XVLQJ� L'$,4� �)LJ�� ��� DQG�
CENSUS���)LJ������ERWK�GHYHORSHG�E\�*HUPDQ�LQVWLWXWLRQV��
7KH� WZR� GDWDEDVHV� DUH� VWUXFWXUHG� GLරHUHQWO\� DQG� VHHP�
QRW� WR� FRPPXQLFDWH� ZLWK� HDFK� RWKHU�� $� FRPSUHKHQVLYH�
YLHZ� RI� WKH� PDWHULDO� UHJDUGLQJ� 3RUWD� $XUHD� LV� SRVVLEOH�
only by cross-referencing the data exported from both 
SRUWDOV��L'$,�LV�D�WZR�GLPHQVLRQDO�GLJLWDO�HFRV\VWHP�ZKHUH�
YDULRXV� UHVRXUFHV� DUH� RUJDQL]HG� DQG� FODVVLÀHG� XVLQJ�
VSHFLÀF� VHPDQWLF� ZHE� WRROV�� $OWKRXJK� LW� SURSRVHV� LWVHOI�

as a structured platform to collect data of heterogeneous 
W\SHV�� LW� LV� QRW� YHU\� HරHFWLYH� LQ� YLVXDOL]LQJ� WKH� FRQWHQWV��
iDAI acquires the data from the photographic digitalized 
DUFKLYHV� RI� WKH� ,WDOLDQ� 0LQLVWHUR� SHU� L� %HQL� &XOWXUDOL� H�
$PELHQWDOL��0L%$&7��
CENSUS proposes a simpler relational scheme that relies 
RQ�WKH�LFRQRJUDSKLF�UHFRJQLWLRQ�ZLWKLQ�WKH�UHVRXUFH�DQG��
LQ� VRPH� LQVWDQFHV�� DOORZV� WKH�PDWHULDO�� GLJLWL]HG� DW� KLJK�
UHVROXWLRQ�� WR� EH� YLHZHG�PRUH� HFLHQWO\� WKURXJK� D�ZHE�
LQWHUIDFH��&(1686�DOVR�HQFRGHV�UHVRXUFHV�XVLQJ�LQYHQWRU\�
QXPEHUV��PDNLQJ�LW�SRVVLEOH�WR�XQLTXHO\�LGHQWLI\�UHVRXUFHV�
and request them from individual institutions in high 
GHÀQLWLRQ�� ,Q� V\VWHPV�RI� WKLV� W\SH�� WKH� WKLUG�GLPHQVLRQ� LV�
VWLOO�XQIRUWXQDWHO\�DEVHQW���)LJ����

)LJ�������L'$,�LQWHUIDFH�ZLWK�UHWULHYHG�FRQWHQW�DERXW�3RUWD�$XUHD�LQ�5DYHQQD�
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The Soprintendenza Archeologia, Belle Arti e Paesaggio 
per le province di Ravenna, Forlì-Cesena e Rimini�DOVR�RZQ�
SDUWLDOO\� GLJLWDOL]HG� GRFXPHQWDU\� KHULWDJH�� )RU� H[DPSOH��
DUFKHRORJLFDO� UHSRUWV� DQG� VXUYH\� GUDZLQJV� GRFXPHQWLQJ�
WKH�H[FDYDWLRQ�FDPSDLJQ�VXSHUYLVHG�E\�'RPHQLFR�0DLROL�
RQ�WKH�FLW\�ZDOO�LQ������������7KHQ��WKH�UHVRXUFHV�DYDLODEOH�
DW�WKH�GUDZLQJ�DQG�SKRWRJUDSKLF�DUFKLYHV�ZHUH�FROOHFWHG�
DQG� GLJLWL]HG�� 'XULQJ� WKH� H[FDYDWLRQ� FDPSDLJQ�� QHZ�
IUDJPHQWV�ZHUH�GLVFRYHUHG�DQG�DUH�QRZDGD\V�H[SRVHG�LQ�
WKH�´6DOD�GHOOD�3RUWD�$XUHDµ��(DFK�IUDJPHQW�LV�GHVFULEHG�LQ�
WKH� LQYHQWRU\�RI� WKH�0XVHXP�DQG�GRFXPHQWHG�E\�EODFN�

DQG�ZKLWH� SLFWXUHV�� SDUW� RI� WKH� SKRWRJUDSKLF� DUFKLYH�� ,WV�
PDWHULDO�ZDV�GLYLGHG�DV�IROORZV�
�� �� LPDJHV� FRQFHUQLQJ� SKRWRFRSLHV� RI� WKH� GUDZLQJV� E\�
Palladio6 and Sangallo7

- 24 images concerning excavations at Via di Porta Aurea 
GDWHG������������VRPH�SXEOLVKHG�LQ�5RVL��������DQG�6DYLQL�
(1996, 1997)
- 10 images of fragments of the roman gate before the 
current arrangement, dated 1937-1939
�� ��� LPDJHV�� ZKLFK� ZHUH� GLJLWL]HG� GXULQJ� WKH� UHVHDUFK�
FRQGXFWHG�� 7KH� VHOHFWHG� LPDJHV� UHIHU� WR� WKH� SUHVHQW�

)LJ�������&HQVXV�LQWHUIDFH�ZLWK�UHWULHYHG�FRQWHQW�DERXW�3RUWD�$XUHD�LQ�5DYHQQD��,PDJH�OD\RXW�E\�WKH�DXWKRU�
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DUUDQJHPHQW� DQG� DUH� GDWHG� EHWZHHQ� ����� DQG� ������
In particular, the objects refer to the “saletta del primo 
FKLRVWURµ�QRZ�UHQDPHG�WKH�´6DOD�GHOOD�3RUWD�$XUHDµ�
$�&DQRQ�(26��'V�0DUN�,,�ZLWK�D����PP�OHQV�ZLWK�D�À[HG�
IRFDO�OHQJWK�RI���PP�ZDV�XVHG�IRU�WKH�LPDJH�DFTXLVLWLRQ��
�)LJ�����$Q�[�ULWH�FRORU�FKHFNHU�ZDV�XVHG�IRU�FRORU�EDODQFH��
7KH�SUHGRPLQDQWO\�EODFN�DQG�ZKLWH�LPDJHV�DUH�RQ�D�SDSHU�
card that is accompanied by a variety of information: the 
LPDJH·V�WLWOH��WKH�\HDU�RI�SURGXFWLRQ��WKH�ORFDWLRQ�RI�WKH�ÀQG�
ZLWKLQ�WKH�0XVHXP��DQG�WKH�LQYHQWRU\�QXPEHU�RI�WKH�RULJLQDO�
QHJDWLYH�IURP�ZKLFK�WKH�SKRWR�ZDV�GHYHORSHG��7KHUH�DUH�

)LJ��������.QRZOHGJH�VWUXFWXUH�EHKLQG�L'$,��ULJKW���DQG�GDWD�PRGHO�RI�
&(1686��ERWWRP���GLDJUDPV�DYDLODEOH�RQ�WKH�UHVSHFWLYH�ZHE�SDJHV�RI�WKH�
RQOLQH�GDWDEDVHV�
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)LJ�������'LJLWDO�DFTXLVLWLRQ�RI�WKH�SKRWRJUDSKLF�DUFKLYH�
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)LJ�������5HVHDUFK6SDFH�.QRZOHGJH�0DS�RI��'�PRGHO�RI�WKH�YLUWXDO�UHFRQVWUXFWLRQ�K\SRWKHVLV�EDVHG�RQ�IUDJPHQWV��KLVWRULFDO�
VRXUFHV�DQG�GUDZLQJV��,PDJH�E\�WKH�DXWKRU�
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often annotations on the cards giving the inventory number 
RI� WKH� IUDJPHQW� GHSLFWHG�� 7KLV� LQIRUPDWLRQ� ZDV� FROOHFWHG�
DQG�DVVRFLDWHG�ZLWK�WKH�GLJLWL]HG�VRXUFH�XVLQJ�NQRZOHGJH�
SDWWHUQV� IRU�PHWDGDWD�HQULFKPHQW� LQ�5HVHDUFK6SDFH8�� �)LJ��
��� 5HVHDUFK6SDFH� LV� D� ZHE�EDVHG� WRRO� XVHG� WR� VXSSRUW�
research in museums, cultural institutions, and many other 
LQVWLWXWLRQV�WKDW�ZRUN�ZLWK�FXOWXUDO�FROOHFWLRQV��,W�LV�D�SODWIRUP�
that is generally used to manage museum collections in a 
EL�GLPHQVLRQDO�GLJLWL]HG�IRUPDW�ZLWK�WKH�SRVVLELOLW\�RI�EHLQJ�
LPSOHPHQWHG� ZLWK� HPEHGGHG� WKUHH�GLPHQVLRQDO� FRQWHQW��
(Giovannini, 2021)
The documentary acquisition campaign considered the 
GUDZLQJV�GUDZQ�XS�GXULQJ�WKH�9LD�GL�3RUWD�$XUHD9�H[FDYDWLRQV��
7KHVH�DUH�WKH�VXUYH\�GUDZLQJ�RI�WZR�FLUFXODU�WRZHUV�DQG�WKHLU�
UHVSHFWLYH� ORQJLWXGLQDO� DQG� FURVV� VHFWLRQV�� $FFRPSDQ\LQJ�
WKH� VXUYH\�GUDZLQJV� LV� D� UHSRUW�RQ� WKH� H[FDYDWLRQV� DQG�D�
UHFRQVWUXFWLYH� K\SRWKHVLV�PDGH� E\�'RPHQLFR�0DLROL�� 7KH�
K\SRWKHVLV� ZDV� GUDZQ� XS� RQ� 5RPDQ� IHHW� EDVHG� RQ� WKH�
GUDZLQJ� E\�*LRYDQQL� )UDQFHVFR� GD� 6DQJDOOR�� 7KH� GUDZLQJ�
archive also contains a second reconstructive hypothesis10 
PDGH�E\�*��5RVL�IRU�WKH�H[HFXWLRQ�RI�D�UHFRQVWUXFWLYH�PRGHO�
for the Augustan Exhibition of Romanity in 1937-1938��
�5DQDOGL�������7KH�PRGHO�LV�QRZ�SUHVHUYHG�DW�WKH�0XVHXP�
RI�5RPDQ�&LYLOL]DWLRQ���)LJ���E�

The acquisition campaign complemented the archival and 
documentary acquisition campaign at the room of the 
1DWLRQDO�0XVHXP�LQ�5DYHQQD��ZKLFK�FROOHFWV�WKH�UHPDLQLQJ�
PDUEOH� IUDJPHQWV� DV� HYLGHQFH� RI� WKH� PRQXPHQW�� 7KH�
DFTXLVLWLRQ� ZDV� PDGH� E\� ODVHU� VFDQQHU� WHFKQRORJ\� ZLWK� D�
/HLFD�&���DOO�LQ�RQH�� 7KH�GLJLWDO� DFTXLVLWLRQ�ZDV�PDGH�DW� D�
medium resolution to capture the museum space and at a 
high resolution for the archeological fragments attributed 
WR� WKH�PRQXPHQW�� �)LJ������6RPH�RI� WKHP�ZHUH�GLFXOW� WR�
DFFHVV�EHFDXVH�WKH\�ZHUH�KLJK�LQ�WKH�ZDOOV��
$�SDUDOOHO�SKRWRJUDPPHWULF�DFTXLVLWLRQ�FDPSDLJQ�ZDV�FDUULHG�
RXW�WR�FUHDWH�D�GLJLWDO�JDOOHU\�RI�WKH�3RUWD�$XUHD�DUWLIDFWV��7KH�
DFTXLVLWLRQ�DOORZHG�REWDLQLQJ�PHWULFDOO\�DFFXUDWH�REMHFWV�WKDW�
ZHUH� VFDOHG� DFFRUGLQJ� WR� WKH� SRLQW� FORXG�REWDLQHG�E\� WKH�
ODVHU�VFDQQHU�DQG�ZHUH�DGHTXDWHO\�WH[WXUHG�
'DWD�IURP�WKH�LQYHQWRU\�DQG�WKH�SKRWRJUDSKLF�DUFKLYH�ZHUH�
FURVV�UHIHUHQFHG�ZLWK�GDWD�RQ�WKH�PXVHXP�OD\RXW�WR�FUHDWH�D�
GLJLWDO�LQYHQWRU\�LQWR�5HVHDUFK6SDFH�DQG�LGHQWLI\�WKH�ORFDWLRQ�
RI�WKH�YDULRXV�IUDJPHQWV�ZLWKLQ�WKH�URRP��
According to iconographical and archival resources, the 
UHVHDUFK�LGHQWLÀHG�WHQ�IUDJPHQWV�WKDW�EHORQJ�WR�WKH�5RPDQ�
*DWH���)LJ����
)RU� HDFK� IUDJPHQW� ZDV� GHYHORSHG� D� �'�PRGHO� ZLWK� WKH�
KLJKHVW�UHVROXWLRQ��7KH�SRLQWV�FORXGV�RI�VLQJOH�REMHFWV�ZHUH�

)LJ�������'UDZLQJ�RI�WKH�UHFRQVWUXFWLYH�K\SRWKHVLV�RI�3RUWD�$XUHD�E\�*��5RVL��OHIW��DQG�UHODWLYH�SK\VLFDO�PRGHO��ULJKW���LPDJH�IURP�L'$,�SODWIRUP��
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)LJ��������6DOD�GHOOD�3RUWD�$XUHD�DW�1DWLRQDO�0XVHXP�RI�5DYHQQD��)UDJPHQWV�RI�3RUWD�$XUHD��3LFWXUHV�E\�WKH�$XWKRU�

)LJ��������3RUWD�$XUHD�5RRP�DW�1DWLRQDO�0XVHXP�RI�5DYHQQD��3RLQW�FORXG�REWDLQHG�IURP�/HLFD�&�����6HFWLRQ�RI�WKH�URRP�ZLWK�DUFKDHRORJLFDO�
IUDJPHQWV�RI�WKH�5RPDQ�*DWH��,PDJH�E\�WKH�$XWKRU��
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H[WUDSRODWHG�IURP�WKH�URRP·V�SRLQW�FORXG��7KHQ�HDFK�SRLQW�
FORXG�ZDV�LPSRUWHG�LQWR�0HVK/DE11 and converted into a 
mesh using the Poisson surface reconstruction algorithms 
SDFNHG� LQ� WKH� VRIWZDUH�� 7KH��'�PRGHOV�REWDLQHG�ZHUH�
FROOHFWHG�DQG�SXEOLVKHG�RQOLQH�LQ�6NHWFK)DE���)LJ����
$�VHFRQG�GLJLWDO�DFTXLVLWLRQ�FDPSDLJQ�ZDV�FDUULHG�RXW�DW�
WKH�ZDOOV�QHDU�9LD�GL�3RUWD�$XUHD�ZKHUH�WKH�UHPDLQV�RI�
WKH�WZR�FLUFXODU�WRZHUV�WKDW�VXUURXQGHG�WKH�PRQXPHQW�
ZHUH� IRXQG� GXULQJ� H[FDYDWLRQV� IRU� WKH� VWUHHW� RSHQLQJ��
�)LJ����� 7KH� GLVWDQFH� EHWZHHQ� WRZHUV� PDWFKHV� WKH�
PHDVXUH� LQGLFDWHG�E\�$��3DOODGLR� LQ� LWV�GUDZLQJ� IRU� WKH�
SODQ�RI�WKH�JDWH��
7KLV�LQIRUPDWLRQ�ZDV�XVHG�WR�GHFLGH�WR�UHSUHVHQW�WKH�JDWH�
ZLWK�D�GRXEOH�FHQWUDO�SOLQWK��RQH�IRU�HDFK�VHPL�FROXPQ��7KH�
VROXWLRQ�GLරHUV�IURP�WKH�K\SRWKHVLV�SURSRVHG�E\�*��5RVL��
ZKR�SUHVXPDEO\�IROORZHG�WKH�GUDZLQJV�RI�WKH�$QRQ\PRXV�
RI�%HUOLQ��+LV�VROXWLRQ�SUHVHQWV�D�VLQJOH�SOLQWK�VXSSRUWLQJ�
WKH�WZR�KDOI�FROXPQV�LQ�WKH�PLGGOH�RI�WKH�JDWH�

Creating a digital environment for the online 
Porta Aurea Room using Hubs
$�GLJLWDO�UHSOLFD�RI�WKH�3RUWD�$XUHD�URRP�ZDV�PDGH�WR�FUHDWH�
WKH�YLUWXDO�HQYLURQPHQW��7KH�SRLQW�FORXG�ZDV�XVHG�WR�PRGHO�
WKH� URRP� LQ�D�185%6�PRGHO�� XVLQJ�5KLQRFHURV�� )RU�RQOLQH�
RSWLPL]DWLRQ�DQG�IUXLWLRQ��WKH�PRGHO�ZDV�WH[WXUHG�XVLQJ�DQ�
image obtained from the photogrammetric acquisition of the 
URRP·V�ÁRRUV��7KLV�FKRLFH�ZDV�GLFWDWHG�E\�WKH�SUHVHQFH�RI�WKH�
Palladiana,�ZKLFK�PDNHV�WKH�VSDFH�XQLTXH�DQG�UHFRJQL]DEOH��
,Q�DGGLWLRQ��LW�ZDV�FKRVHQ�WR�GHGLFDWH�WKH�URRP�VROHO\�WR�WKH�
fragments of Porta Aurea, deleting from the digital model the 
VWUXFWXUHV�WKDW�VXSSRUW�RWKHU�SLHFHV�LQ�WKH�UHDO�HQYLURQPHQW�
7KH� WH[WXUHG�PRGHO�ZDV� WKHQ� H[SRUWHG� LQ� �REM� IRUPDW� DQG�
XSORDGHG�ZLWKLQ� VNHWFK)DE�� 7KH� SODWIRUP·V� LQWHUIDFH� DOORZV�
VHWWLQJ�XS�WKH�95�IUXLWLRQ�E\�DUUDQJLQJ�WKH�VWDUWLQJ�SRLQW�RI�
YLHZ�WR�YLVLW�WKH�VSDFH���)LJ������
7KH�PRVW�VLJQLÀFDQW�IUDJPHQWV�UHODWHG�WR�3RUWD�$XUHD�ZHUH�
LPSRUWHG� LQWR� 6NHWFKIDE� WR� EH� UHXVHG� LQ� WKH� GLJLWDO� URRP�
VSDFH�DQG�UHFUHDWH�WKH�0XVHXP�HQYLURQPHQW��7KH��'�PRGHOV�
REWDLQHG� IURP�0HWDVKDSH� ZHUH� UHGXFHG� WR� EH� LPSRUWHG�
RQOLQH� ZLWK� D� ���� UHGXFWLRQ� IRU� WH[WXUH� GHÀQLWLRQ� DQG�
EURXJKW� GRZQ� WR� �������� IDFHV� XVLQJ� WKH� 4XDGULF� (GJH�

)LJ��������'�PRGHOV�REWDLQHG�IURP�/DVHU�VFDQQHU�SRLQW�FORXGV�ZLWK�QR�WH[WXUHV��FDSLWDO��HQWDEODWXUH�DQG�IUDJPHQW�RI�WKH�DUFKLYROW��
�'�JDOOHU\�E\�WKH�DXWKRU�
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)LJ����B�3RLQW�FORXG�REWDLQHG�IURP�ODVHU�VFDQQLQJ�DFTXLVLWLRQ��3ODQ�YLHZ�ZLWK�GLPHQVLRQV��7KH�5RPDQ�*DWH�ZDV�IUDPHG�E\�WZR�URXQG�
WRZHUV��ERWWRP���)URQW�YLHZ�RI�HYLGHQFHV�RI�WKH�WRZHUV�ZLWK�VXSHULPSRVLWLRQ�RI�K\SRWKHWLFDO�YLUWXDO�UHFRQVWUXFWLRQ�EDVHG�RQ�$��3DOODGLR�
GUDZLQJV�DQG�GLPHQVLRQHG�XVLQJ�SKRWRJUDPPHWULF�DFTXLVLWLRQ�RI�IUDJPHQWV�FRQVHUYHG�LQ�WKH�0XVHXP��WRS���,PDJH�E\�WKH�$XWKRU�
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&ROODSVH�'HFLPDWLRQ��ZLWK�WH[WXUH��ÀOWHU�LQ�0HVK/DE��7KH�ÀOWHU�
VLPSOLÀHV� D� WH[WXUHG� PHVK� XVLQJ� D� 4XDGUDWLF� EDVHG� (GJH�
&ROODSVH� 6WUDWHJ\�� SUHVHUYLQJ� 89� SDUDPHWUL]DWLRQ�� �*DUODQG�
DQG�+HFNEHUW��������7KLV�UHGXFWLRQ�DOORZV�IRU�DQ�RSWLPL]HG�ÀW�
ZLWKLQ�WKH�PD[LPXP�RI�����0%�VHW�E\�WKH�SODWIRUP�LQFOXGHG�
LQ�WKH�ORZ�FRVW�352�YHUVLRQ�RI�6NHWFK)DE��0HVK/DE�ZDV�DOVR�
XVHG�IRU�VHWWLQJ�XS�WKH�RULJLQ�RI�WKH��'�PRGHO��7KHVH�PRGHOV�
constitute the core of the digital collection and can then be 
HPEHGGHG�ZLWKLQ�DQ\�+70/�EDVHG�DSSOLFDWLRQ�
6ZLWFKLQJ� IURP�6NHWFKIDE� WR�6SRNH�VXEVHTXHQWO\� UHTXLUHG�D�
VHFRQG�UHWRSRORJL]DWLRQ�RI�PHVKHV��7KH�EXLOW�LQ�VFHQH�HGLWRU�
DOORZV� D�PD[LPXP�RI� ���0%� SHU� VFHQH� �Spoke Scene��� 7KLV�
ERWWOHQHFN�KDG�QRW�EHHQ�FRQVLGHUHG�GXULQJ�WKH�LQLWLDO�UHVHDUFK�
SKDVH�DQG�UHTXLUHG�D�UHWKLQNLQJ�RI�WKH�VFHQH��,Q�WKH�ÀUVW�VWDJH��
WKH� 6SRNH� VFHQH� ZDV� SODQQHG� WR� FRQWDLQ� WKH� WHQ� RULJLQDO�
IUDJPHQWV��7KHQ��RQO\�WKH�PRVW�UHFRJQL]DEOH�HOHPHQWV�RI�WKH�

PRQXPHQW�ZHUH� FKRVHQ�� WKH� FO\SHXV� DQG� WKH� FDSLWDO� RI� WKH�
VHPL�FROXPQ�� 7KH�PRGHOV� ZHUH� IXUWKHU� UHGXFHG� WR� ��������
IDFHV�ZLWK�D�IXUWKHU�����UHGXFWLRQ�IRU�WH[WXUHV��$W�WKLV�SRLQW��
LW�ZDV�SRVVLEOH�WR�ÀW�WKHP�ZLWKLQ�WKH�UHFRQVWUXFWHG�PRGHO�RI�
WKH�PXVHXP�KDOO���)LJ������6SRNH�DOORZV�UHWULHYDO�RI�WKH�PRGHOV�
IURP�6NHWFK)DE�XVLQJ�WKHLU�85/�DGGUHVV��7KH�URRP��LPSRUWHG�
LQ� 6SRNH� ZLWK� �'� PRGHOV�� ZDV� VFDOHG� DQG� UHRUJDQL]HG��
GHYHORSLQJ�D�VLQJOH�VFHQH��7KH�URRP�ZDV�WKHQ�HQULFKHG�ZLWK�
the iconographic apparatus collected during the research 
SKDVH��7KH� LPDJHV�ZHUH�XSORDGHG�DV�VHSDUDWH�GLJLWDO�DVVHWV��
VFDOHG��DQG�RUJDQL]HG�RQ�WKH�URRP�ZDOOV��%HFDXVH��'�PRGHOV��
images, sounds, and videos can be imported into the scene 
XVLQJ�D�85/�DGGUHVV�� WKH�GUDZLQJV��DOUHDG\�SXEOLVKHG�RQOLQH�
LQ�5HVHDUFK6SDFH��ZHUH�UHXVHG�LQVWHDG�RI�GXSOLFDWHG��7KH�ÀQDO�
VFHQH�ZDV�SXEOLVKHG�RQOLQH�DV�D�+XEV�URRP��DQG�LW�LV�SRVVLEOH�
WR�QDYLJDWH�ZLWKLQ�LW�E\�NQRZLQJ�LWV�85/�DGGUHVV���)LJ�����

)LJ�������WH[WXUHG��'�PRGHO�RI�WKH�3RUWD�$XUHD�URRP�YLVXDOL]HG�LQ�WKH�6NHWFK)DE��'�HGLWRU��,PDJH�E\�WKH�DXWKRU��
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$ERYH��)LJ�������'LJLWDO�DVVHW�XVHG�IRU�WKH�6SRNH�6FHQH���'�JDOOHU\�E\�WKH�DXWKRU�
,Q�WKH�QH[W�SDJH��)LJ�������9LHZV�RI�WKH�3RUWD�$XUHD�5RRP�KRVWHG�E\�+XEV��6SRNH�VFHQH�E\�WKH�DXWKRU�
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WKH�SHUPDQHQW�FROOHFWLRQV�
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Conclusions
7KLV� VWXG\� SURSRVHV� D� PHWKRGRORJLFDO� ZRUNÁRZ�
developing a digital environment related to cultural 
KHULWDJH� DQG� 0XVHXP� FROOHFWLRQV�� 7KH� 95� HQYLURQPHQW�
RරHUV�D�QRYHO�ZD\�WR�IUXLWLRQ�GLJLWDO�DVVHWV�IRU�WKH�SXEOLF��
7KH� H[SHULHQFH� LV� FRQÀJXUHG� DV� D� SDUDOOHO� DFWLYLW\� WR�
DFFHVV�0XVHXP�FROOHFWLRQV��7KH�YLUWXDO�VSDFH��DV�DQ�DFFHVV�
point to broader and more heterogeneous content, goes 
EH\RQG� WKH� OLPLWV� RI� WKH� UHDO�0XVHXP� HQYLURQPHQW� DQG�
DOORZV� GLරHUHQW� WKHPDWLF� LQVLJKWV�� 7KH� DPRXQW� RI� GDWD�
acquired, especially regarding the photographic archive, 
has not been addressed in the prototype, and their digital 
H[KLELWLRQ�ZRXOG�PHULW�IXUWKHU�LQYHVWLJDWLRQ��
This experimental and prototype phase has highlighted the 
RSSRUWXQLWLHV� RරHUHG� E\� WKH�0R]LOOD� +XEV� SODWIRUP� DQG�
WKH� FULWLFDO� LVVXHV� UHODWHG� WR� 6SRNH�� HVSHFLDOO\� UHJDUGLQJ�
WKH� UHVROXWLRQ� RI� ÀOHV�� ERWK� �'�PRGHOV� DQG� LPDJHV� WKDW�
ZHUH�UHVL]HG�WR�SRSXODWH�WKH�VFHQH��$Q�DOWHUQDWLYH�WR�WKLV�
solution is to use the room and 3D models as the basis of 
WKH�VSRNH�VFHQH�DQG�SODFH�DVVHWV�LQ�WKH�URRP�DIWHUZDUG��
A relevant consideration regards Copyright, privacy, 
FRQGLWLRQV�� DQG� WHUPV� RI� XVH� RI� WKH� FROOHFWHG� DVVHWV�� $V�
far as 3D models are concerned, there is no legislation on 
the subject, and it is clear that the resulting product is the 
SURGXFW� RI� WKH� SHUVRQ� ZKR� WRRN� WKH� SKRWRV�� 5HJDUGLQJ�
the documentary and archival heritage, a serious problem 
DULVHV�VLQFH�WKH�PDWHULDO��RQFH�XSORDGHG��LV�LQ�WKH�ÀUVW�SKDVH�
VWRUHG�RQ�DQ�H[WHUQDO�VHUYHU�DQG�FDQ�WKHQ�EH�GRZQORDGHG�
E\�DQ\�XVHU�ZKR�KDV�DFFHVV�WR�WKH�VFHQH��,W�LV�SRVVLEOH�WR�
avoid the issue by disabling the default user interaction 
ZLWK�LPDJH�HOHPHQWV�
Finally, it is possible to assert that SVE systems can 
be employed in the museum dissemination pipeline 
�*LRYDQQLQL� DQG� %RQR�� �������� 7KH� H[SHULHQFH� LV� QRW� D�
VXUURJDWH� RI� WKH� 0XVHXP� YLVLW�� 7KH� 95� H[SHULHQFH� FDQ�
IROORZ�QRUPDO�PXVHXP�DFWLYLWLHV��DOORZLQJ� WKH�VHWWLQJ�XS�
of diverse temporary and thematic exhibitions alongside 

Notes

1 Translated by the author from Enciclopedia Treccani, noun LFRQRJUDÀD, 
retrievable at KWWSV���ZZZ�WUHFFDQL�LW�YRFDERODULR�LFRQRJUDÀD� (last 
visit, January 2023)
2�7KH�VWXG\�ZDV�FDUULHG�RQ�LQ������IRU�WKH�GHYHORSPHQW�RI�WKH�EDFKHORU�
GHJUHH� LQ� $UFKLWHFWXUH� ZLWK� D� GLVVHUWDWLRQ� HQWLWOHG� ´IN LOCO VRBI 
DICITVR PORTAVREA: Dal disegno al modello digitale, studio per una 
LSRWHVL�ULFRVWUXWWLYD�GHOOD�3RUWD�$XUHD�GL�5DYHQQD�DL�ÀQL�GHOOD�IUXL]LRQH�
musealeµ�
3 KWWSV���KXEV�PR]LOOD�FRP� 
4� L'$,� �KWWSV���LGDL�ZRUOG��� LV� WKH� SRUWDO� IRU� GLJLWDO� DUFKDHRORJLFDO�
NQRZOHGJH� DQG� LW� ZDV� GHYHORSHG� E\� WKH� *HUPDQ� $UFKDHRORJLFDO�
,QVWLWXWH��'$,���D�ZRUOGZLGH�QHWZRUNHG�UHVHDUFK�LQVWLWXWLRQ�LQ�WKH�ÀHOG�
RI�DUFKDHRORJ\�DQG�DQFLHQW�KLVWRU\�
� KWWSV���GDWDEDVH�FHQVXV�GH� 
6 AFSn 32992, AFSn 32993 e AFSn 32994 copies of Andrea Palladio 
GUDZLQJV�FRQVHUYHG�DW�5,%$��6'����3$//�;,,����UHFWR�YHUVR��DQG�DW�
0XVHR�&LYLFR�GL�3DOD]]R�&KLHULFDWL�LQ�9LFHQ]D��7KH�GUDZLQJ��,QY��'�����
UHSUHVHQWV�WKH�IDFDGH�RULHQWHG�WR�WKH�FLW\�RI�5DYHQQD�
7�$)6���'���H�$)6���'����FRSLHV�RI�WKH�6DQJDOOR�LO�*LRYDQH�GUDZLQJV�
conserved at the Gabinetto dei Disegni e delle Stampe delle Gallerie 
GHJOL�8]L�LQ�)ORUHQFH��7KH�GUDZLQJ�������$�UHFWR��UHSUHVHQWV�D�VXUYH\�
RI�3RUWD�$XUHD�
8 KWWSV���UHVHDUFKVSDFH�RUJ� 
9�6DYLQL��������������GLVFXVVHV�WKLV�H[WHQVLYHO\�
10�&RSLHV�RI� WKH�GUDZLQJV�FDQ�EH� IRXQG�ZLWKLQ� WKH�GRVVLHU�8�������
“RAVENNA - Progetto di ricostruzione dell’antica Porta Aurea di 
5DYHQQD�²�HODERUDWL�JUDÀFLµ
11 KWWSV���ZZZ�PHVKODE�QHW� 
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DIGITAL DOCUMENTATION FOR THE ENHANCEMENT 
OF BRAZILIAN CULTURAL HERITAGE: 
MUSEO DO IPIRANGA, PARQUE DA INDEPENDÊNCIA AND 
MONUMENTO À INDEPENDÊNCIA09

Abstract

For this year’s bicentenary of Brazil’s independence, the 
',$35H0� UHVHDUFK� FHQWUH� DQG� WKH� 7HNQH+XE� ODERUDWRU\� RI�
the University of Ferrara present the results of the digital 
documentation of one of the most important monumental 
FRPSOH[HV� LQ� WKH� VWDWH� RI� 6mR� 3DXOR�� 0XVHR� 'R� ,SLUDQJD��
3DUTXH�GD�,QGHSHQGrQFLD�DQG�0RQXPHQWR�j�,QGHSHQGrQFLD�
The application of integrated three-dimensional survey 
SURWRFROV� DQG� VFDQ�WR�+%,0� SURFHGXUHV� FXUUHQWO\� SURYLGHV�
technicians, researchers, public administration, and citizens 
ZLWK� WKH�PRVW�FRPSOHWH�GLJLWDO�PHPRU\�RI� WKH�PRQXPHQWDO�
complex built by Italian architects and engineers in 1922, on 
WKH�RFFDVLRQ�RI�WKH�FHQWHQDU\�RI�WKH�FRXQWU\·V�LQGHSHQGHQFH��
0RUHRYHU��WKH�GDWDEDVH�UHSUHVHQWV�WKH�GRFXPHQWDWLRQ�RI�WKH�
VWDWH�RI�WKH�PXVHXP�EHIRUH�WKH�UHFHQW�UHVWRUDWLRQ�ZRUN��7KH�
VXUYH\�GDWDEDVHV�DQG�+%,0�PRGHOV�DUH�ÀQDOO\�DQ�LQKHUHQW�SDUW�
of the valorisation and dissemination project, intended for an 
DXGLHQFH�RI�QRQ�SURIHVVLRQDOV�RQO\��,SLUDQJD'LJLWDO�
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Introduction
The importance and value of the digital memory of 
KHULWDJH� DVVHWV� KDV� EHHQ� KLJKOLJKWHG�� RYHU� WKH� ODVW� IHZ�
years, by the increasing dissemination, accessibility, and 
usability of integrated digital technologies for surveying 
and representation, particularly three-dimensional, of the 
FXOWXUDO� KHULWDJH� DV�ZHOO� DV� WKH� EXLOW� KHULWDJH��0RUHRYHU��
the digital memory of cultural heritage has emerged into a 
UHVRXUFH�IRU�FRPPXQLFDWLRQ�WR�D�ODUJH�DXGLHQFH�DV�ZHOO�DV�
IRU�SXUSRVHV�RI�FRQVHUYDWLRQ�DQG�PDLQWHQDQFH�
As the experience detailed here illustrates, interest in 

)LJ����²�(QKDQFLQJ�%UD]LOLDQ�FXOWXUDO�KHULWDJH�WKURXJK�LQWHJUDWHG�GLJLWDO�SODWIRUPV��0RQXPHQWR�j�,QGHSHQGrQFLD�GR�%UDVLO��6mR�3DXOR��%UDVLO�

the study topic of integrated digital heritage survey and 
UHSUHVHQWDWLRQ� SURWRFROV� ZLWK� D� YLHZ� WR� YDORULVDWLRQ� DQG�
communication to a non-expert audience is expanding 
ERWK�LQWHUQDWLRQDOO\�DQG�LQVLGH�WKH�(XURSHDQ�&RPPXQLW\��
'HVSLWH� WKH� IDFW� WKDW� WKH� GHÀQLWLRQ� RI� FOHDU�FXW� GLJLWDO�
documentation protocols appears to be hampered by 
the uniqueness of cultural heritage, both tangible and 
LQWDQJLEOH��WKH�UDSLG�DGRSWLRQ�RI�NH\�HQDEOLQJ�WHFKQRORJLHV��
collaborative visualisation platforms, and machine learning 
protocols are encouraging studies and applications 
DLPHG� DW� LQYROYLQJ� D� ODUJH� DXGLHQFH�� $SSOLFDWLRQV�
LQFOXGH�� DPRQJ� RWKHU� WRSLFV�� LQWHJUDWLQJ� 95�� $5�� DQG�
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mixed reality technologies to engage a variety of target 
DXGLHQFHV�� LQWHJUDWLQJ� GLJLWDO� WHFKQRORJLHV� WR� VXSSRUW�
greater accessibility and as a response to fragilities of 
WKH�WDUJHW�DXGLHQFH��HQKDQFLQJ�WKURXJK�JDPLQJ�DFWLYLWLHV�
LPSOHPHQWHG�WKURXJK�GLJLWDO�LQWHUIDFHV�DQG�PHGLD�
The primary goal of the research project is to pursue an 
interdisciplinary, integrated, and systematic approach to 
GRFXPHQWLQJ� DQG� HQKDQFLQJ� FXOWXUDO� KHULWDJH�� +RZHYHU��
WKH� JRDO� RI� WKLV� VWXG\� LV� WR� GHÀQH� D� VKDUHG�SURWRFRO� IRU�
international and interdisciplinary collaboration for the 
digital documentation of Brazilian cultural heritage from 
an architectural and urban scale perspective to support 
preservation and value-adding initiatives in accordance 
ZLWK�D�YDULHW\�RI�DSSURDFKHV�WR�FXOWXUDO�KHULWDJH�

Urban Memorial Landscapes
7KH�0XVHX�GR�,SLUDQJD��3DUTXH�GD�,QGHSHQGrQFLD��DQG�WKH�
0RQXPHQWR� j� ,QGHSHQGrQFLD� VWDQG� RQ� DQ� DUHD� RI�PRUH�
than 160,000 square metres that stretches from south-
HDVW�WR�QRUWK�ZHVW�DORQJ�WKH�SDWK�RI�WKH�ROG�,SLUDQJD�ULYHU��
Overall, the project aimed at building a collective memory 
around the declaration of Brazil’s Independence from 
3RUWXJDO�SURFODLPHG�E\�'��3HGUR�,�LQ������
On the centenary of Independence, in 1922, as part of 
WKH� FHOHEUDWLRQV�� WKH� 0RQXPHQW� j� ,QGHSHQGrQFLD� GR�
%UDVLO� ZDV� LQDXJXUDWHG�� DOWKRXJK� QRW� \HW� FRPSOHWHG��
GHVLJQHG�E\�(WWRUH�;LPHQHV�DQG�0DQIUHGR�0DQIUHGL��7KH�
FRPSOHWHG�SURMHFW�KDG�ZRQ�DQ� LQWHUQDWLRQDO�FRPSHWLWLRQ�

)LJ����²��'�LQWHJUDWHG�GLJLWDO�VXUYH\�RI�0XVHX�GR�,SLUDQJD��3DUTXH�GD�
,QGHSHQGrQFLD��DQG�0RQXPHQWR�j�,QGHSHQGrQFLD��6mR�3DXOR��%UDVLO�
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7KH�PXVHXP��ZKLFK�FXUUHQWO\�KRXVHV�D�FROOHFWLRQ�RI�RYHU�
��������DUWHIDFWV�RI�%UD]LOLDQ�KLVWRU\�IURP�WKH���WK�WR�WKH�
mid-20th century, represents, as stated in the preliminary 
UHSRUW� DQG� UHFRPPHQGDWLRQV� IRU� WKH� 0XVHX� 3DXOLVWD�
conservation project of 2013, a unique testimony of the 
irreplaceable values of Brazilian history, architecture and 
HQJLQHHULQJ�� 7KH� 0XVHXP� LV� FHUWDLQO\� WKH� UHSRVLWRU\� RI�
WKH� QDWLRQDO� PHPRU\� OLQNHG� WR� 6mR� 3DXOR�� EXLOW� WKURXJK�
the epic expeditions of the various local explorers and the 
pioneering vocation of São Paulo, since colonial times, 
DV� WHVWLÀHG� E\� WKH� REMHFWV�� GRFXPHQWV�� LFRQRJUDSK\� DQG�
VSHFLPHQV�LQ�WKH�FROOHFWLRQ�
7KH�EXLOGLQJ��ERXQG�E\�%UD]LOLDQ�ODZ�WKURXJK�WKH�,QVWLWXWR�
GR�3DWULP{QLR�+LVWyULFR�H�$UWtVWLFR�1DFLRQDO���,3+$1��ZDV�
FORVHG�WR�WKH�SXEOLF�IURP������XQWLO������WR�DOORZ�IRU�LWV�

IRU�D�PRQXPHQW�WR�%UD]LOLDQ� LQGHSHQGHQFH��&RPSOHWHG�D�
IHZ�\HDUV�DIWHU�LWV�LQDXJXUDWLRQ��WKH�PRQXPHQW�XQGHUZHQW�
PDMRU� WUDQVIRUPDWLRQV� WKDW� VWLOO� FKDUDFWHULVH� LW� WRGD\�� ,Q�
������WKH�FU\SW�ZDV�LQDXJXUDWHG��HරHFWLYHO\�FKDQJLQJ�WKH�
PRQXPHQW�LQWR�D�FHQRWDSK�RI�(PSHURU�'RP�3HGUR�,��/DWHU��
LQ�WKH�VHFRQG�KDOI�RI�WKH�����V��WKH�PRQXPHQW�XQGHUZHQW�
DQ�LQLWLDO�UHVWRUDWLRQ��IROORZLQJ�ZKLFK�WKH�LQWHULRU�H[KLELWLRQ�
VSDFH�ZDV�LQDXJXUDWHG��3ULRU�WR�WKH�GLJLWDO�GRFXPHQWDWLRQ�
FDPSDLJQ�FDUULHG�RXW�E\�WKH�',$35H0�7HNQH+XE�ODERUDWRU\�
LQ�������WZR�IXUWKHU�UHVWRUDWLRQ�ZRUNV�DUH�FDUULHG�RXW�
The construction of the monument completes the 
ODQGVFDSLQJ� DQG� XUEDQ� ZRUN� RI� WKH� HQWLUH� DUHD� EHJXQ�
LQ� ����� ZLWK� 7RPPDVR� *DXGH]LR� %H]]L·V� SURMHFW� IRU� WKH�
0XVHX� GR� ,SLUDQJD�� 7KH�PXVHXP� UHSUHVHQWV� WKH� ÀUVW�� LQ�
FKURQRORJLFDO�RUGHU��DUFKLWHFWXUDO�ODQGPDUN�LQ�WKH�DUHD��

)LJ�������$ERYH�DQG�LQ�WKH�QH[W�SDJH��6FDQ�WR�+%,0�SURWRFROV��0XVHX�GR�,SLUDQJD�6mR�3DXOR��%UDVLO�
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WRWDO� UHVWRUDWLRQ�� WKH� SXUSRVH� RI� ZKLFK� LV�� DPRQJ� RWKHU�
things, to preserve the important functions performed by 
WKLV� RXWVWDQGLQJ� DUFKLWHFWXUDO� H[DPSOH�� 7KH� LQDXJXUDWLRQ�
RI�WKH�QHZ�0XVHR�GR�,SLUDQJD�WRRN�SODFH�RQ���6HSWHPEHU�
2022 on the occasion of the bicentenary of Brazilian 
,QGHSHQGHQFH�
The integrated digital documentation provided as a result 
RI� WKH� VXUYH\� FDPSDLJQ� FRQGXFWHG� LQ� ����� DOORZHG� WKH�
PDQDJHPHQW��GXULQJ� WKH� FRQVWUXFWLRQ�SKDVH��RI� WKH�QHZ�
entrance built as an hypogeum structure on the south-
HDVW� IURQW�WKDW�SURYLGHG�WKH�PXVHXP�ZLWK�DQ�DFFHVV�DQG�
VHUYLFHV�DUHD�RI�RYHU�������VTXDUH�PHWUHV�
The three-dimensional database developed as a result of 
the survey campaign therefore remains the digital memory 
RI�WKH�PXVHXP�SULRU�WR�WKH�UHVWRUDWLRQ�DQG�UHFRYHU\�ZRUN�

Related Works
7KH� LQWHJUDWHG� GLJLWDO� VXUYH\� DFWLYLW\� 0XVHX� GR�
,SLUDQJD�� 3DUTXH� GD� ,QGHSHQGrQFLD�� DQG� 0RQXPHQWR� j�
Independência is part of a broader context of research and 
technology transfer activities carried out in collaboration 
ZLWK�WKH�)$8�863�)DFXOGDGH�GH�$UTXLWHWXUD�H�8UEDQLVPR�
GD�8QLYHUVLGDGH�GH�6mR�3DXOR�
One of the most important places in the history of 
the State of São Paulo Independence is represented 
E\� WKH� PRQXPHQWDO� DQG� XUEDQ� FRPSOH[�� ZKLFK� LV� WKH�
IRFXV� RI� WKH� LQWHJUDWHG� +%,0� VXUYH\� DQG� PRGHOLQJ�
PHWKRGRORJ\�GHVFULEHG��'HÀQLWHO\��WKH�JRDOV�RI�YDORUL]LQJ�
and understanding the multiple narratives associated 
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to the cultural heritage under examination combine 
ZLWK� REMHFWLYHV� RI� PHPRU\� FRQVHUYDWLRQ�� UHVWRUDWLRQ�
DQG� DGDSWDWLRQ� HරRUWV�� DFFHVVLELOLW\�� DQG� VHFXULW\� RI� WKH�
EXLOGLQJV�DQG�XUEDQ�VSDFHV�DV�ZHOO�
0RUHRYHU��WKH�DUHDV�DQG�VHWWLQJV�RI�ERWK�WKH�0RQXPHQWR�
j�,QGHSHQGrQFLD�DQG�WKH�0XVHR�'R�,SLUDQJD�KDYH�FKDQJHG�
WKURXJKRXW� WLPH� GXH� WR� IXQFWLRQDO� DGDSWLRQ� QHHGV��
Therefore, in order to manage the sites and their changes 
RYHU�WLPH��HQJLQHHUV�DQG�DUFKLWHFWV�ZHUH�WKH�SULPDU\�WDUJHW�
audience for the integrated digital record of the current 
VWDWXV�RI�WKH�VLWHV��7KH�GLJLWDO�VXUYH\�SURWRFROV�WKDW�ZHUH�
LPSOHPHQWHG� ZHUH� LQWHQGHG� WR� RරHU�� DW� WKH� VDPH� WLPH��
VXFLHQW�GRFXPHQWDWLRQ�VXSSRUW� LQ�RUGHU�WR�H[SUHVV�WKH�
WHFKQLFDO� DQG� ÀJXUDWLYH�� DV�ZHOO� DV� OLWHUDU\� DQG� KLVWRULFDO�
content, related, for instance, to the complex reading of 
WKH�PRQXPHQW��0RUHRYHU��WKH�PRQXPHQW�LV�GLVWLQJXLVKHG�
E\�GHFRUDWLYH�HTXLSPHQW�ZKLOH�DOVR�H[KLELWLQJ�GLPHQVLRQV�
OLNH� WKRVH� RI� PRQXPHQWDO� DUFKLWHFWXUH�� 2YHU� WLPH�� WKH�
monument has undergone incongruous plant and 
IXQFWLRQDO� LQWHUYHQWLRQV� WKDW� KDYH� ZRUVHQHG� WKH� LQWHUQDO�
micro-environmental conditions that are no longer 

)LJ�� �� ��0XVHX� GR� ,SLUDQJD� ²� 863�PDLQ� IDoDGH�� 9LHZ� RI� WKH� FHQWUDO�
SURMHFWLQJ� SURQDRV� IURP� WKH� PRQXPHQWDO� JDUGHQV� RYHUORRNLQJ� WKH�
PDLQ�EXLOGLQJ��OHIW���9LHZ�RI�WKH�SHUVSHFWLYH�D[LV�LQ�WKH�GLUHFWLRQ�RI�WKH�
0RQXPHQWR�j�,QGHSHQGrQFLD�IURP�WKH�URRI�RI�WKH�0XVHX�GR�,SLUDQJD�
�ULJKW��

)LJ�������'�LQWHJUDWHG�GLJLWDO�VXUYH\�RI�0RQXPHQWR�j�,QGHSHQGrQFLD�GR�
%UDVLO��6mR�3DXOR��%UDVLO�
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VXLWDEOH�IRU�WKH�SUHVHUYDWLRQ�RI�WKH�HPSHURUV·�UHPDLQV��7KH�
convergence of the described elements today inhibits the 
DFFHVVLELOLW\�DQG�XVDELOLW\�RI�D�KLVWRU\�WKDW�LV�RIWHQ�XQNQRZQ�
WR�WKH�SRSXODWLRQ�RI�6mR�3DXOR�6WDWH�
Then, the implementation of the overall database has made 
it feasible to carry out training and technology transfer 
LQLWLDWLYHV�IRU�UHJLRQDO�WHFKQLFLDQV��,Q�IDFW��WHFKQLFLDQV�IURP�
WKH�+�)�$UTXLWHWRV�VWXGLR��ZKLFK�ZRQ�WKH�RSHQ�FRPSHWLWLRQ�
IRU�WKH�0XVHR�GR�,SLUDQJD�UHVWRUDWLRQ��DWWHQGHG�D�FRXUVH�
LQ�,WDO\�LQ������WKDW�ZDV�SXW�RQ�E\�WKH�',$35H0�/DERUDWRU\�
DQG�7HNQH+XE�RI�WKH�8QLYHUVLW\�RI�)HUUDUD�DQG�IRFXVHG�RQ�
using the three-dimensional database to verify the various 
VWDJHV�RI�WKH�SURMHFW�DQG�FRQVWUXFWLRQ�VLWH�
The subsequent pandemic crisis postponed the completion 
RI� WKH� VXUYH\�RI� WKH�SDUN��ZKLFK�ZLOO� EH� WKH� VXEMHFW�RI� D�
subsequent, although not conclusive, survey campaign 
GXULQJ������

Digital Documentation of Brazilian Cultural 
Heritage
The integrated digital survey and documentation protocol 
LPSOHPHQWHG� WRRN� LQWR� DFFRXQW�� ÀUVW� DQG� IRUHPRVW��
the conservation and restoration purposes associated 
ZLWK� D� FXOWXUDO� KHULWDJH� VXFK� DV� WKH� RQH� GHVFULEHG�� 7KH�
monumental dimension on the one hand and the richness 
of the ornamental and sculptural apparatuses on the 
RWKHU�PDNH� LW� QHFHVVDU\��ERWK� IRU� FRQVHUYDWLRQ�SXUSRVHV�
and for communication and valorisation, to conduct 
multi-scalar analyses, from urban scale to architectural 
GHWDLO�� 7KH� UHVXOWLQJ� LQWHJUDWHG� GLJLWDO� VXUYH\� GDWD� PXVW�
WKHUHIRUH�DOORZ�WKH�WUDQVLWLRQ�WR�ZLGHO\�GLරHUHQW�VFDOHV�RI�
XQGHUVWDQGLQJ��ÀUVWO\��DQG�UHSUHVHQWDWLRQ��VHFRQGO\�
7KHUHIRUH�� LW�ZDV�FKRVHQ� WR� LPSOHPHQW�D�VXUYH\�SURWRFRO�
WKDW�� EDVHG� RQ�PRUH� WKDQ� WZHQW\� \HDUV� RI� H[SHULHQFH� LQ�
WKH� GLJLWDO� GRFXPHQWDWLRQ� RI� &XOWXUDO� +HULWDJH�� DOORZV�
the geometric and angular control appropriate to the 

)LJ������9LHZV�RI�WKH�RYHUDOO�SRLQW�FORXG�GDWD�PRGHO�RI�WKH�0RQXPHQWR�
j�,QGHSHQGrQFLD�GR�%UDVLO��6mR�3DXOR��%UDVLO�
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accuracy required and at the same time the optimisation 
RI�WKH�TXDOLW\�RI�WKH�GLJLWDO�GDWD� LQ�WHUPV�RI�UHGXQGDQF\��
To a morphological approach, today favoured by the 
greater usability of terrestrial laser scanner technologies, 
DQ� LQWHJUDWHG� WRSRJUDSKLFDO� DSSURDFK� ZDV� WKHUHIRUH�
SUHIHUUHG�
The protocol used for the surveys calls for the development 
RI� D� ÀUVW�OHYHO� WRSRJUDSKLF� QHWZRUN�� VHFRQG�� DQG� WKLUG�
OHYHO� WDUJHW� QHWZRUNV�� QRUPDOL]DWLRQ�� DQG� UHJLVWUDWLRQ� RI�
the overall point cloud model to regulate angular accuracy 
and elevation deformations, segmentation of the overall 
data model by areas related to the purposes of use, and 
YLVXDOL]DWLRQ�RI�GDWD�DQG�LQIRUPDWLRQ�ZLWKLQ�D�GLJLWDO�SRUWDO�
The present use of digital platforms to combine various 
non-digital and digital data sources is encouraging further 
H[SHULPHQWDWLRQ�ZLWK�WKH�GLVVHPLQDWLRQ�DQG�HQKDQFHPHQW�
RI�WDQJLEOH�DQG�LQWDQJLEOH�FXOWXUDO�KHULWDJH��+RZHYHU��WKHUH�
DUH�VWLOO�D�JUHDW�GHDO�RI�FKDOOHQJHV��$�SXUSRVH�RI�WKLV�HරRUW�
DQG� UHODWHG� ZRUN� KDV� EHHQ� LGHQWLÀHG� DV� LPSURYLQJ� DQG�
SURPRWLQJ� WKH� XVDELOLW\� RI� WKH�ZKROH� SRLQW� FORXG�PRGHO�
DV�VRXUFH�RI�GDWD��7KH�GHYHORSHG�VXUYH\�WHFKQLTXH�LV�XVHG�
to verify the accuracy of the digital data in respect to the 
LQIRUPDWLRQ� V\VWHP� DV� D� ZKROH� DQG� WKH� DVVRFLDWHG� WZR��
DQG�WKUHH�GLPHQVLRQDO�IRUPV�RI�UHSUHVHQWDWLRQ�

The size and quality of the same information through the 
various visualisation supports that are currently available 
DQG� ZKLFK� FDQ� EH� LQWHJUDWHG� LQ� FRPSOH[� LQIRUPDWLRQ�
V\VWHPV�GRHV�QRW�\HW�PDNH�LW�SRVVLEOH�WR�WUDQVIHU�WKH�YDOXH�
RI�WKH��'�GDWD�VRXUFH�WR�D�ZLGH�DXGLHQFH��HVSHFLDOO\� LQ�D�
G\QDPLF�PDQQHU�� 7KLV� LV� WUXH� HYHQ� LI� WKH� DFFHVVLELOLW\� RI�
WKH�RYHUDOO�FORXG�GDWDEDVH�LV�VWLOO�JXDUDQWHHG�ERWK�ZLWKLQ�
native and open-source environments, even if supported 
E\� VXLWDEOH� FDOFXODWLRQ� LQIUDVWUXFWXUHV�� &RQVHTXHQWO\�� WR�
preserve the multiscalar information content, integration 
ZLWK�QRQ�G\QDPLF�FRQWHQWV�VHHPV�WR�EH�HVVHQWLDO�

Conclusions

Since 2016, interdisciplinary research has been conducted 
WR�FRQVROLGDWH�LQWHJUDWHG�GLJLWDO�VXUYH\�DQG�VFDQ�WR�+%,0�
protocols of complex architectures subject to restoration 
LQWHUYHQWLRQV�DV�ZHOO�DV�HQKDQFHPHQW�DQG�FRPPXQLFDWLRQ�
DFWLYLWLHV��,Q�WKLV�UHJDUG��WKH�LQWHJUDWHG�WKUHH�GLPHQVLRQDO�
survey, digital modelling, and visualization project of 
WKH� 0XVHX� GR� ,SLUDQJD�� 3DUTXH� GD� ,QGHSHQGrQFLD�� DQG�
0RQXPHQWR� j� ,QGHSHQGrQFLD� H[HPSOLÀHG� DQ� LQWHUHVWLQJ�
area of investigation of data and information acquisition 

)LJ������6FDQ�WR��'�SKRWR�PRGHOOLQJ�SURFHGXUHV��0RQXPHQWR�j�,QGHSHQGrQFLD�GR�%UDVLO��6mR�3DXOR��%UDVLO�



������

09Digital documentation for the enhancement of Brazilian Cultural Heritage

DQG� SURFHVVLQJ� WR� VXSSRUW� SURFHVVHV� RI� PRGLÀFDWLRQ� RI�
XUEDQ�VSDFH�DV�ZHOO�DV�FRQVHUYDWLRQ�DQG�SURWHFWLRQ�RI�WKH�
KHULWDJH�RI�PHPRU\�
:KHQ� HPSOR\HG� LQ� FRQMXQFWLRQ� ZLWK� TXLFN� VXUYH\LQJ�
techniques, integrated digital surveying technologies, in 
particular indirect surveying, enable the current situation 

WR�DOORZ� WKH�FDSWXUH�RI� ODUJH�DPRXQWV�RI�GDWD� LQ�D�VKRUW�
DPRXQW� RI� WLPH� ZLWK� DFFHSWDEOH� OHYHOV� RI� DFFXUDF\�� ,Q�
D� ZKLOH�� DV� WKLV� GRFXPHQWDWLRQ� HරRUW� LQGLFDWHV�� FRQWURO�
and geometric precision are needed for multi-scalar 
studies related to the conservation, valorisation, and 
communication of cultural assets and cannot be obtained 

)LJ������6RPH�LPDJHV�RI�WKH�WUDLQLQJ�DQG�WHFKQRORJ\�WUDQVIHU�DFWLYLW\�DQG�UHVXOWV�FDUULHG�RXW�WR�VXSSRUW�WKH�GHYHORSPHQW�RI�WKH�UHVWDXUDWLRQ�SURMHFW�
PDGH�E\�WKH�DUFKLWHFWV�3DEOR�+HUHQX�DQG�(GXDUGR�)HUURQL��VHOHFWHG�IURP�WKH����SURSRVDOV�UHFHLYHG�E\�LQYLWDWLRQ��7KH�FROODERUDWLRQ�ZLWK�WKH�',$35H0�
FHQWUH�WRRN�WKH�IRUP�RI�D�SHULRG�RI�IDFH�WR�IDFH�WUDLQLQJ��DW�WKH�8QLYHUVLW\�RI�)HUUDUD��RI�VRPH�RI�WKH�DUFKLWHFWV�RI�WKH�ÀUP�
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merely through indirect surveys and a morphological 
DSSURDFK�� 0RUHRYHU�� WKH� XVH� RI� WKH� WRSRJUDSKLF� VXUYH\�
DORQJ�ZLWK�WKH�7HUUHVWULDO�/DVHU�6FDQQHU��7/6��VXUYH\�SXUVXHV�
PXOWLSOH� REMHFWLYHV�� ÀUVW�� WKH� YHULÀFDWLRQ� DQG� FRQWURO� RI�
the geometric and morphological characteristics, from 
WKH� DUFKLWHFWXUDO� VFDOH� WR� WKH� GHWDLOHG� VFDOH�� ZLWK� D� YLHZ�
to the accessibility and usability of the database created 
DQG�WKH�VXEVHTXHQW�LPSOHPHQWDWLRQV��DOVR�FDUULHG�RXW�ZLWK�
YDULRXV� VXUYH\� LQVWUXPHQWV� DQG� WHFKQLTXHV�� 7KH� GLYLVLRQ�
RI� WKH�PRGHOV� WKDW� IROORZV�VXEVHTXHQWO\�DLPV� WR�SURYLGH�
GDWDEDVH�DFFHVVLELOLW\��XVHIXOQHVV�LQ�VFDQ�WR�%,0�SURFHVVHV��
and eventually visualization in integrated digital platforms 
IRU�FRPPXQLFDWLRQ�
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DATA MANAGEMENT, EFFICIENT USE, AND 
SMART ACCESS TO REALITY CAPTURE DATA 
VIA WEB PLATFORMS 10

Abstract

6KDULQJ� WKH� RXWSXW� GDWD� RI� D� GLJLWDO� VXUYH\� ZLWK� RWKHU�
VWDNHKROGHUV� FDQ� LQFUHDVH� LWV� SURIHVVLRQDO� DQG� ZLGHVSUHDG�
XVH��+RZ�D�QRQ�VXUYH\LQJ�VSHFLDOLVW�FDQ�YLVXDOL]H��LQWHUURJDWH�
and measure the reality-based models in the three-
GLPHQVLRQDO� VSDFH� �DQG� QRW� RQO\�� ZLWKRXW� VHFWRU�VSHFLÀF�
VRIWZDUH� LV�� IRU� PRVW� LQVWDQFHV�� D� VLJQLÀFDQWO\� FKDOOHQJLQJ�
SUREOHP��7KH�SRVVLELOLW\�WR�XSORDG�GLJLWDO�VXUYH\�GDWD�RQ�ZHE�
SODWIRUPV�ZRXOG�DOORZ�IRU�JUHDWHU�GLVVHPLQDWLRQ�DQG�JUHDWHU�
H[SORLWDWLRQ�RI�WKH�FDSDELOLWLHV�RI�UHDOLW\�FDSWXUH�WHFKQRORJ\��
The point cloud can be displayed and investigated directly 
RQ� WKH�ZHE� DQG� DFFHVVLEOH� RQ� DQ\� GHYLFH� �ODSWRS�� GHVNWRS��
WDEOHW�� RU� VPDUWSKRQH��� 7KH� WRROV� IRU� PHDVXULQJ�� FURSSLQJ��
DQQRWDWLQJ�� DQG� GRZQORDGLQJ� GDWD� DUH� XVXDOO\� LQFOXGHG�
DV� VWDQGDUG� IHDWXUHV�� 0RUHRYHU�� WKH� GLරHUHQW� FRPPHUFLDO�
SURSRVDOV�SURYLGH�PDQ\�LQQRYDWLYH�IXQFWLRQV��95�LQWHUDFWLRQ��
%,0�LQWHURSHUDELOLW\��DXWRPDWLF�VFDQ�DOLJQPHQW��DQG��'�SRLQW�
FORXG� DXWRPDWLF� VHJPHQWDWLRQ� DQG� FODVVLÀFDWLRQ�� 7KH� ZHE�

based system solution represents a real revolution in digital 
data sharing among experts, technicians, and professionals, 
ZKR�FDQ�GLVSRVH�RI�DOO�WKH�VXUYH\�GDWD�GLUHFWO\�RQ�WKHLU�GHYLFHV�
DQ\WLPH��DQ\ZKHUH��SUHYHQWLQJ�GDWD�ORVV�DQG�HQKDQFLQJ�XVHU�
VKDULQJ�
This paper aimed to present the characteristics and the 
potential of some online platforms for direct sharing and 
management of the point clouds derived from image- 
RU� UDQJH�EDVHG� WHFKQLTXHV�� 7KLV� SUHOLPLQDU\� UHVHDUFK� LV�
presented to underline the pros and cons and identify future 
GHYHORSPHQWV� LQ� WKLV� QHZ� ZD\� RI� H[SORLWLQJ� GLJLWDO� VXUYH\�
GDWD�� 7KLV� DSSURDFK� FDQ� EH� DGYDQWDJHRXV� LQ� WKH� &XOWXUDO�
+HULWDJH�ÀHOG��HVSHFLDOO\�ZKHQ�&$'�RU�+%,0��'�PRGHOOLQJ�LV�
XQQHFHVVDU\�EHFDXVH�LW�LV�QRW�WKH�ÀQDO�DLP��7KH�VROXWLRQ�FDQ�
EH�WR�VNLS�WKH�ZKROH�FRPSOH[�DQG�WLPH�FRQVXPLQJ�PRGHOOLQJ�
phase and directly use the point cloud as the 3D geometric 
EDVH�DQG�DV�D�UHIHUHQFH�IRU�WKH�LQIRUPDWLRQ�UHSRVLWRU\�
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Problem Statement
Several sectors relating to the natural environment, civil 
engineering, infrastructure, architecture, heritage, and art 
DUH� LQYROYHG� LQ� WKH� �'� GLJLWL]DWLRQ� SURFHVV� �)LJ�� ��� ZLWK�
GLරHUHQW� DLPV� DQG� SXUSRVHV� >'DQLRWWL� HW� DO�� ������0LFHOL�
HW�DO���������3DUULQHOOR�������3RX[�HW�DO��������5XVVR�HW�DO��
����@�
,Q� WKH� LQIUDVWUXFWXUDO� DQG� DUFKLWHFWXUDO� ÀHOG�� WKH� ODVW�
KDUGZDUH�DQG�VRIWZDUH�GHYHORSPHQWV�KDYH�VLPSOLÀHG�DQG�
speeded up the data acquisition and processing phases, 
HYHQ�LQ�WKH�FDVH�RI�FRPSOH[�PHDVXUHPHQWV��VXUYH\V�ZLWK�
ORWV� RI� VFDQV�� EXLOGLQJV� ZLWK� VHYHUDO� ÁRRUV� DQG� FRPSOH[�
SODQ�OD\RXWV��QDUURZ�HQYLURQPHQWV�DQG�VR�RQ��
Laser scanner equipment types are becoming smaller, 
OLJKWHU��DQG�TXLFNHU�LQ�ÀHOG�RSHUDWLRQV��PDNLQJ�LQVWUXPHQW�
WUDQVSRUWDWLRQ� PRUH� ÁH[LEOH�� IDVWHU�� DQG� VXLWDEOH� IRU�
GLරHUHQW� HQYLURQPHQWV�� 7KDQNV� WR� RQ�ERDUG� UHDO�WLPH�
HODERUDWLRQ�� WKH�GDWD�FDSWXUH�SKDVH� LV�EHFRPLQJ�TXLFNHU�
DQG� PRUH� HFLHQW�� 0RUHRYHU�� ODVHU� VFDQQHUV� DUH� QRZ�
FRPPRQO\� HTXLSSHG� ZLWK� DGGLWLRQDO� VHQVRUV� �*166�

)LJ����²�3RVVLEOH�ÀHOGV�RI�LQWHUHVW�DQG�DSSOLFDWLRQV�RI�WKH��'�GLJLWL]DWLRQ�
SURFHVV�

V\VWHPV�� ,08�SODWIRUPV�� WUDFNLQJ�V\VWHPV�HWF��� WKDW�DOORZ�
XVHUV� WR� UXQ� D� UDZ� SUH�UHJLVWUDWLRQ� RI� WKH� YDULRXV� UDQJH�
VFDQV� RQ�VLWH� LQ� UHDO�WLPH� ZKLOH� WKH� VXUYH\� LV� JRLQJ� RQ��
This aspect primarily ensures that the detected surfaces 
are under control and that it is easier to determine if the 
3D measurement is complete and if it includes all the 
LQYROYHG�DUHDV��7KH�RQ�VLWH� UDZ�SUH�DOLJQPHQW�� WKHUHIRUH��
VLPSOLÀHV� WKH� SUDFWLFDO� VXUYH\� DFWLYLW\� DQG� GUDVWLFDOO\�
reduces the time required for the optimized registration of 
WKH�VFDQV�LQ�RFH��RSWLPL]LQJ�DQG�HQKDQFLQJ�WKH�VFDQ�WR�
SRLQWFORXG�SLSHOLQH��+RZHYHU��WKH�VFDQ�WR�+%,0�ZRUNÁRZ�
LV�VWLOO�D�KDUG�ZRUNLQJ�SURFHVV�HYHQ�WKRXJK�LW�LV�EHFRPLQJ�
D� UHIHUHQFH� VWDQGDUG� LQ� DUFKLWHFWXUDO� KHULWDJH� >6HPLQD�HW�
DO�������@�
(YHQ� LQ� WKH� ÀHOG� RI� LPDJH�EDVHG� PHWKRGV�� VRIWZDUH�
development related to computer vision techniques 
KDV� UHYROXWLRQL]HG� WKH� WLPHV� DQG� ÁH[LELOLW\� RI� WKH�
SKRWRJUDPPHWULF� GDWD� SURFHVVLQJ� ZRUNÁRZ�� 7KH� SKDVHV�
of image orientation and dense machining have been 
VLJQLÀFDQWO\�DFFHOHUDWHG��VLPSOLÀHG��DQG�RSWLPL]HG�
Despite the technological advancements that have 

)LJ����²�7KH�´ERWWOHQHFNµ�RI�WKH�GLJLWL]DWLRQ�SURFHVV��GLරXVH�XVH�RI�UHDOLW\�
FDSWXUH�GDWD�E\�XVHUV�ZLWKRXW�SURIHVVLRQDO�OHYHO�KDUGZDUH�DQG�H[SHUWLVH�
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10'DWD�PDQDJHPHQW��HFLHQW�XVH��DQG�VPDUW�DFFHVV�WR�UHDOLW\�FDSWXUH�GDWD�YLD�ZHE�SODWIRUPV

improved and accelerated the data acquisition and 
the processing phase in both image and range-based 
ZRUNÁRZV�� WKH� XVH� DQG� PDQDJHPHQW� RI� RXWSXW� GDWD� E\�
WHFKQLFDO�SURIHVVLRQDOV�ZKR�DUH�QRW�VXUYH\RUV�RU��'�H[SHUWV�
DUH�VWLOO�XQFRPPRQ�
1RZDGD\V�� FRQGXFWLQJ� D� GLJLWDO� VXUYH\� LV� XVXDOO\� VLPSOHU�
WKDQ�XWLOL]LQJ�LWV�UHVXOWV�DQG�RXWFRPHV��7KH�ERWWOHQHFN�LV�WKH�
SUDFWLFDO��HFLHQW��DQG�LPPHGLDWH�HPSOR\PHQW�RI�WKH�UHDOLW\�
FDSWXUH�GDWD��)LJ������
,QGHHG�� REVHUYLQJ� WKH� GLJLWDO� VXUYH\� ZRUNÁRZ�� WKH� PRUH�
WLPH�FRQVXPLQJ�VWHS� LV�WKH�RXWSXW�HODERUDWLRQ��ZKHWKHU�D�
�'�RU� �'� UHSUHVHQWDWLRQ� �)LJ�� ����:KHWKHU� XVLQJ� DFWLYH�RU�
SDVVLYH�VHQVRUV�� WKH�ÀQDO�RXWFRPH� LV�D�SRLQW�FORXG�PRGHO�
WKDW�WDNHV�D�ORQJ�WLPH�DQG�HරRUW�WR�EH�WUDQVIRUPHG�LQWR�D�
WHFKQLFDO��'�GUDZLQJ�RU�D�&$'�RU�%,0�PRGHO�
The discussion aims to present the characteristics and the 
SRWHQWLDO� RI� VRPH� RI� WKH� ZHE� SODWIRUPV� DYDLODEOH� RQ� WKH�
PDUNHW�IRU�GLUHFW�VKDULQJ�DQG�PDQDJHPHQW�RI�SRLQW�FORXGV�
IURP�LPDJH��RU�UDQJH�EDVHG�VXUYH\V��,QGHHG��WKHVH�VROXWLRQV�
could facilitate the direct and professional utilization of 
SRLQW�FORXG�PRGHOV�E\�YDULRXV�VSHFLDOLVWV��)LJ������

7KH�PDLQ�RSHQ� LVVXHV� WKDW� VHHP� WR�KLQGHU� WKH�ZLGHVSUHDG�
XVH�RI�GLJLWDO�VXUYH\�RXWSXWV�DUH�WKH�IROORZLQJ��L��GLJLWDO�GDWD�
VKDULQJ�DQG�XVH�UHTXLUH�VSHFLÀF�VRIWZDUH�� LL�� WKHVH� W\SHV�RI�
VRIWZDUH� DUH� W\SLFDOO\� QRW� XVHU�IULHQGO\� IRU� SURIHVVLRQDOV� LQ�
RWKHU�ÀHOGV��DQG�WKH�DFTXLUHG�GDWDVHWV�DUH�XVXDOO\�YHU\�KXJH��LLL��
WKH�HYHQWXDOO\�VXEVHTXHQW�JHRPHWULFDO�&$'�RU�%,0�PRGHOLQJ�
LV�YHU\�WLPH�FRQVXPLQJ��DERYH�DOO�IRU�EXLOW�KHULWDJH���LY��WKH�
3D modelling implies many open issues about geometrical 
GHYLDWLRQ�DPRQJ�PHWULF�GDWD�DQG�WKH�UHFRQVWUXFWHG�PRGHOV�
$� ZHE�EDVHG� SODWIRUP� DSSURDFK� FDQ� DGGUHVV� WKHVH�
problematic aspects because: i) digital data can be shared and 
XVHG�GLUHFWO\�WKURXJK�D�ZHE�EURZVHU��LL��QR�VSHFLÀF�VRIWZDUH�
RU�SOXJ�LQV�DUH�UHTXLUHG��LLL��YLVXDOL]DWLRQ�DQG�LQWHUDFWLRQ�DOVR�
ZLWK�PDVVLYH�GDWD�DUH�TXLFN�DQG�HDV\�� LY��SRLQW� FORXGV� FDQ�
be directly used as geometric and informative reference v) 
the point model is real scale, and any metric data can be 
extracted from the point cloud depending on the aim and 
JUDSKLF�UHSUHVHQWDWLRQ�VFDOH��,Q�WKLV�FRQWH[W��WKH�ZHE�EDVHG�
SODWIRUPV� IRU� RQOLQH� SRLQW� FORXG� PDQDJHPHQW� FDQ� ÀOO� WKH�
JDS�EHWZHHQ�WKH�GLJLWDO�VXUYH\�DQG�WKH�ZLGHVSUHDG�XVH�RI�LWV�
RXWFRPHV��

)LJ����²�'LJLWDO�VXUYH\�SLSHOLQH� )LJ����²�5HDOLW\�FDSWXUH�GDWD�XVH�DQG�VKDULQJ��SUREOHP�VWDWHPHQW�
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State of Art
7KH�VLJQLÀFDQW� LQFUHDVH�H[SHULHQFHG� LQ� WKH� ODWHVW�\HDUV� LQ� WKH�
use of reality capture outputs stresses urgently the need for 
suitable and easy tools for managing and broadly sharing this 
NLQG�RI�GDWD��7KH�ZHE�SODWIRUPV�IRU�SRLQW�FORXG�GDWD�VKDULQJ�DUH�
QRZDGD\V�WKH�PRVW�SURPLVLQJ�RSWLRQ�WR�DGGUHVV�WKLV�LQFUHDVLQJ�
QHHG�
$�ZHE�SODWIRUP�IRU�SRLQW�FORXG�PDQDJHPHQW�LV�D�WRRO�HPEHGGHG�
LQ�D�ZHEVLWH�WKDW�SURYLGHV�XVHUV�LQVWUXPHQWV�WR�YLHZ�DQG�LQWHUDFW�
ZLWK�SRLQW�FORXG�GDWD�DOUHDG\�SUHVHQW�LQ�WKH�V\VWHP��RU�WKDW�FDQ�
EH�XSORDGHG�E\�WKH�XVHU��7KH�XVHU�FDQ�LQWHUDFW�ZLWK�WKH�SRLQW�
FORXG�E\� WDNLQJ� DQQRWDWLRQV��PHDVXULQJ�GLVWDQFHV�� DUHDV�� DQG�
volumes, cutting cross-sections, and consulting information 
WKURXJK� GDWDEDVHV� UHODWHG� WR� SRLQW� FORXG� REMHFWV�� :KHUHDV�
JHQHUDOO\��IRU�DOO�WKH�ZHE�SODWIRUPV��WKH�PRGXOH�IRU�YLVXDOL]DWLRQ�
is performative and achieves a smooth user experience, the 
´DPRXQW� RI� LQWHUDFWLRQµ� WKDW� LV� SRVVLEOH�ZLWK� WKH� SRLQW� FORXG�
GHSHQGV�RQ�WKH�SXUSRVHV�DQG�JRDOV�RI�WKH�SODWIRUP��7KLV�ODWWHU�
DVSHFW�LV�D�NH\VWRQH�LQ�WKH�IXWXUH�GHYHORSPHQW�RI�ZHE�SODWIRUPV�
that promise to evolve from data-displaying tools to fully cloud-
EDVHG�HODERUDWLRQ�VRIWZDUH��DV�GHVFULEHG�ODWHU�LQ�WKLV�SDUDJUDSK�

The visualizer is the main core of the system and is the 
module in charge of delivering, through rendering and 
YLVXDOL]DWLRQ��WKH��'�GDWD�VWRUHG�LQ�WKH�V\VWHP��,W�KDQGOHV�
the most resource-consuming operations as point clouds 
are massive and require to be rendered fast in order to 
SURYLGH�XVDELOLW\�DQG�D�VDWLVI\LQJ�XVHU�H[SHULHQFH�
The research on point cloud visualization systems has been 
IRFXVHG�� VLQFH� LWV� HDUO\� VWDJHV� >$[DULGRX�HW� DO��� ����@�� RQ�
ÀQGLQJ�PRUH�HරHFWLYH�ZD\V�WR�LQGH[�PDVVLYH�SRLQW�FORXGV�
IRU�RXW�RI�FRUH�UHQGHULQJ�>%RUPDQQ�DQG�.UlPHU������@�DOVR�
DGDSWLQJ�WR�WKH�W\SRORJ\�RI�GDWD�ZLWK�VHPDQWLF�GHSHQGHQW�
WHFKQLTXHV�>'LVFKHU�HW�DO�������@��LQ�RUGHU�WR�JHW�VDWLVI\LQJ�
SHUIRUPDQFHV�RQ�PRVW�RI� WKH�GHYLFHV��7KH�PDLQ� IRFXV�RI�
WKHVH�HරRUWV�LV�GLUHFWHG�WRZDUGV�SRLQW�FORXGV�DW�D�WHUULWRULDO�
scale, especially massive, country-size ones derived from 
/L'$5� VXUYH\V� >0DUWLQH]�5XEL� HW� DO��� ����@�� ZKLFK� ZLWK�
WKH� DFWXDO� DYHUDJH� KDUGZDUH� UHVRXUFHV�� UHSUHVHQW� D� UHDO�
FKDOOHQJH�IRU�LQ�FRUH�UHQGHULQJ�
2QH�RI� WKH�PRVW�GLරXVHG�SRLQW�FORXG�YLVXDOL]HU� LV�3RWUHH�
�3RWUHH�� ������ 6FK�W]�� ������ ZKLFK� RULJLQDWHG� IURP� WKH�
6&$123<� 3URMHFW� >6&$123<�� ����@� DQG� LV� VWLOO� XQGHU�
GHYHORSPHQW�� 3RWUHH� LV� DQ� RSHQ�VRXUFH� FRQYHUWHU� DQG�
visualizer based on WebGL that can be used both as a 
VWDQGDORQH�GHVNWRS� DSSOLFDWLRQ� DV�ZHOO� DV� DQ� HPEHGGHG�
WRRO�LQ�ZHEVLWHV��7KH�XVH�RI�3RWUHH�IRU�ZHE�DSSOLFDWLRQV�LV�
a common choice both for case studies that involve data 
at a territorial scale and for experiences at an architectural 
VFDOH��3RWUHH� LQWHJUDWHV�VRPH�EDVLF�DQQRWDWLRQ�WRROV� WKDW�
DOORZ�XVHUV�WR�WDNH�PHDVXUHPHQWV�RQ�WKH�SRLQW�FORXG��SXW�
SRLQW� ODEHOV� ZLWK� WH[WXDO� GHVFULSWLRQV� DQG� DWWDFKPHQWV��
DQG�FXW�VHFWLRQV�RI� WKH�FORXG� �)LJ������6RPH�FDVH�VWXGLHV�
are useful to focus on possible uses of Potree, as an 
environment to display architectural reconstructions 
through point clouds of existing buildings and mesh 
PRGHOV� RI� DUWZRUNV� >%HQW� HW� DO��� ����@� DQG� FDQ� EH� XVHG�
as a renderer in more extended platforms for point cloud 
management that may also integrate WebGIS visualizers 
>4XLQWLOOD�&DVWiQ�DQG�+HUQiQGH]������@��7KH�XVH�RI�RSHQ�)LJ����²�7KH�LQWHUIDFH�RI�3RWUHH�YLVXDOL]HU�DQG�WKH�PDLQ�WRROV�DYDLODEOH�
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VRXUFH� FRGH� FDQ� RරHU� VHYHUDO� SRVVLELOLWLHV� LQ� WHUPV� RI�
DGDSWDELOLW\�DQG�FXVWRPL]DWLRQ��DOORZLQJ�XVHUV�WR�XVH�SRLQW�
clouds as a geometrical basis for various purposes, such as 
WKH�UHSUHVHQWDWLRQ�RI�DFRXVWLF�IHDWXUHV�RI�VSDFH�>%HUJHURW�
HW�DO�������@�
$VLGH� IURP� WKH� RSHQ�VRXUFH� ZRUOG�� VHYHUDO� FRPSDQLHV�
DUH� GHYHORSLQJ� ZHE� SODWIRUPV� GHYRWHG� WR� SRLQW� FORXGV�
as a complementary service to their other products 
RU� DV� WKHLU� FRUH� EXVLQHVV�� ,Q� WKH� ÀUVW� FDWHJRU\� FDQ� EH�
PHQWLRQHG� VHUYLFHV� VXFK� DV� /HLFD� 7UX9LHZ� &ORXG� >/HLFD�
*HRV\VWHPV�$*������@�DQG�)$52�:HE6KDUH�>)$52������@��

RරHUHG� DV� DGGLWLRQDO� VHUYLFHV� WR� WKH� DOUHDG\� HVWDEOLVKHG�
VXUYH\�LQVWUXPHQWV�DQG�VRIWZDUH��LQ�RUGHU�WR�HQKDQFH�WKH�
SRVVLELOLWLHV�RI�GDWD�VKDULQJ�DQG�GLරXVLRQ�E\� WKHLU�FOLHQWV�
>)LJ���@��7KH�VHFRQG�FDWHJRU\�FRPSUHKHQGV�SODWIRUPV�WKDW�
propose data elaboration and analysis services based on 
cloud computing, sometimes starting directly from the 
GDWD� FDSWXUHG� RQ�ÀHOG�� &LQWRR� >&LQWRR�� ����@� SURSRVHV�
tools for fully-operational data elaboration oriented to 
terrestrial laser scanning surveys in a perspective of digital 
WZLQQLQJ�DQG�EXLOW�DVVHW�PDQDJHPHQW��9HUFDWRU�>&RUUHYDWH�
/WG�� ����@� LQWHJUDWHV� DOLJQPHQW� DOJRULWKPV�� DXWRPDWLF�

)LJ����²�:HE�SODWIRUPV�IRU�SRLQW�FORXG�YLVXDOL]DWLRQ�DQG�PDQDJHPHQW�FDQ�EH�FDWHJRUL]HG�DFFRUGLQJ�WR�WKH�GDWD�RULJLQ��VSHFLÀF�LQVWUXPHQWV�DQG�
VRIWZDUH��FORVHG�V\VWHPV��RU�YLUWXDOO\�DQ\�SRVVLEOH�GDWD��VRXUFH�DJQRVWLF��
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segmentation objects, and features recognition tools 
>6HOYLDK�� ����@�� )O\9DVW� >*HRYDVW� �'�� ����@� LV� D� SODWIRUP�
EDVHG�RQ�WKH�3RWUHH�YLVXDOL]HU�WKDW�ZDV�GHYHORSHG�WR�RරHU�
$UWLÀFLDO�,QWHOOLJHQFH��$,��VXSSRUW�IRU�JHRPHWU\�UHFRJQLWLRQ�
>3RX[� HW� DO��� ����@��1DY9LV� ,9,21� >1DY9LV�� ����@� DLPV� WR�
provide elaboration tools from the beginning of the 
survey process, aligning cloud-to-cloud the laser scans, 
VKDULQJ� WKH� SRLQW� FORXG�� DQG� FUHDWLQJ� GHOLYHUDEOHV�� WKH�
SODWIRUP� LV� LQWHJUDWHG� DQG� RSWLPL]HG� WR� ZRUN� ZLWK� WKH�
PRELOH� PDSSLQJ� GHYLFH� >1DY9LV� 9/;@� GHYHORSHG� E\� WKH�
VDPH� FRPSDQ\�� 3RLQWHUUD�'� >3RLQWHUUD�� ����@� LV� RULHQWHG�
WRZDUGV�XVLQJ�UHDOLW\�FDSWXUH�GDWD�IRU�GLJLWDO�WZLQQLQJ�DQG�
DQDO\VLV�DQG�VLPXODWLRQ�EDVHG�RQ�JHRPHWU\��RරHULQJ�WKUHH�

GLරHUHQW�PRGXOHV�ZLWK�VSHFLÀF� IHDWXUHV�DFFRUGLQJ� WR� WKH�
XVHU·V� QHHGV�� %ORRP� &ORXG� (QJLQH� >%ORRP� 7HFKQRORJLHV��
����@� SURFHVVHV� D� EURDG� DPRXQW� RI� SRLQW� FORXG� GDWD�
DQG� RරHUV� YLVXDOL]DWLRQ� DQG� DQQRWDWLRQ� WRROV�� LW� HPEHGV�
D� SOXJ�LQ� WR� H[SRUW� SRLQW� FORXGV� WR� $XWRGHVN� SURGXFWV��
XG&ORXG�>(XFOLGHRQ������D@�LV�WKH�ZHE�SODWIRUP�EDVHG�RQ�
WKH�XG6WUHDP�DSSOLFDWLRQ�>(XFOLGHRQ������E@�ZKLFK�KDV�WKH�
main feature to handle massive point clouds, providing 
EDVLF� PHDVXUHPHQW� DQG� DQQRWDWLRQ� WRROV�� $7,6�FORXG�
>$7,6�FORXG�� ����@� VXSSRUWV� D� JUHDW� YDULHW\� RI� VFDQQLQJ�
projects, from terrestrial, aerial and mobile devices, for 
delivery and visualization of point clouds, including some 
DQQRWDWLRQ�DQG�VOLFLQJ�WRROV��&HVLXP�LRQ�>&HVLXP�*6������@

)LJ����²�)HDWXUHV�RI�WKH�/HLFD�7UX9LHZ�&ORXG�SODWIRUP�
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is a platform generally devoted to the representation of huge 
geodata, as point clouds and mesh, but can be used also 
ZLWK�JHRUHIHUHQFHG�FORXGV�DW�WKH�DUFKLWHFWXUDO�VFDOH��&HVLXP�
SURYLGHV�D�VHULHV�RI�HPEHGGHG�ZRUOG�VFDOH�PDS�DQG�EXLOGLQJ�
databases from various sources to be used as standalone or 
ZLWK�WKH��'�GDWD�SURYLGHG�E\�WKH�XVHU�
Web platforms for point cloud visualization and management 
DUH�QRZDGD\V�VSUHDGLQJ�DQG�GHYHORSLQJ�DV�IDVW�DV�WKH�UHTXHVW�
IRU�UHDOLW\�FDSWXUH�LQFUHDVHV��OHDQLQJ�WRZDUGV�WKH�SRVVLELOLW\�RI�
RරHULQJ�GDWD�HODERUDWLRQ�IHDWXUHV��DXWRPDWL]HG�VHJPHQWDWLRQ�
tools, and enhancing sharing possibilities in order to cover all 
WKH�QHHGV�RI�SURIHVVLRQDO�DQG�QRQ�SURIHVVLRQDO�XVHUV�

)LJ����²�$Q�H[DPSOH�RI�WKH�DQQRWDWLRQ�SRVVLELOLWLHV�RරHUHG�E\�WKH�/HLFD�
7UX9LHZ�&ORXG�SODWIRUP�

Experimental case studies
$V� DOUHDG\� VSHFLÀHG�� WZR� PDLQ� FDWHJRULHV� FDQ� EH�
GLVWLQJXLVKHG�E\�VWXG\LQJ�WKH�W\SHV�RI�ZHE�SODWIRUPV�FXUUHQWO\�
DYDLODEOH�� 7KHUH� DUH� FORVHG� V\VWHPV� RI� VKDULQJ� VROXWLRQV�
IRU� GLJLWDO� VXUYH\V� FRQQHFWHG� WR� WKH�PRVW�ZHOO�NQRZQ� DQG�
ZLGHVSUHDG�FRPPHUFLDO�KDUGZDUH�DQG�VRIWZDUH��2Q�WKH�RWKHU�
hand, there are agnostic sharing platforms independent of 
DQ\� KDUGZDUH� DQG� VRIWZDUH� VXSSOLHU�� FRPSDWLEOH� ZLWK� DOO�
VFDQQHUV�DQG�IRU�DQ\�W\SH�RI�SRLQW�FORXG�
In order to test the functionality of both cloud-based 
SODWIRUPV� IRU� UHDOLW\� GDWD� VKDULQJ�� WZR� VRUWV� RI� GDWDVHWV�
ZHUH� XVHG�� 7KH� ÀUVW� GDWDVHW� FRQVLVWV� RI� GDWD� FRPLQJ� RQO\�
from the laser scanner survey of the Torre degli Zoppi�� 7KH�
GDWD� ZHUH� DFTXLUHG� ZLWK� D� VLQJOH� ODVHU� VFDQQHU� LQVWUXPHQW�
GXULQJ�WKH�VDPH�VXUYH\�FDPSDLJQ��7KH�;,,�FHQWXU\�WRZHU� LV�
ORFDWHG�LQ�&RVWD�GL�0H]]DWH��QHDU�%HUJDPR��/RPEDUG\��,WDO\���
,W�ZDV�VXUYH\HG�LQ������XVLQJ�WKH�/HFLD�57&����ODVHU�VFDQQHU��
UHVXOWLQJ�LQ�D�SRLQW�FORXG�RI�����ELOOLRQ�SRLQWV��FRPSRVHG�RI����
VFDQV�>*DYD]]HQL������@�
On the other hand, a second dataset is a mixed set-up of 
data from image and range-based acquisitions collected 
over the years during the surveys developed in the village of 
*KHVF��7KH�GDWDVHWV�UHIHU�WR�GLරHUHQW�\HDUV�DQG�DUH�UHODWHG�WR�
DFWLYH�DQG�SDVVLYH�VHQVRUV��7KH�KLVWRULFDO�YLOODJH�LV�ORFDWHG�LQ�
the Ossola Valley (Piedmont, Italy), and it is characterized by 
WKH�ORFDO�VWRQH�SHFXOLDU�DUFKLWHFWXUH��)URP������WR�������WKH�
YLOODJH�ZDV�VXUYH\HG�ZLWK�YDULRXV�WHFKQLTXHV�GXULQJ�UHFXUUHQW�
VXPPHU�VFKRROV� >$FKLOOH�HW�DO���������%RORJQHVL�DQG�)LRULOOR��
����@��7KH�ÀQDO�GDWDVHW�XVHG�LQ�WKLV�SDSHU�LV�FRPSRVHG�RI�D�
ODVHU�SRLQW�FORXG�RI����VFDQV�DQG�D�8$9�SRLQW�FORXG�RI�URRIV�
DQG�WKH�VXUURXQGLQJ�WHUUDLQ�>$FKLOOH�HW�DO�������@�
6WDQGDUG�DQG�FRPPRQ�IHDWXUHV�DPRQJ�WKH�GLරHUHQW�SODWIRUPV�
DUH�UHODWHG�WR��L���'�3RLQW�FORXG�GLVSOD\�DQG�VKDULQJ��LL��YLUWXDO�
WRXU�PRGH�QDYLJDWLRQ�XVLQJ�D��'�SDQRUDPLF�LPDJH��LLL��DFFHVV�
IURP�DQ\�EURZVHU�DQG�DQ\�GHYLFH�� LY�� UHPRWH�FROODERUDWLRQ�
DQG� FXVWRPL]DEOH� DFFHVV� IRU� XVHUV�� Y�� GLUHFW�PHDVXUHPHQWV�
�GLVWDQFH�� DQJOH�� DUHD�� RQ� WKH� SRLQW�PRGHO�� YL�� SRLQW� FORXG�
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FURSSLQJ� RU� VHOHFWLRQ�� YLL�� FURVV�VHFWLRQV� H[WUDFWLRQ�� YLLL��
YDULRXV�SRLQW�FORXG�UHQGHULQJ� �5*%�� LQWHQVLW\��HOHYDWLRQ��� L[��
FUHDWLRQ�RI�DQQRWDWLRQV�DV�*HR7DJV�RU�+RW6SRWV��
This last utility is essential to developing an informative 
VWUXFWXUH�WKDW�JUDSKLFDOO\�UHSUHVHQWV�LQIRUPDWLRQ�DV�D�OLQN�RQ�
WKH�SRLQW�FORXG�ZLWK�D�VSHFLÀF�LFRQ�
Since the Torre degli Zoppi�GLJLWDO�VXUYH\�ZDV�FDUULHG�RXW�DQG�
PDQDJHG�HQWLUHO\�ZLWKLQ�WKH�/HLFD�*HRV\VWHPV�KDUGZDUH�DQG�
VRIWZDUH� HQYLURQPHQW�� WKH� DFTXLUHG� GDWDVHW�ZDV� SXEOLVKHG�
XVLQJ� /HLFD� 7UXH� 9LHZ� �)LJJ�� ������ 7UXH� 9LHZ� LV� D� FORVHG�
V\VWHP�WKDW�DOORZV�VKDULQJ�WKH�SURMHFW�GLUHFWO\�IURP�WKH�/HLFD�
SURFHVVLQJ�VRIWZDUH�WR�D�ZHE�SRUWDO��7KH�SODWIRUP�SURYLGHV�
an interesting feature related to the mesh or CAD model 
YLVXDOL]DWLRQ� LQVLGH� WKH� RQOLQH� SURMHFW��0RUHRYHU�� WKH�PRUH�
innovative resource is the possibility to integrate immersive 
H[SORUDWLRQ�XVLQJ�9LUWXDO�5HDOLW\�GHYLFHV�

)LJ�����²�)HDWXUHV�RI�WKH�&LQWRR�ZHE�SODWIRUP�

)LJ����²�&LQWRR�ZHE�SODWIRUP�LQWHUIDFH�

)LJ�����²�&LQWRR�UHQGHULQJ�PRGHV�RI�WKH�SRLQW�FORXG�
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7KH�VDPH�GDWDVHW�ZDV�DOVR�XSORDGHG�RQ�WKH�&LQWRR�SODWIRUP��
FKDUDFWHUL]HG� E\� VWURQJ� %,0� LQWHURSHUDELOLW\� �)LJJ�� �������
The cloud-based management and collaboration platform 
ensure the upload of massive scan data (structured clouds 
RQO\��� )XUWKHUPRUH�� D� UHSRVLWRU\� RI� XQGHU�VWXG\� EXLOGLQJ�
documentation (technical documentation and bibliographic 
UHVHDUFK��FDQ�DOVR�EH�VWUXFWXUHG��)LJ�������
Flyvast and Vercator adhere to the same principle and 
organizational structure as Cintoo: independently process, 
PDQDJH�� SXEOLVK�� DQG� VKDUH� �'� GDWD�� ,Q� DGGLWLRQ�� ERWK�
ensure the uploading of unstructured clouds, such as those 
JHQHUDWHG�E\�SKRWRJUDPPHWULF�VXUYH\V��
7KHVH� ODVW� WZR� SODWIRUPV� VKDUH� D� VWURQJ� VSLULW� RI� UHVHDUFK�
by proposing innovative AI-based tools for point cloud 
VHJPHQWDWLRQ��,QQRYDWLYH�DQG�FRQVWDQWO\�XQGHU�GHYHORSPHQW�
WRROV�IRU�VHPDQWLF�VHJPHQWDWLRQ��DXWRPDWLF�FODVVLÀFDWLRQ��DQG�
SRLQW�FORXG�ODEHOLQJ�FKDUDFWHUL]H�)O\YDVW��)LJJ����������,QVWHDG��
DV�D�QRYHOW\��9HUFDWRU��)LJ�����RරHUV�WKH�RSWLRQ�WR�LPSOHPHQW�
DQ�DXWRPDWLF�WDUJHWOHVV�VFDQ�DOLJQPHQW�

)LJ�����²�&LQWRR�GDWD�PDQDJHPHQW�LQWHUIDFH� )LJ�����²�)HDWXUHV�RI�WKH�)O\YDVW�ZHE�SODWIRUP�
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)LJ�����²�)O\YDVW�SRLQW�FORXG�VHFWLRQLQJ�WRRO�DQG��EHORZ��Á\YDVW�DXWRPDWLF�VHJPHQWDWLRQ�WRRO�
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)LJ�����²�)HDWXUHV�RI�WKH�9HUFDWRU�ZHE�SODWIRUP�
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)LJ�����²�6XPPDU\�DQG�KLJKOLJKWV�RI�WKH�SDSHU�



������

10'DWD�PDQDJHPHQW��HFLHQW�XVH��DQG�VPDUW�DFFHVV�WR�UHDOLW\�FDSWXUH�GDWD�YLD�ZHE�SODWIRUPV

Conclusions    
7KH�SUHVHQWHG�FULWLFDO�DQDO\VLV�LV�FRQÀJXUHG�DV�D�SUHOLPLQDU\�
report regarding the cloud-based platform for reality 
GDWD� VKDULQJ� DQG� PDQDJHPHQW�� UHYHDOLQJ� WKH� IROORZLQJ�
EHQHÀWV� �)LJ�� ����� 7KH� ZHE�EDVHG� DSSURDFK� DOORZV�
ZRUNÁRZ�LPSURYHPHQW�IURP�WKH�GLJLWDO�VXUYH\�WR�WKH�XVH�
RI� LWV� RXWSXWV� FROODERUDWLYHO\�� ZLWKRXW� VSHFLÀF� VRIWZDUH��
DQ\ZKHUH��DQ\WLPH��DQG�RQ�DQ\�GHYLFH��
The point cloud can be employed as a geometrical reference 
IRU�DWWDFKLQJ�GLරHUHQW�IRUPV�RI�WHFKQLFDO�GDWD��LQIRUPDWLRQ��
and additional analyses about the under-studied object 
XVLQJ�KRWVSRWV��DQQRWDWLRQV��DQG�ODEHOV��7KLV�DSSURDFK�FDQ�

)LJ�����²�3RLQW�FORXG�FODVVLÀFDWLRQ�

EH�DGYDQWDJHRXV� LQ� WKH� FXOWXUDO� KHULWDJH�ÀHOG�� HVSHFLDOO\�
ZKHQ� &$'� RU� +%,0�PRGHO� LV� XQQHFHVVDU\� EHFDXVH� LW� LV�
QRW�WKH�ÀQDO�DLP��7KH�VROXWLRQ�FDQ�EH�WR�VNLS�WKH�FRPSOH[�
and time-consuming modeling phase altogether and 
use the point cloud directly as a 3D geometric base for 
WKH� LQIRUPDWLRQ� UHSRVLWRU\�� 7KLV� VWUDWHJ\� FDQQRW� UHSODFH�
geometric analysis and architectural interpretation phases 
but can support them and other types of structural 
SUHVHUYDWLRQ�DQG�UHVWRUDWLRQ�LQYHVWLJDWLRQV�
$W�ODVW��WKLV�DSSURDFK�RරHUV�LQQRYDWLYH�DGYDQFHG�WRROV�IRU�
H[SHULPHQWV�DLPHG�DW�DXWRPDWLQJ�VSHFLÀF�SURFHVVHV��H�J���
FORXG�UHJLVWUDWLRQ��SRLQW�FORXG�VHJPHQWDWLRQ��FODVVLÀFDWLRQ��
and change detection) by exploiting machine learning 
DOJRULWKPV�DQG�$,�VWUDWHJLHV�
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>�@�&RUUHYDWH�/WG��������9HUFDWRU���$XWRPDWLF�3RLQW�&ORXG�3URFHVVLQJ�
3RZHUHG�E\�WKH�&ORXG��9HUFDWRU��85/�KWWSV���YHUFDWRU�FRP���DFFHVVHG�
���������

>��@�'DQLRWWL��%���/XSLFD�6SDJQROR��6���3DYDQ��$���%RORJQHVL��&��0���������
,QQRYDWLYH�7RROV�DQG�0HWKRGV�8VLQJ�%,0�IRU�DQ�(FLHQW�5HQRYDWLRQ��
In Buildings��S�������6SULQJHU�1DWXUH�

>��@� 'LVFKHU�� 6��� 5LFKWHU�� 5��� '|OOQHU�� -��� ������ $� VFDODEOH� ZHE*/�
based approach for visualizing massive 3D point clouds using 
semantics-dependent rendering techniques, in: Proceedings of 
WKH� ��UG� ,QWHUQDWLRQDO� $&0� &RQIHUHQFH� RQ� �'� :HE� 7HFKQRORJ\��
Presented at the Web3D ’18: The 23rd International Conference 
RQ� �'�:HE� 7HFKQRORJ\�� $&0�� 3R]QDĕ� 3RODQG�� SS�� �²��� KWWSV���GRL�
RUJ������������������������

>��@� )$52�� ������ )$52� :HE6KDUH�� 85/� KWWSV���ZZZ�IDUR�FRP�HQ�
3URGXFWV�6RIWZDUH�:HE6KDUH��DFFHVVHG����������

>��@�*DYD]]HQL�� )��� ������ =RSSL·V� 7RZHU� LQ�&RVWD�GL�0H]]DWH� �%*���$�
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���������

>��@� /HLFD� *HRV\VWHPV� $*�� ������ /HLFD� 7UX9LHZ� &ORXG�� 85/� KWWSV���
OHLFD�JHRV\VWHPV�FRP�HQ�*%�SURGXFWV�ODVHU�VFDQQHUV�VRIWZDUH�
OHLFD�WUXYLHZ�OHLFD�WUXYLHZ�FORXG��DFFHVVHG����������
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THE POTENTIAL OF BIM AND GIS MODELS FOR 
SUSTAINABLE WEALTH MANAGEMENT11

Abstract

Public administrations, increasingly, promote the 
dissemination of heritage sites and environments in order 
to promote cultural tourism that contributes to economic 
DQG� VRFLDO� G\QDPL]DWLRQ�RI� WKHVH�GHVWLQDWLRQV�� 7KH� UHVHDUFK�
RI� QHZ� FDSDFLWLHV� DWWDFKHG� WR� WHFKQRORJLHV� WKDW� LQYROYH� WKH�
HFLHQW�PDQDJHPHQW�RI� LQIRUPDWLRQ��DV�ZHOO�DV�PHWKRGV�RI�
ZRUN�FRQGXFLYH�WR�WKH�SODQQLQJ�RI�FXOWXUDO�WRXULVP��EHFRPHV�
D�VFLHQWLÀF�DQG�DOVR�VRFLDO�QHFHVVLW\��7KH�FUHDWLRQ�RI�D�XQLWDU\�
PDQDJHPHQW� SODWIRUP� ZKHUH� DOO� WKH� DFWRUV� LQYROYHG� LQ� WKH�
management and planning of the public cultural visit to a 
KHULWDJH� HQYLURQPHQW� ZRXOG� EH� RI� JUHDW� KHOS�� *HRJUDSKLF�
,QIRUPDWLRQ�6\VWHPV� �*,6�� DOORZ� WR� UHODWH�DQ\�GDWD�DYDLODEOH�
LQ�D�JHRJUDSKLFDO�HQYLURQPHQW��ZKLFK�PDNHV�WKLV�IUDPHZRUN�D�
WRRO�ZLWK�JUHDW�SRWHQWLDO�IURP�WKH�SHUVSHFWLYH�RI�SODQQLQJ�DQG�
PDQDJHPHQW�RI�WRXULVP�DQG�FXOWXUH��
,Q� WKLV� FRQWH[W�� WKH� 0LQLVWU\� RI� 6FLHQFH� DQG� ,QQRYDWLRQ� RI�
the Government of Spain, granted, in a public call, funding 
IRU� WKH�GHYHORSPHQW� RI� WKH�5�'�,� SURMHFW� HQWLWOHG�Analysis 
and development of HBIM integration in GIS for the creation 
of a tourism planning protocol of the cultural heritage of a 
destination� �3,'�����������5%�,����� 7KLV� SURMHFW� SURSRVHV�
WKH� FUHDWLRQ� RI� DQ� RQOLQH� +%,0�6,*� ZRUN� SODWIRUP�� ZKLFK�
PHHWV�WKH�QHHGV�UDLVHG�E\�SXEOLF�DGPLQLVWUDWLRQV�
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History
0DQ\�JHRJUDSKLF�DUHDV�DQG�SRSXODWLRQ�FHQWHUV�EDVH�D�ODUJH�
SDUW�RI�WKHLU�HFRQRP\�RQ�WKHLU�KHULWDJH�YDOXHV��,PSURYLQJ�
the planning and management of these assets becomes 
an obligation aimed at ensuring sustainability, especially 
LQ� WKH� IUDPHZRUN� RI� WRXULVP� GHYHORSPHQW�� )RU� WKLV�
reason, public administrations, increasingly, promote the 
dissemination of heritage sites and environments in order 
to promote cultural tourism that contributes to economic 
DQG�VRFLDO�G\QDPL]DWLRQ�RI�WKHVH�GHVWLQDWLRQV��7KH�UHVHDUFK�
RI�QHZ�FDSDFLWLHV�DWWDFKHG�WR�WHFKQRORJLHV�WKDW�LQYROYH�WKH�
HFLHQW�PDQDJHPHQW�RI�LQIRUPDWLRQ��DV�ZHOO�DV�PHWKRGV�
RI� ZRUN� FRQGXFLYH� WR� WKH� SODQQLQJ� RI� FXOWXUDO� WRXULVP��
EHFRPHV�D�VFLHQWLÀF�DQG�DOVR�VRFLDO�QHFHVVLW\��7KH�FUHDWLRQ�
RI� D� XQLWDU\� PDQDJHPHQW� SODWIRUP� ZKHUH� DOO� WKH� DFWRUV�
involved in the management and planning of the public 
FXOWXUDO�YLVLW�WR�D�KHULWDJH�HQYLURQPHQW�ZRXOG�EH�RI�JUHDW�

)LJ����²�7KH�FDVH�VWXGLHV������&DWKHGUDO������6DQ�-XDQ�GHO�+RVSLWDO������7KH�
3DWULDUFK��6RXUFH��WKH�3(3&9������3ODQ�RZQ�UHZRUNLQJ���

KHOS��*HRJUDSKLF�,QIRUPDWLRQ�6\VWHPV��*,6��DOORZ�WR�UHODWH�
DQ\�GDWD� DYDLODEOH� LQ� D�JHRJUDSKLFDO� HQYLURQPHQW��ZKLFK�
PDNHV�WKLV�IUDPHZRUN�D�WRRO�ZLWK�JUHDW�SRWHQWLDO�IURP�WKH�
perspective of planning and management of tourism and 
FXOWXUH��
,Q� WKLV� FRQWH[W�� WKH�0LQLVWU\� RI� 6FLHQFH� DQG� ,QQRYDWLRQ� RI�
the Government of Spain, granted, in a public call, funding 
IRU�WKH�GHYHORSPHQW�RI�WKH�5�'�,�SURMHFW�HQWLWOHG�Analysis 
and development of HBIM integration in GIS for the creation 
of a tourism planning protocol of the cultural heritage of a 
destination��3,'�����������5%�,�����7KLV�SURMHFW�SURSRVHV�
WKH� FUHDWLRQ� RI� DQ� RQOLQH�+%,0�6,*�ZRUN� SODWIRUP��ZKLFK�
PHHWV� WKH� QHHGV� UDLVHG� E\� SXEOLF� DGPLQLVWUDWLRQV�� 7KLV�
SODWIRUP�ZRXOG�DOORZ�WKH�V\QFKURQL]HG�SDUWLFLSDWLRQ�RI�DOO�
the subjects involved in the process of dating, conservation, 
management and planning of the architectural and landscape 
KHULWDJH�LQ�D�ZD\�WKDW�ZRXOG�UHVXOW�LQ�D�SDWULPRQLDO�GDWDEDVH�
OLQNHG�WR�WKH�GLරHUHQW�SDWULPRQLDO�DVVHWV�ORFDWHG�LQ�WKH�VDPH�
JHRJUDSKLFDO� DUHD�� 7KLV�SODWIRUP�ZRXOG� IDYRU� WKH�HFLHQW�

)LJ����²�7KH�FDVH�VWXGLHV������&DWKHGUDO������6DQ�-XDQ�GHO�+RVSLWDO������7KH�
3DWULDUFK��6RXUFH��*RREOH�0DSV�RZQ�UHZRUNLQJ���
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PDQDJHPHQW�RI�WKH�SXEOLF�YLVLW��DV�ZHOO�DV�WKH�LQWHUSUHWDWLRQ�
RI�KHULWDJH�VLWHV�DQG�HQYLURQPHQWV��,Q�DGGLWLRQ��LW�ZRXOG�KHOS�
the preventive conservation and maintenance of heritage 
DVVHWV�DQG�WKH�GLJLWL]HG�UHJLVWUDWLRQ�RI�WKHP�
7KLV� SURMHFW� LV� SDUW� RI� WKH� LQWHUQDWLRQDO� IUDPHZRUN�
programmes such as Horizon Europe, successor to Horizon 
������DQG�'LJLWDO�(XURSH��������ZKLFK�VXSSRUW�DQG�SURPRWH�
UHVHDUFK� SURMHFWV� EDVHG� RQ� WKH� XVH� RI� 1HZ� ,QIRUPDWLRQ�
7HFKQRORJLHV��,&7��
For the development of the project, an urban area of 
the historic center of Valencia (Spain) designated BIC in 
WKH� FDWHJRU\�RI� ´KLVWRULF� FHQWHUµ�KDV�EHHQ� WDNHQ�DV� D� WHVW�
ODERUDWRU\�DQG�IRU�ZKLFK�LWV�6SHFLDO�3URWHFWLRQ�3ODQ��������
KDV�UHFHQWO\�EHHQ�DSSURYHG��,Q�WKLV�DUHD�WKHUH�DUH�WKUHH�FDVH�
studies: The metropolitan cathedral, the church and the 
PHGLHYDO�FRPSOH[�RI�6DQ�-XDQ�GHO�+RVSLWDO�DQG�WKH�5R\DO�
6HPLQDU\� &ROOHJH� RI� &RUSXV� &KULVWL� �WKH� 3DWULDUFK��� %RWK�
the historical urban areas of the Ciutat Vella, and the three 
complexes possess the highest range of protection in the 

DUWLVWLF�DQG�FXOWXUDO�VSKHUH�RI�WKH�FLW\���)LJ����DQG�)LJ����
7KH�PHWURSROLWDQ�FDWKHGUDO�VWDQGV�RQ�WKH�VLWH�RI�ZKDW�ZDV�
RQFH�WKH�*UHDW�0RVTXH��:RUN�EHJDQ�LQ������RQ�D�VFKHPH�
RI�WKUHH�QDYHV�� WUDQVHSW��SRO\JRQDO�DSVH�DQG�JLUOD��2Q�WKH�
Gothic temple have accumulated interventions belonging 
WR�WKH�GLරHUHQW�VW\OLVWLF�SHULRGV��7KHVH�SHUIRUPDQFHV�ZHUH�
carried out by the best teachers of the moment, treasuring 
WKH�EHVW�RI�HDFK�SHULRG��ZKLFK�PDNHV�LW�D�GLGDFWLF�H[DPSOH�
�9LxDOV�DQG�/ySH]���������,W�KDV�EHHQ�RI�FXOWXUDO�LQWHUHVW�VLQFH�
������
,Q�WKH�ROG�FKDSWHU�KRXVH�������������EXLOW�HQWLUHO\�LQ�VWRQH�
DQG� FRYHUHG� ZLWK� D� VSOHQGLG� VWDU� YDXOW�� ,W� SUHVHUYHV� RQH�
RI�WKH�PRVW� LPSRUWDQW�UHOLFV�RI�&KULVWLDQLW\��WKH�+RO\�*UDLO��
2ULJLQDOO\�LW�ZDV�H[HPSW�IURP�WKH�WHPSOH��7KH�IUHH�VWDQGLQJ�
EHOO� WRZHU� SRSXODUO\� NQRZQ� DV� WKH�0LJXHOHWH� GXH� WR� WKH�
QDPH�RI�LWV�ODUJHVW�EHOO�ZDV�EXLOW�EHWZHHQ�WKH�\HDUV�������
������� ,W� LV�RFWDJRQDO� IRU�FHQWXULHV� WKH�WDOOHVW� WRZHU� LQ� WKH�
FLW\���)LJ����DQG�)LJ����
The complex of San Juan del Hospital is documented 

)LJ����²�,QWHULRU�RI�WKH�FDWKHGUDO��6RXUFH��2ZQ��� )LJ����²�([WHULRU�RI�WKH�FDWKHGUDO��6RXUFH��2ZQ��
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VLQFH�������$W�SUHVHQW�LW�FRQVLVWV�RI�WKH�WHPSOH�DQG�WZR�
FRXUW\DUGV� ORFDWHG�QRUWK�DQG� VRXWK�RI� WKH� FKXUFK�� 7KH�
VRXWK�FRXUW\DUG�LV�RQH�RI�WKH�IHZ�H[DPSOHV�RI�D�PHGLHYDO�
ZDOOHG�FHPHWHU\�ZLWK�DUFKHV�DQG�D�FHQWUDO�IXQHUDO�FKDSHO��
7KH� WHPSOH� LV� DQ� H[FHOOHQW� H[DPSOH� RI� 0HGLWHUUDQHDQ�
*RWKLF��,Q�WKH�HQFORVXUH�ZHUH�YHVWLJHV�EHORQJLQJ�WR�WKH�
GLYHUVH�FXOWXUHV�WKDW�KDYH�VKDSHG�WKH�FLW\��,W�KDV�EHHQ�DQ�
$VVHW�RI�&XOWXUDO�,QWHUHVW�VLQFH��������)LJ����DQG�)LJ����
7KH� 5R\DO� 6HPLQDU\� &ROOHJH� RI� &RUSXV� &KULVWL� LV� RQH�
of the best examples of the episode of the Counter-
5HIRUPDWLRQ� LQ� WKH� 6SDQLVK� VFHQH� DQG� RQH� RI� WKH� IHZ�
H[DPSOHV�RI�5HQDLVVDQFH�DUFKLWHFWXUH�WKDW�FDQ�EH�IRXQG�
LQ� WKH� FLW\�RI�9DOHQFLD�� ,W�ZDV�EXLOW� LQ� �����E\� -XDQ�GH�
5LEHUD� �%pUFKH]� DQG� *yPH]�)HUUHU�� ������� ,W� SUHVHQWV�
D� FOHDU� LQÁXHQFH�RI� DUFKLWHFWXUDO� WUHDWLVHV� �/ySH]� HW� DO��
�������,W�LV�RI�&XOWXUDO�,QWHUHVW�VLQFH��������)LJ����DQG����
The three buildings are located in the historic center, 
RQH� RI� WKH� ODUJHVW� LQ� (XURSH�� ,Q� LWV� FHQWUDO� SDUW� LV� WKH�
6HX�;HUHD�GLVWULFW�ZKHUH�WKH�&DWKHGUDO�DQG�6DQ�-XDQ�GHO�
+RVSLWDO�DUH�ORFDWHG��+HUH�DUH�WKH�UHPDLQV�RI�WKH�5RPDQ�
9DOHQFLD�RI�UHSXEOLFDQ�DQG�LPSHULDO�WLPHV��,W�LV�WKH�FLYLF�
FHQWHU�RI�WKH�FLW\��HQFODYH�RI�WUDGLWLRQDO�QREOH�VHWWOHPHQW��

)LJ����²�2XWVLGH�RI�6DQ�-XDQ�GHO�+RVSLWDO��6RXUFH��2ZQ��

)LJ����²�,QVLGH�RI�6DQ�-XDQ�GHO�+RVSLWDO��6RXUFH��2ZQ�� )LJ����²�,QVLGH�RI�WKH�3DWULDUFK·V�&ROOHJH��6RXUFH��2ZQ��
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Integrative Principles of BIM and GIS
One of the challenges facing the documentation and 
management of cultural heritage is the large amount of 
scattered information that is sometimes incomplete and 
PHVV\�� /DFN� RI� UHOLDEOH� VRXUFHV� RI� GRFXPHQWDWLRQ� FDQ�
impair the preservation of the building and even create 
LQHFLHQF\� LVVXHV� WKURXJKRXW� LWV� OLIH� F\FOH�� 7R� RYHUFRPH�
WKLV� GLFXOW\�� LW� LV� QHFHVVDU\� WR� FUHDWH� D� &RPPRQ� 'DWD�
Environment (CDE) or a “Common Data Environment” as 
D� VROXWLRQ� WR� WKH� SUREOHP�� &'(� LQYROYHV� D� VLQJOH� VRXUFH�
of information for collecting, managing, interpreting and 
GLVVHPLQDWLQJ� SURMHFW� GDWD�� ,Q� ������ (QJOLVK� +HULWDJH�
already advocated the need to create a CDE for the study 
RI�KHULWDJH�DQG�HYHQ�EHJDQ�WR�FRQVLGHU�%,0�LQ�LWV�VWUDWHJ\�
IRU� KHULWDJH� FRQVHUYDWLRQ� E\� FUHDWLQJ� D� %,0� 6,*� 6SHFLDO�
,QWHUHVW�*URXS��,Q�������+LVWRULF�(QJODQG��KHLUHVV�WR�(QJOLVK�
+HULWDJH�� HVWDEOLVKHG� WKH� VFDරROGLQJ� RQ� ZKLFK� D� &'(�
LQWHQGHG�WR�PDQDJH�KHULWDJH�DVVHWV�VKRXOG�EH�EDVHG�
,Q� ������ 0XUSK\� HW� DO�� SHUFHLYHG� WKH� DGYDQWDJHV� WKDW�
WKH� %,0� PHWKRGRORJ\� FRXOG� IDFLOLWDWH� LQ� WKH� VWXG\� RI�
DUFKLWHFWXUDO� KHULWDJH�� 6LQFH� WKHQ�� WKH� UHVHDUFK� DQG�
WHFKQLFDO� DGYDQFHV� FDUULHG�RXW�� DV�ZHOO� DV� WKH� DVVRFLDWHG�
VFLHQWLÀF�OLWHUDWXUH��KDYH�UHYHDOHG�WKH�SRWHQWLDO�RI�+%,0�WR�
GRFXPHQW�KHULWDJH�EXLOGLQJV��-RUGDQ�3DORPDU�HW�DO����������
+RZHYHU��PRVW�RI�WKHP�UHIHU�WR�VWXGLHV�RQ�D�VSHFLÀF�FDVH�
ZLWKRXW�HVWDEOLVKLQJ�PHWKRGRORJLHV�RU�ZRUNLQJ�SURWRW\SHV�
WKDW�FDQ�EH�H[WUDSRODWHG�WR�RWKHU�EXLOGLQJV�
,Q�6SDLQ��)UDQFLVFR�3LQWR�3XHUWR�ZDV�D�SLRQHHU�LQ�WKH�UHVHDUFK�
RI�WKH�%,0�PHWKRGRORJ\�DSSOLHG�WR�DUFKLWHFWXUDO�KHULWDJH�
GHYHORSHG�LQ�WKH�SURMHFW�´$�'LJLWDO�0RGHO�RI�,QIRUPDWLRQ�
IRU� WKH� .QRZOHGJH� DQG� 0DQDJHPHQW� RI� 5HDO� (VWDWH� RI�
&XOWXUDO�+HULWDJHµ��6XEVHTXHQWO\��VWXGLHV�KDYH�EHHQ�FDUULHG�
out aimed at incorporating diverse information around the 
VWXG\�DQG�PDQDJHPHQW�RI�D�KHULWDJH�DVVHW��FRQÀUPLQJ�WKH�
JUHDW�SRWHQWLDO�RI�+%,0�WR�PDQDJH�WKH�PDLQWHQDQFH�ZRUN�
RI�EXLOGLQJV�WKURXJKRXW�WKHLU�OLIH�F\FOH��)DVVL�HW�DO����������,Q�
this same sense, progress has been made in the registration 

to the north is the neighborhood of the University 
)UDQFHV�� ZKHUH� WKH� ROG� -HZLVK�4XDUWHU�ZDV� ORFDWHG� RQ�
ZKLFK��DIWHU�LWV�GHPROLWLRQ��WKH�3DWULDUFK�ZDV�EXLOW��ERWK�
neighborhoods are separated by the axis of Calle de la 
Paz, one of the most coherent and representative spaces 
of the city, characterized by the implantation of the 
DHVWKHWLF�FXUUHQWV�RI�0RGHUQLVP�DQG�(FOHFWLFLVP�RI�WKH�
ODWH�QLQHWHHQWK�FHQWXU\�

)LJ����²�2XWVLGH�RI�WKH�3DWULDUFK·V�&ROOHJH��6RXUFH��2ZQ��
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of injuries through the monitoring and placement of 
VHQVRUV��ZKLFK�UHSUHVHQWV�D�JUHDW�DGYDQFH�LQ�WKH�SUHYHQWLYH�
FRQVHUYDWLRQ�DQG�SODQQLQJ�RI�DFWLRQV��%UXQR�HW�DO����������
$GYDQFHV�LQ�WKH�GRFXPHQWDWLRQ�DQG�PDQDJHPHQW�RI�+%,0�
heritage have not only been limited to buildings, but the 
FUHDWLRQ�RI�PRGHOV�LQ�WKH�ÀHOG�RI�DUFKDHRORJ\�LV�DOVR�EHLQJ�
WHVWHG��0DUWtQ�DQG�0XULOOR��������
+RZHYHU��WKHUH�LV�QR�UHVHDUFK�UHODWHG�WR�WKH�XVH�RI�WKH�+%,0�
methodology aimed at the management of the tourist visit, 
except that tested by Elena Salvador on a religious building 
LQ�9DOHQFLD��6DOYDGRU�*DUFtD�HW�DO�����������)LJ����
)RU�WKHLU�SDUW��*,6�UHSUHVHQW�D�SRZHUIXO�WRRO�IRU�ZRUNLQJ�RQ�
LVVXHV�UHODWHG�WR�XUEDQ�SODQQLQJ�DQG�UHVRXUFH�PDQDJHPHQW��
These characteristics have led to interoperability trials 
ZLWK� %,0� LQ� GLරHUHQW� DUHDV� UHODWHG� WR� FXOWXUDO� KHULWDJH��

7KH� UHYLHZ� RI� WKH� VFLHQWLÀF� OLWHUDWXUH� DURXQG� +%,0� DQG�
*,6�FDSDELOLWLHV�E\�3DYHO�7RELiä��������DQG�;LXFKHQJ�<DQJ�
HW� DO� LV� YHU\� LQWHUHVWLQJ�� �������� ,W� VKRXOG� EH� QRWHG� WKDW�
+%,0� LQWHJUDWLRQ� LQ�*,6�DOVR�EHJLQV� WR�EH�XVHG� LQ�ZRUNV�
IUDPHG�LQ�D�JHRJUDSKLFDO�DUHD��7KXV��0DUWtQ��HW�DO�� �������
DVVHVV� WKH�SRWHQWLDO� ULVNV� WR�ZKLFK� WKH�KHULWDJH�DVVHWV�RI�
DQ�DUFKDHRORJLFDO� DUHD�PD\�EH� VXEMHFWHG��0DVFRUW�$OEHD�
HW� DO�� ������� DGYDQFH� LQ� WKH� FUHDWLRQ�RI� LQWHUDFWLYH�PDSV�
of heritage complexes for public consultation through the 
*HRSRUWDO� RI� 6SDWLDO� 'DWD� ,QIUDVWUXFWXUH�� )RU� WKHLU� SDUW��
%UXQR� HW� DO�� ������� KDYH� GHYHORSHG� D� ZHE� LQIRUPDWLRQ�
V\VWHP�FDSDEOH�RI�LQWHJUDWLQJ�%,0�DQG�*,6�GDWD��IRFXVLQJ�
on the analysis of the historic city and its main buildings over 
WLPH��$ORQJ�WKH�VDPH�OLQHV��&KHQDX[�HW�DO���������DGGUHVV�
WKH� LQWHJUDWLRQ� RI� %,0�ZLWK� *,6� DV� SDUW� RI� WKH�ZRUNÁRZ�

)LJ����²�'LDJUDP�RI�WKH�SKDVHV�RI�WKH�+%,0�SURFHVV��6RXUFH��2ZQ���
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in the creation of Virtual Historic Dublin, designing an 
LQWHUDFWLYH��'�PRGHO�RI�'XEOLQ·V�KLVWRULF�FHQWHU�
7KLV�JUHDW�PDQDJHPHQW�FDSDFLW\�WKDW�FDQ�EH�DFKLHYHG�ZLWK�
WKH�LQWHURSHUDELOLW\�EHWZHHQ�%,0�DQG�*,6�DLPV�WR�EH�WHVWHG�
for the management of public use and cultural tourism in 
WKH�5�'�,�3URMHFW�WKDW�LV�EHLQJ�GHYHORSHG���)LJ�����

)LJ�����²�2XWOLQH�RI�+%,0�LQWHJUDWLRQ�FDSDELOLWLHV�LQ�*,6��6RXUFH��2ZQ���

OBJECTIVES AND METHODOLOGY OF 
HBIM-SIG INTEGRATION 
7KH� RYHUDOO� REMHFWLYH� RI� WKH� 5�'�,� 3URMHFW� LV� WR� H[SORUH�
DQG�GHWHUPLQH�WKH�SRVVLELOLWLHV�RI�LQWHURSHUDELOLW\�EHWZHHQ�
+%,0� DQG� *,6� IRU� WKH� FUHDWLRQ� RI� D� 3URWRFRO� DLPHG� DW�
synchronizing and managing information on heritage 
architecture, sustainable conservation of goods, territorial 
SODQQLQJ�DQG�FXOWXUDO�WRXULVP��7KLV�REMHFWLYH�LV�GHYHORSHG�
WKURXJK� VL[� VSHFLÀF� REMHFWLYHV� OHDGLQJ� WR� HVWDEOLVK� WKH�
conceptual bases, optimize the management of heritage 
HOHPHQWV�� GHYHORS� WKH� +%,0�6,*� LQWHJUDWLRQ� DLPHG� DW�
JHQHUDWLQJ�D�ÀUVW�GUDIW�RI� WKH�7RXULVP�3ODQQLQJ�3URWRFRO��
DSSO\�LW�WR�WKH�FDVH�VWXGLHV�DQG��ÀQDOO\��DQDO\]H�WKH�UHVXOWV�
in order to improve the proposed Protocol that may be 
H[SRUWDEOH�WR�RWKHU�FDVH�VWXGLHV�
The achievement of these objectives is only possible 
WKURXJK� WKH� GHVLJQ� RI� D� ZRUNLQJ� PHWKRGRORJ\� VXLWDEOH�
IRU� WKLV� SXUSRVH�� 7KH� 'HVLJQ� 6FLHQFH� 5HVHDUFK� �'65��
method has been used as it aims to solve a problem 
UHODWHG�WR�KHULWDJH�DUFKLWHFWXUH�DQG�LWV�SXEOLF�XVH��7KH�ÀYH�
VWDJHV� VXJJHVWHG� E\� 9DLVKQDYL� HW� DO�� ������� DQG� &KDYHV�
HW� DO�� ������� IRU� 'HVLJQ� 6FLHQFHV� KDYH� EHHQ� SURSRVHG��
��� ,GHQWLI\� WKH� SUREOHP�� WKURXJK� WKH� DQDO\VLV� RI� WKH�
VFLHQWLÀF� OLWHUDWXUH�� ��� 8QGHUVWDQG� WKH� SUREOHP�� WKURXJK�
the analysis of cultural tourism planning in the proposed 
case studies, all three cases being framed in the same 
PDQDJHPHQW�ERG\�����'HYHORS�D�VROXWLRQ��ZLWK�WKH�FUHDWLRQ�
RI�D�3URWRFRO� LQWHJUDWLQJ� WKH�+%,0�6,*� IXQFWLRQV� UHODWHG�
WR�FXOWXUDO�WRXULVP�SODQQLQJ�DQG�FRQVHUYDWLRQ�RI�SURSHUW\��
���,PSOHPHQWLQJ�WKH�6ROXWLRQ��,PSOHPHQWLQJ�WKH�3URWRFRO�
LQ�&DVH�6WXGLHV��DQG����(YDOXDWH�WKH�VROXWLRQ��FKHFNLQJ�WKH�
functioning of the Protocol, detecting possible changes and 
improvements and analyzing the potential for exportability 
DQG�WUDQVIHU�RI�UHVXOWV�WR�RWKHU�VLWXDWLRQV���)LJ�����
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APPLICATION OF HBIM AND GIS 
INTEGRATION IN CASE STUDIES 
)RU� WKH� LQWHJUDWLRQ� RI� WKH� +%,0� DQG� *,6� PRGHOV�� WKH�
IROORZLQJ�TXHVWLRQ�ZDV�IRUPXODWHG�DV�D�VWDUWLQJ�K\SRWKHVLV��
Is it possible to achieve a Common Data Environment (CDE) 
E\� LQWHJUDWLQJ� WKH�%,0�DQG�*,6�PRGHOV�� VR� WKDW� WKH�&'(�
becomes a single source of updated information aimed at 
collecting, managing, interpreting and disseminating data 
IURP�WKH�LQWHJUDWLRQ�RI�WKH�WZR�PRGHOV"�
)LUVW�RI�DOO��WKH�ZRUNV�RI�(OHQD�6DOYDGRU�*DUFtD��������ZKR�
PDQDJHG� IRU� WKH�ÀUVW� WLPH� WR� LPSOHPHQW� WKH� WRXU�RI� WKH�
WRXULVW�YLVLW� LQ�DQ�+%,0�PRGHO�ZDV�FRQVLGHUHG�� ,GHQWLÀHG�
WKH� DJHQWV� LQYROYHG� DQG� WKH� QHHGV�� WUDGLWLRQDO� ZRUN�
SURFHVVHV�DQG�SRWHQWLDOLWLHV�RI�+%,0�LQ�WKH�ÀHOG�RI�SXEOLF�
XVH�PDQDJHPHQW���)LJ�����DQG�)LJ����
6HFRQGO\��0DUWD�4XLQWLOOD�&DVWiQ��������PDQDJHG�WR�GHÀQH�
a digital graphic inventory model of architectural heritage 
LQ�D�JHRJUDSKLFDO�DUHD��7KH�VROXWLRQ�ZDV�WKH�GHVLJQ�RI�DQ�
LQWHJUDWHG�JHRPHWULF�UHODWLRQDO�PRGHO�RI�LQIRUPDWLRQ��7KLV�
WRRO� DOORZHG� WKH� GLරXVLRQ� DQG� H[SORLWDWLRQ� EHWZHHQ� WKH�
GLරHUHQW�XVHUV�WKURXJK�D�:HE�3RUWDO�LQ�ZKLFK�D�FDUWRJUDSKLF�
YLHZHU�LV�LQWHJUDWHG�ZLWK�WKH�DFFHVV�WKURXJK�D�SRLQW�FORXG�
manager based on WebGL and in the repository of the 
+%,0�6,*�LQIRUPDWLRQ��

)LJ�����²�'65�2XWOLQH��6RXUFH��2ZQ���

)LJ�����²�7KH�LPSOHPHQWDWLRQ�LQ�+%,0�RI�WKH�([SRVLWRU\�6SDFH�8QLWV�RI�
WKH�6DQ�-XDQ�GHO�+RVSLWDO�FRPSOH[��6RXUFH��6DOYDGRU�*DUFtD��(������������
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7DNLQJ� WKHVH� WZR� VWXGLHV� DV� D� SUHFHGHQW�� WKH� IROORZLQJ�
LQIRUPDWLRQ� ZDV� JHQHUDWHG� DQG� HODERUDWHG� WKURXJK� WKH�
IROORZLQJ�WRROV��

1/ The data collection of the point clouds of the area 
comprising the three buildings in the neighborhoods 
of Seu-Xerea and Universitat carried out by means of a 
ODVHU�VFDQQHU�HTXLSPHQW�/HLFD�57&����DQG�WKH�DVVRFLDWHG�
SURJUDP�&\FORQH���)LJ�����
2/ The data collection of the Patriarch, cathedral and 
6DQ-XDQ�GHO�+RVSLWDO� WKURXJK� WKH� )$52� )RFXV� 3UHPLXP��
Focus 360, Focus 3D and Freestyle equipment, portable 
VFDQQHU�HTXLSPHQW�DQG�SURFHVVHG�ZLWK�WKH�VFHQH�SURJUDP��
�)LJ���������DQG����
���3RLQW�FORXGV�KDYH�EHHQ�LPSOHPHQWHG�LQ�5HYLW�IRU�GLJLWDO�
PRGHOLQJ���)LJ�����

)LJ�����²�7KH�LPSOHPHQWDWLRQ�LQ�+%,0�RI�WKH�WRXULVW�URXWHV�RI�WKH�ZKROH�
RI�6DQ�-XDQ�GHO�+RVSLWDO��6RXUFH��6DOYDGRU�*DUFtD��(����������

4/ These models have been incorporated into GIS 
WKURXJK� WKH� $UF*,6� RQOLQH� SODWIRUP�� 7KLV� IDFLOLWDWHV� WKH�
LQWHJUDWLRQ�RI��'�DQG��'�FDUWRJUDSKLF�PRGHOV�RI�GLරHUHQW�
RULJLQV� LQ� DQ� LQWXLWLYH� LQWHUIDFH�� $W� WKH� VDPH� WLPH�� LW�
DOORZV� WKH� YLVXDOL]DWLRQ�� DQDO\VLV�� LPDJH� SURFHVVLQJ�� GDWD�
management and integration of information generated by 
WKH�SDUWLFLSDWLQJ�DJHQWV���)LJ������

)LJ�����²�3RLQW�FORXGV�RI�WKH�ZD\��

)LJ�����²�7RS�YLHZ�RI� WKH�SRLQW�FORXGV�RI� WKH�&ROOHJH�DQG�&KXUFK�RI�
&RUSXV�&KULVWL��6RXUFH��-XQVKDQ��/L���������
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)LJ�����²�3RLQW�FORXGV�RI�WKH�&DWKHGUDO��6RXUFH��2ZQ���

)LJ�����²�3RLQW�FORXGV�RI�WKH�VHW�RI�6DQ�-XDQ�RI�WKH�+RVSLWDO�5HFDS�
�6RXUFH��2ZQ���

)LJ�����²�0RGHO��'�+%,0�5HYLW�RI�6DQ�-XDQ��6RXUFH��2ZQ���
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Conclusions 
7KH� SRWHQWLDO� RI� +%,0� DQG� *,6� WRROV�� DV� ZHOO� DV� WKHLU�
interoperability, for the management of public use 
RI� KHULWDJH� EXLOGLQJV� DUH� HYLGHQW�� ,Q� SDUDOOHO�� WKH�
integration of both methodologies to an Access 
GDWDEDVH� HරHFWLYHO\� FROODERUDWHV� LQ� WKH� PDQDJHPHQW�
of preventive maintenance and conservation and in 
the documentation of heritage buildings located in a 
JLYHQ�JHRJUDSKLFDO�DUHD��$OO�WKLV�LQYROYLQJ�DOO�WKH�DFWRUV�
LQYROYHG�LQ�WKH�GLරHUHQW�WKHPDWLF�DUHDV�
It should be noted that the integration of these 
GDWDEDVHV�LV�ZKDW�DOORZV�WKH�FRPELQDWLRQ�RI�LQIRUPDWLRQ�

DW� GLරHUHQW� VFDOHV�� ERWK� RQ� D� EXLOGLQJ� VFDOH� DQG� RQ� D�
WHUULWRULDO�VFDOH��
It has been found that the capabilities of the integration 
RI� +%,0� DQG� *,6� FDQ� EH� FODVVLÀHG� LQ� WKH� IROORZLQJ�
ÀHOGV� UHODWHG� WR� WKH� VWXG\� RI� WKH� FXOWXUDO� YLVLW� WR� WKH�
architectural heritage in an environment: 1/ assess 
and coordinate alternatives of simultaneous thematic 
LWLQHUDULHV�� ��� VWXG\� WKH� PDQDJHPHQW� IRU� WKH� HFLHQW�
IRU� WKH� GHVLJQ� VWUDWHJLHV� RI� GHYLFHV� WKDW� DOORZ� WR�
FRPSDWLELOL]H�WKH�WRXULVW�XVH�ZLWK�WKH�UHVLGHQWLDO�WDNLQJ�
LQWR�DFFRXQW�DVSHFWV�WKDW�FRQFXU����9LUWXDOO\�LGHQWLI\�WKH�
SUREOHPV�RI�YLVLWRU�ÁRZV�FRQVLGHULQJ�WKH�SURÀOH�RI� WKH�
visitor and their physical and psychological comfort, as 
ZHOO�DV�YLVLWV�GHVWLQHG�WR�SHRSOH�ZLWK�IXQFWLRQDO�GLYHUVLW\�

)LJ�����²�+%,0�LQWHJUDWLRQ�LQ�*,6�RI�DUFKLWHFWXUDO�HQVHPEOH�RI�6DQ�-XDQ��6RXUFH��2ZQ���
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Abstract

'LJLWDO�PRGHOOLQJ�KDV�PXOWLSOLHG�WKH�RSSRUWXQLWLHV�RරHUHG�E\�
graphic representation for the study, analysis, documentation, 
DQG�HQKDQFHPHQW�RI�WKH�DUFKLWHFWXUDO�KHULWDJH�� ,Q�SDUWLFXODU��
3D models, intended both as a visual computing tool -that 
is, data processing and deepening of the characteristics of 
buildings- and as “complex” models -as they are connected 
to a heterogeneous information system- favour the 
documentation of the historical and architectural values of 
WKH�KHULWDJH�� ,Q�WKLV�FRQWH[W��%XLOGLQJ� ,QIRUPDWLRQ�0RGHOOLQJ�
�%,0��� LQ� LWV� GXDO� PHDQLQJ� RI� JUDSKLF� UHSUHVHQWDWLRQ� DQG�
GDWDEDVH�� KDV� DPSOLÀHG� VXFK� SRWHQWLDO�� RරHULQJ� LWVHOI� DV� DQ�
LQWHUDFWLYH� SODWIRUP� ZKHUH� WR� PDQDJH� WKH� KHWHURJHQHRXV�
and multidisciplinary information inherent to the architectural 
KHULWDJH�� +RZHYHU�� WKHVH� PRGHOV� DUH� QRW� D� FRPSOHWH� DQG�

exhaustive transcription of the characteristics of the object of 
study, but rather a critical selection of these, made according 
WR� WKH� SXUSRVHV� RI� WKH� UHSUHVHQWDWLRQ� DQG� WKH� VSHFLÀFLWLHV�
RI� WKH� DUFKLWHFWXUDO� REMHFW�� )RU� WKLV� UHDVRQ�� LQ� RUGHU� IRU� WKH�
UHSUHVHQWDWLRQ� WR�KDYH�D� VFLHQWLÀF�EDVLV�� LW� LV� QHFHVVDU\� WKDW�
the sources used for the realization of the model are declared 
transparently and that the interpretative level of the virtual 
UHFRQVWUXFWLRQ�LV�FOHDU�
7KH� FRQWULEXWLRQ� GHDOV� ZLWK� WKH� LVVXHV� RI� WUDQVSDUHQF\� RI�
models and their reliability, in relation to both geometric 
DQG� QRQ�JHRPHWULF� FRQWHQWV�� ,Q� SDUWLFXODU�� EDVHG� RQ� DQ�
experiment conducted on several case studies, it proposes a 
SRVVLEOH� VSHFLÀF� SURFHGXUH� IRU�PRGHOOLQJ� WUDQVSDUHQF\� DQG�
reliability evaluation, necessary for the documentation of the 
DUFKLWHFWXUDO�KHULWDJH�WKURXJK��'�PRGHOV�
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Introduction
'LJLWDO� PRGHOOLQJ� KDV�PXOWLSOLHG� WKH� SRVVLELOLWLHV� RරHUHG�
by graphic representation for the study, analysis, and 
HQKDQFHPHQW�RI�WKH�DUFKLWHFWXUDO�KHULWDJH���'�PRGHOV�� LQ�
fact, can favour the documentation of the historical and 
architectural values of the heritage and, at the same time, 
FDQ�EH�WRROV�IRU�FRPPXQLFDWLRQ�DQG�YDORULVDWLRQ�
In this respect, 3D models must be intended both as a visual 
computing tool -that is, data processing and deepening of 
the characteristics of buildings - and as “complex” models 
-as they are connected to a heterogeneous information 
V\VWHP��
The modelling of the architectural heritage can concern 
GLරHUHQW�WKHPHV��OW�PD\�LQYROYH�IRU�H[DPSOH�UHFRQVWUXFWLYH�

hypotheses of past phases of a building or an urban context 
�%UXVDSRUFL�HW�DO���������
6LQFH�ZKDW�FDQ�EH�NQRZQ�LV�RQO\�FXUUHQW�UHDOLW\��WKH�UHIHUHQFH�
RI�WKHVH�UHFRQVWUXFWLRQV�LV�WKH�VXUYH\�RI�WKH�SUHVHQW�VWDWH��,Q�
addition, there is the critical analysis of the various archival 
GRFXPHQWV��VXFK�DV�KLVWRULFDO�SKRWRV��GUDZLQJV��DQG�VR�RQ��
The scholar, then, on the basis of the critical analysis of survey 
GDWD�DQG�DUFKLYDO�GRFXPHQWV��PDNHV�LQWHUSUHWDWLYH�FKRLFHV� 
Similar interpretative problems can be found in the 
digital visualizations of hypotheses of projects never 
FRPSOHWHG�� ,Q� WKLV� FDVH�� WKH� �'� PRGHO� EHFRPHV�
DQ� LQVWUXPHQW� IRU� XQGHUVWDQGLQJ� KRZ� WKH� DUWHIDFW�
FRXOG� DSSHDU� DQG� WKH� FXUUHQW� DUFKLWHFWXUDO� YDOXHV�� 
The modelling of incomplete architectures is carried 
out on the basis of a critical overlap of the project 
ZLWK� WKH� VXUYH\� RI� WKH� FXUUHQW� VWDWH�� 7KH� GLJLWDO�

)LJ����²�7KH�GLරHUHQW�WKHPHV�RI��'�PRGHOOLQJ�IRU�WKH�DUFKLWHFWXUDO�KHULWDJH�
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UHFRQVWUXFWLRQ� RI� XQÀQLVKHG� DUFKLWHFWXUHV�� WKHUHIRUH��
raises important matters of interpretation: on the basis 
of a critical analysis, interpretative choices must be 
made, aimed at overcoming any inconsistencies and 
K\SRWKHVL]LQJ�ZKDW�LQ�WKH�SURMHFW�LV�LQFRPSOHWH�RU�XQFOHDU� 
+RZHYHU�� HYHQ� ZKHQ� WKH� PRGHOOLQJ� FRQFHUQV� H[LVWLQJ�
buildings, digital visualization is not exempt from 
interpretative choices: for example, the interpretation 
of survey data, the reconstruction of non-geometric 
DVSHFWV� VXFK� DV� WKH� FRQVWUXFWLYH� WHFKQRORJ\�� DQG� VR� RQ� 
So, the declaration of the sources and the “interpretative” 
OHYHO� RI� WKH� LQIRUPDWLRQ� REWDLQHG� ZLWK� UHVSHFW� WR� WKH�
DYDLODEOH� GDWD� DUH� WZR� HVVHQWLDO� WKHPHV� LQ� WKH� FRQWH[W�
RI� WKH� UHSUHVHQWDWLRQ� RI� WKH� DUFKLWHFWXUDO� KHULWDJH�� 7KH�
issue of the model “Transparency” becomes essential, 
understood as the declaration of the information sources 

and the possibility of philological reconstruction of the 
FKRLFHV� PDGH� IRU� WKH� UHDOL]DWLRQ� RI� WKH� PRGHO�� $V� LW� LV�
essential to declare the level of reliability of the model, 
ZLWK�UHVSHFW�QRW�RQO\�WR�WKH�JHRPHWU\�EXW�DOVR�WR�WKH�RWKHU�
LQIRUPDWLRQ�FRQWHQWV��VXFK�DV�WKH�FRQVWUXFWLRQ�WHFKQRORJ\� 
,Q� WKLV� FRQWH[W�� %XLOGLQJ� ,QIRUPDWLRQ� 0RGHOOLQJ�� LQ� LWV�
dual meaning of graphic representation and database, 
KDV� DPSOLÀHG� WKH� SRWHQWLDO� IRU� GRFXPHQWDWLRQ�� RරHULQJ�
LWVHOI� DV� DQ� LQWHUDFWLYH� SODWIRUP� ZKHUH� WR� PDQDJH� WKH�
heterogeneous and multidisciplinary information inherent 
WR�WKH�DUFKLWHFWXUDO�KHULWDJH��$W�WKH�VDPH�WLPH��LW�KDV�PDGH�
WKH�LVVXHV�RI�WUDQVSDUHQF\�DQG�UHOLDELOLW\�HYHQ�PRUH�UHOHYDQW� 
7KH� SURSRVHG� FRQWULEXWLRQ� GHDOV� ZLWK� PRGHOV� IRU� WKH�
documentation of architectural heritage, focusing in 
particular on the issues of transparency and reliability of 
WKH�PRGHO�

)LJ����²�7KH�+%,0�PRGHOOLQJ�ZRUNÁRZ��7KH�PRGHO��FUHDWHG�RQ�WKH�EDVLV�RI�WKH�KLVWRULFDO�FULWLFDO�DQDO\VLV�RI�WKH�FROOHFWHG�GDWD��PXVW�EH�HYDOXDWHG�WR�
GHFODUH�LWV�JHRPHWULF�DQG�LQIRUPDWLRQDO�UHOLDELOLW\�
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3D models for architectural heritage: themes 
and issues 
,Q�DFFRUGDQFH�ZLWK�/HYL�6WUDXVV·V�GHÀQLWLRQ�RI�PRGHOV�DV�́ V\VWHPV�
RI� V\PEROV� ZKLFK� VDIHJXDUG� WKH� FKDUDFWHULVWLF� SURSHUWLHV� RI�
H[SHULHQFH��EXW�ZKLFK��XQOLNH�H[SHULHQFH��ZH�KDYH�WKH�SRZHU�WR�
manipulate” (Lévi-Strauss, 2008), the digital interpretative model is 
FRQÀJXUHG�DV�D�VLPXODWLRQ�RI�UHDOLW\��DQG�QRW�DQ�XQFULWLFDO�PLPHVLV���
WKURXJK�ZKLFK� LW� LV�SRVVLEOH� WR� LQYHVWLJDWH�DQG�JHW� WR�NQRZ� LW��
HQULFKLQJ�RXU�H[SHULHQFH�PXFK�PRUH�WKDQ�LW�ZRXOG�EH�SRVVLEOH�
ZLWKRXW�WKH�PHGLDWLRQ�RI�YLVXDOL]DWLRQ��0DOGRQDGR��������

This simulation does not only concern the geometric-
dimensional characteristics of the building, but also 
includes the material, technical aspects and the historical-
DUFKLWHFWXUDO�YDOXHV�RI�WKH�EXLOGLQJ�
7KH�PRGHO�FRQVLVWV�RI�D�VLPSOLÀFDWLRQ�RI�WKH�SKHQRPHQRQ��
DLPHG�DW�HQKDQFLQJ�LWV�PRVW�VLJQLÀFDQW�DQG�UHSUHVHQWDWLYH�
DVSHFWV�� ,Q� WKH� QHFHVVDU\� UHGXFWLRQ� RI� DUFKLWHFWXUDO�
complexity made during modelling, there is thus an 
LQFUHDVH�LQ�WKH�OHYHO�RI�NQRZOHGJH�RI�WKH�REMHFW�RI�VWXG\�
7KH�FRQVWLWXHQW�HOHPHQWV�RI�WKH�PRGHO�DUH�OLQNHG�WRJHWKHU�
E\�WKH�VDPH�UHODWLRQVKLSV�WKDW�OLQN�WKH�HOHPHQWV�RI�WKH�UHDO�
REMHFW�� EXLOGLQJ� DQ� DQDORJ\� EHWZHHQ� WKH�PRGHO� DQG� WKH�

)LJ����²�(YDOXDWLRQ�RI�JHRPHWULF�UHOLDELOLW\�LQ�WHUPV�RI�GHYLDWLRQ�EHWZHHQ�WKH�SRLQW�FORXG�DQG�WKH�PRGHO��'HSHQGLQJ�RQ�WKH�/R*�RI�WKH�HOHPHQW�DQDO\-
VHG��WKH�GHYLDWLRQ�LV�HYDOXDWHG�RQ�WKH�HQWLUH�VXUIDFH��RQ�WKH�JHQHUDWUL[HV�DQG�GLUHFWUL[HV��RU�RQ�ERWK��DFFRUGLQJ�WR�GLරHUHQW�UDQJHV�
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PRGHOOHG�SKHQRPHQRQ��'RFFL�DQG�&KLDYRQL���������7KXV��
“interpretive graphic models” facilitate the understanding 
of the building’s distinctive features, providing the 
foundation for the study, reading and interpretation of 
DUFKLWHFWXUH��
Due to its inherent characteristics, the study of architectural 
heritage constitutes an articulated process of building 
NQRZOHGJH� FRPSULVLQJ� D� YDVW� DPRXQW� RI� KHWHURJHQHRXV�
GDWD�DQG�LQIRUPDWLRQ��WKH�DQDO\VLV�DQG�FRUUHODWLRQ�RI�ZKLFK�
LV�DLGHG�E\�WKH�FUHDWLRQ�RI�GLJLWDO�PRGHOV��)RU�WKLV�UHDVRQ��
WKUHH�GLPHQVLRQDO�PRGHOLQJ�FDQ�EH�WUDFHG�EDFN�WR�9LVXDO�
Computing, a technique for processing data based on their 

YLVXDO�UHSUHVHQWDWLRQ��WKURXJK�ZKLFK�WR�GHULYH�LQIRUPDWLRQ�
DQG�FUHDWH�QHZ�NQRZOHGJH��%UXVDSRUFL��������
During the modelling process, the architectural object 
LV� H[DPLQHG� LQ� LWV� FRQVWLWXHQW� DVSHFWV�� ZKLFK� DUH� WKHQ�
WUDQVODWHG� LQWR� WKUHH�GLPHQVLRQDO� GLJLWDO� HOHPHQWV�� %\�
modelling the building, the scholar analyses its architectural, 
VSDWLDO�� WHFKQLFDO�� DQG�PDWHULDO� FKDUDFWHULVWLFV�� DV� ZHOO� DV�
aspects related to architectural and constructional events 
and changes that have occurred over time, thus coming to 
XQGHUVWDQG�LWV�KLVWRULFDO�DQG�DUWLVWLF�YDOXHV�
Thus, the 3D model should be understood as a visual tool 
for studying and analysing architectural features and, 

)LJ����²�(YDOXDWLRQ�RI�LQIRUPDWLRQ�UHOLDELOLW\��GHSHQGLQJ�RQ�WKH�/R'�DQG�WKH�W\SH�RI�VRXUFH��GLUHFW��LQGLUHFW��H[KDXVWLYH�RU�RWKHUZLVH��
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)LJ����²�:LWK�WKH�VDPH�LQIRUPDWLRQ��WKH�KLJKHU�RU�ORZHU�LQIRUPDWLRQ�OHYHO�ZLOO�UHTXLUH�PRUH�RU�IHZHU�K\SRWKHVHV��ZLWK�D�FRQVHTXHQW�UHOLDELOLW\�WKDW�PD\�
EH�KLJKHU��IHZHU�K\SRWKHVHV��RU�ORZHU��PRUH�K\SRWKHVHV��

at the same time, verifying the hypotheses and research 
FRQGXFWHG�RQ�WKH�DUFKLWHFWXUDO�KHULWDJH�
'LJLWDO� PRGHOOLQJ�� DV� ZHOO� DV� GUDZLQJ� LQ� JHQHUDO�� LV�
FKDUDFWHUL]HG�E\�LWV�KHXULVWLF�QDWXUH��LQ�WKDW�ZKDW�LV�UHSUHVHQWHG��
WZR��RU�WKUHH�GLPHQVLRQDOO\��LV�WKH�VFKRODU·V�LGHD�RI�WKH�EXLOGLQJ�
RU�XUEDQ�VSDFH�EHLQJ�H[DPLQHG��ZKLFK�PXVW�EH�FRQWLQXRXVO\�
YHULÀHG�WKURXJK�FRPSDULVRQ�ZLWK�SKHQRPHQDO�UHDOLW\�
5HSUHVHQWDWLRQ��WKHUHIRUH��WDNHV�WKH�IRUP�RI�DQ�LWHUDWLYH�SURFHVV�
consisting of the succession of hypotheses and validations, 
WKDW� LV��RI�GUDZLQJ�DQG�FRPSDULQJ� WKH�YLVXDOL]DWLRQ�ZLWK� WKH�
SHUFHSWLRQ�RI�WKH�UHDOLW\�VWXGLHG��
The interpretive nature of this process is evident: it is the 
PRGHOHU�VFKRODU� ZKR�� EDVHG� RQ� KLV� RU� KHU� H[SHUWLVH� DQG�
VHQVLWLYLW\��PDNHV�FULWLFDO�FKRLFHV�UHJDUGLQJ�ERWK�JHRPHWULF�DQG�
QRQJHRPHWULF�DVSHFWV��)RU�D�VFLHQWLÀF�IRXQGDWLRQ�RI�PRGHOOLQJ��
it is therefore necessary to consider the requirements of 
WUDQVSDUHQF\�DQG�UHOLDELOLW\�>&HQWRIDQWL������@�
7UDQVSDUHQF\�� ZKLFK� RULJLQDWHG� LQ� WKH� ÀHOG� RI� DUFKDHRORJ\��
UHIHUV� WR� WKH�GHFODUDWLRQ�RI� WKH� VRXUFHV�XVHG� LQ�PDNLQJ� WKH�
model and the possibility of philologically reconstructing the 
FKRLFHV�PDGH�LQ�UHODWLRQ�WR�WKHVH��,Q�YLHZ�RI�WKH�´RSDFLW\µ�RI�
GLJLWDO�YLVXDOL]DWLRQ��7KH�/RQGRQ�&KDUWHU��������S�����KRSHV�´>���@�
that research results that include digital visualization should 
convey to users the state of the art, such as the distinction 
EHWZHHQ� HYLGHQFH� DQG� K\SRWKHVHV� DQG� EHWZHHQ� GLරHUHQW�
OHYHOV�RI�SUREDELOLW\µ�>%HQWNRZVND�.DIHO�HW�DO������@�

7KH� 3ULQFLSOHV� RI� 6HYLOOH� �������� LQWURGXFLQJ� ´6FLHQWLÀF�
7UDQVSDUHQF\�µ� VWDWH� WKDW��� ª$OO� FRPSXWHU�EDVHG� YLVXDOL]DWLRQ�
PXVW� EH� HVVHQWLDOO\� WUDQVSDUHQW�� L�H�� WHVWDEOH� E\� RWKHU�
researchers or professionals, since the validity, and therefore 
the scope, of the conclusions produced by such visualization 
ZLOO�GHSHQG�ODUJHO\�RQ�WKH�DELOLW\�RI�RWKHUV�WR�FRQÀUP�RU�UHIXWH�
WKH�UHVXOWV�REWDLQHG«�
The need to enable the testability of visualization by other 
scholars through the transparent presentation of the entire 
elaborative process (methodology, techniques, reasoning, 
origin and characteristics of the sources of research, results and 
conclusions) and the organization of metadata and paradata is, 
WKHUHIRUH��HPSKDVL]HG���S����
Digital modelling and visualization of architectural heritage, 
moreover, pose the problem of the reliability of virtual 
reconstruction, referring not only to the geometric-dimensional 
DVSHFW��L�H���WKH�UHODWLRQVKLS�EHWZHHQ�WKH�UHVWLWXWLYH�PRGHO�DQG�
PHDVXUHPHQW��EXW�DOVR�WR�DOO�LVVXHV�LQKHUHQW�LQ�WKH�NQRZOHGJH�
of a historic building (concerning, for example, the construction 
HTXLSPHQW�RU� WKH�KLVWRULFDO� VRXUFHV�RQ�ZKLFK� UHFRQVWUXFWLYH�
hypotheses of buildings that no longer exist or have been 
KHDYLO\�PRGLÀHG�KDYH�EHHQ�DGYDQFHG���7R�WKH�LVVXH�RI�GHYLDWLRQ��
understood as deviation of the model from the real object 
UHSUHVHQWHG�E\�WKH�SRLQW�FORXG�>4XDWWULQL�HW�DO���������$SROORQLR�
������%UXPDQD�HW�DO������@��WKHUHIRUH��UHÁHFWLRQV�UHODWHG�WR�WKH�
RWKHU�LQIRUPDWLRQ�FRQWHQWV�RI�WKH�PRGHO�DV�ZHOO�FDQ�EH�DGGHG�
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>$SROORQLR�DQG�*LRYDQQLQL��������%UXQR�DQG�5RQFHOOD�����@��
7KHVH�LVVXHV�DUH�DPSOLÀHG�LQ�%XLOGLQJ�,QIRUPDWLRQ�0RGHOOLQJ�
�%,0��� $ORQJVLGH� WKH� LPSRUWDQW� SRVVLELOLWLHV� RරHUHG� E\� %,0�
LQ� WKH�ÀHOG�RI�DUFKLWHFWXUDO�KHULWDJH�GRFXPHQWDWLRQ�� WKHUH� LV�
an even more urgent demand for transparency of modelling 
DQG�GHFODUDWLRQ�RI�LWV�UHOLDELOLW\��$V�LV�ZHOO�NQRZQ��LQ�WKH�%,0�
environment the geometric representation and the information 
HQULFKPHQW�DUH�GHÀQHG�LQVLGH�WKH�OHYHO�RI�GHYHORSPHQW�RI�WKH�
GLJLWDO�REMHFWV��ZKRVH�LQFUHDVH�FRUUHVSRQGV�WR�D�OLQHDU�LQFUHDVH�
LQ�WKH�TXDQWLW\�DQG�TXDOLW\�RI�WKH�LQIRUPDWLRQ�FRQWDLQHG�ZLWKLQ�
WKH� %,0� REMHFWV�� ,Q� LQWHUQDWLRQDO� DQG� QDWLRQDO� UHJXODWRU\�
references (such as the English system PAS 1192-2, the 

$PHULFDQ�%,0)RUXP�DQG�WKH�,WDOLDQ�81,���������WKH�/HYHOV�RI�
Development consist of both the graphic attributes (according 
to UNI 11337, geometric attributes - LoG) and the non-
graphical ones (according to UNI 11337, information attributes 
�� /R,��� 7KHVH� OHYHOV�� ERWK� FRQFHUQLQJ� DVSHFWV� WKDW� FDQ� EH�
TXDQWLÀHG�DQG�FRPSXWDEOH��H�J��GLPHQVLRQV��PDWHULDOV��FRVWV��
HWF����DUH�QRW�VXFLHQW�WR�H[KDXVW�WKH�LQIRUPDWLRQ�QHHGHG�WR�
GHVFULEH�DQ�DUFKLWHFWXUDO�DVVHW��7KHUHIRUH��LW�EHFRPHV�QHFHVVDU\�
to consider an additional level related to all those heritage-
VSHFLÀF�LQIRUPDWLRQ��QRW�FRYHUHG�LQ�FXUUHQW�%,0�HQYLURQPHQWV��
ZKLFK�ZH�FDQ�FDOO�/HYHO�RI�+LVWRU\��/R+��>%UXVDSRUFL�HW�DO�������@�
7KH� QHZ� LQWHUQDWLRQDO� VWDQGDUG� 81,� (1� ,62� �����������

)LJ����²7KH�9LVXDO�3URJUDPPLQJ�/DQJXDJH��93/��IRU�FDOFXODWLQJ�GHYLDWLRQ�DQG�HYDOXDWLQJ�UHOLDELOLW\�
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SURSRVHG�WR�UHSODFH�WKH�/2'V�ZLWK�WKH�/HYHO�RI� ,QIRUPDWLRQ�
1HHG��/R,1���ZKLFK��UHIHUULQJ�RQO\�WR�LQIRUPDWLRQ�QHFHVVDU\�IRU�
WKH�SXUSRVHV�RI�WKH�PRGHO��WKXV��LQ�WKH�FDVH�RI�+%,0��DOVR�WR�
information of a historical nature), can help overcome some of 
WKH�OLPLWV�GHULYLQJ�IURP�WKH�H[WHQVLRQ�RI�WKH�%,0�SURFHGXUH�WR�
KLVWRULF�EXLOGLQJV���+RZHYHU��WR�GDWH��DZDLWLQJ�WKH�WUDQVSRVLWLRQ�
of the LoINs by national regulations (in Italy by UNI 11337-4), 
the LoDs are still in force, so the standard presented in the 
SDSHU�LV�UHIHUUHG�WR�WKHVH��

)LJ����²�7KH�/HYHO�RI�$FFXUDF\��DVVHVVHG�WKURXJK�WKH�93/��LV�DXWRPDWLFDOO\�GLVSOD\HG�LQ�WKH�%,0�HQYLURQPHQW��

Transparency and reliability: a standardization 
proposal for HBIM
6LQFH� WKH� LVVXHV� RI� ´7UDQVSDUHQF\µ� DQG� ´5HOLDELOLW\µ� EHFRPH�
HYHQ�PRUH�LPSRUWDQW�LQ�WKH�FDVH�RI�+%,0��ZKHUH�WKH�JHRPHWULF�
representation is enriched by heterogeneous information 
DWWULEXWHV��LW�LV�WKHUHIRUH�QHFHVVDU\�WR�GHÀQH�VSHFLÀF�VWDQGDUGV�
WKDW�FDQ�HQVXUH�WKH�HරHFWLYHQHVV�RI�WKH�+%,0�SURFHVV�IRU�WKH�
GRFXPHQWDWLRQ�DQG�UHVWRUDWLRQ�SURMHFW�RI�KLVWRULF�EXLOGLQJV�
5HJDUGLQJ�WKH�WUDQVSDUHQW�SUHVHQWDWLRQ�RI�WKH�HQWLUH�PRGHOOLQJ�
SURFHVV�� LW� LV� SRVVLEOH� WR� H[SORLW� WKH� SRWHQWLDO� RI� %,0� IRU�
reconstructing the choices made, in relation to the sources 
XVHG�LQ�WKH�PRGHOOLQJ��,Q�IDFW��WKDQNV�WR�WKH�%,0�LQIRUPDWLRQ�
base, it is possible to insert into the digital environment the 
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LV� PDLQO\� OLQNHG� WR� WKH� GLDJQRVWLF� FDPSDLJQ� DQG� DUFKLYDO�
GRFXPHQW�UHVHDUFK��6R��LWV�UHOLDELOLW\�LV�RI�DQ�LQIRUPDWLYH�W\SH��
WKH�/R4l�IRU�WKH�FRQVWUXFWLRQ�WHFKQRORJLHV�
The informative reliability depends on both the Lol and the 
VRXUFHV�XVHG�IRU�PRGHOOLQJ��GLUHFW��LQGLUHFW��H[KDXVWLYH�RU�QRW���
OQ�WKH�HYDOXDWLRQ�RI�WKH�/HYHO�RI�4XDOLW\��RQO\�WKH�PHGLXP�DQG�
KLJK�/RO�RU�/R+�DUH�FRQVLGHUHG��DV�LQ�WKH�ORZ�OHYHO�WKHUH�LV�QR�
LQIRUPDWLRQ��DQG�VSHFLÀFDOO\�IRU�PHGLXP�/RO���/R+��WKH�UHOLDELOLW\�
�/R4��FDQ�EH�ORZ��PHGLXP��KLJK��GHSHQGLQJ�RQ�ZKHWKHU�WKH�
sources are, respectively, indirect, direct but not exhaustive, or 
GLUHFW�DQG�H[KDXVWLYH�
ln the case of high Lol / LoH, instead, the reliability can be: 
medium, if the sources are direct but not exhaustive, and high, 
LI�WKH�VRXUFHV�DUH�GLUHFW�DQG�H[KDXVWLYH��/DVWO\��LI�WKHUH�DUH�RQO\�
indirect sources, a high Lol or LoH is considered unreachable 
EHFDXVH�RI�WKH�H[FHVVLYH�QHHG�WR�K\SRWKHVL]H�
)URP� DQ� RSHUDWLRQDO� SRLQW� RI� YLHZ�� WKH� DVVHVVPHQW� RI�
the geometric reliability is carried out through the visual 
SURJUDPPLQJ� ODQJXDJH� �93/��� 7KH� 93/� DOORZV� IRU� D� VHPL�
DXWRPDWLF�SURFHGXUH�IRU�HYDOXDWLQJ�WKH�GHYLDWLRQ�EHWZHHQ�WKH�
point cloud and the model on the basis of the standards set 
out above, and declaring the Level of Accuracy, directly in the 
%,0�HQYLURQPHQW��
The advantage of using VPL is that once the algorithm is set up, 
LW�FDQ�EH�UHXVHG�PDQ\�WLPHV�IRU�GLරHUHQW�FRPSRQHQWV��,Q�IDFW��
E\�FKDQJLQJ�WKH�LQSXWV��H�J���PRGHO�VXUIDFH��UDQJH�RI�GHYLDWLRQ�
YDOXHV��HWF����WKH�FDOFXODWLRQ�RI�WKH�GLVWDQFH�EHWZHHQ�WKH�SRLQW�
FORXG�DQG�WKH��'�PRGHO�LV�DXWRPDWLFDOO\�XSGDWHG�
The informative reliability, on the other hand, is assessed 
WKURXJK�WKH�XVH�RI�YLHZ�ÀOWHUV��)RU�HDFK�LQIRUPDWLYH�UHOLDELOLW\��
��SDUDPHWHUV�ZHUH�FUHDWHG�DQG�DVVLJQHG�WR�VSHFLÀF�IDPLOLHV��
source, type of source (direct or indirect, exhaustive or non-
H[KDXVWLYH��� UHOLDELOLW\�� )LOWHUV� FRQQHFWHG� WR� WKH� ´UHOLDELOLW\µ�
SDUDPHWHU� ZHUH� WKHQ� FUHDWHG� IRU� HDFK� W\SH� RI� UHOLDELOLW\��
ZKLFK�DSSO\�D�JUDSKLFDO�VXEVWLWXWLRQ�VKRZLQJ�WKH�YDOXH�RI�WKH�
UHOLDELOLW\��ORZ��PHGLXP�RU�KLJK��
2QFH�FUHDWHG��WKHVH�ÀOWHUV�FDQ�EH�DFWLYDWHG�RU�GHDFWLYDWHG�LQ�
WKH�YLHZV��GHSHQGLQJ�RQ�WKH�W\SH�RI�UHOLDELOLW\�WR�GLVSOD\��

GRFXPHQWV�EDVHG�RQ�ZKLFK�WKH�%,0�PRGHO�ZDV�EXLOWHG�LQ�DOO�LWV�
DVSHFWV��DUFKLWHFWXUDO��VWUXFWXUDO��KLVWRULFDO��HWF���
Considering that the reliability should cover all the 
heterogeneous information relating to the historic building 
and that a third level of development (the LoH) has been 
introduced, three levels of reliability have been considered: 
����*HRPHWULF�UHOLDELOLW\��FDOOHG�/HYHO�RI�$FFXUDF\��/R$���HYDOXDWHG�
WKURXJK�WKH�PHDVXUHPHQW�RI�GHYLDWLRQ�EHWZHHQ�WKH�UHVWLWXWLRQ�
PRGHO�DQG�WKH�SRLQW�FORXG�
�����,QIRUPDWLYH�UHOLDELOLW\��FDOOHG�/HYHO�RI�4XDOLW\�ZLWK�VXEVFULSW�,�
�/R4,���UHODWLQJ�WR�WKH�QRQ�JHRPHWULF�FRQWHQWV�RI�WKH�PRGHO��,Q�
WXUQ��LW�LV�GLYLGHG�LQWR�VHYHUDO�VXE�OHYHOV��DV�PDQ\�DV�WKH�GLරHUHQW�
types of information entered in the model: reliability of the 
FRQVWUXFWLRQ�HTXLSPHQW��UHOLDELOLW\�RI�WKH�SODQW�V\VWHP�HWF�
��� � � +LVWRULF� UHOLDELOLW\�� FDOOHG� /HYHO� RI�4XDOLW\�ZLWK� VXEVFULSW�
+� �/R4+��� UHIHUULQJ� WR� WKH� VSHFLÀF� LQIRUPDWLRQ� FRQWHQW� RI�
the architectural heritage, that is, to all historical information 
FRQFHUQLQJ�WKH�SURFHVV�RI�IRUPDWLRQ�DQG�PRGLÀFDWLRQ�RI�WKH�
EXLOGLQJ��
� ,Q� WKH� SURSRVHG� VWDQGDUG� WKH� UHOLDELOLW\� DVVHVVPHQW�� ZKLOH�
UHPDLQLQJ� WKH� VDPH� LQ� PHWKRGRORJLFDO� DSSURDFK�� GLරHUV�
DFFRUGLQJ�WR�WKH�/R'�RI�WKH�VSHFLÀF�DUFKLWHFWXUDO�HOHPHQW��
The geometric reliability of the architectural element (LoA), 
in fact, is evaluated through the measure of the deviation 
(the range of deviation must be respected in the majority of 
the surface): on the entire surface of the architectural model 
HOHPHQW��IRU�WKH�ORZ�/R*��RQ�WKH�JHQHUDWUL[�DQG�GLUHFWUL[�RI�WKH�
VXUIDFH��IRU�WKH�PHGLXP�/R*��RQ�ERWK�RI�WKHP�IRU�WKH�KLJK�/R*��
)RU�HDFK�/R*��GHSHQGLQJ�RQ�WKH�LQWHUYDO�LQ�ZKLFK�WKH�YDOXH�IDOOV�
-average value over most of the surface- the Level of Accuracy 
FDQ�EH� ORZ��PHGLXP�RU�KLJK�� DQG�� WDNLQJ� LQWR�FRQVLGHUDWLRQ�
the greater geometric detail, the range of acceptable deviation 
EHFRPHV�PRUH�UHVWULFWLYH�DV�WKH�/R'�LQFUHDVHV�
7KH�/R4�FRQFHUQV�DOO�LQIRUPDWLRQ�QRW�UHODWHG�WR�WKH�JHRPHWULF�
VKDSH� ZKLFK�� WKHUHIRUH�� FDQQRW� EH� HYDOXDWHG� LQ� WHUPV� RI�
GHYLDWLRQ�EHWZHHQ�WKH�PRGHO�DQG�WKH�SRLQW�FORXG��&RQVLGHULQJ�
this, also the stratigraphy of the architectural elements can be 
DVFULEHG�WR�WKH�QRQ�JHRPHWULF�FRQWHQWV�VLQFH� LWV�NQRZOHGJH�
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)LJ����²�7KH�DVVHVVPHQW�RI�WKH�LQIRUPDWLYH�UHOLDELOLW\��/R4+��UHODWLQJ�WR�WKH�VSHFLÀF�QRQ�JHRPHWULF�DWWULEXWHV�RI�WKH�DUFKLWHFWXUDO�KHULWDJH��/R+��

)LJ����²�7KH�LQIRUPDWLYH�IRXQGDWLRQ�RI�%,0�LV�H[SORLWHG�WR�GHFODUH�WKH�VRXUFHV�XVHG�IRU�+%,0�PRGHOOLQJ�
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Conclusion
The contribution is meant to be just a proposal that aims 
WR� H[SORLW� WKH� %,0� LQIRUPDWLRQ� IRXQGDWLRQ� WR� LQVHUW� WKH�
transparency and reliability requirements, fundamental for 
the documentation of the architectural heritage through 
�'�PRGHOV��7KLV�SURFHGXUH��GHYHORSHG�WRGD\�RQ�WKH�EDVLV�
RI�WKH�/R*�DQG�/R,�GHÀQHG�E\�WKH�WKH�81O��������FDQ�EH�
adaptable also for the foreign regulations and for LolNs 
ZKHQ�WKHLU�LQWURGXFWLRQ�ZLOO�EH�HරHFWLYH�
In order to guarantee the model transparency, information 
DQG�GRFXPHQWV�DUH�OLQNHG�WR�HDFK�GLJLWDO�REMHFW��
In addition, for each digital element the relative 
reliability level is declared, concerning the geometric 
�/R$��� LQIRUPDWLYH� �/R4I�� DQG� KLVWRULFDO� �/R4H�� DVSHFWV��
0RUHRYHU��E\�LQVHUWLQJ�WKH�OHYHO�RI�UHOLDELOLW\�ZLWKLQ�WKH�%,0�
environment as an attribute of the individual architectural 
FRPSRQHQWV�� WUDQVSDUHQF\� DQG� LQWHURSHUDELOLW\� EHWZHHQ�
WKH�YDULRXV�VWDNHKROGHUV�LV�SURPRWHG��
7KH�REWDLQHG�UHVXOW�LV�D�VWDQGDUG�WKDW�FDQ�PDNH�WKH�+%,0�
DQ�HරHFWLYH�SURFHGXUH�WR�EH�XVHG�IRU�WKH�GRFXPHQWDWLRQ�
RI�WKH�DUFKLWHFWXUDO�KHULWDJH�
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Abstract

The research concerns a process of documentation and 
analysis for the development of guidelines useful for the 
conservation, maintenance, and enhancement of a portion of 
WKH�0DJLVWUDO�:DOOV�RI�9HURQD��:LWKLQ�DQ�DJUHHPHQW�EHWZHHQ�
WKH� 0XQLFLSDOLW\� RI� 9HURQD� DQG� WKH� 8QLYHUVLW\� RI� 3DYLD��
QXPHURXV� GRFXPHQWDWLRQ� FDPSDLJQV� ZHUH� GHYHORSHG� WR�
GHÀQH�DQ�RYHUDOO�NQRZOHGJH�RI� WKH�GLDJQRVWLF�FRQGLWLRQV�RI�
D�����P�SRUWLRQ�IURP�WKH����NP�ERXQGDU\�RI�WKH�PHGLDHYDO�
6FDOLJHU·V�ZDOO��7KH�JRDO�LV�WR�GHÀQH��WKURXJK�D�GLDORJXH�ZLWK�
the Superintendency of Archaeology, Fine Arts and Landscape 
RI� 9HURQD�� 5RYLJR� DQG� 9LFHQ]D�� VWDQGDUG� LGHQWLÀFDWLRQV� RI�
GRFXPHQWDWLRQ� DQG� FRQVHUYDWLRQ� DSSURDFKHV�� ,W� LQYROYHG�
the integration of multiple phases of digital documentation 
IRU� PRUSKRPHWULF� GUDZLQJ� DQG� �'� PRGHOOLQJ�� WR� VXSSRUW�
mineralogical, petrographic, archaeological, geo-seismic, 

endoscopic, structural and design evaluations for restoration 
DQG� FRQVHUYDWLRQ�� 'DWD� RQ� FRQVWUXFWLRQ� DQG� WHFKQRORJLFDO�
FKDUDFWHULVWLFV� ZHUH� FURVV�UHIHUHQFHG� ZLWK� GDWD� RQ�
GRFXPHQWHG� FRQGLWLRQV� RI� GHJUDGDWLRQ�� ,Q� WKLV� ZD\�� LW� ZDV�
SRVVLEOH�WR�JHQHUDWH�V\QWKHVLV�IUDPHZRUNV�XVHIXO�IRU�JXLGLQJ�
conservation interventions on the typological and formal 
FODVVLÀFDWLRQV� RI� WKH� IRUWLÀHG� V\VWHP�� 7KH� LVVXH� RI� LQWHUHVW��
KRZHYHU��LV�QRW�RQO\�WKH�TXDQWLWDWLYH�ULFKQHVV�RI�WKH�GDWD�EXW�
WKH� IDFW� WKDW� WKLV� FDQ� EH� TXHULHG� LQ� WKH� VDPH� GDWDEDVH�� $OO�
WKLV� LV� UHODWHG�WR�WKH� LGHD�RI�VXVWDLQDELOLW\�RI� WKH�NQRZOHGJH�
SURFHVV� DQG� RSWLPL]DWLRQ� RI� UHVRXUFHV� DQG� FRVWV�� 7KH� ZRUN�
DLPV�WR�GHÀQH��WRJHWKHU�ZLWK�WKH�VWDNHKROGHUV�RI�WKH�FLW\�RI�
Verona, an exportable protocol calculated to be sustainable 
RYHU�WKH�HQWLUH�H[WHQW�RI�WKH�ZDOOV�RI�9HURQD��D�81(6&2�:RUOG�
+HULWDJH�VLWH��
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Introduction
The city of Verona has been a central and strategic 
FURVVURDGV� IURP� D� KLVWRULFDO� DQG� PLOLWDU\� SRLQW� RI� YLHZ��
ORFDWHG�LQ�WKH�3R�9DOOH\�LW�LV�D�OLQN�EHWZHHQ�WKH�HDVW�ZHVW�
axis of the plain and the main historical artery leading 
WR� WKH� $OSV�� 2Q� ��� 1RYHPEHU� ������ WKH� ;;,9� 3OHQDU\�
$VVHPEO\� RI� WKH� :RUOG� +HULWDJH� &RPPLWWHH� �:�+�&���
LQVFULEHG�9HURQD�RQ�WKH�:RUOG�+HULWDJH�/LVW��:�+�/���ZLWK�
WKH�QDPH�´&LW\�RI�9HURQDµ�ZLWK�WZR�FULWHULD��WKH�,,�DQG�,9��
In particular, criterion IV “Verona represents exceptionally 
WKH�FRQFHSW�RI�WKH�IRUWLÀHG�WRZQ�DW�VHYHUDO�VHPLQDO�VWDJHV�
RI�(XURSHDQ�KLVWRU\µ��LV�ZKDW�PDGH�LW�SRVVLEOH�WR�DFWLYDWH�
DQ�DJUHHPHQW�EHWZHHQ�WKH�0XQLFLSDOLW\�RI�9HURQD�DQG�WKH�
8QLYHUVLW\�RI�3DYLD� �������RQJRLQJ��� LQ�FROODERUDWLRQ�ZLWK�
the Soprintendenza Archeologica, Belle Arti e Paesaggio, 
to conduct non-invasive documentations and a diagnostic 

VWXG\�RQ�D�����P�SRUWLRQ�RI� WKH�6FDOLJHU·V�ZDOOV�� LQ� WKH�
DUHD� EHWZHHQ�&DVWHO� 6�� 3LHWUR� DQG�&DVWHO� 6�� )HOLFH1�� 7KH�
part under consideration is the section that runs along 
the side of the Torricelle along Via San Felice to Fort San 
)HOLFH��ORFDWHG�DW�WKH�WRS�RI�WKH�KLOO��7KH�UHVHDUFK�LQYROYHG�
professors, researchers, and scholars, in collaboration 
ZLWK�WKH�8QLYHUVLW\�RI�)ORUHQFH�DQG�WKH�8QLYHUVLW\�RI�6LHQD��
for an integrated multidisciplinary analysis protocol that 
FRXOG� GHÀQH� WKH� VWDWH� RI� FRQVHUYDWLRQ� DQG� VWDELOLW\� RI�
WKH�ZDOOV��XVHIXO�IRU�WKH�UHVWRUDWLRQ�SURMHFW�DQG�SODQQHG�
FRQVHUYDWLRQ�VWUDWHJ\�

)LJ����²�3ODQ�RI�WKH�FLW\�RI�9HURQD�ZLWK�WKH�IRUWLÀFDWLRQV��7KH�FROODERUD-
WLRQ�SURMHFW�EHWZHHQ�WKH�81(6&2�RFH�RI�WKH�0XQLFLSDOLW\�RI�9HURQD�
DQG�3DYLD�8QLYHUVLW\�LV�FDOOHG�´9HURQD�FLWWj�0XUDWDµ�

)LJ����²�$UHD�RI�LQWHUHVW�RI�WKH�´7RUULFHOOHµ�SURMHFW��L�H���WKH�DUHD�EHWZHHQ�
&DVWHO�6��3LHWUR�DQG�&DVWHO�6��)HOLFH��,Q�WKH�ORZHU�SRUWLRQ�RI�WKH�LPDJH��
WKH�EUHDFK�WRGD\�LV�XVHG�DV�D�YHKLFXODU�URDGZD\�
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Historical Context
7KH� FLW\� RI� 9HURQD� DQG� LWV� IRUWLÀFDWLRQV� XQGHUZHQW�
QXPHURXV� WUDQVIRUPDWLRQ� SURFHVVHV� OLQNHG� WR� WKH�
VXFFHVVLRQ� RI� GLරHUHQW� GRPLQLRQV� DQG� SRZHUV�� ,Q�
particular, the phases that most concern the stretch of 
ZDOO� LQ�ZKLFK�WKH�SURMHFW�ZDV�FDUULHG�RXW�EHORQJ�WR�WKH�
'HOOD� 6FDOD� DQG� $XVWULDQ� SKDVHV�� 'XULQJ� WKH� 6FDOLJHU�
phase, the Della Scala family initiated a season of 
HFRQRPLF� DQG� DUWLVWLF� JURZWK� IRU� WKH� FLW\� DQG�� DV� IDU�
DV� WKH� V\VWHP� RI� IRUWLÀFDWLRQV� LV� FRQFHUQHG�� WKH� ÀUVW�
ZRUN� EHJDQ� LQ� ����� XQWLO� �����ZKHQ�&DQJUDQGH�'HOOD�
6FDOD� FRPSOHWHG� WKH� FRQVWUXFWLRQ� RI� WKH� ZDOO� FLUFXLW�
QRZ� NQRZQ� DV� WKH� ¶6FDOLJHU� ZDOOV·�� 1LQH� NLORPHWUHV� LQ�
OHQJWK�PDGH�9HURQD�RQH�RI�WKH�ODUJHVW�IRUWLÀHG�V\VWHPV�
LQ� (XURSH�� 7KH� SHULPHWHU� RI� WKH� 6FDOLJHU� GHIHQFHV� KDV�
EHHQ�SUHVHUYHG�RYHU�WKH�FHQWXULHV�ZLWK�WKH�LQÁXHQFH�RI�
WKH� 9HQHWLDQ� UHLQIRUFHPHQWV� RI� WKH� ��WK� FHQWXU\�� 7KH�
6FDOLJHU� HUD�ZDV� IROORZHG�E\� WKH�9LVFRQWL� SHULRG2 until 
�����ZKHQ�9HURQD�ZDV�DQQH[HG�WR�WKH�6HUHQLVVLPD�6WDWR�
da Terra3��

In 1814 Verona came under Austrian control and 
XQGHUZHQW� LQWHUYHQWLRQV� WKDW� WUDQVIRUPHG� LW� LQWR� D�
IRUWUHVV�� 7KH� LQWHUYHQWLRQV� IURP� WKH� $XVWULDQ� HUD� DUH�
recognisable in that a particular construction technique 
of opus�SRO\JRQDO�ZDV�XVHG��XVLQJ�WKH�ORFDO�$YHVD�VWRQH��
Walls parts that could be useful even despite changing 
QHHGV�ZHUH�UHWDLQHG�DQG�DGDSWHG��LQFOXGLQJ�SRUWLRQV�RI�
PHGLHYDO� DQG� ��WK�FHQWXU\� FXUWDLQV�� ,Q� ������ ZLWK� WKH�
FRQTXHVW� RI� 9HQHWR� E\� WKH� 6DYRLD� IROORZLQJ� WKH� 7KLUG�
War of Independence, the history of Italian Verona 
EHJDQ��=RU]L���������1RZDGD\V�� WKH�ZDOOV�DUH� LQ�D�VWDWH�
RI�PDWHULDO�GHFD\�GXH�WR�ERWK�D�ODFN�RI�PDLQWHQDQFH�DQG�
YDQGDOLVP��6SRQWDQHRXV�YHJHWDWLRQ�KDV�XQGHUPLQHG�WKH�
VWUXFWXUHV� DQG�PDQ\� LQWHUQDO�SRUWLRQV� DUH� LQDFFHVVLEOH��
7KH� SURMHFW� DUHD�� ZKLFK� LV� DERXW� ���� PHWHUV� ORQJ�� LV�
PDLQO\� FKDUDFWHUL]HG� E\� ZDOOV� IURP� WKH� 6FDOLJHU� HUD��
H[FHSW� WKH� VXPPLW�SRUWLRQ�QHDU�&DVWHO� 6DQ�)HOLFH�� 7KLV�
portion is characterized by clearly recognizable and 
LGHQWLÀDEOH�$XVWULDQ�ZDOOV��DV� WKH\�ZHUH�EXLOW�XVLQJ�WKH�
DIRUHPHQWLRQHG�RSXV�SRO\JRQDO�FRQVWUXFWLRQ�WHFKQLTXH�

)LJ����²�*UDSKLFDO�DQDO\VLV�RI�WKH�KLVWRULFDO�SKDVH�RI�WKH�9HURQD�FLW\�ZDOOV��(ODERUDWLRQ�%\�'$GD�/$%��8QLYHUVLW\�RI�3DYLD�
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Database and information systems for 
Heritage Knowledge
7KH�GHÀQLWLRQ�RI�&XOWXUDO�+HULWDJH� �&+��KDV�EHHQ�ZLGHO\�
GLVFXVVHG�DQG�GHÀQHG�LQ�WKH�FXOWXUDO�GHEDWH4, changing along 
ZLWK�WKH�GHYHORSPHQW�DQG�VWXG\�RI�KHULWDJH�FRQVHUYDWLRQ�
WHFKQLTXHV��9HFFR���������$FFRUGLQJ�WR�WKH�8QLWHG�1DWLRQV�
(GXFDWLRQDO�6FLHQWLÀF�DQG�&XOWXUDO�2UJDQLVDWLRQ��81(6&2���
&+�LV�D�SDUWLFXODUO\�EURDG�GHÀQLWLRQ�LQ�ZKLFK�ERWK�7DQJLEOH�
(Tangible Cultural Heritage - TCH) and Intangible (Intangible 
&XOWXUDO�+HULWDJH���,&+��DVVHWV�DUH�LQFOXGHG��6NXEOHZVND�
3DV]NRZVND��������%HVDQD���������7KH�ZLOOLQJQHVV�DQG�DFW�
RI�FRQGXFWLQJ�D�GHÀQHG�&+�LWHP�IURP�WKH�SUHVHQW�WR�WKH�
future are referred to as asset preservation (Della Torre, 

�������D�GLVFLSOLQH�WKDW� LV�QRZDGD\V�ODUJHO\�FRQGXFWHG�� LQ�
WKH� LQLWLDO� SKDVH�RI� GHÀQLQJ� DFWLRQV��ZLWK� WKH� VXSSRUW� RI�
Information and Communication Technologies (ICT), digital 
SODWIRUPV��,QIRUPDWLRQ�6\VWHPV�DQG�YLUWXDO�HQYLURQPHQWV�
7KLV�FRQWULEXWLRQ�GHDOV�ZLWK�WKH�XVH�RI�WKHVH�WHFKQRORJLHV�LQ�
WKH�FRQWH[W�RI�&+�DQG��LQ�SDUWLFXODU��ZLWK�WKUHH�GLPHQVLRQDO�
modelling and the management of thematic layers to 
document and analyse aspects related to the state of 
FRQVHUYDWLRQ�DQG�SUHYHQWLRQ��'LJLWDO�PRGHOV�RI�&+�DVVHWV�
are to be understood as sensing systems enhanced by the 
Internet of Things (IoT) and data analysis and represent 
YLUWXDO� VLPXODWLRQV�� 'LJLWDO� UHSOLFDV� DUH� JHQHUDWHG� XVLQJ�
LQIRUPDWLRQ� WHFKQRORJLHV� DQG�PRGHOV� LQ� ZKLFK� XSGDWLQJ�
LV�DQ�LQWHJUDO�SDUW�RI�WKH�SODQQHG�GRFXPHQWDWLRQ�SURFHVV��
0RGHOV� LQ� LQIRUPDWLRQ� OD\HULQJ� FDQ� LQFOXGH� OD\HUV� WKDW�

)LJ����²�([SODQDWRU\�GLDJUDP�RI�VRPH�VXEGLYLVLRQV�RI�WKH�&�+��7KH�WHUP�&XOWXUDO�+HULWDJH�DFFRUGLQJ�WR�81(6&2�HQFRPSDVVHV�WZR�PDLQ�FDWHJRULHV��
WDQJLEOH��DQG��LL��LQWDQJLEOH�&XOWXUDO�+HULWDJH��



209209

13Database and Drawings to support the development of the documentation project

SURYLGH�D�FRKHVLYH�SLFWXUH�RI�WKH�HQYLURQPHQW��DORQJ�ZLWK�
developments in information modelling of buildings and 
LQIUDVWUXFWXUH��%DWW\��������%RFFRQFLQR���������$FWLRQV�DQG�
strategies for the protection of CHs must be based on an 
LQ�GHSWK�NQRZOHGJH�RI�WKH�KHULWDJH�DQG�WKH�WHFKQRORJLHV�
XVHG�DW�WKH�QDWLRQDO�OHYHO��ZKLFK�WRJHWKHU�ZLWK�FRRUGLQDWHG�
PDQDJHPHQW�� GRFXPHQWDWLRQ� DQG� NQRZOHGJH� RI� WKH�
DVVHWV� FRQWULEXWH� WR� UHGXFLQJ� WKH� ULVN� RI� WKH� QXPEHU�
RI� ORVW� KHULWDJH� DVVHWV�� $PRQJ� WKH� PHDVXUHV� FXUUHQWO\�
LQGLFDWHG�IRU�ULVN�SUHYHQWLRQ�DUH�PRQLWRULQJ�DQG�SODQQHG�
PDLQWHQDQFH� RI� WKH� KLVWRULFDO� KHULWDJH�� VSDWLDO� SODQQLQJ�
DQG� PDQDJHPHQW�� DZDUHQHVV�UDLVLQJ� FDPSDLJQV� DQG�
WUDLQLQJ�RI�WHFKQLFDO�VWDර��FRRSHUDWLRQ�RI�LQVWLWXWLRQV�DQG�
DYDLODELOLW\�RI�HFRQRPLF�UHVRXUFHV��DQG�OHJLVODWLYH�VXSSRUW�
�&KLDEUDQGR�� ������� 5LVN� SUHYHQWLRQ� LV� RQH� RI� WKH� VWHSV�

LQ� WKH� VWUDWHJLF� SODQ� IRU� WKH� UHGXFWLRQ� RI� ULVNV� UHODWHG�
WR�KHULWDJH�EXLOGLQJV�DQG�ZRUNV�RI�DUW��DQG�WKH�KHULWDJH�
conservation sector attaches great importance to the 
XVH�RI�SULQFLSOHV�WR�JXLGH�RSHUDWRUV�WRZDUGV�DSSURSULDWH�
interventions for heritage properties���
7KH�SRSXODWLRQ�RI�GDWDEDVHV�DQG�WKHLU�XVH�RI�WKHP�ZLWKLQ�
,QIRUPDWLRQ�6\VWHPV��,6��DUH�QRZ�HVVHQWLDO�DQG�ZLGHVSUHDG�
VXSSRUW� IRU� KHULWDJH� GLJLWLVDWLRQ�� $� GDWDEDVH� PDNHV� LW�
possible to structure and systematise the information 
DVVHWV�RI�DQ�RUJDQLVDWLRQ��RU�&XOWXUDO�+HULWDJH��WR�PDNH�
the data more easily consultable by external or internal 
XVHUV�� $Q� LQIRUPDWLRQ� V\VWHP� LV� D� VHW� RI� WRROV� DQG�
technologies that collect, process, store and distribute 
data and information to support activities, including 
GHFLVLRQ�PDNLQJ��FRRUGLQDWLRQ��DQG�FRQWURO�DFWLYLWLHV��7KH�

)LJ����²�,PDJHV�RI�WKH�7/6�DQG�0/6�SRLQW�FORXG�RI�WKH�VXUYH\HG�ZDOOV��7KH�JOREDO�SRLQW�FORXG�ZDV�FUHDWHG�ZLWK�WKH�FROODERUDWLRQ�RI�UHVHDUFKHUV�IURP�
WKH�8QLYHUVLWLHV�RI�3DYLD�XQGHU�WKH�VFLHQWLÀF�FRRUGLQDWLRQ�RI�3URI��6��3DUULQHOOR�
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GDWDEDVH�DVVRFLDWHG�ZLWK�WKH�LQIRUPDWLRQ�V\VWHP�FDQ�EH�
used to store and access structured data and to resolve 
XVHU�TXHULHV�� WKH�V\VWHP�DOVR�VXSSRUWV�DOO�SKDVHV�RI� WKH�
LQWHUYHQWLRQ�SURFHVV� EDVHG�RQ� WKH� DVVRFLDWHG�GDWD�� 7KH�
Georeferenced Information System (GIS) approach could 
be perceived as a limitation for some CH applications 
VLQFH� LW�ZDV� FUHDWHG� WR� UHSUHVHQW��'�PRGHOV�EXW� UHFHQW�
GHYHORSPHQWV�ZLWK�WKH�LQWHJUDWLRQ�RI�*,6�DQG��'�V\VWHPV�
�$SROORQLR�� ������ 'RULD�� ������ 3RUFKHGGX�� ������ KDYH�
OHG� WR� QXPHURXV� H[SHULPHQWV� LQ� WKH�EXLOW� KHULWDJH� ÀHOG�
�&ROXFFLD���������,Q�WKH�FDVH�VWXG\�XQGHU�FRQVLGHUDWLRQ��D�
JHRUHIHUHQFHG�LQIRUPDWLRQ�V\VWHP�LV�RSWLPDO�ZLWK�D�YLHZ�
WR�WKH�GHYHORSPHQW�RI�WKH�SURFHVV�IRU�WKH�HQWLUH�IRUWLÀHG�
FRPSOH[�RQ�DQ�XUEDQ�VFDOH��LQWHUDFWLQJ�DOVR�RSWLPDOO\�ZLWK�
the 2D vector products created for the morphological and 
PDWHULDO�GRFXPHQWDWLRQ�SKDVH�

)LJ����²�7ZR�GLPHQVLRQDO�YHFWRU�GUDZLQJV�PDGH�IURP�7/6�SRLQW�FORXGV��7KH�GUDZLQJV�SURGXFHG�ZHUH�XVHG�E\�WKH�HQWLUH�UHVHDUFK�WHDP�DV�VXSSRUW�IRU�
WKH�DQDO\VLV�DQG�GLDJQRVWLF�SKDVH�
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Previous Interventions
7KH�SRUWLRQ�RI�WKH�́ 7RUULFHOOHµ�ZDOO��WKH�REMHFW�RI�WKH�GHVFULEHG�
DQDO\VLV��FRQVWLWXWHV�D�VLJQLÀFDQW�DQG�UHSUHVHQWDWLYH�SRUWLRQ�
RI� WKH� 6FDOLJHU� ZDOOV�� ZLWK� WKH� KHWHURJHQHRXV� SUHVHQFH�
RI� DUFKLWHFWXUDO� HOHPHQWV� FKDUDFWHULVWLF� RI� PHGLHYDO� ZDOOV��
LQFOXGLQJ� WRZHUV�� EDWWOHPHQWV�� D� SDUWLDO� EXW� RULJLQDO� XSSHU�
ZDONZD\�DQG�WKH�SUHVHQFH�RI�YDULRXV�KLVWRULFDO�FRQVWUXFWLRQ�
WHFKQLTXHV� YLVLEOH�� 7KH� VLWH� KDV�� KRZHYHU�� XQGHUJRQH�
VLJQLÀFDQW� WUDQVIRUPDWLRQV� RI� WKH� QHLJKERXULQJ� XUEDQ�
LQIUDVWUXFWXUH�� VXFK� DV� WKH� GXDO� FDUULDJHZD\� URDG� WKDW� ZDV�
EXLOW� IROORZLQJ�D�PDMRU�RYHUEXUGHQLQJ�RI� WKH�ZDOO� VWUXFWXUH�
EHWZHHQ������DQG�WKH�����V��7RGD\�� WKH�VLWH� LV� LQ�D�FULWLFDO�
VWDWH�RI�SUHVHUYDWLRQ��HVSHFLDOO\�ZLWK�UHJDUG�WR�WKH�WRS�SRUWLRQ�
RI�WKH�ZDOOV�FRQVLVWLQJ�RI�EDWWOHPHQWV�ZLWK�DQ�DGYDQFHG�VWDWH�

of erosion and numerous missing portions (74 battlements 
RULJLQDOO\�SUHVHQW�����PLVVLQJ�²� ORVV�RI������DQG�ZLWKRXW�D�
FXOWXUDO�DSSUHFLDWLRQ�RI�LWV�KLVWRULFDO�DQG�DUWLVWLF�LPSRUWDQFH���
The documentation project resulting from the agreement 
EHWZHHQ� WKH� SDUWLHV� DLPHG� WR� GHYHORS� DQ� LQWHUGLVFLSOLQDU\�
state of preservation monitoring, analysing the elevated 
SRUWLRQV�� IRXQGDWLRQV�� ZDOO� FRPSRVLWLRQV�� VWUDWLJUDSK\�� DQG�
geological and archaeological and structural considerations 
IRU�D�GLDJQRVWLF�RYHUYLHZ��7KH�PRUSKRORJLFDO�GRFXPHQWDWLRQ�
ZDV�FRQGXFWHG�VWDUWLQJ�LQ�'HFHPEHU������IURP�WKH�LQWHJUDWHG�
7HUUHVWULDO� /DVHU� 6FDQQHU� �7/6�� VXUYH\� ZLWK� KLJK� PHWULF�
UHOLDELOLW\�RI���PP�HUURU��0RELOH�/DVHU�6FDQQHU��0/6��SRLQW�
clouds from aerial photogrammetry (UAV) and terrestrial 
6WUXFWXUH�IURP�PRWLRQ��6I0��WKDW�DOORZHG�WKH�FUHDWLRQ�RI�
KLJKO\�UHOLDEOH�WZR�GLPHQVLRQDO�YHFWRU�GUDZLQJV�WKDW�ZULWH�
WKH�ZDOO�WH[WXUHV�RI�HDFK�SRUWLRQ��

)LJ����²��([DPSOH�RI�KLJK�UHOLDELOLW\�FORVH�UDQJH�DQG�JURXQG�EDVHG�SKRWRJUDPPHWULF�WHFKQLTXHV��7KLV�W\SH�RI�SURFHVVLQJ�ZDV�FDUULHG�RXW�IRU�WKH�HQWLUH�
OHQJWK�RI�WKH�ZDOO�VHFWLRQ�����P��
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Dataset collection and database population: 
Pathologies and wall textures
The material and technological analysis phase had the 
goal of structuring a database to support the restoration 
DQG�YDORULVDWLRQ�RI�WKH�´7RUULFHOOHµ�ZDOO��7KH�KLJKO\�UHOLDEOH�
YHFWRU� GUDZLQJ� RI� WKH� ZDOOV� ZDV� SURGXFHG� WR� UHSUHVHQW�
a snapshot of the state of conservation of the portion 
XQGHU�FRQVLGHUDWLRQ�DQG�DV�D�GRFXPHQWDWLRQ� WRRO��7KHVH�
GUDZLQJV� EHFDPH� WKH� EDVLV� RI� GLරHUHQW� RXWSXWV� IRU� WKH�
conservation project, among them the one supporting the 

VWUDWLJUDSKLF�DQG�W\SRORJLFDO�UHDGLQJ�RI�WKH�PDVRQU\��7KH�
WZR�GLPHQVLRQDO� WHFKQLFDO� GUDZLQJ� LV� WKH� WRRO� RQ� ZKLFK�
to activate typological analyses of the masonry found, in 
FROODERUDWLRQ� ZLWK� DUFKDHRORJLVWV�� DQG� WKHLU� FRPSRVLWLRQ�
to create a map of masonry construction technology, in 
FROODERUDWLRQ� ZLWK� SHWURJUDSKHUV�� 7KH� XQGHUVWDQGLQJ� RI�
WKH�PDVRQU\�DSSDUDWXV�ZDV�FRQGXFWHG�ZLWK�WKH�VXSSRUW�RI�
WKH�UHVXOWV�RI�PDVRQU\�HQGRVFRSLHV��7KH�HQGRVFRSLHV�PDGH�
LW� SRVVLEOH� WR� GHÀQH� FLUFXPVFULEHG� DUHDV�ZKHUH� EXLOGLQJ�
materials recur and to identify portions of evidence to be 
DQDO\VHG�DQG�RQ�ZKLFK�WR�LQWHUYHQH�ZLWKLQ�WKH�UHVWRUDWLRQ�
DQG�FRQVHUYDWLRQ�SURMHFW��

)LJ����²�0HWKRGRORJ\�XVHG�IRU�WKH�SURMHFW�WR�GHÀQH�WKH�FRQVHUYDWLRQ�DQG�UHVWRUDWLRQ�RI�WKH�ZDOO�SRUWLRQ�FDUULHG�RXW�LQ�FROODERUDWLRQ�ZLWK�WKH�8QLYHU-
VLW\�RI�)ORUHQFH�DQG�WKH�8QLYHUVLW\�RI�6LHQD�
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)LJ�����²�/LVW�RI�FRQVWUXFWLRQV�W\SHV�EDVHG�RQ�PDWHULDOV��VWRQH��EULFN��PRUWDU��DQG�FODGGLQJ��IRXQG�RQ�WKH�GHÀQHG�PDVRQU\��WDNLQJ�DUFKDHRORJLFDO�VWUDWLÀFDWLRQ�
DV�D�FRPSDULVRQ�
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7KH�PDSSLQJ�DOORZV�IRU�FRPSXWDWLRQ�DQG�WKXV�FDOFXODWLRQ�
of the economic impact of the intervention and possible 
PDWHULDOV�WR�EH�XVHG��(OHYHQ�W\SHV�RI�PDVRQU\�ZHUH�IRXQG��
LQFOXGLQJ��PL[HG�EULFN� DQG� VWRQH�PDVRQU\�� IRXU� GLරHUHQW�
VWRQH�PDVRQU\�DSSDUDWXVHV��WKUHH�W\SHV�RI�EULFN�PDVRQU\�
GLරHULQJ� LQ� WH[WXUH�� RQH� W\SH� RI� EULFN� PDVRQU\� XVHG�
LQ� D� SUHYLRXV� LQWHUYHQWLRQ� DV� VWUXFWXUDO� UHLQIRUFHPHQW��
DQG� WZR� W\SHV� RI� VWRQH� DQG� SODVWHU� ZDOO� FRYHULQJV�� 7KH�

GRFXPHQWDWLRQ�RI�WKH�DOWHUDWLRQV�ZDV�FDUULHG�RXW�XVLQJ�WZR�
GLරHUHQW� VXUYH\� WHFKQLTXHV� VWDUWLQJ� IURP� D� ÀHOG� FHQVXV��
WKH� WZR�GLPHQVLRQDO� YHFWRU� UHSUHVHQWDWLRQ� RQ� YHULÀHG�
photomap and the compilation of census cards structured 
GLUHFWO\� RQ� D� FRPSOLDEOH� DQG� LQWHUURJDEOH� SODWIRUP�� 7KH�
FRPSLODWLRQ�RI�WKH�FHQVXV�FDUGV�WRRN�SODFH�ZLWK�WKH�XVH�RI�D�
UHODWLRQDO�GDWDEDVH�LQ�ZKLFK�WKH�GDWD�ZDV�FROOHFWHG�GLUHFWO\�
LQ� WKH�ÀHOG�XVLQJ�D�GLVSDWFKHG�VXUYH\��7KH�GDWDEDVH�ZDV�

)LJ�����²�7KH�FHQVXV�RI�SDWKRORJLHV�ZDV�FRQGXFWHG�RQ�WKH�ÀHOG��7KLV�DOORZV�DQ�RSWLPLVDWLRQ�RI�VXUYH\�DQG�GDWD�HQWU\�WLPHV�EDVHG�RQ�GLUHFW�
REVHUYDWLRQ�GXULQJ�WKH�VXUYH\�SKDVH��
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SRSXODWHG�DFFRUGLQJ�WR�D�VHULHV�RI�ÀHOGV�DQG�YDOXHV�FKRVHQ�
based on the case study and the Italian and European 
UHIHUHQFH� VWDQGDUGV�� ,Q� SDUWLFXODU�� WKH� 81,� �����������
VWDQGDUG� �H[�1RU�0D�/�� ������ DQG� WKH� ,OOXVWUDWHG�JORVVDU\�
RQ�VWRQH�GHWHULRUDWLRQ�SDWWHUQV�,&2026������ZHUH�XVHG��
7KDQNV�WR�WKH�FKRLFH�RI�XVLQJ�D�PXOWL�SODWIRUP�GDWDEDVH�DV�
the data input method, values can be collected, queried, and 
organised according to chosen parameters6��,Q�DGGLWLRQ��LW�
LV� SRVVLEOH� WR� GHÀQH� OHYHOV� RI� GDWDEDVH� GHSWK� DFFRUGLQJ�
WR�WKH�XVHU��VR�WKDW�WKH�FRPSLODWLRQ�RI�WKH�FHQVXV�LV�ZLWKLQ�
WKH� UHDFK�RI�GLරHUHQW� FDWHJRULHV�RI�XVHUV�ZKR�PD\�KDYH�
access to the compilation (technicians) or consultation 
�LQVWLWXWLRQV�RU�SULYDWH�LQGLYLGXDOV���7KH�FHQVXV�LV�FRPSLOHG�
YLD� LQWHUDFWLYH� UHFRUGV�WDEOHV� IURP� WKH� )LOH0DNHU� DQG�
)LOH0DNHU�*R�SODWIRUPV7��ZKLFK�FDQ�EH�XVHG�IURP�FRPSXWHUV�
RU�PRELOH�GHYLFHV��7KLV�RSWLPLVHV�VXUYH\�WLPH�E\�FRPELQLQJ�
WKH�SDWKRORJ\�REVHUYDWLRQ�SKDVH�ZLWK�WKH�SKRWRJUDSKLF�
documentation phase, and the activity is possible both 
LQ�VLWX�DQG�UHPRWHO\��7KH�VWUXFWXUH�RI�WKH�FDUGV�FRQVLVWV�
RI� VHYHUDO� VHFWLRQV� DQG� YDOXH� ÀHOGV�� )XQGDPHQWDO� LV�
WKH� PDQDJHPHQW� RI� WKH� FDUG·V� XQLTXH� FRGH�� ZKLFK�
indicates the location of the alteration or degradation 
DQG� WKH� W\SH�� IROORZHG� E\� D� SURJUHVVLYH� QXPEHU�� WKLV�
code corresponds to the degradation maps present in 
WKH� JUDSKLF� GUDZLQJV� �3DUULQHOOR�� ������� 7KH� LQVHUWLRQ�
of images and photographs describing the presence of 
GHJUDGDWLRQ� FDQ� WDNH� SODFH� GLUHFWO\� LQ� WKH� ÀHOG� XVLQJ� D�
tablet or subsequently on a computer in post-production 
for points that are not accessible from the ground and for 
ZKLFK� SKRWRJUDSKLF� UHFRUGLQJV� XVLQJ� 5HPRWHO\� 3LORWHG�
$LUFUDIW�6\VWHPV��6$35��RU�RWKHU�LQVWUXPHQWV��H�J���'(<(�
SKRWRJUDPPHWULF�V\VWHP��DUH�UHTXLUHG��7KH�XVH�RI�D�FHQVXV�
V\VWHP�ZLWK�WKH�XVH�RI�D�UHODWLRQDO�GDWDEDVH�DQG�WKXV��ZLWK�
all the advantages of this technology over a static template, 
is part of a strand of research developed by the DAda-LAB, 
PLAY and STEP laboratories of the University of Pavia for the 
optimisation of fast surveys of pathologies and criticalities of 
&XOWXUDO�+HULWDJH�

Information system and valorization
7KH� DUWLFXODWLRQ�RI� LQIRUPDWLRQ�GDWDVHWV� IROORZV� WKH� )$,5�
SULQFLSOHV� �:LONLQVRQ�� ������ RI� )LQGDELOLW\�� $FFHVVLELOLW\��
,QWHURSHUDELOLW\� DQG� 5HXVDELOLW\�� ,Q� WKH� SURFHVV�� WKHUH�
PXVW� EH� D� SURSHU� FRQQHFWLRQ� EHWZHHQ� WKH� UHFRUG� DQG�
WKH�JUDSKLFDO�PHGLXP�� WKDW� LV�� EHWZHHQ� WKH� LQIRUPDWLRQ�
gathering interface and the query and representation 
PHGLXP��0DNLQJ�TXHULHV�RI�WKH�GLJLWDO�DUFKLYH�LV�D�VWUHQJWK�
IRU� WKH�SUHVHUYDWLRQ�SURMHFW� DV�GLරHUHQW� FRPELQDWLRQV�RI�
YDOXHV�FDQ�EH�WHVWHG�WKURXJK�NH\ZRUG�TXHULHV��7KLV�DOORZV�
IRU� PXOWL�YDULDEOH� GDWD� H[WUDFWLRQ�� ZKLFK� UHVXOWV� LQ� WKH�
OLQNLQJ� RI� RWKHUZLVH� GLVFRQQHFWHG� LQIRUPDWLRQ� HOHPHQWV�
WKDW� DUH� GLFXOW� IRU� D� WHFKQLFLDQ� WR� REVHUYH� DV� D� JOREDO�
object, achieving greater cognitive value than from 
LQGLYLGXDO�XQLWV�RI�LQIRUPDWLRQ��
0DQ\� *HRUHIHUHQFHG� ,QIRUPDWLRQ� 6\VWHPV� SODWIRUPV�
QRZDGD\V� DOORZ� WKH� PDQDJHPHQW� RI� WKUHH�GLPHQVLRQDO�
PRGHOV��ZKLFK�FDQ�EH�PDQDJHG�DQG�H[FKDQJHG�EHWZHHQ�
SODWIRUPV�� 7KH� PRGHO� FDQ� EH� RUJDQL]HG� DFFRUGLQJ� WR�
GLරHUHQW� PHWKRGV�� DPRQJ� ZKLFK� WKH� WHVWHG�� ��� GLරHUHQW�
surfaces and volumes of the model are separated as 
OD\HUV�DFFRUGLQJ�WR�WKH�FODVVLÀFDWLRQ�FULWHULD�RI�WKH�SURMHFW�
�H�J��� WHFKQRORJ\� SDFNDJHV�� VXUIDFHV�� YROXPHV�� VWUXFWXUDO�
HOHPHQWV�� WR� EH� OLQNHG� WR� WKH� FHQVXV� VKHHWV� DQG� GDWD�
REWDLQHG�GXULQJ�WKH�GLරHUHQW�VWDJHV�RI�DQDO\VLV�����7KH�EDVH�
PRGHO�LV�D�VLQJOH�YROXPH�WR�ZKLFK�OD\HUV�DQG�LQIRUPDWLRQ�
EXWWRQV� DUH� DSSOLHG� DQG� XSGDWHG� ZLWKRXW� UHSODFLQJ� WKH�
PRGHO��7KH�FKRLFH�LV�FORVHO\�UHODWHG�WR�WKH�XVHU�DQG�HQGV�
XVHU�RI�WKH�LQIRUPDWLRQ�V\VWHP��WKH�ÀUVW�VROXWLRQ�SURYLGHV�
for a more advanced modelling capability because, in 
the case of updating the surfaces, it is appropriate to 
XSGDWH� WKH� GLJLWDO� YROXPHV� IDOOLQJ� ZLWKLQ� WKH� VFRSH� RI�
WKH� &XOWXUDO� +HULWDJH� 'LJLWDO� 7ZLQV8�� 7KH� VHFRQG� FDVH� LV�
JUHDWO\�VLPSOLÀHG�IURP�WKH�SRLQW�RI�YLHZ�RI�WKH�RSHUDWRU·V�
PRGHOOLQJ� FDSDELOLWLHV� EXW� WKHUH� LV� D� ULVN� WKDW� WKH�PRGHO�
may no longer represent the actual state in the case of 
FKDQJHV�LQ�&+�PRUSKRORJ\��
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)LJ�����²��7KH�LQWHUDFWLRQ�EHWZHHQ�PRGHO�DQG�SDWKRORJ\�DQDO\VLV�WDNHV�SODFH�ZLWK�WKH�GLUHFW�TXHU\�RI�WKH�PRGHO�E\�WKH�DVVRFLDWHG�XQLTXH�FRGH��
*HRUHIHUHQFLQJ�LV�SRVVLEOH�WKURXJK�WKH�XVH�RI�WKH�7/6�FORXG�ZLWK�*36�SRLQWV�DV�D�EDVLV�IRU�WKUHH�GLPHQVLRQDO�PRGHOOLQJ�
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,Q� ERWK� FDVHV�� ZKLFK� FDQ� EH� HYDOXDWHG� DFFRUGLQJ� WR� WKH�
purpose of the information system and the end user, 
HDFK�LQIRUPDWLRQ�OD\HU�RI�WKH�PRGHO�RZHV�WKH�LQIRUPDWLRQ�
WKDW� FRQQHFWV� LW� WR� WKH� VXUYH\HG�GDWDVHW�� D� FRQQHFWLRQ� LV�
WKHQ�PDGH�EHWZHHQ�OD\HUV�DQG�WKH�UHODWLRQDO�GDWDEDVH�E\�
managing the information acquired through information 
KRWVSRWV��ZKLFK� UHSUHVHQW� WKH� LQIRUPDWLRQ� UHODWHG� WR� WKH�
DQDO\VHV�FRQGXFWHG�LQ�WKH�GRFXPHQWDWLRQ�SKDVH�

Future developments
$OO�WKH�DQDO\VLV�FRQGXFWHG�DOORZV�WKH�WHDP�WR�GHYHORS�DQ�
approach to the restoration base on the multidisciplinary 
LQYHVWLJDWLRQ�� 7KH� ULFKQHVV� RI� GDWD� LQ� DQ� LQIRUPDWLRQ�
V\VWHP�ZDV�GHVLJQHG�WR�VXSSRUW�D�ZLGH�UDQJH�RI�GLරHUHQW�
DSSOLFDWLRQ�GRPDLQV��ZKHUH�HDFK�RSHUDWRU�FRXOG�XVH�D�VPDOO�
fraction of the available functionality yet have the totality of 
WKH�LQIRUPDWLRQ�FROOHFWHG�DW�KLV�RU�KHU�GLVSRVDO��&ROOHFWLQJ�
the dataset and populating the documentation database 
DUH� SUHUHTXLVLWHV� IRU� WKH� UHPDLQLQJ� ZRUN� RI� GHÀQLQJ�
SRVVLEOH�LQWHUYHQWLRQ�WHFKQLTXHV��7KH�SURFHVV�GUDZV�XS�DQ�
LQWHJUDWHG�IUDPHZRUN�RI�KHULWDJH�NQRZOHGJH��FKDUDFWHUL]HG�
E\� WKH� OD\HULQJ� RI� LQIRUPDWLRQ�� 7KH� SURMHFW� IROORZV� WKH�
perspective of the sustainability of interventions, resources, 
DQG�FRVWV�WKURXJK�LQWHJUDWHG�SODQQLQJ��7KH�WHDP�KDV�JLYHQ�
WKH�0XQLFLSDOLW\�RI�9HURQD�DQ�DSSURDFK�WR�WKH�FRQVHUYDWLRQ�
SURFHVV�EDVHG�RQ�WKH�FULWLFDOLWLHV�IRXQG�DQG�VFKHPHV�ZLWK�
LQGLFDWHG�WKH�NLQG�RI�LQWHUYHQWLRQ�WKDW�FRXOG�EH�GRQH�RQ�D�
SODQQHG�FRQVHUYDWLRQ�SURMHFW�WR�EH�DJUHHG�XSRQ�ZLWK�WKH�
DVVHW�PDQDJHPHQW�ERGLHV�� 7KH�SURMHFW� FRQGXFWHG� VR� IDU�
represents the initial phase and aims, over the next year, to 
GHÀQH�WRJHWKHU�ZLWK�WKH�VWDNHKROGHUV�RI�WKH�FLW\�RI�9HURQD�
the exportable protocol calculated to be sustainable over 
WKH�HQWLUH�IRUWLÀHG�V\VWHP�RI�WKH�FLW\�

References
>�@�$SROORQLR��)�,���%DVLOLVVL��9���&DOOLHUL��0���'HOOHSLDQH��0���*DLDQL��0���
3RQFKLR�� )���5L]]R�� )���5XELQR��$�5��� 6FRSLJQR��5��� 6REUD·��*�� �������$�
3D-centered information system for the documentation of a complex 
restoration intervention, Journal of Cultural Heritage, Volume 29, 
������ 3DJHV� ������� ,661� ����������� KWWSV���GRL�RUJ���������M�
FXOKHU������������

>�@�%DWW\�0���������´'LJLWDO�7ZLQVµ��(QYLURQPHQW�DQG�3ODQQLQJ�%�8UEDQ�
$QDO\WLFV�DQG�&LW\�6FLHQFHµ������������²����
 
>�@� %HVDQD�� '��� *UHFR�� $��� 0RUDQGRWWL�� 0�� ������� 5HVLOLHQFH� DQG�
VXVWDLQDELOLW\� IRU� WKH� UHXVH� RI� FXOWXUDO� KHULWDJH�� 7(&+1(�� 9RO��
������������������)LUHQ]H�8QLYHUVLW\�3UHVV��)LUHQ]H��'2,��KWWSV���GRL�
RUJ����������7HFKQH������

>�@� %RFFRQFLQR�� 0�� ������� 0DSSH� ´QGµ� FKH� PRVWUDQR� FLz� FKH� QRQ�
si vede, per un’immaginazione del concreto - Sistemi informativi e 
SURVSHWWLYH� IXWXUH� FKH� JLj� VRQR� LO� SUHVHQWH� _� ´Q'µ�PDSV� WKDW� VKRZ�
ZKDW�FDQQRW�EH�VHHQ��IRU�DQ�LPDJLQDWLRQ�RI�WKH�FRQFUHWH���,QIRUPDWLRQ�
V\VWHPV� DQG� IXWXUH� SHUVSHFWLYHV� WKDW� DUH� DOUHDG\� WKH� SUHVHQW�� ,Q�
3DUULQHOOR��6���HG�����'�%HWKOHKHP�²�*HVWLRQH�H�FRQ�WUROOR�GHOOD�FUHVFLWD�
urbana per lo sviluppo del patrimonio e miglioramento della vita nella 
FLWWj� GL� %HWOHPPH� _�0DQDJHPHQW� DQG� FRQWURO� RI� XUEDQ� JURZWK� IRU�
the development of heritage and improvement of life in the city of 
%HWKOHKHP��YRO�����(GLÀU�(GL]LRQL��)LUHQ]H�

>�@�&KLDEUDQGR��)���&ROXFFL��(���/LQJXD��$���0DWURQH��)���1RDUGR��)���DQG�
6SDQz��$���������$�(XURSHDQ�LQWHURSHUDEOH�GDWDEDVH��HLG��WR�LQFUHDVH�
UHVLOLHQFH�RI�&XOWXUDO�+HULWDJH��,QW��$UFK��3KRWRJUDPP��5HPRWH�6HQV��
6SDWLDO� ,QI�� 6FL��� ;/,,���:��� ���²����� KWWSV���GRL�RUJ���������LVSUV�
DUFKLYHV�;/,,���:�����������

>�@� &ROXFFLD�� (��� 1RDUGRE�� )��� 0DWURQH�� )��� 6SDQz�� $��� /LQJXD�� $��
������� +LJK�OHYHO�RI�GHWDLO� VHPDQWLF� �G� JLV� IRU� ULVN� DQG� GDPDJH�
UHSUHVHQWDWLRQ� RI� DUFKLWHFWXUDO� KHULWDJH�� 7KH� ,QWHUQDWLRQDO� $UFKLYHV�
RI� WKH� 3KRWRJUDPPHWU\�� 5HPRWH� 6HQVLQJ� DQG� 6SDWLDO� ,QIRUPDWLRQ�
6FLHQFHV��9ROXPH�;/,,���������,6356�7&�,9�0LG�WHUP�6\PSRVLXP�´�'�
6SDWLDO� ,QIRUPDWLRQ� 6FLHQFH� ²� 7KH� (QJLQH� RI� &KDQJHµ�� �²��2FWREHU�
2018, Delft, The Netherlands



218

Digital & Documentation. From Virtual space to Information database

218

>��@�81(6&2��,&&520��,&2026�,8&1��������0DQDJLQJ�'LVDVWHU�5LVNV�
IRU�:RUOG� +HULWDJH�� 3XEOLVKHG� LQ� -XQH� ����� E\� WKH� 8QLWHG�1DWLRQV�
(GXFDWLRQDO��6FLHQWLÀF�DQG�&XOWXUDO�2UJDQL]DWLRQ��

>��@�:KDW� LV� ,QWDQJLEOH�&XOWXUDO�+HULWDJH"�KWWSV���LFK�XQHVFR�RUJ�HQ�
ZKDW�LV�LQWDQJLEOH�KHULWDJH�������� �DFFHVVHG���� -DQ�������KHU� LQ�DQ�
RUGHUO\�PDQDJHPHQW� V\VWHP�� )LOH0DNHU� LV� D� GDWDEDVH�PDQDJHPHQW�
V\VWHP�DQG�FRQVLVWV�RI�WZR�VRIWZDUH�SDFNDJHV��WKH�GDWDEDVH�ZLWK�LWV�
5'%06��5HODWLRQDO�GDWDEDVH�PDQDJHPHQW�V\VWHP��DQG�WKH�GDWD�HQWU\�
DQG�UHFRUG�JHQHUDWLRQ�

>�@�'HOOD�7RUUH��6���������,WDOLDQ�SHUVSHFWLYH�RQ�WKH�SODQQHG�SUHYHQWLYH�
conservation of architectural heritage, Frontiers of Architectural 
5HVHDUFK��9ROXPH�����,VVXH����������3DJHV����������,661������������
KWWSV���GRL�RUJ���������M�IRDU�������������

>�@�'RULD��(���/D�3ODFD��6���3LFFKLR��)���������)URP�UHDOLW\�EDVHG�PRGHO�
WR� D� *,6� SODWIRUP�� 0XOWL�VFDODU� PRGHOLQJ� IRU� LUULJDWHG� ODQGVFDSH�
PDQDJHPHQW�LQ�WKH�3DYLD�SODLQ��,QW��$UFK��3KRWRJUDPP��5HPRWH�6HQV��
6SDWLDO� ,QI�� 6FL��� ;/9,,,���:�������� ��²���� KWWSV���GRL�RUJ���������
isprs-archives-XLVIII-2-W1-2022-73-2022

>�@�3DUULQHOOR��6���3LFFKLR��)�� �HGV�� �������'DOPD]LD�H�0RQWHQHJUR��/H�
IRUWLÀFD]LRQL�9HQHWH�QHO�%DFLQR�GHO�0HGLWHUUDQHR�2ULHQWDOH��3URFHGXUH�
per la conoscenza e la Documentazione Digitale del Patrimonio 
6WRULFR�)RUWLÀFDWR��3DYLD��3DYLD�8QLYHUVLW\�3UHVV��,6%1����������������

>��@� 3RUFKHGGX�� *��� 3LFFKLR�� )�� ������� &ORVH�UDQJH� SKRWRJUDPPHWU\�
for the production of models and 3D GIS platforms for archaeological 
UHVFXH� H[FDYDWLRQV�� ,Q��'URQHV�'URQHV� �� 6\VWHPV�RI� ,QIRUPDWLRQ� RQ�
&XOWXUDO�+HULWDJH�IRU�D�VSDWLDO�DQG�VRFLDO�LQYHVWLJDWLRQ��YRO�����S������
����� 3DYLD� XQLYHUVLW\� SUHVV�� ,6%1�� ������������������� 3DYLD�� ������
giugno 2022

>��@� 6NXEOHZVND�3DV]NRZVND�� 0��� 0LORV]�� 0��� 3RZUR]QLN�� 3�� HW� DO��
�������'�WHFKQRORJLHV�IRU�LQWDQJLEOH�FXOWXUDO�KHULWDJH�SUHVHUYDWLRQ³
OLWHUDWXUH�UHYLHZ�IRU�VHOHFWHG�GDWDEDVHV��+HULW�6FL��������������KWWSV���
GRL�RUJ���������V����������������[

>��@�9HFFR�0���������$�GHÀQLWLRQ�RI�FXOWXUDO�KHULWDJH��IURP�WKH�WDQJLEOH�
WR�WKH�LQWDQJLEOH��-�&XOW�+HULW����������������²��

:LONLQVRQ��0���'XPRQWLHU��0��� $DOEHUVEHUJ�� ,�� HW� DO�� ������� 7KH� )$,5�
*XLGLQJ�3ULQFLSOHV� IRU� VFLHQWLÀF�GDWD�PDQDJHPHQW�DQG�VWHZDUGVKLS��
6FL�'DWD������������KWWSV���GRL�RUJ���������VGDWD��������

>��@�=RU]L��0�� �HG�� �������/H�PXUD�GL�9HURQD��'D�FDVWUXP�URPDQR�D�
IRUWH]]D� DXVWULDFD�� VWRULD� GL� XQ� FDSRODYRUR� G·DUWH� PLOLWDUH�� 7UHYLVR��
(GL]LRQL�&KDUWHVLD��,6%1������������

>��@�City of Verona KWWSV���ZKF�XQHVFR�RUJ�HQ�OLVW����� (accessed 18 
-DQXDU\�������

>��@� ,&2026�� ������ ,QWHUQDWLRQDO� &KDUWHUV� IRU� FRQVHUYDWLRQ� DQG�
UHVWRUDWLRQ��6WRFNKROP��6HSWHPEHU���WK������





220

Digital & Documentation. From Virtual space to Information databaseDigital & Documentation. From Virtual space to Information database

ANDREA DI FILIPPO
University of Salerno

+H� KROGV� D� 3K'� LQ� 5LVN� DQG�
Sustainability in Civil, Architectural 
and Environmental Engineering 
Systems at the Department of 
Civil Engineering - University 
RI� 6DOHUQR�� +H� LV� DQ� DGMXQFW�
professor at the same institution, 
at the Polytechnic and Basic 
Sciences School - University of 
Naples “Federico II” and for the 
study programme in Architecture 
and Industrial Design - University 
´6DQ� 5DරDHOHµ� 5RPH�� +H� LV� DOVR�
a research contractor at the 
Department of Architecture 
�� 8QLYHUVLW\� RI� 3DOHUPR�� +H�
ZDV� YLVLWLQJ� UHVHDUFKHU� DW� WKH�
Department of Architecture and 
,QGXVWULDO� 'HVLJQ� �� 7VKZDQH�
8QLYHUVLW\�RI�7HFKQRORJ\�EHWZHHQ�
July and August 2018 and, at the 
VDPH�LQVWLWXWLRQ��VFLHQWLÀF�GLUHFWRU�
of surveying activities for the 
Surat Hindu Association buildings 
LQ� 'XUEDQ� EHWZHHQ� 6HSWHPEHU�
DQG�2FWREHU������
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Abstract

7KH�%,0�PHWKRGRORJ\��WRJHWKHU�ZLWK�LWV�DVVRFLDWHG�WRROV��LV�VWLOO�
perceived, especially in our country, as an exception to established 
SUDFWLFH��DQ�HWHUQDO�QRYHOW\�ZLWK�FOHDUO\�VRPHWKLQJ�XQÀQLVKHG��,Q�
(XURSH� DQG�ZRUOGZLGH�� WKH� EUDQFK� RI� %,0�� DLPHG� DW� EXLOGLQJV�
ZLWKRXW�FXOWXUDO�FRQQRWDWLRQV��KDV�ORQJ�UHPDLQHG�LQ�WKH�VKDGRZV�
GXH�WR�D�ODFN�RI�PDUNHW�LQWHUHVW��2QO\�UHFHQWO\�KDV�WKLV�WUHQG�EHHQ�
UHYHUVHG��SDUWLFXODUO\�LQ�,WDO\��WKDQNV�WR�WD[�EUHDNV�
+RZHYHU� ULJRURXV� WKH� SURFHVV� RI� FRQVWUXFWLQJ� D� %,0�PD\� EH��
it loses its value if the information on the operational steps 
and reliability of the collected data is not implemented in the 
YLUWXDOLVDWLRQ� LWVHOI�� 7KH� IXQFWLRQDO� DVSHFWV� RI� WKH�PHWKRGRORJ\�
DOVR� LQFOXGH� TXDOLW\� DVVHVVPHQW�� RQ� ZKLFK� WKH� SRVVLELOLW\� RI�
UHXVLQJ�WKH�PRGHO�GHSHQGV�

,Q� DQ\� %,0� SURFHVV� DSSOLHG� WR� H[LVWLQJ� EXLOGLQJV�� FRQWHQW�
validation is crucial: the geometric and semantic data must be 
VXFLHQWO\� UHOLDEOH� WR� PHHW� FXVWRPHU�VSHFLÀF� UHTXLUHPHQWV�
DQG� WKHVH� DVSHFWV� PXVW� EH� DGHTXDWHO\� GRFXPHQWHG�� 9DOLG�
solutions emerge from the literature, but they struggle to 
HVWDEOLVK�WKHPVHOYHV�EHFDXVH�WKH\�DUH�QRW�ZHOO�LQWHJUDWHG�LQWR�
WKH�WRROV�RXWOLQHG�LQ�WKH�WHFKQLFDO�VWDQGDUGV�
This contribution proposes a possible approach, identifying 
in the vast panoply of technical sector standards all those 
tools that can be used to quantify the reliability of information 
FRQWHQW��SRVVLEO\�XSGDWLQJ�WKHP�DQG�PDNLQJ�WKHP�FRPSDWLEOH�
ZLWK�FXUUHQW�%,0�UHJXODWLRQV�
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The needs of an evolving digital environment
Digitisation has changed representation techniques and 
tools over the past ten years, resulting in a massive increase 
LQ�WKH�TXDQWLW\��TXDOLW\��DQG�YDULHW\�RI�GDWD�DQG�SURGXFWV��
7KH� HPSOR\PHQW� RI� %XLOGLQJ� ,QIRUPDWLRQ� 0RGHOOLQJ�
�%,0�� SODWIRUPV� LQ� QHZ� FRQVWUXFWLRQ� KDV� DOORZHG� WKH�
LGHQWLÀFDWLRQ�RI�VKDUHG�DSSURDFKHV�DQG�WKH�FRQVROLGDWLRQ�
RI�SURFHGXUHV�>���@�
+RZHYHU�� LW� LV�VWLOO�XS�IRU�GHEDWH�ZKHWKHU�%,0�LV�HරHFWLYH�
LQ� WKH�ÀHOG�RI�EXLOW�KHULWDJH��6LQFH�WKH� ODWWHU� LV�RQH�RI�D�
NLQG��LW�LV�KDUG�WR�LPDJLQH�KRZ�D�PHWKRGRORJ\�GHYHORSHG�
for standardising representation processes could be used 
LQ�D�FRQWH[W�ZKHUH�VDYLQJ� WLPH�PHDQV�VDYLQJ�PRQH\� >�@��
$V�D�UHVXOW��%,0�LV�FULWLFLVHG�DQG�TXHVWLRQHG�UHJDUGLQJ�LWV�
XVHIXOQHVV��$Q�LQ�GHSWK�H[DPLQDWLRQ�RI�WKH�SXUSRVHV�DQG�

modelling techniques is required because the description of 
DQ�H[LVWLQJ�DVVHW�FDQ�KDYH�UHOHYDQW�OLPLWDWLRQV�>�@�
,W� LV� WKH�UHVSRQVLELOLW\�RI�DFDGHPLF�UHVHDUFK� LQ� WKH�ÀHOG�WR�
investigate the possibilities and viable implementation 
DSSURDFKHV� IRU� WKH� EXLOGLQJ� GLJLWLVDWLRQ� >���@�� 7KH� DELOLW\�
WR� H[FKDQJH� LQIRUPDWLRQ�ZLWKLQ� D� V\VWHP� WKDW� LV� QDWXUDOO\�
fragmented due to its heterogeneous composition is 
another restriction of this methodology applied to the 
EXLOW� HQYLURQPHQW�� 7KH� SURFHVV� RI� FRPSXWHULVDWLRQ� LQ� WKH�
management of the architectural heritage is still poorly 
integrated in the public authorities in charge of control 
GHVSLWH� WKH� FRQVLVWHQW� WHFKQRORJLFDO� HYROXWLRQ�� 0RVW� RI�
WKH� GDWD� H[FKDQJH� WDNHV� SODFH� WKURXJK� ÀOHV� LQ� PDUNHW�
standard formats that are used too casually although their 
unique characteristics, ignoring the possibility of qualitative 
LQIRUPDWLRQ�ORVV�

)LJ����²�&RQWHQW�PDQDJHPHQW�LQ�$&'DW��EDVHG�RQ�81,���������������
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7KH� LQWHUQDWLRQDO� VWDWH�RI�WKH�DUW� GHPRQVWUDWHV� D� UHQHZHG�
interest in the innovation of asset management protocols and 
WKH� XQLÀFDWLRQ�RI� WHFKQLFDO� UHJXODWLRQV�RQ�%,0�� SDYLQJ� WKH�
ZD\�IRU�WKH�GHÀQLWLRQ�RI�,7�SURFHGXUHV�UHODWHG�WR�UHVWRUDWLRQ�
RU� UHQRYDWLRQ� >�@�� (YHQ� WKRXJK� FDWDORJXLQJ� PHWKRGV� IRU�
conservation and reuse are consolidated and tested in the 
case of existing structures, the geometric, documentary and 
LFRQRJUDSKLF�FRPSRQHQWV�DUH�QRW�SURSHUO\�OLQNHG�WRJHWKHU��
$V�D�UHVXOW��WKHUH�LV�D�ODFN�RI�WKH�QHFHVVDU\�RVPRVLV��ZKLFK�LV�
HVVHQWLDO�IRU�WKH�HරHFWLYH�WUDQVPLVVLRQ�RI�NQRZOHGJH�EHWZHHQ�
the actors involved in the protection and management of 
KHULWDJH�DQG�WKH�ÀHOGV�RI�ZRUN�GHVLJQ�DQG�H[HFXWLRQ�
7KH�GHYHORSPHQW�RI�HOHFWURQLF�SURWRFROV��ZKLFK�DUH�EHFRPLQJ�
a regulatory tool because of the spread of international 
IUDPHZRUNV��LV�LQ�OLQH�ZLWK�WKH�DSSOLFDWLRQ�RI�D�PHWKRGRORJ\�
that can respond to the need for continuous data updating 
WKURXJK� WKH� VWUXFWXULQJ� RI� %,0� YLUWXDOLVDWLRQV� >��@�� 2XU�
UHVHDUFK�IRFXVHV�RQ�WKH�WRSLF�RI� LQIRUPDWLRQ�UHOLDELOLW\��7KH�
possibility of reusing a model depends on this factor but there 
LV�D�ODFN�RI�D�XQLÀHG�IUDPHZRUN�WR�VROYH�WKH�FULWLFDO�LVVXH��9DOLG�
VROXWLRQV�HPHUJH�IURP�WKH�OLWHUDWXUH�>�����@��EXW�WKH\�VWUXJJOH�
WR�HVWDEOLVK�WKHPVHOYHV�EHFDXVH�WKH\�DUH�QRW�ZHOO�LQWHJUDWHG�
ZLWKLQ�WKH�WRROV�RXWOLQHG�E\�WKH�WHFKQLFDO�VWDQGDUGV�
For this reason, our proposal for assessing reliability does not 
LQWURGXFH�DQ\�IXUWKHU�QRYHOWLHV�EXW�DLPV�WR�VHHN�RXW�VROXWLRQV�
DOUHDG\�XVHG�LQ�SDUDPHWULF�PRGHOOLQJ�RU�UHODWHG�ÀHOGV��UHIRUPLQJ�
them if necessary and lightening the notional load on technicians, 
ZKR�FRXOG�PDNH�XVH�RI�WRROV�WKH\�NQRZ�DQG�PDVWHU�

Information content management in the Italian 
technical standards
%HIRUH�GHÀQLQJ�DQ\�SRVVLEOH�DSSURDFK�WR�WKH�GRFXPHQWDWLRQ�
of the building fabric, it is necessary to have a clear 
understanding of the technical guidelines regarding the 
PDQDJHPHQW� RI� OHDUQLQJ� ÁRZV� LQ� WKH� FRQVWUXFWLRQ� VHFWRU��

Data, information, and information content are the three 
FRJQLWLYH�HOHPHQWV�WKDW�VKRXOG�EH�XVHG�WR�WUDQVIHU�NQRZOHGJH�
DQG� QHJRWLDWH� EHWZHHQ� SDUWLHV� LQYROYHG� LQ� DQ\� SURFHVV�
(design, production, execution, and decommissioning) of 
the construction industry, according to UNI 11337-1:2017 
VWDQGDUGV��)LJ�����
'DWD�PXVW�EH�VWUXFWXUHG�� UHODWHG��ZRUNHG�ZLWK�HOHFWURQLFDOO\��
VWRUHG�RQ�PHGLD��DQG�ZULWWHQ�LQ�DQ�RSHQ�IRUPDW�IRU�RSHUDWLRQV�
WR�EH�IXOO\�GLJLWLVHG��,W�FDQ�EH�H[SUHVVHG�LQ�PXOWLPHGLD��LPDJHV�
DQG�VRXQGV���JUDSKLFDOO\��VLJQV���RU�DOSKDQXPHULFDOO\��V\PEROV��
7KLV� KHOSV� XV� RUJDQLVH� DQG� OLQN� WKH� NQRZOHGJH� ZH� KDYH�
through appropriate vehicles (models and outputs) and 
understand the minimum requirements for communication 
EHWZHHQ� WKH� LQYROYHG� SDUWLHV�� EXW� LW� GRHV� QRW� VSHFLI\�
ZKLFK� JHRPHWULF� RU� QRQ�JHRPHWULF� DWWULEXWHV� WR� XVH�ZKHQ�
YLUWXDOLVLQJ�RU�UHSUHVHQWLQJ�SK\VLFDO�HQWLWLHV�DQG�SURFHVVHV�
An information structure must be implemented before a more 
HරHFWLYH� DSSURDFK� FDQ� EH� GHÀQHG�� 7KH� 8.� VWDQGDUGV� 3$6�
1192-2:2013 and PAS 1192-3:2014 identify the Development 
stage (CAPEX) and the Execution stage (OPEX), reiterating 
WKHLU� FORVH� WLHV� WR� RQH� DQRWKHU�� $V� D� UHVXOW�� YLUWXDOLVDWLRQV�
have both a regulatory function for production (the Project 
,QIRUPDWLRQ�0RGHO�RU�3,0��DQG�DQ�LGHQWLÀFDWLRQ�SXUSRVH��WKH�
$VVHW�,QIRUPDWLRQ�0RGHO�RU�$,0��IRU�WKH�DFWXDO�VLWXDWLRQ�DQG�
WKH�WLPH�ÁRZ�DURXQG�H[LVWLQJ�VWUXFWXUHV�
%\�81,���������������WKLV�GXDOLW\�KDV�EHHQ�IXOO\�VXSSOLHG��ZLWK�
DQ�HPSKDVLV�RQ�WKH�EHJLQQLQJ�WR�HQG�UHODWLRQVKLS�EHWZHHQ�
WKH�WZR�VWDJHV��ZKLFK�FDQ�EH�GLYLGHG�LQWR�PXOWLSOH�SKDVHV��,W�
is important to note that there is no direct correlation among 
these aspects and design levels, at least in the Italian public 
ZRUNV�V\VWHP��,QVWHDG��WKH\�DUH�OLQNHG�WR�WKH�SURFHVV�JRDOV��
IURP�ZKLFK�GHVFHQG�WKH�WDUJHWV�RI�PRGHO�DQG�REMHFWV��/HYHO�
RI�'HYHORSPHQW���/2'��
6\VWHPDWLVLQJ� NQRZOHGJH� QHFHVVLWDWHV� LGHQWLI\LQJ� DQ�
LQWHUFKDQJH�VWUHDP��:H�FRXOG�HQYLVLRQ�WZR�FRPSOHPHQWDU\�
ÁRZV� LQ� D� EURDGHU� YLVLRQ� RI� %,0�� GHYRLG� RI� FDVH�VWXG\�
IHDWXUHV�RU�SURFHVVLQJ�VRIWZDUH��RQH�RI�LQIRUPDWLRQ��ZKLFK�
comes from the model and lets it do its job, and one of 
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GHÀQLWLRQ��ZKLFK�PDNHV�LW�FOHDU�DQG�NHHSV�LW�FXUUHQW��)LJ�����
81,� ������������� FRYHUV� WKH� HOHPHQWV� WKDW� FRQVWLWXWH� WKH�
ODWWHU�ÁRZ��,Q�DFFRUGDQFH�ZLWK�%ULWLVK�VWDQGDUGV�DQG�81,�(1�
,62�������� WKH� IROORZLQJ�GRFXPHQWV� DUH� FUHDWHG� WR� KDQGOH�
GDWD�UHTXLUHPHQWV�ZLWKLQ�,WDOLDQ�UHJXODWLRQV�
• ,QIRUPDWLRQ�6SHFLÀFDWLRQ��&,��
• ,QIRUPDWLRQ�PDQDJHPHQW�ELG��R*,��
• ,QIRUPDWLRQ�PDQDJHPHQW�SODQ��S*,��
([LJHQFLHV�DUH�GHÀQHG� LQ� WKH�FOLHQW�&,�SULRU� WR� WKH�DZDUGLQJ�
SURFHVV��7KH�SDUWLHV�LQWHUHVWHG�LQ�WKH�FRQWUDFW�SUHSDUH�DQ�R*,��
ZKLFK� RXWOLQHV� WKHLU� RරHU� WR� PHHW� WKH� FXVWRPHU� QHHGV�� 7KH�
VHOHFWHG�RSHUDWRU�PXVW�GUDIW�D�S*,�GHWDLOLQJ�WKH�LQLWLDO�SURSRVDO��
The standards list the subjects that should be covered for the CI to 
KDYH�D�PLQLPXP�RI�FRQWHQW�DQG�GLYLGH�WKHP�LQWR�WZR�FDWHJRULHV��

the technical one (model features, information sheets and 
RXWSXWV��GDWD�H[FKDQJH�IRUPDWV��HWF���DQG�WKH�PDQDJHPHQW�RQH�
�LQWHUFKDQJH�ÁRZ��FRRUGLQDWLRQ��YHULÀFDWLRQ��DQG�´GLPHQVLRQVµ�
DPRQJ�RWKHU�WKLQJV���7KH�UHJXODWLRQ�GRHV�QRW�SURYLGH�D�WHPSODWH�
IRU�WKH�R*,�DQG�S*,��7KLV� LV�DOVR�HYLGHQW�EHFDXVH�LW�HVVHQWLDOO\�
FRQVLVWV� RI� WKH� &,�IRUPXODWHG� UHTXLUHPHQWV�� 2SHUDWRUV� KDYH�
DOZD\V�EHHQ�LQWHUHVWHG�LQ�DXWRPDWLQJ�WKH�DVVRFLDWLRQ�RI�PRGHOV�
LQ�YLUWXDOLVDWLRQ�PDQDJHPHQW��0RGHO�&KHFNLQJ���7KH�VWDQGDUGV�
GHÀQH�WKUHH�GLVWLQFW�FRRUGLQDWLRQ�OHYHOV�
• /&���GDWD�LQWHUDFWLRQ�ZLWKLQ�D�VLQJOH�PRGHO�
• /&���FROODERUDWLRQ�DPRQJ�YDULRXV�GLJLWDO�SURGXFWV�
• /&��� FRQQHFWLRQ� EHWZHHQ� QRQ�JUDSKLFDO� PRGHO�GHULYHG�

information, such as technical or calculation reports, 
&$'�FKDUWV��HWF�

)LJ����²�5HODWLRQ�EHWZHHQ�WKH�GLරHUHQW�DVSHFWV�RI�%,0��DXWKRU·V�HODERUDWLRQ��



������

14Traceability of attributes in BIM models for the heritage documentation

7KH�UHVSRQVLELOLW\�IRU�WKHVH�DFWLYLWLHV�OLHV�ZLWK�WKH�SHUVRQ�LQ�
FKDUJH�RI�WKH�VSHFLÀF�FRQWULEXWLRQ�LQ�WKH�FDVH�RI�/&���ZKLOH�
LQ�WKH�UHPDLQLQJ�WZR�OHYHOV�WKH�RSHUDWRU�VKDOO�EH�LGHQWLÀHG�
LQ� WKH� &,�� 9HULÀFDWLRQ�PRPHQWV� H[LVW� IRU� HDFK� SKDVH� DQG�
VWDJH�RI�WKH�SURFHVV��DV�GHÀQHG�E\�81,���������������7KHUH�
are three steps:
• LV1, a formal internal audit that examines the correct 

production, distribution, and management 
RI� FRQWHQW� LQ� DFFRUGDQFH� ZLWK� WKH� &,� DQG� S*,�
LQGLFDWLRQV�

• LV2, a substantial inner validation intended to verify 
the readability, traceability, and consistency of 
WKH� YDULRXV� PRGHO� LQIRUPDWLRQ�� ,W� LV� FDUULHG� RXW�
by ensuring that the requirements for the LOD 

of related objects and the content evolution of 
YLUWXDOLVDWLRQV�KDYH�EHHQ�DFKLHYHG�

• /9���D�FOLHQW�SHUIRUPHG�IRUPDO�DQG�VXEVWDQWLDO�YHULÀFDWLRQ�
RI�WKH�&RPPRQ�'DWD�(QYLURQPHQW�

The standards also introduce the progress and approval 
statuses for models and outputs to facilitate a conscious use 
RI�LQIRUPDWLRQ�E\�WKH�SURFHVV�DFWRUV��81,����������������7KH�
degree of operational advancement and the formal reliability 
RI� WKH� FRQWHQW� DUH� WKH� WZR� WKLQJV� WKDW� WKH\� UHVSHFWLYHO\�
VSHFLI\��7KH�LQWHUFKDQJH�ÁRZ��LQ�LWV�HOHPHQWV�FRQFHUQLQJ�WKH�
GHÀQLWLRQ��LV�GHVFULEHG�LQ�GHWDLO��KLJKOLJKWLQJ�WKH�HYROXWLRQ�RI�
WKH�SURJUHVV�DQG�DSSURYDO�VWDWXVHV�DV�ZHOO�DV�WKH�PRPHQWV�
SHUWDLQLQJ�WR�YHULÀFDWLRQ�DQG�FRRUGLQDWLRQ��ZKLFK�DUH�RXWOLQHG�
LQ�3DUW���RI�WKH�VWDQGDUGV�

)LJ����²�%,0�SURFHVV�IRU�QHZ�DQG�H[LVWLQJ�EXLOGLQJV��DXWKRU·V�HODERUDWLRQ��
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A mismatch between technical standards 
and the real framework of requirements
Despite the fact that the Italian standards represent an 
indispensable starting point for the correct use of the 
PHWKRGRORJ\� DQG� DUH� DOPRVW� SHUIHFWO\� DOLJQHG� ZLWK�
LQWHUQDWLRQDO� UHJXODWLRQV� �81,� (1� ,62� �������� WKHUH� DUH� VWLOO�
VRPH�LVVXHV�WKDW�DUH�QRW�SURSHUO\�DGGUHVVHG��6LQFH�WKH�DGYHQW�
RI�%,0�LQ�WKH�DUFKLWHFWXUH��HQJLQHHULQJ��DQG�FRQVWUXFWLRQ��$(&��
industries, the characterisation of existing assets has become a 
VLJQLÀFDQW�SUREOHP��0RUH�WKDQ�����RI�DOO�VWUXFWXUHV�LQ�,WDO\�GDWH�
IURP�WKH�����V��DQG�PRVW�RI�WKHP�ODFN�GLJLWDO�GRFXPHQWDWLRQ��
$V�D�UHVXOW��WKH�UHTXLUHG�LQIRUPDWLRQ�LV�DOPRVW�DOZD\V�REWDLQHG�
XVLQJ�SULFH\�UHYHUVH�HQJLQHHULQJ�SURFHVVHV��)LJ�����>�����@��
7R�GHYHORS�D�IUDPHZRUN�FRQFHUQLQJ�HQG�XVHU�GLUHFWHG�%,0�IRU�
EXLOW�DVVHWV��LW�PD\�EH�XVHIXO�WR�WDNH�D�FORVHU�ORRN�DW�WKH�VXEMHFW�
E\� GLYLGLQJ� LW� LQWR� WZR� DUHDV�� ([LVWLQJ� %XLOGLQJ� ,QIRUPDWLRQ�
0RGHOOLQJ� �H%,0�� FRQWDLQV� WKH� EDVLFV� QHHGHG� WR� PDLQWDLQ�

and operate a construction, including data on the fabric and 
VHUYLFHV�� DQG� DQ�+LVWRULF� %,0� �+%,0�� LV� DQ� DGGLWLRQDO� OD\HU�
>������@��7KH�ODWWHU�ZRXOG�DOVR�DGGUHVV�KLVWRULFDO�DQG�KHULWDJH�
LQIRUPDWLRQ��VLJQLÀFDQFH�YDOXHV�DQG�FRQVHUYDWLRQ�SROLFLHV�>��@�
7KH�GHYHORSPHQW�RI�D�%,0�PRGHO��HVSHFLDOO\�UHODWHG�WR�WKH�
advanced phases of a building lifecycle, is an operation 
that requires a certain investment, both in terms of time 
DQG�ÀQDQFLDO� UHVRXUFHV��7KLV� UDLVHV�ZKHWKHU� LW� LV�ZRUWK� LW��
DQG�WKH�ÀUVW� WKLQJ�WR�H[SORUH� LV�ZK\�ZH�QHHG� LW��:KHQ� LW�
comes to projects involving major improvements and 
UHQRYDWLRQV�� ZH� PLJKW� EH� DEOH� WR� MXVWLI\� WKH� DGGLWLRQDO�
FRVWV�� ZKLFK� GHSHQG�� IRU� H[DPSOH�� RQ� VXUYH\LQJ� DQG� WKH�
SURGXFWLRQ�RI�D��'�PRGHO� >��@��+RZHYHU��PRVW�EXLOGLQJV�
ZLOO�QRW�JR�WKURXJK�VXFK�UHIXUELVKPHQWV��DQG�\RX�PXVW�DVN�
LI�WKHUH�LV�DQ\�YDOXH�LQ�GHYHORSLQJ�DQ�H%,0�IRU�WKHP��7KH�
D.M. 560/2017 introduces the compulsory use of digital 
WRROV� RQO\� IRU� SXEOLF� ZRUNV� ZKLOH� D� ODUJH� SRUWLRQ� RI� WKH�
existing fabric, devoid of historical and cultural relevance, 
EHORQJV�WR�SULYDWH�LQGLYLGXDOV�

)LJ����²�'LUHFW��GRZQ��DQG�UHYHUVH��XS��HQJLQHHULQJ�SURFHVV��DXWKRU·V�HODERUDWLRQ��
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0RVW�RI�WKH�EXLOGLQJV�GR�QRW�KDYH�&$'�GUDZLQJV�RU�SHUKDSV�
HYHQ�SDSHU�GRFXPHQWV��,I�D�%,0�PRGHO�LV�WR�EH�SURGXFHG��
LWV�TXDOLW\�DQG�FKDUDFWHULVWLFV�PXVW�EH�FDOLEUDWHG�WR�VSHFLÀF�
SXUSRVHV�� )RU� H[DPSOH�� LWV� DSSOLFDWLRQ� LQ� WKH� H[HFXWLRQ�
stage might justify the use of expensive digital survey 
WRROV�� 2WKHUZLVH�� �'� GUDZLQJV� DFFRPSDQLHG� E\� JRRG�
SKRWRJUDSKLF� GRFXPHQWDWLRQ� PD\� VXFH�� $OWHUQDWLYHO\��
WKHUH�DUH�IHZHU�UHVRXUFHV�DQG�WLPH�LQWHQVLYH�VROXWLRQV�WR�
SURGXFH�D�QRQ�%,0�RULHQWHG��'�PRGHO�>��@�

$V� UHSHDWHGO\� VWDWHG��%,0� LV�QRW�QHFHVVDULO\� WKH�SDQDFHD�
to the coordination problems of the building industry 
information process, but it can become a valuable tool, 
HVSHFLDOO\�IRU�WKH�H[HFXWLRQ�VWDJH�RI�H[LVWLQJ�VWUXFWXUHV��,WV�
implementation has a cost and it requires training of those 
LQYROYHG�WR�JXDUDQWHH�WKH�GHVLUHG�UHVXOWV�� ,W� LV�� WKHUHIRUH��
QHFHVVDU\� WR� DVN� ZKHWKHU� WKH� EHQHÀWV� SURGXFHG� E\� WKH�
methodology are such that they justify the investment, 
HVSHFLDOO\�LQ�WKH�SULYDWH�VHFWRU�

)LJ����²�2XU�SURSRVDO�IRU�WKH�FRRUGLQDWLRQ��SURJUHVV�DQG�DSSURYDO�ÁRZ��EDVHG�RQ�81,���������������



228

Digital & Documentation. From Virtual space to Information database

228

Levels of Development in the eBIM
A central issue in heritage documentation is the 
VSHFLÀFDWLRQ� RI� WKH� /HYHOV� RI� 'HYHORSPHQW�� &RQVLGHULQJ�
the Italian UNI 11337-4:2017 regulation, the client should 
detail the levels for the individual objects per phase of the 
LPSOHPHQWDWLRQ�SURFHVV��,Q�WKLV�UHJDUG��D�WDEOH�SURSRVHG�LQ�
WKH�GLUHFWLYH��ZKLFK�VXJJHVWV�VSHFLÀF�UDQNV�GLරHUHQWLDWHG�
E\�GLVFLSOLQH��FRPHV�WR�RXU�DLG��7KLV�LV�ZKHUH�WKH�SUREOHP�
DULVHV��7KH�VWDQGDUG�OHYHOV�DUH�FRQFHLYHG�RZLQJ�WR�D�IRUZDUG�
HQJLQHHULQJ�PHWKRGRORJ\��ZLWK�FRQWHQW�LQFUHDVLQJ�DV�RQH�
PRYHV�IURP�WKH�LGHD�WR�WKH�FRQFUHWH�HOHPHQW��)LJ�����
Based on these observations, referring to an existing 
building surveyed and then modelled, one might be led to 
DWWULEXWH�WKH�SURGXFW�WR�D�/2'�*��ZKHUH�WKH�GLJLWDO�REMHFWV�
express the updated virtualisation of the state of an entity 
DW� D� GHÀQHG� WLPH�� FRQWDLQLQJ� WKH� WUDFH� RI�PDQDJHPHQW��

maintenance, repairs and replacements carried out 
WKURXJKRXW�WKH�OLIHF\FOH�RI�WKH�ZRUN�>��@�
Given the above considerations, it is not possible to acquire 
GHHS�NQRZOHGJH�RI�DOO�LQIRUPDWLRQ�DQG�JHRPHWULF�DVSHFWV�
RQ�DQ�H[LVWLQJ�EXLOGLQJ�ZLWKRXW�LQYHVWLQJ�ODUJH�DPRXQWV�RI�
UHVRXUFHV��7KH�VDPH�DUFKLWHFWXUDO�VXUYH\��FDUULHG�RXW�ZLWK�
photogrammetric and laser scanning techniques, is limited 
WR� DQ� H[KDXVWLYH� GRFXPHQWDWLRQ� RI� WKH� VWUXFWXUH� ¶VNLQ·��
ZLWKRXW�SURYLGLQJ� LQIRUPDWLRQ�UHJDUGLQJ�WKH� ¶QRQ�YLVLEOH·�
HOHPHQWV��VXFK�DV�WKH�VWUDWLJUDSK\�RI�WKH�ZDOOV��,W�LV�WKHUHIRUH�
evident that the LOD system needs to be rethought 
DFFRUGLQJ�WR�WKH�W\SH�RI�EXLOGLQJ��DV�LW�LV�H[WUHPHO\�GLFXOW�
and above all costly for a private individual to implement 
the techniques and technologies necessary to collect the 
PLVVLQJ�GDWD�>��@�
Wanting to propose an economically viable solution, models 
and outputs deriving from the survey can be integrated 

)LJ����²�6FKHPH�IRU�LGHQWLI\LQJ�UHOLDELOLW\�OHYHOV�RI�LQIRUPDWLRQ�FRQWHQW�
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A possible framework for tracking information 
content
Technical regulations barely address the issue of the 
traceability and reliability for the information that goes 
LQWR�D�%,0�PRGHO��7KHUH�DUH�VRPH�DWWHPSWV� WR�GHÀQH�D�
UHIHUHQFH� IUDPHZRUN� LQ� WKH� OLWHUDWXUH�� 7KHVH� DUH� DOPRVW�
DOZD\V�OLPLWHG�WR�VSHFLÀF�W\SHV�RI�FRQWHQW�DQG�FRPSOHWHO\�
detached from national and international norms for the 
SURSHU�PDQDJHPHQW�RI�SURGXFW�FUHDWLRQ�
7KH� FRRUGLQDWLRQ�� SURJUHVV�� YHULÀFDWLRQ� DQG� DSSURYDO�
RI� LQIRUPDWLRQ� LQ� DFFRUGDQFH� ZLWK� WKH� &RPPRQ� 'DWD�
Environment are all covered by the UNI 11337 standards 
LQ�SDUWV���DQG����7KH�YHULÀFDWLRQ�OHYHOV��ZKLFK��DORQJ�ZLWK�
the other three points mentioned earlier, outline the 
LQWHUFKDQJH�ÁRZ��DUH�WKH�PRVW�YDOXDEOH�DVSHFW�IRU�DQ�LQ�
GHSWK�H[DPLQDWLRQ�RI�UHOLDELOLW\�

ZLWK�GRFXPHQWV�RI�YDULRXV�NLQGV��SURMHFWV��GHHGV��HWF��� LQ�
paper format and historical images, to outline a cognitive 
IUDPHZRUN�FRPSDWLEOH�ZLWK�WKH�REMHFWLYHV�DQG�XVHV�RI�WKH�
YLUWXDOLVDWLRQ��,W�LV�WKHUHIRUH�SRVVLEOH�WR�DFKLHYH�D�/2'�*�IRU�
all architectural elements, although it is not practicable to 
YDOLGDWH�DOO�DWWULEXWHV�LQ�WKH�ÀHOG��7KLV�LV�D�PDMRU�SUREOHP��
but one that could not be solved by solutions economically 
FRPSDWLEOH�ZLWK�WKH�JHQHUDO�FOLHQW·V�DYDLODELOLW\�
)RUWXQDWHO\�� 81,� (1� ,62� ������ DQG�81,� (1� �������ZLWK�
the introduction of the Level of Information Need (LOIN) 
FRQFHSW�� DOORZ� XV� WR� JR� EH\RQG� WKH� VWDWLF� DSSURDFK� RI�
LODs and to calibrate the content according to a conscious 
and mature demand, providing mixed LODs for virtualised 
HOHPHQWV�� 'HVSLWH� WKH� LQFUHDVHG� ÁH[LELOLW\�� WKHUH� LV� VWLOO� D�
ODFN�RI�FOHDU�UHIHUHQFH�WR�WKH�H[LVWLQJ�EXLOGLQJ��KDYLQJ�WR�
GHÀQH�QRW�RQO\�ZKDW�LQIRUPDWLRQ�GHSWK�LV�WR�EH�DFKLHYHG�
EXW�DOVR�KRZ�LW�FDQ�EH�REWDLQHG�

We are interested in the first step (LV1) of formal internal 
YDOLGDWLRQ�WKDW�IROORZV�WKH�HODERUDWLRQ�DQG�WKH�VHFRQG�
level (LV2�� RI� VXEVWDQWLDO� YHULILFDWLRQ� WKDW� IROORZV� WKH�
VKDULQJ� DQG� FRQFHUQV� WKH� OLQN�ZLWK� RWKHU�PRGHOV��:H�
LQWHQG�WR�LQFRUSRUDWH�RXU�SURSRVDO�LQWR�WKLV�IUDPHZRUN�
by modifying the LV1�� ZKLFK� LV� QRW� RQO\� IRUPDO� EXW�
also significant for individual virtualisation and aims 
to ensure the information readability, traceability and 
FRQVLVWHQF\��)LJ�����
2QFH�ZH� NQRZ�ZKHQ� WKH� YHULILFDWLRQ� VKRXOG�EH�GRQH��
ZH� FDQ� ILJXUH� RXW� KRZ� WR� FKHFN� WKH� REMHFW� UHOLDELOLW\��
:H�PDNH�XVH�RI�D�V\VWHP�WKDW� LV�DOUHDG\� LQ�WKH� ,WDOLDQ�
UHJXODWLRQV�� WKH� OHYHOV� RI� NQRZOHGJH� DFKLHYHG� LQ�
relation to structural analysis methods, financial 
UHVRXUFHV�DQG�DYDLODEOH�WLPH��ZKLFK�PHDVXUH�WKH�GHJUHH�
RI� OHDUQLQJ� DERXW� D� IDFLOLW\�� 7KH� 7HFKQLFDO� 6WDQGDUGV�
for Construction (NTC 2018) and the relevant circular 
provide a description, but state legislation has included 
WKHP�IRU�PDQ\�\HDUV��,Q�FRPSDULVRQ�WR�ZKDW�LV�FXUUHQWO\�
stipulated in the regulation, our proposal introduces 
three main innovations: the existence of a level 0 that 
indicates there is no information (I), the availability of 
a single classification system devoid of construction 
methods (II) and the division of the investigated 
properties and features into distinct parameters (III) 
�)LJ�����
,Q� DGGLWLRQ�� WR� DYRLG� FRQIXVLRQ� ZLWK� ,WDOLDQ� DFURQ\PV�
that correspond to the coordination levels in 
WKH� LQWHUFKDQJH� IORZ�� ZH� KDYH� UHSODFHG� WKH� WHUP�
´NQRZOHGJHµ� ZLWK� ´UHOLDELOLW\�µ� 7KLV� LQGLFDWHV� WKDW�
QDWLRQDO�UHJXODWLRQV�JRYHUQLQJ�WKH�$(&�VHFWRU�VWLOO�ODFN�
XQLIRUPLW\�� )RU� LQGLYLGXDO� REMHFWV�� WKUHH� LQIRUPDWLRQ�
contents are discussed: geometric, structural and 
PDWHULDO�� $V� DQWLFLSDWHG�� DQ� LQ�GHSWK� LQYHVWLJDWLRQ� LV�
required for the first ones because it is not sufficient 
WR� FODULI\� KRZ� WKH� EXLOGLQJ� LV� GHWHFWHG�� DGGLWLRQDOO\��
XQFHUWDLQWLHV�LQ�WKH�PHDVXUHPHQWV�PXVW�EH�FRQVLGHUHG�
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proposal for reliability assessment does not introduce 
DQ\�IXUWKHU�QRYHOWLHV�EXW�ORRNV�IRU�VROXWLRQV�DOUHDG\�XVHG�
LQ� SDUDPHWULF�PRGHOOLQJ� RU� UHODWHG� ÀHOGV�� UHIRUPXODWLQJ�
WKHP�ZKHUH�QHFHVVDU\� DQG� OLJKWHQLQJ� WKH�QRWLRQDO� ORDG�
RQ�HQJLQHHUV�DQG�H[SHUWV��ZKR�FRXOG�PDNH�XVH�RI� WRROV�
WKH\�NQRZ�DQG�FRQWURO�
It is hoped that the understanding and mastery of 
LQIRUPDWLRQ�LQVWUXPHQWV�ZLOO�EH�D�VWLPXOXV�IRU�WKH�FRPSOHWH�
DQG�FRUUHFW� LPSOHPHQWDWLRQ�RI�%,0�PHWKRGRORJ\� LQ� WKH�
ÀHOG�RI�KHULWDJH�GRFXPHQWDWLRQ�

Conclusions
Digitisation has emerged as an essential tool for the 
PHWKRGLFDO�GRFXPHQWDWLRQ�RI�H[LVWLQJ�KHULWDJH��$OWKRXJK�
LW� ODFNV�D�JHQHUDO� FRGLÀFDWLRQ�� LW� LV� D� URXWLQH�SURFHGXUH��
7KHUH�LV�D�JURZLQJ�GHPDQG�IRU�PRGHOV�WKDW�FDQ�EH�XVHG�
not only to describe the geometries of the building but 
also to manage it throughout its lifecycle, despite the 
progressive decrease in costs, both instrumental and 
RSHUDWLRQDO�� DVVRFLDWHG� ZLWK� SURGXFLQJ� UHDOLW\�EDVHG�
YLUWXDOLVDWLRQ�
%,0� SKLORVRSK\� LV� D� UHVSRQVH� WR� WKLV� UHTXLUHPHQW��
SURYLGLQJ� D� XVHIXO� WRRO� IRU� GHFLVLRQ�PDNLQJ� DQG� DQ�
alternative to conventional approaches to documentation 
EDVHG� RQ� &$'� GUDZLQJV� WKDW� RQO\� IRFXV� RQ� JHRPHWULF�
DWWULEXWHV�
7KH�FUHDWLRQ�RI�DV�EXLOW�DV�LV�PRGHOV�QHHGV�D�VLJQLÀFDQW�
RXWÁRZ�RI�UHVRXUFHV��DOWKRXJK�%,0�ZLGHVSUHDG�DFFHSWDQFH�
LQ� WKH� GHVLJQ� DQG� FRQVWUXFWLRQ� RI� QHZ� EXLOGLQJV� DQG�
JURZLQJ�LQWHUHVW�LQ�DGYDQFHG�OLIHF\FOH�SKDVHV�LQ�KHULWDJH�
GRFXPHQWDWLRQ��7KLV�LV�W\SLFDOO\�DFFRPSOLVKHG�WKURXJK�D�
KLJKO\�LQWHUDFWLYH�SURFHVV�RI�ÀWWLQJ�SDUDPHWULF�REMHFWV�WR�
WKH�VXUYH\�GHULYHG�SRLQW�FORXG�� ,I� WKH�VWUXFWXUH� LV� IXOO�RI�
XQLTXH�HOHPHQWV�WKDW�DUH�GLFXOW�WR�VWDQGDUGLVH��WKLV�WDVN�
EHFRPHV�HVSHFLDOO\�FKDOOHQJLQJ�
Even though the literature focuses a lot on the 
GHYHORSPHQW� RI� PRGHOOLQJ� VWUDWHJLHV�� ZH� FDQ� VHH� WKDW�
WKHUH� DUHQ·W� PDQ\� ZD\V� WR� HYDOXDWH� WKH� WUDFHDELOLW\� RI�
information sources and their reliability, all main aspects 
WKDW�HQVXUH�WKH�YLUWXDOLVDWLRQ�FDQ�EH�XVHG�RYHU�WLPH�
,Q�DQ\�%,0�SURFHVV�DSSOLHG�WR�H[LVWLQJ�EXLOGLQJV��FRQWHQW�
validation is crucial: the geometric and semantic data 
VKRXOG�EH�VXFLHQWO\�UHOLDEOH�WR�PHHW�FXVWRPHU�VSHFLÀF�
requirements and these aspects must be adequately 
GRFXPHQWHG�� (රHFWLYH� VROXWLRQV� HPHUJH� IURP� WKH�
literature, but they struggle to establish themselves 
EHFDXVH� WKH\� DUH� QRW� ZHOO� LQWHJUDWHG� LQWR� WKH� WRROV�
RXWOLQHG� LQ� WKH� WHFKQLFDO� VWDQGDUGV�� )RU� WKLV� UHDVRQ��RXU�
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