Bringing Tradition to Life
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The reconstruction and dissemination of cultural heritage increasingly rely on the
growing capabilities of a range of representation technologies. A concept centered on
"phygital” (physical + digital) is emerging, offering opportunities for the revitalization
and experience of architectural heritage. Its advantages of high precision, dynamism, and
interactivity are particularly prominent in the preservation of ancient theaters;
nevertheless, while prior research has addressed related topics, a lack of specific
exploration focused on vanished buildings remains. This paper takes the City God Temple
- Opera Theater Stage in Weixian, China (1752-1951) as a pilot project. The study
developed the reconstruction process for the specific time frame, based on architectural
typology and existing historical materials, combined with a comparative study of official
construction documents. It aims to systematically analyze its architectural characteristics
and cultural functions around the 20th century. We used modeling tools and data storage
platforms as digital intervention to create and record components. We also employed
virtual reality scene roaming, augmented reality postcards and 3D printing models as
physical media to achieve morphological representation. The results examine heritage
reconstruction by offering new interpretations and confluences in spatial forms and
products of the stage. Through the phygital approach that seamlessly confluences
physical and digital elements, this study provides a multimodal interaction framework for
cultural education and dissemination: it enables the public to directly participate in
traditional cultural activities, and enhances their understanding and connection with
architectural heritage.
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INTRODUCTION

As digital transformation reshapes society, the
conservation and dissemination of architectural
heritage encounter new opportunities and
challenges. "Phygital" (physical + digital), as a
concept of synthesis of representation technologies,
has emerged as a dynamic framework that
integrates precision, interactivity, and engagement

(Del Vecchio et al, 2023). By assembling multimodal
elements, the employment of phygital becomes
particularly crucial for both the revitalization and
preservation of intangible and tangible heritage
(Carpo, 2017; Bekele et al, 2018).

Opera theaters are places for local folk culture
and social activities, but they are also the main
carriers of traditional opera performances
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(Mackerras, 1994; Schechner, 2004). They have
outstanding architectural and cultural significance
since ancient times (Zhang et al, 2022). However, as
time goes by, a large number of such heritage sites
have been destroyed. Hence, it is necessary to find
ways to reinterpret lost heritage and expand upon
users’ conservation awareness.

The City God Temple - Opera Theater Stage in
Weixian, Shandong Province, China, was built in
1752 (the 17th year of Emperor Qianlong, Qing
Dynasty), and was demolished in 1951. It was the first
official theater in this region, constructed under the
auspices of the local government. It is a carrier of
local culture and folk activities, and can effectively
reflect the living conditions of the people and the
changes of architecture in this place in history.
Therefore, we included it as a research area. And
based on the existing materials, we focus on the
state of its evolution into the 20th century.

This paper discusses a pilot project to study the
reconstruction process of this building, adopting a
"phygital" approach to confluence digital
technologies with physical media to produce
products. For digital technologies, we used
Rhinoceros, and Grasshopper for modeling; the
workflow was recorded within the data storage
platforms Idovir and Repository. For physical media,
we developed the dissemination mode through
Virtual Reality (VR) scene roaming and Augmented
Reality (AR) postcards; we also used 3D printing to
produce an assembled morphological
representation model. The ultimate aim of the
project is to establish a preservation and promotion
framework in traceability, modeling, visualization,
accessibility, and evaluation for architectural
heritage that no longer exists (Apollonio et al, 2021).

The study addresses the challenges of digitally
reconstructing lost buildings from a specific time
period, and promotes the inheritance of opera
culture. By connecting academic circles and public
participation with heritage education products, it
not only restores the spatial form of traditional
theaters, but also enhances the engagement and
understanding of historical experience.
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PHYGITAL STRATEGIES IN TRADITIONAL
OPERA STAGE PRESERVATION

The preservation of cultural heritage has long been
a central theme in architectural and historical
research; thus, the role of computer-based
techniques and phyagital reconstruction has been
increasingly emphasized (UNESCO, 2003). In regards
to the opera theater stage, a particular category of
traditional Chinese architecture, there is a pressing
need to improve the accuracy and accessibility of the
reconstruction (Zhang, 2009), achieving an
immersive experience that transcends the gaps of
time and geography.

Scholars have by now explored a variety of
methods to represent and reconstruct this type of
buildings. From static 2D documents to dynamic 3D
modeling to extended reality (XR), these studies
provide viable references for the restoration and
dissemination of traditional theaters. Zhang et al
(2022) have combed the sites of existing ancient
opera theater stages. They used laser scanning, VR,
AR and geographic information system (GIS) digital
platforms to enhance cultural presentation,
cognition, experience and heritage management
through display and storage of architectural models.
Field survey and mapping are also key methods for
comprehensive documentation and validation of
the data and information of opera theater stages
(Peng and Li, 2023). In addition, a series of
experiments that intervene on ancient theaters,
from acoustics (Zhu et al, 2020; Wen et al, 2022) to
thermal comfort (Ricciardi, Ziletti and Buratti, 2016),
have informed heritage restoration.

The above studies confirm that, although
substantial progress has been made in preserving
existing ancient opera theater stages, the
exploration of heritage that no longer exists is still
limited (Zhang et al, 2022). Meanwhile, there has
been little in-depth analysis on the cultural
dissemination effect of public participation; this
makes heritage transmission prone to a lack of
articulation. Challenges are also often faced in the
study of lost building projects due to a lack of
physical evidence and documentation. In summary,



Figure 1
Classification of
ancient opera
theater stage
shapes: (a) single
building; (b) two-
building front and
rear in series; (c)
three-building in
parallel.

methods that integrate archival research, digital
tools and participatory experiences are becoming
increasingly prominent in order to effectively
represent and reinterpret architectural heritage.

The “phygital”, a concept that integrates
physical and digital components, is characterized by
high precision and interactivity (Mele et al, 2023).
Existing practices highlight the advantages of
phygital in cultural heritage. The AR application in
Quinta da Regaleira, Portugal, provides a dynamic,
narrative  experience by overlaying virtual
information (Andrade and Dias, 2020). This approach
helps people gain historical background knowledge
and hidden stories, facilitating visitor education.
Phygital further adds to the attractiveness of
museums in terms of virtual archaeological
excavations and recreation of historical scenarios,
bringing new pedagogical tools to cultural
promotion (Ciftci and Cizel, 2024). It is evident that
phygital provides a blended learning environment
by reinventing the traditional cultural dissemination
model, enabling the experiencer to communicate
seamlessly between the digital and real worlds.

This study emphasizes the potential of a phygital
integrative approach: it allows the creation of
engaging and flexible digital models as well as the
integration of multiple physical media. The resultis a
novel framework for the preservation of ancient
opera theater stages and traditional performance
culture that meets the needs of both the academic
community and the public. In turn, by combing the
multiple layers of historical, architectural and
cultural information, it also contributes to a broader
exploration of multi-themed heritage education and
conservation.

METHODOLOGY

The pilot project re-creates an architectural heritage
during a specific period, and enhances its cultural
experience through the identification of building
types, information extraction from existing materials,
modeling and representation of multimedia objects.

Architectural typology of ancient opera
theater stages

Different kinds of buildings bear the stamp of their
particular purpose. The characteristics of each
building determine the general form, which
indicates what kind of building it is (Blondel, 1771).
Thus, when confronted with a building that no
longer exists, we first looked for similar clues in
extant (documented) projects of the same type. As
Rossi (1982) argues, building types are the basic
blocks of the city: they change with history but still
maintain a certain stability. In this way, it is possible
to provide well-documented information and
evidence for reconstruction.

Since unique architectural forms often stemmed
from diverse functional requirements, the
construction of performance stages began with the
formation of Chinese opera. By the Qing Dynasty,
opera flourished, and theater stages and buildings
were found in cities and towns throughout China
(Che, 2016). However, with the passage of time and
the acceleration of urbanization, a large number of
such buildings have been damaged by nature or
destroyed by humans, so research on the
conservation of its heritage has emerged. Through a
comparative analysis of these studies, we concluded
that this type of building can be classified into two
main types of representation: shape and plan.

The shape describes the organization of the
building, which has three types: single building (dan
zhuang), two-building front and rear in series
(shuangzhuangchuanlian), and three-building in
parallel (sanzhuangbinglie) (figure 1).

J
(a) (b) (c)
Single building means that the roof and
structural system of the stage are not separated,

there is only one main unit; two-building front and
rear in series distinguishes between the front stage
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and back stage, and the structural systems are
separated and become different building units;
three-building in parallel refers to the side rooms
built on both sides of the main stage.

The plan summarizes the relationship between
the front and back stages. There are two types: frame
stage and extended stage. Frame stage has walls on
three sides, with only one side open for viewing
surface; extended stage has a wall on one side and is
open on three sides, with a front stage that
protrudes forward. Their shapes can be roughly
represented by figure 2.

Back Stage Back Stage

Front Stage \ —‘ Front Stage ’7

(a) (b)

Review of available historical sources
In the present research, we have organized and
analyzed the existing materials related to the stage.
The visual sources show in more detail two types of
key materials: a stele listed as the first-class national
cultural relic of China, and historical photographs of
the building (figure 3).
1 L . -“ W

(a)
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The stele shows construction information, such
as ".....outside the temple gate, a new theater building
was built, costing thousands of golds......", which
confirms the authenticity and criticality of the
building. The photographs are the main evidence for
the speculative reconstruction. They are also the
determiners of the time range of this study.
Although they were taken around the 20th century,
preliminary analysis found that it had two groups of
buildings in the front and back, which conforms to
the shape of the ancient stage. It can therefore be
concluded that its type evolved into two-building
front and rear in series around the 20th century.

The written archives also confirms the above
information, such as “...... the south side of the temple
was built with a stage (commonly known as the
theater), itis a brick and tile round ridge roofed building
with four pillars, also hung with two couplets ......
the foundation of the building is a 1.5-meter-high stone
pedestal, on which the main part of the stage with a
single eave is built......" (Zhang, 2004).

We also learned that the front stage is mainly a
performance venue, extending to the end of the
building; and there are two side rooms on both sides
of the back stage, mainly used for actors to change
clothes and rest. We didn’t find that the building was
enclosed by multiple walls, but there was an obvious
"convex" plan between the front and back stages: it
was therefore judged to be an extended stage.

In addition, we conducted a photographs analog
survey of buildings from the same period (Qing
Dynasty), neighboring regions (Shandong Province),
and types (frame stage) in order to obtain real
reconstruction evidence and cases (figure 4). By
analyzing their morphology, structure, materials,
and even colors, references can be provided for the
subsequent reconstruction details.

Analysis of official documents
In order to ensure the rigor and accuracy of the
reconstruction details, we accessed the official

Figure 2
Classification of
stage shapes: (a)
frame stage; (b)
extended stage.

Figure 3

Historical sources:
(a) stele and (b)
photographs.
(Source: Weifang
Cultural and
Historical
Committee)

Figure 4
Photographs of
buildings for
analog survey.
(Source: Chinese
Opera Cultural
Relics, 2016)



Figure 5

Overview of (a)
front stage and (b)
back stage.

Figure 6
Proportional
analysis froma
historical picture.

Figure 7

The choice of (a)
doukou and (b)
dougong.

architectural engineering documents of the Qing
Dynasty to analyze the stage structure system. The
reliability of this method lies in the fact that public
buildings built by the government normally have
specific dimensions and structural regulations.
Therefore, archives such as the Qing Dynasty
Construction Regulations and the Construction
Practices of the Qing Dynasty Ministry of Works can
be used to confirm on the specific building form,
proportions, and construction methods of the
components.

Official documents show that Qing Dynasty
buildings are classified into two main hierarchies:

grand style architecture and minor style architecture.

Grand style architecture was primarily used for
temples, palaces, and government offices. Minor
style architecture was commonly seen in subsidiary
and auxiliary rooms of grand style architecture
(Liang, 1934b). We therefore first determined that
front stage is a grand style architecture, and back
stage is a minor style architecture. Subsequent
identification based on historical ~materials
summarizes a more specific building type: front
stage is a single-eaved hip-and-gable building with
round ridge roof; and back stage is a hard gable
building (figure 5). The difference between grand
style architecture and minor style architecture is that
grand style architecture uses dougong, a traditional
Chinese bracket system used to support the eaves of
a building. It is precisely because a key element in
dougong - doukou (a mortise of cap block) can be
used as a module to make each building component
have a certain proportion, so grand style architecture
is also divided into more detailed hierarchies and
scale through various doukou (Liang, 1934b).
Therefore, the proportion of each part in the
front stage can be obtained by first determining the
type of doukou. This requires reverse inference by
analyzing the aspect ratio in historical photos and
comparing them with the regulations of official
documents (figure 6). For example, building column
height has about 70 module (doukou) dimensions.
Lastly, we estimated that the front stage belongs
to the ninth category of doukou (figure 7). This aligns

with the general rule that this level is often used for
small scale buildings. Therefore, the triple-step
dougong was selected (figure 7). Then detailed
dimensions can also be obtained, such as it is a four-
purlin building; the ratio to one bay width is about
0.9:1 (Liang, 1934a).

(a) (b)

For the back stage, there are also regulations
that allow for reverse calculation from historical
photos (figure 6): the ratio of central building (bay)
width to column height is about 10:7 (Liang, 1934a).
Other details are also eventually available: the fact
that it is a five-purlin building with a total of three
bays. The remaining objects: the roof structure,
decorations and wood construction methods are all
mentioned in construction stgndards.

ik"f'!
oS

___f
(a) (b)
Digital modeling intervention
The digital modeling process was mainly completed
by Rhinoceros 3D and Grasshopper. On the one hand,
the stage possesses curved parts, such as columns
and roofs: Rhinoceros 3D can be used to simplify

Volume 2 - Confluence - eCAADe 43 | 13



RS G e PR e, - e Figure 8
List of the entire
= o - e _(-5
,@' ; * L U el 7Y reconstructed
7 i T, |
g™ | g™ N g components.
Front o
Stage ,‘(“ ; |
b C &
R oo |
Back , | Ay |
Stage ' |
objects. On the other hand, since the various italso displays the attributes of the reference source
building components have proportional  (including type, acquisition channel, relationship
relationships with each other, Grasshopper was used : Figure 9

to generate building frames and repetitive
components. Thus, for elements that need to be
replicated multiple times, such as roof tiles and
dougong, the process for simultaneous multi-level
data is essential. Eventually, it is possible to quickly
get the diverse parts by only changing the values of
a few sets of variables.

The entire reconstructed components of this
building are shown in figure 8. This modeling
workflow not only ensures the accuracy of the
reconstructed model, but also further improves
efficiency, laying the foundation for physical output.

Idovir and Repository data storage
platform

In order to store this pilot project, we used two data
platforms: Idovir and Repository (Kuroczynski et al,
2023), their interfaces are shown in Figure 9. Idovir
(Infrastructure for Documentation of Virtual
Reconstructions) can save the steps and levels of the
reconstruction process: it not only records every part
of the building and its proportion of uncertainty
(including coloring, geometry, surface structure, but
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(a), Repository (b).

ﬂ- Frvtarary s .

—smm

(a)
The City God Temple - Opera Theater Stage (20th Century)

[rm—— Extegary g . e

[ FP—— P

(b)



Figure 10
A VR scene roaming
segment.

Figure 11

Types and
presentation of AR
postcards

Figure 12
Photographs of 3D
printed models.

with reconstruction). Repository can record the
overview information of the heritage (including
building type, location and time frame) as well as the
reconstructed digital model (including material and
lighting). The model is also uploaded to the 3D
viewer in this platform in GLB format for preview.

By opening these platforms, we aim not only to
provide knowledge references to professionals such
as architects, restorers, archaeologists and art
historians, but also to promote the broader public's
awareness of cultural preservation. The information
on the Idovir platform can be linked to the
Repository platform, and the two interact. People
can freely view each key node of the reconstruction
process and make their own suggestions; they can
also download models for other purposes such as
movies and games. Through the continuous
updating and dissemination of information across
multiple domains, the heritage is effectively
preserved and inherited.

Physical media for VR, AR and 3D
printing

In the present study, we applied VR and AR
technologies in order to obtain an immersive
cultural experience. On the one hand, we added
surrounding environments such as markets,
buildings and plants to the digital model, aiming to
recreate the historical appearance and atmosphere.
Lastly, we were able to complete real-time rendering
VR scene roaming in Enscape through Meta Quest 3S
(figure 10).

In addition, we produced three AR postcards
(Gile¢ Ozer et al, 2016) with different folding
methods (figure 11). Each postcard contains the
cultural background and basic information of the
building, as well as its plan and facade. Audiences
can scan the QR code with their mobile phones to
align the model on the floor plan. They can also
rotate the model and play music by clicking on the
screen. All these movements were created with
Adobe Aero. This interaction is also based on the
performance attributes of the opera theater stage,

allowing visitors to experience the charm of heritage.

This 3D-printed model makes the cultural
experience touchable. Since the building has many
detailed components, we used resin
stereolithography as the processing method, which
ensured the richness of the model and enhanced the
strength of the object. In order to present the
structure more intuitively to people, we finally
formed a detachable model: the roof can be
removed in order to observe the internal structures
(figure 12).
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Overall, VR, AR and 3D printing further integrate
the completeness of phygital reconstruction and the
participatory nature of the experience, thus further
providing rich materials for cultural dissemination.

DISCUSSION AND FUTURE WORK

This study employs phygital methods towards
reconstruction and experience, contributing to
architectural restoration, cultural dissemination,
participatory interaction, and heritage conservation.
Through the confluence of digital tools in modeling
and data storage with the physical experience of VR,
AR and 3D printing, it establishes a bridge between
ancient opera theater stages and audience. This
methodology enables the public to understand and
actively engage in cultural heritage while recreating
history in interaction with the different outcomes of
heritage educational products. The approach also
provides an interactive platform for the revival and
evolution of vanished architecture during a specific
period, expanding the reach of traditional opera by
bringing it to a wider range of people.

The phyagital process in this pilot project serves
as a crucial tool for documenting and revitalizing
traditional  construction techniques, ensuring
transmission to future generations. In addition, it
fosters experiential engagement and provides both
a reference for heritage professionals and a sense of
identity for public through bridging the knowledge
gap. On one hand, it integrates traditional
craftsmanship with modern technology, lowering
the barrier to participation, even people without
architectural restoration knowledge can engage and
appreciate heritage. On the other hand, stakeholders
can contribute to the reconstruction process
through data storage platforms, thus enhancing
communication and accuracy. By enabling users to
manipulate elements within digital environments,
this approach facilitates dynamic and interactive
reconstruction activities. Ultimately, it strengthens
connections among diverse communities and
promotes the dissemination of cultural values.

Additionally, the results of this research beyond
the reconstruction of destroyed ancient opera
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theater stages provide a multidimensional
framework for the preservation of diverse traditional
culture. The phygital process redefines ways of
cultural inheritance, enabling it to be shared globally.
The proposed model thus offers a multifunctional
solution that can be tailored to different
backgrounds, emphasizing the adaptability of
cultural heritage preservation.

However, there are still limitations to this study
at the current stage. On the one hand, in order to
maximize the diversity of architectural structural
systems, we have constructed multi-layered model
details, resulting in complex high-fidelity digital
models: this complexity reduces the flexibility of
parameter adjustments and increases the rendering
burden on the VR and AR systems - for instance,
when users view the model through AR postcards,
lower-configuration smartphones may experience
lag or fail to load the content properly. On the other
hand, although some background information
about the building has been introduced in
promotional activities, certain details of traditional
architecture are still vague, such as the origin and
function of components; this challenge may limit the
engagement and immersion of visitors who have
little prior knowledge of Chinese history.

Future work will focus on further simplifying the
digital model and enhancing the interpretation of
relevant knowledge, aiming to achieve seamless
integration and rigor between the physical and
digital. Upcoming work will include the merging of
models and the reduction of the number of faces of
objects; the rendering mode of materials will also be
improved. We also plan to add pop-up Uls in mixed
reality (MR) through Unity in order to explain more
information. This can give viewers the satisfaction of
acquiring knowledge while having a more
interactive experience: this is deemed crucial for
supporting the participation of a wider range of
people, particularly younger people. Consequently,
we will focus on how to extract new content from the
original results of this study, such as generating a
derivation process for each output type and splitting
the database into more detailed branch systems, in



order to strengthen educational accessibility and
impact. Furthermore, since the existing historical
materials cannot fully meet the requirements of the
digital reconstruction, for example, there is a lack of
detailed building material lists, information about
the interior of the roof, and relatively obscured
structural information. All of these still need to be
verified and optimized through suggestions of
construction workers, antiquities experts, and the
oral history of the building. This process will also
allow us to focus not only on the 20th century, but
also prompt the study of architectural variants in
other historical periods.

CONCLUSIONS

This research investigates a phygital method to
reconstruct the vanished ancient opera theater
stage of the City God Temple - Opera Theater Stage
in Weixian, China, in its evolution status around the
20th century.

We firstly gathered information regarding the
building through architectural typology and
historical ~sources; subsequently, the study
combined physical objects with digital technologies
in order to perform a multimodal reconstruction and
experience.

The whole process employed digital modeling
tools such as Rhinoceros and Grasshopper to ensure
the accuracy and fidelity. Meanwhile, tangible
presentations further enhanced the experience. VR
scene roaming allows users to approach the
historical atmosphere in an immersive way; AR
postcards and 3D printed models provide a way to
interact with actual objects, in order to deepen
cultural understanding.

Furthermore, the study emphasized the need for
data storage platforms such as Idovir and Repository:
they provide transparent and accessible channels for
preservation research, public participation and
continuous updating.

Ultimately, the prototyped phygital scenario
demonstrated the potential of a symbiotic
integration of virtual and real environments. It
contributes to a dynamic growth and viability of

traditional culture as society develops, and offers a
reference for further cultural preservation initiatives.
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