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Abstract: To achieve the protection and revitalization of cultural heritage, in line with President Xi
Jinping's call for "making more cultural relics and heritage come alive and fostering a strong social
atmosphere for inheriting Chinese civilization," digital twins are increasingly becoming new tools and
platforms to realize this goal. Based on the construction practices of the Suzhou CIM+ Ancient City
Protection and Renewal Platform, this paper reviews the practical challenges, theoretical foundations, and
digital twin technology bases of Suzhou's ancient city protection and renewal. It innovatively proposes a
digital twin framework for Suzhou's ancient city, using scenarios such as digital recreation, value
identification, scenario simulation, and comprehensive governance as drivers. The technical drivers
include a spatial coding system, distributed architecture, real-time response simulation, and flexible
human-computer interaction. These innovations aim to resolve the contradictions between the protection
and revitalized development of the ancient city, promoting its sustainable development. The paper also
looks forward to the digital revival of traditional construction methods, the digital evolution of traditional
lifestyles, and the digital enhancement of traditional cultural values in Suzhou's ancient city. Through
these practices and summaries, it provides a solid methodological foundation for achieving broader,
deeper, and higher-standard protection and revitalization of urban historical and cultural heritage in the

future.
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Since the 18th Party Congress, General Secretary Xi Jinping has repeatedly emphasized the
importance of cultural self-confidence to the development of the Chinese nation, proposing that
“cultural self-confidence is a more basic, broader and deeper self-confidence, and a more
fundamental, deeper and more enduring force.”! The “14th Five-Year Plan” issued in March
2021 also proposes to “promote the creative transformation and innovative development of
Chinese outstanding traditional culture, and strengthen the scientific and technological
innovation of cultural relics. The “Fourteenth Five-Year Plan” issued in March 2021 also proposes
to “promote the creative transformation and innovative development of outstanding traditional
Chinese culture, and strengthen the scientific and technological innovation of cultural relics”.1
The “Opinions on Promoting the Implementation of the National Cultural Digitization Strategy”
issued in May 2022 makes it clear that by 2035, the physical distribution and logical connection
will be completed, fast link, efficient search, comprehensive sharing, key integration of the
national cultural big data system, Chinese culture panoramic presentation, Chinese culture
digitization results shared by all . The process of renewal and development of ancient cities and
towns is often caught in the contradiction between protection and development, and leads to
some misunderstandings, such as: demolition and reconstruction leading to the destruction of
the original historical and cultural heritage; new construction projects that do not conform to the
traditional historical style and urban texture; injection of new cultural tourism and commerce,
but lack of consideration for the indigenous people, lack of improvement of housing conditions,
infrastructure, public space, etc., and a low sense of well-being and experience for residents [3.3].
The residents' sense of well-being and experience is low B, Based on the case of the
preservation and renewal of the ancient city of Suzhou, the technical and methodological
framework of digital twin is proposed in order to explore a new digital path for the preservation
and revitalization of the city's historical and cultural heritage in an attempt to promote the
organic fusion of China's excellent traditional cultural values and emerging cultural lifestyles.

1 Research background
1.1 New Developments in Conservation and Renewal Theory

The conservation and renewal of urban historical and cultural heritage has a certain
theoretical foundation and practice. The protection of historical and cultural heritage began in
the 19th century, and has experienced an evolution from tangible to intangible, from monolithic
to holistic, from single strategy to hierarchical classification >7), which is typified by the theory of
organic regeneration and the theory of sustainable conservation, with the former focusing on
systematic protection of the originality and wholeness of historical and cultural heritage and
continuation of the historical texture ), and the latter introducing the principle of sustainability
into the field of urban heritage protection, no longer sticking to the debate of “authenticity”, but
paying more attention to the long-term significance of historical and cultural heritage for the
relevant stakeholders (199, The former focuses on the systematic protection of the authenticity
and integrity of historical and cultural heritage and the continuation of the historical texturel®!,
while the latter introduces the principle of sustainability into the field of urban heritage
preservation, which is no longer confined to the “authenticity” debate, but pays more attention
to the long-term significance of the historical and cultural heritage for the relevant
stakeholders!®®11  Qutside the framework of “conservation”, some scholarsi!23l have also

combined historical and cultural heritage with the field of sociology, exploring the ways of



heritage renewal and utilization. For example, by combining the theory of urban catalysts,
material traditional factory renovation, historical building repair, community micro-park
construction, sculpture, windows and doors, carvings, etc., or non-material thematic activities,
festivals and publicity, etc., are used as catalysts implanted in the process of renewal of the
ancient city, and these catalysts from the urban environment are utilized to promote urban
change and produce a “chain reaction”. “Chain reaction”, with small-scale, progressive renewal to
drive the overall renewal of the surrounding environment revitalization and sustainable
development. The scene theory proposed by Clark, a professor at the University of Chicago, is
from the perspective of producers and workers to the perspective of consumers, and
incorporates cultural connotations on the basis of traditional physical space, proposing that the
scene mainly consists of five elements, including community space, convenient cultural and living
facilities, diversified activities, crowds, and common cultural values, etc. 14151 and the
combination of elements in the scene has a driving effect on the formation of socio-economic
phenomena and the The combination of elements in the scenario has a driving effect on the
formation of socio-economic phenomena and the sustainable development of the city.

The essence of a scene is to construct a consumption pattern that brings together people,
places, things and objects. Combined with the foundation of progressive preservation and
regeneration, using small and micro-scale spaces such as buildings and plots of land as the focus
point, and further shaping the scene through the creative combination of multiple elements, it
can trigger new demands and applications of greater value, and promote holistic preservation
and sustainable development. However, the definition of different cultural values and scenes in
the traditional scene theory is based on the case studies of western big cities, and its
categorization is not completely suitable for the current protection and renewal of China's
historical and cultural cities, and the results of scene shaping of some old street scenic spots and
cultural attractions in China are often unsatisfactory. And whether it is catalyst theory or scene
theory, the realization mechanism behind it is still very complicated, and currently lacks the
objective evaluation of the realization of the effect after application. The use of digital technology
can save investment and construction costs, the scene applied in the digital space to find the
catalyst, and test the value of the catalyst, through the interaction of digital and physical, and
then go to the real investment in the construction and protection, and the digital space of the
proceeds of the physical space for the construction of the construction of the physical space and
the operation of the formation of the virtual and real cycle of the digital and physical economy.
1.2 Fundamentals of Digital Twin Technology

The concept of digital twin was initially proposed by Prof. Grieves at the Product Lifecycle
Management course at the University of Michigan in 2003, with early applications in the military
industry. Currently, there is no unified understanding of digital twin, which is mainly considered
to include dimensions such as physical entities, virtual entities, connections between virtual and
real, and data and services!!®8 | Digital twins are used to visualize complex physical systems that
are difficult to model by constructing digital mirrors of the physical entities in the virtual
information space, which in turn provides a reference for the control and optimization of the
complex physical systems*®! . With the development of emerging technologies such as big data,
cloud computing, Internet of Things (loT), virtual/augmented/mixed reality, artificial intelligence,
etc., digital twin technology has begun to penetrate in the urban field, and the concept of digital
twin city has appeared, i.e., the concept of constructing the mapping and interaction between



the real city and the digital city to realize the process of complete correspondence, fusion, and
evolution between the physical world and the digital world, as well as to drive the
intelligentization of the city®?® . With the development of digital twin technology, the digital
construction method of historical and cultural heritage has been innovated, and there are new
paths for protection and revitalization. The use of 3D modeling technology provides samples for
the restoration and rehabilitation of historical buildings and historical neighborhoods?-?2, which
is used for cultural relics to build databases and archives, and heritage rescue and protection,
while establishing the digital image of physical cultural heritage, and combining cloud platforms
and interactive experience methods such as AR and VR to create digital museums, which can
realize on-line cloud tours and three-dimensional immersive tours, and promote the
dissemination and inheritance of culture. At the same time, spatial big data technology is used to
store spatial location information, protection planning information and historical information of
cultural heritage to support the analysis work in the protection and renewal of historic districts
and historic urban areas, including the investigation of the status quo of historic districts,
planning and design, management and control, and value assessment, as well as the analysis of
spatial form and spatial social form, morphological structure, and spatial structure of historic
districts based on the spatial syntax.

It also analyzes the spatial form of historic districts based on spatial syntax, and analyzes the
relationship and reasonableness of the spatial form of historic districts with the spatial social
form, morphological structure, and land use layout!?3!,

In addition, City Intelligent/Information Modeling (CIM) technology is conducive to the
integrated management and application of cultural heritage information by integrating BIM, GIS,
loT and other technologies, spatially locating non-vector data such as cultural heritage protection
information and historical information, and fusing them with 3D data such as refined historical
models. Integrated management and application, through real-time dynamic data acquisition,
transmission, processing, analysis, modeling, combined with real-time dynamic data to achieve
cultural relics environment monitoring, monitoring and analysis of pedestrian and vehicular
traffic, analysis of the current situation of the neighborhood environment, etc., monitoring and
premonitoring the state of the tangible cultural heritage Alert, and combined with simulation
models and Al for the prediction of emergencies and solution simulation[24-26!,

From previous research and practice, it can be found that the application of digital twin
technology in the protection and revitalization of historical and cultural heritage has been
transformed from pure data collection, 3D modeling, and visualization display to comprehensive
decision-making and analysis support?” , which can not only grasp the real and complete
information, but also help to give greater play to the cultural value, cultural promotion and
dissemination, and manifest and pass on the cultural self-confidence. However, there are still
implementation difficulties for ancient cities. First, the high threshold of digital modeling.
Although there are a variety of high-precision surveying and mapping and three-dimensional
modeling technology, but the ancient city in the old house is more, build can truly reflect the
entity of the ancient city micro-detail, ancient building components, historical buildings, the
internal structure of the high-precision model requires a large investment, at present such
technology has not yet been applied on a large scale, and is often only for the individual
important cultural heritage units, historical buildings, three-dimensional point cloud modeling,
indoor high-precision modeling and so on. The construction of digital twin cities is costly and long,



and it is difficult to guarantee the sustainability of the project by purely relying on government
investment.

Purely relying on government investment is difficult to ensure continuous data updates and
operation and maintenance. Secondly, digital applications are to be explored. The current
application of digital technology is focused on digital cultural tourism and digital archives of
historical heritage, but the mining of cultural heritage data, the fusion of physical models and
semantic information is still relatively lacking?®!, and has not yet established the feedback and
guidance of the virtual to the real, the lack of auxiliary decision-making mechanisms for the
revitalization of the ancient city, urban renewal, etc., and the lack of effective paths of public
participation in the dissemination and transmission of culture. Technology does not solve all the
problems, in practice, how to better use the digital twin technology to protect, revitalize and
reproduce the historical and cultural heritage, to achieve the revival of the ancient city of Suzhou
and the sustainable development of the culture is the need to further think about the content.
1.3 Challenges for the conservation and renewal of the ancient city of Suzhou

As one of the first batch of famous historical and cultural cities in China, Suzhou, with a
history of 2500 years, has hundreds of cultural relics protection units, numerous tangible and
intangible cultural heritages, and a unique and relatively intact urban texture with a double
checkerboard pattern on land and water, has been adhering to the general policy of protection-
oriented for many years. For the protection of the historical and cultural heritage of the ancient
city of Suzhou, it is not only the protection of the heritage itself, but also its revitalization and
utilization, giving full play to the value of the cultural heritage, and giving comprehensive
consideration to the economic development of the ancient city and the protection of people's
livelihood?® . At present, Suzhou still has some practical difficulties under the dual requirements
of protection and renewal.

On the one hand, the development space of the overall pattern of ancient city protection is
limited. The ancient city strictly implements the historical and cultural protection plan, there are
many cultural heritage units and protected buildings, the quality of houses varies, the ownership
types of private houses, public houses under direct management, mixed ownership and other
houses are complicated, and the population of residents is mixed, and the years of government-
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led small-scale gradual “micro-renewal” experience has been able to strengthen the protection,
but has failed to stimulate the renewal and economic development for a long time. It is difficult
to realize sustainability by relying only on the government's continuous investment and
construction.

On the other hand, it is difficult to converge and integrate data from multiple sources under
the background of refined governance. Finding the development direction of ancient city
protection and renewal and revitalization requires comprehensive and accurate data, but now
the data are often scattered in different departments, different enterprises, population, culture
and other non-vector data is still a lack of accurate location, land, land and other spatial units are
not unified with each other cross, in the demand for refined governance lack of micro-scale data
such as housing, households, and other data, various types of data urgently need a unified
standard for the integration of the standardization of the fusion3?

The above problems lead to information asymmetry among all parties, and it is difficult for
multiple subjects to negotiate and make decisions. Investors need to know which buildings or

intangible cultural heritages to protect, so that they can avoid damaging cultural heritages in the



process of renewal, and at the same time can utilize the planning of cultural scenarios to
promote economic benefits; builders need to know which traditional or advanced technologies
are applicable to the ancient city of Suzhou, so that they can choose the appropriate technologies
to repair or renew the buildings in accordance with the actual architectural conditions; protectors
or the government need to know where the appropriate investors and technologies are available,
and where they can use the technologies to repair or renew the buildings. Where there are
suitable investors and technologies to control and guide the conservation and renewal of the
ancient city; Consumers or the public want to know what cultural scenes are worth experiencing
in the ancient city. Therefore, in general, the ancient city of Suzhou needs to explore how to use
digital twin technology to effectively mobilize the resources of all social parties under the overall
framework of protection, promote the matching of resources for investment, construction,
cultural protection, and consumer experience, and promote the negotiation and common
governance of multiple subjects, so as to promote the sustainable development of the ancient
city.
2 Scene-driven Digital Twin of Suzhou Ancient City

The digital twin scenario has a driving effect on the overall construction of the digital twin of
the ancient city of Suzhou, thus consolidating the cornerstone of the digital twin architecture of
the ancient city. First of all, the scene itself provides a reference system for data collection or
machine learning to drive the reorganization of data with scene requirements and build
parameter links between different models. Second, the fusion of data or model iteration
constitutes the learning process of multi-layer scenarios. Around the realization of the scenarios,
different models work together through customized combinations to form the interaction
between business and data, simulate the functional operation of spatial scenarios from different
dimensions, and promote the construction of digital twin scenarios. Finally, the digital twin
through this learning process, the real world of people, places, things, things abstracted into the
digital world of knowledge, and in the real spatial scene can be reproduced to accelerate the
iteration of knowledge, breeding the wisdom of human-computer interaction, and through the
process of repeated verification, iteration, to build up a multilevel, multi-precision, multi-modal
complex scene system through the process of repeated verification and iteration®! . Therefore,
constructing data based on scenes, mining value based on data, and deducing simulation based
on value support various macro and micro decisions, constructing the whole process of
protecting, renewing, revitalizing, and utilizing the ancient city from awareness to identification,
from decision-making to governance, and finally realizing the closed loop of overall sustainable
development of the twinned ancient city.
2.1 Digital Twin Architecture of the Ancient City of Suzhou

The current conservation and renewal of the ancient city of Suzhou needs to build a whole
scene, incorporating all kinds of historical and cultural elements, people, and social environments
in the ancient city, reflecting the originality of the material form of the ancient city through digital
elements, and emphasizing the holistic conservation of the ancient city, and at the same time, it
also needs new triggers as catalysts to activate the value of the ancient city through the
interaction of the full-scene twins of the social, economic, and cultural aspects. Suzhou City is
promoting the construction of digital Suzhou, and has basically built the basic platform of Suzhou
City Information Model (CIM)3?!, and is exploring the digital twin demonstration application of
the ancient city with the pilot of the historical city area of 19.2 km2 (Fig. 1). General Secretary Xi



Jinping visited the ancient city of Suzhou on July 6, 2023, and said, “Suzhou has done a good job
in combining tradition and modernity, not only with historical and cultural heritage, but also with
high-tech innovation and high-quality development, which represents the direction of future
development”33 | Combining the above theoretical and technological foundations, this paper
proposes the use of digital twin technology to build a “digital twin scene”, with the goal of full-
time and space-time sharing, full-cycle common governance, and full-domain twin interaction, to
build a digital twin system for the ancient city of Suzhou, and to unleash the unique cultural value
of the ancient city under the dual-driven of scene and technology to realize the protection and
revitalization of the historical and cultural heritage. Protection and revitalization of historical
cultural heritage.

Different from the scene defined by the traditional scene theory, the digital twin scene
refers to the reproduction and reflection of the real scene on the digital interface on the one
hand, and on the other hand, it is the new scene generated from the simulation of the real scene
during the feedback process of the digital environment to the real scene, and then feedback to
the real scene to optimize the real scene in a cyclic process. The traditional scene theory raises
the “space” from the purely physical level to the social level, while the “space” in the digital twin
city further rises from the real level to the virtual level, reflecting the physical space, social,
economic, and cultural life of the city in a digital and abstract way, forming a digital twin city.
economy, cultural life, etc., forming a digital twin scene.

For the ancient city of Suzhou, such a digital twin scene not only reflects the entity of the
ancient city, highlights the urban texture of the ancient city, but also embodies the cultural values
embedded in the ancient city, and at the same time provides a brand new perspective to build a
smarter space of the ancient city after integrating the sensing, interacting, and feedback
capabilities. Just as the elements in scene theory are organically related to each other®*, digital
twin scenes can also be newly decoupled and reconstructed through the combination of digital
elementsB

Combining digital twin technology and traditional scene theory to build a new “digital twin
scene” can not only make up for the weakness of the technology itself in reflecting the local
cultural needs and cultural values, but also build the corresponding business line data based on
the scene combing, and through the unified spatial unit system to open up the data of the
business line, discovering new problems from the combination of different data elements; using
the digital twin scene to build a new digital twin scene can also decouple and reconstruct the
scene through the combination of digital elements®®! . The distributed architecture supports the
efficient convergence, convenient access and comprehensive sharing of historical and cultural
heritage dispersed all over the world at the digital level; based on the real-time monitoring data
of 10T sensing, big data and machine learning technologies are used to further explore the inner
laws and operation rules of the scene, realize the scientific simulation of the real city, and
promote the integrated decision-making and governance of the digital twin city; through the
human-computer interaction and scene reorganization, we can also build the data of
corresponding business lines based on the scene combing. human-computer interaction methods
and scene reengineering to promote the formation of new cultural characteristics and values,
thus realizing the evolution of the traditional life model and the enhancement of cultural values,

and realizing the overall sustainable development goals. See Figure 2.
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Fig.1 The architecture of the digital twins of the ancient city of Suzhou
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Fig.2 The process of urban historic and cultural heritage protection and revitalization based on
digital twins scenarios

2.2 Digital reproduction of physical ancient city protection

Integrate multi-dimensional spatial and temporal data, construct the digital base plate of the
ancient city, combine the historical drawings, current situation model, urban design model and
other three-dimensional models and socio-economic attribute data to realize the digital
reproduction of the ancient city's past, present, and future scenes and the reconstruction of
cultural values. The digital template includes two aspects. On the one hand, it starts from the
material form and protects all kinds of physical elements of the ancient city, such as houses,
buildings, courtyards, cultural relics protection units, ancient trees, ancient bridges, ancient wells,
river and water systems, streets and roads, etc., through digital modeling. According to the needs
of different spatial scales, different precision models will be involved, for example: high-precision
tilt photography model is the closest to the real status quo of the ancient city (Fig. 3), which can
realize the overview of the current situation of a wide range of larger scales, intuitively see the
characteristics of the ancient city's landscape, and strengthen the overall view corridor, the
building height control; monolithic architectural model, layered sub-family model can show the
architectural morphology, elevation, and related attribute information. Component-level models,
such as BIM models, can reflect the details of the interiors and components of the ancient



buildings; artificial fine models rendered by the game engine (Figure 4) can give users an
immersive feeling, which is beneficial to cultural experience and publicity.

On the other hand, the digital baseboard scene is also the embodiment of social and
economic activities and cultural values of the old city, the old streets and old houses in the old
city are the landing point of people's life memories, and from a sustainable point of view, the
protection of historical and cultural heritage can not be separated from the attention to the
people and the inheritance of cultural values, including the living environment, the way of life
and the production, and the traditional customs that are closely related to the lives of the people,
which are also important parts of the protection and inheritance of culture. These are also
important parts of cultural protection and inheritance. Through the convergence and integration
of space and related facilities, population, transportation and other socio-economic data, we can
realize the full-cycle, full-service, full-factor and full-data baseboard of the ancient city, and
digitally reproduce the core essence of the protection of historical and cultural heritage in a

comprehensive manner.

Fig.3 The three-dimensional view of Suzhou Ancient City



Fig.4 The high resolution of a selected garden in Suzhou Ancient City

2.3 Value Identification for Physical Old Town Revitalization

Scene values can be recognized and measured. In the digital twin of the ancient city,
multiple spatial scenes are often descriptively parsed by different indicators, which are
transformed into a system of quantitative indicators that abstractly correspond to the spatial
scenes themselves. These indicators may come directly from the deep learning of the data, or
from the deep mining of the model calculation results.

Based on the digital substrate, we start from different dimensions, different elements and
different indexes, construct digital twin “recognition” scenes from ecological, social, economic
and cultural dimensions, abstract and reorganize the digital elements and the relationship
between the elements, construct an assessment model, assess and value mine the ancient city,
and form a unique digital portrait of the ancient city, reflecting the reality of the city. The
assessment and value mining of the ancient city will form a unique digital portrait of the ancient
city, reflecting the operation law of the real scene, the value of the historical and cultural heritage
of the ancient city, and the hidden problems in the development of the ancient city. On this basis,
it can identify areas that need to strengthen historical and cultural protection and control, land
plots that can be micro-renewed or areas with greater renewal potential (Fig. 5), and provide
refined data and scientific analysis results with fine-grained data for government departments
and investment and implementation bodies, and at the same time, help to clarify the amount of
population, buildings and resources involved in the renewal project of the ancient city, and assist
the corresponding bodies in making more accurate decision-making judgments. At the same time,
it is conducive to clarifying the population, buildings and resources involved in the ancient city
renewal projects, assisting the corresponding subjects to make more accurate decision-making
judgments, and promoting the implementation of the subsequent ancient city protection and
revitalization renewal at project level.



Fig.5 The assessment of development potential for each plot: the CIM+ regeneration for Suzhou
Ancient City

2.4 Deductive Decision Making of Digital Twin for Ancient City

On the basis of “identifying” the value of the scene, combining the dual needs of protection
and renewal, treating the ancient city as an organic whole, combining the overall planning for the
protection and renewal development of the ancient city with the business process of the renewal
of the ancient city, simulating the digital decision-making scenarios with the characteristics and
needs of the local society through the digital twin technology, providing functions such as
assisting in project siting, planning conditions, design control and impact assessment, and
assisting in the whole life cycle of the planning and construction management of the ancient city.
It provides functions such as assisting in project site selection, planning conditions, design
scheme control and impact assessment, assisting in the whole life cycle of the planning and
construction management of the old city, constructing a platform for the consultation of multiple
subjects in the renewal of the old city, and exploring the innovation of the old city protection and
renewal mode in a three-dimensional digitalized and intelligentized way.

For example, in the planning and site selection of the ancient city renewal project, the
spatial block model can be automatically simulated by adjusting different indicators to prejudge
the effect of the project implementation, and combined with the requirements for the protection
of historical and cultural cities, it can be linked with the 3D status quo model to view the overall
spatial morphology and landscape condition of the city; through the system algorithms, it can
prejudge the social impacts of the population to be moved and resettled, the impacts of the
traffic flow, and the demand for public service facilities and the cost of demolition and
reconstruction, the scale of reconstruction and the cost of the reconstruction. Through the
system algorithm, quantitative estimation of the economic impacts such as the cost of demolition
and reconstruction, the scale of reconstruction, the total amount of financing, etc. is carried out
to balance the comprehensive interests of different participants such as residents, government,
investors, and so on, in the process of renewal. For example, at a more microscopic scale, online
simulation can be carried out for the management of street facades, repair of old houses and
demolition of unauthorized building works by adjusting the color of building facades and



replacing roofs online, reflecting the participation of multiple subjects, shaping digital twin
scenarios in line with the laws of reality and business rules, and assisting in the formulation of
regeneration policies and decision-making by combining different forms of human-computer
interactions such as informatization platforms and cell phone apps.
2.5 Comprehensive Management of Digital Twins in Ancient Cities

Apply digital twin technology to urban operation, urban management, social governance,
emergency management and other fields to realize full subject mapping, full element perception
and full scene empowerment. The use of Internet of Things, edge computing, cloud computing
and other technologies, combined with the visualization of all kinds of elements in the virtual
space, the original invisible underground corridors in the ancient city, underground pipelines, as
well as major traffic routes, major municipal infrastructure and other urban lifeline projects to
accurately monitor, in the ancient city of the digital twin of the full scope of the real scene to
reflect the operation of the situation; combined with simulation simulation technology, to
achieve the traffic flow, crowd activity, Combined with simulation technology, it can realize the
simulation of traffic flow, crowd activities, natural disasters, epidemic spread, etc., and provide
intelligent prediction services for traffic congestion management, crowd evacuation in scenic
spots, and precise prevention and control of epidemics.

Combining the current situation, planning data, and above and below ground data in the
digital twin platform, it provides the basic baseboard support for multi-departmental and multi-
expert meetings to give the planning and design conditions of the project, which facilitates the
government to refine the project management and control requirements, implement the
planning conditions, and formulate the refined management requirements for the protection and
renewal of the ancient city (Figure 7); combining with the public participation, it provides the
public with more convenient digital public services; and continuously enriches the digital twin
scenarios to facilitate the management of traffic congestion, crowd evacuation at scenic spots,
and precise control of epidemics. The digital twin scenarios are constantly enriched to promote
smarter protection and more scientific governance of the ancient city, to promote the closed-
loop operation of the integration of urban planning, construction, management and operation of

the ancient city, and to show the high-level wisdom of the digital twin city.




Fig.6 The location selection decision: the CIM+ regeneration for Suzhou Ancient
City

Fig.7 The negotiation for planning permit specifications: the CIM+ regeneration for Suzhou
Ancient City

3 Technology-Driven Digital Twin of Suzhou's Ancient City
3.1 Entity and spatial coding system

Starting from the demand of digital twin scenarios, we sort out the smallest spatial unit of
the digital twin of the ancient city of Suzhou as a building, and establish the association
relationship and different types of spatial entities covering different levels of spatial units, such as
buildings, land, parcels, grids, neighborhoods, streets, districts, counties, cities, and so on, so as
to open up the relationship between the business of different domains and the data, to satisfy
the demand for three-dimensional data attribute mounting and the application scenarios of the
integration of the two-dimensional and three-dimensional, and establish a unique “identity card”
code for each spatial unit and spatial entity. It establishes a unique “ID” code for each spatial unit

and spatial entity. See Figure 8.
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Fig.8 The system for spatial coding: the standard for the digital twins of Suzhou

Based on the spatial coding to establish the anchor point of the virtual-reality mapping of
the digital twin of the ancient city, it realizes the management of each ancient tree, ancient
bridge, ancient house, etc., integrates the related data and realizes the data coherence of the
buildings, plots, planning plots, communities, and neighborhoods, and the various restrictions on
the protection of history and culture, the advantageous conditions, and the other related status
quo data, etc., can be united into a “block” based on the same spatial unit. “The code itself is also
a built-in algorithm.

The code itself is also a built-in algorithm, which constructs a “metric” for spatial
identification and transaction. While strengthening the management of digital elements of
historical and cultural heritage, it provides a basis for updating research and comprehensive
governance of the ancient city, facilitating the query and sharing of information related to any
cultural element, any land parcel, and any spatial scope, and realizing the following in the future
In the future, data sharing and data transaction can be realized with “block” as the unit.

3.2 Distributed architecture system connecting grassroots to the rest of the world

In traditional information systems, distributed architecture is the use of high-speed
computer networks to connect physically dispersed units to form a logically unified whole[36] ,
which can effectively solve the problem of high concurrency and provide scalability and high
availability. The digital twin of the ancient city draws on the idea of distributed architecture to
create a distributed architecture system that is efficiently and quickly accessed by users,
connecting the grassroots level with the rest of the world to strengthen the cultural
dissemination of the ancient city and cultural exchanges with the rest of the world, and to realize
the adaptive use of historical and cultural heritage.

On the one hand, different types of historical and cultural protection objects are converged
in the digital twin of the ancient city in the form of digital elements, including national, provincial
and municipal cultural relics protection units and historical buildings, immovable cultural relics
that have not yet been approved as protection units, intangible cultural heritages and so on,
which are further refined in the different spatial scales of the ancient city, neighborhoods, blocks,



parcels, and buildings and transformed into a digital architecture in the protection and updating
of the ancient city. These digital elements will be further refined and displayed in different spatial
scales of the ancient city, blocks, neighborhoods, plots, buildings, etc., and will be transformed
into the control requirements of the corresponding spatial units in the protection and renewal of
the ancient city, so as to realize refined historical and cultural protection and spatial governance.
On the other hand, in the future, outside the ancient city of Suzhou, the historical and cultural
resources of different regions, cities and countries can also build their own historical and cultural
distributed data nodes with the same hierarchical structure, and the nodes around the world will
be interconnected through a high-speed computer network to build the digital twin system of the
ancient city of Suzhou in the way of “crowdfunding” to promote the digital twin of cultural
resources and to promote the digital twin of cultural resources and to promote the digital twin of
cultural resources. Through the “crowdfunding” way to build the digital twin system together, it
will promote the efficient convergence of digital twin cultural resources, open to the public all
over the world with the support of high concurrent access, so that the public can experience the
multi-cultural characteristics in the digital twin scene, strengthen the protection, inheritance and
development of cultural heritage resources, and promote the global historical and cultural
exchanges and the prosperity of culture and art.

3.3 Real-time Response Simulation Based on Trusted Big Data and Al

The more important technology in the construction of digital twin city is algorithm and
simulation, through real-time simulation based on credible big data and Al such as IOT perception
in the digital twin world, it can solve the simulation and decision-making of various complex
scenarios that can not be realized through simulation in the real world. In the protection of
ancient cities, through the three-dimensional scanning and modeling of historical and cultural
heritage, and according to the real points of access to the I0OT perception monitoring data, it is
convenient for users to perceive all kinds of real-time dynamic data of the heritage in real time,
and through the system to set up the corresponding thresholds, to strengthen the dynamic
protection of the heritage and monitoring and early warning, and to discover the changes in the
cultural heritage in a timely manner and to deal with the crises.

In terms of revitalizing and utilizing the ancient city, real-time crowd monitoring data from
various scenic spots within the city can be integrated into the digital twin space, combined with
demographic information such as age, gender, and origin. By planning corresponding offline
activities or supporting commercial facilities in areas with high foot traffic, the vitality of the
ancient city can be enhanced. In terms of safety emergency response in the ancient city, by finely
modeling the underground pipelines, buildings, roads, facilities and other small pieces in the
ancient city, and installing corresponding monitoring or alarm devices at different points, reliable
Al learning can be used to warn of dangerous situations in advance when dangerous goods or
sources are discovered in the ancient city, or to simulate and recommend emergency plans in a
timely manner when dangerous situations occur, so as to achieve the best emergency response
effect.

3.4 Flexible human-computer interaction for ancient city protection

Another important technology in the construction of digital twin cities is interaction and
control. As a space mapped in real time with the real world, the digital twin space can achieve
corresponding effects by controlling objects in the virtual space, and then provide support for
corresponding decisions in the real world. This technology is especially important in the



protection and revitalization of ancient cities. In the aspect of cultural protection, when planning
and approving the renewal project in the historical and cultural district, by placing the program in
the real scene for comparison and viewing, the user can be placed in the first-person perspective
on the road around the program or in a specific location to have a real feeling of the program, to
see whether the program is coordinated with the surrounding architectural style, whether it will
block some important landmarks, whether it affects the view corridors, etc., while supporting the
development of a virtual space to achieve the corresponding effect, and thus provide support for
the corresponding decision-making in the real world. It also supports online material change,
color change and component change to assist the review of the planning scheme through flexible
human-computer interaction, so as to maximize the protection of the style and texture of the
ancient city.

In terms of the cultural revitalization and inheritance of the ancient city, through the fine
modeling of the protected building and the collection and connection of original data, a virtual
digital museum is built, so that the user can really see every component of the protected building,
every detailed texture, and even the cultural allusions and historical data behind it in the digital
space, and adopt the form of flexible human-computer interaction through multi-terminal
application, friendly interactive interface, simple and smooth operation. Through multi-terminal
application, friendly interactive interface and simple and smooth operation experience, users can
feel the charm of historical and cultural heritage in a more real way without the limitation of time
and place, and restore the cultural originality of historical and cultural heritage in the way of
dialogue between “human and scene”, so as to realize the enhancement and inheritance of
cultural heritage value.

4 Future Prospects of Digital Twinning in the Ancient City of Suzhou
4.1 Digital revitalization of the traditional construction method of the ancient city

Currently, there are two main renewal methods in the ancient city of Suzhou, one is the
repair of protected buildings, and the other is the alteration, expansion or reconstruction of
ordinary buildings. Digital twin technology facilitates more accurate and scientific repair and
restoration of various types of protected buildings, and strengthens the review and management
of new buildings to meet the scenarios of fine management and multi-professional synergy for
the protection of the ancient city.

For historical and cultural protection buildings, digital twin technology can record and
restore the most real and detailed data of the current building, analyze and simulate the ancient
construction materials, digitally record the components while also recording the construction
techniques of ancient buildings, such as intangible cultural heritage, and reproduce the ancient
construction process, so as to simulate the construction process of the historical building in the
digital twin space, and can also be combined with 3D technology to improve the management of
new buildings. The construction process can also be combined with 3D printing, modular
construction and other technologies to reproduce and produce precious components, providing
valuable assets for the repair and restoration of historical buildings in the future. Secondly, the
effects of different restoration schemes can be simulated online by means of digital simulation to
assist in determining the scheme that best matches the real-life scenario of the ancient city. In
addition, low-carbon technologies can also be combined to explore the renewal and
transformation of old buildings, improve energy efficiency through energy-saving renovation,
energy consumption monitoring, automatic regulation, etc., to create low-carbon and zero-



carbon buildings, and realize the combination of new and old construction technologies.
4.2 Digital Evolution of Traditional Life Patterns in Ancient Cities

With a history of 2,500 years, the ancient city of Suzhou still maintains the double
checkerboard pattern of “parallel land and water, neighboring rivers and streets” and the unique
style of “small bridges and flowing water, whitewashed walls and tiles”. Nowadays, when the
tangible cultural heritage is still well preserved, digital twin technology can better realize the
digital evolution of the traditional life pattern, so that the ancient city can really “look like the
history of 2,500 years outside, and walk inside to experience 2035”".

Digital twin technology for the traditional mode of life in the ancient city there are two main
changes. One is to enhance the life experience of people in the real world through digital twins in
various industries, such as the combination of digital creativity and the “slow” lifestyle of small
bridges and water gardens in the ancient city, where people can digitally connect to a convenient
life in the digital twin ancient city, including online performance, online classroom,
telecommuting, smart hospitals, smart supermarkets, etc. In the real world, digital twins can also
be used in the real world. People in the digital twin can digitally make convenient life connections,
including online performances, online classes, telecommuting, smart hospitals, smart
supermarkets, etc., while in the physical ancient city, they can still experience an ecologically
livable and pleasant built environment; another example is the combination of Internet of Things
(loT) sensing, edge computing, and automated driving technology, which will promote the
application of unmanned vehicles and other new types of transportation in the future to improve
the efficiency of transportation operations, further save road space, return the streets to the
people, and provide more slow-moving and changeable activity space. The other is through the
construction of a digital world that is a twin replica of the real world, so that people can
experience digital life scenes in the digital space, for example, to create a unique digital image of
an individual, to experience shopping, entertainment and other types of life scenes in the digital
ancient city, but also to participate in the virtual world in the wisdom of the crowds activities,
simulated experience of the ancient city's planning, design and updating and transformation, and
operation of their own digital assets, and some of the good content and Some good contents and
models can also be moved to the real world for reproduction, to enhance the sense of access and
happiness of the people in reality.

4.3 Digital enhancement of the traditional cultural value of the ancient city

The digital reproduction of the cultural heritage of the ancient city through digital twin
technology can promote the transformation of relevant “cultural resources” into “cultural assets”
and comprehensively enhance the cultural value of the ancient city. The value of historical and
cultural heritage consists of two dimensions: the value of the cultural heritage itself and the value
of the industry chain derived from the cultural heritage.

On the one hand, the use of cultural heritage to promote the development of regional
characteristics of cultural industries, cultural heritage to give birth to the brand, the brand to
drive the industry, through the industry to feed the cultural heritage of the way to increase the
income of the residents, activate the internal development of power, and promote the
development of regional characteristics of the industry 37, for example, the Sky City 2077 project
in Suzhou is to explore the deconstruction and reconstruction of the elements of the historical
and cultural elements of Suzhou, through the immersive experience of scenes, virtual reality
socialization and other ways, to enhance the cultural value of the ancient city. virtual reality



socialization, etc.

Through immersive scene experience, virtual reality socialization, etc., the historical, present
and past Suzhou is displayed in digital form, which in turn drives local cultural consumption and
urban development.

On the other hand, the digital twin of the ancient city can also provide a display and trading
scene for various digital elements of historical and cultural heritage in the ancient city. In the
future, historical and cultural heritage can be retained forever in the meta-universe, and it can
also transcend the real space, and through the meta-universe, it can reorganize all kinds of
tangible and intangible historical and cultural heritage into a brand-new civilization community in
the virtual space, so that it can enhance the sense of experience of the digital twin and open up
relevant cultural creation and development for people from all over the world. The digital twin
scene can enhance the experience of the digital twin scene, and launch relevant cultural creation
and economic trading activities for people all over the world, and carry out digital trading of
cultural derivatives of cultural heritage. Through digitalization, the craftsmanship, materials,
technology, cultural connotations, stories and lifestyles of cultural relics or ancient buildings will
be disseminated and consumed on a larger scale, which will, in turn, enhance the protection of
cultural relics and ancient buildings, promote the emergence of new business creativity, promote
the consumption and transaction scenarios in the physical world, and expand the scope of
influence of the historical and cultural heritage from the local and Chinese to the global
environment, so as to achieve the digital enhancement of the traditional cultural value of the
ancient city. digital enhancement of the traditional cultural value of the ancient city.

5 Conclusion

Digital twin technology is a new tool for the preservation and revitalization of historical and
cultural heritage, as well as a means to make life better. The needs of life provide innovative ideas
and application scenarios for the technology, and the simulation and experimentation of the
technology in the digital twin scenario of the ancient city will, in turn, promote the development
of the related emerging technology industry in reality, and be applied in real life to create new life
experiences and lifestyles. In this paper, by combing the problems in the process of protection
and renewal of the ancient city of Suzhou, combining its current situation and development
needs, we creatively propose to use digital twin technology to build a “digital twin scene”, build a
digital twin system for the ancient city of Suzhou, and explore the construction mode of the
ancient city of Suzhou with digital twin driven by both scene and technology, so as to solve the
contradictions in the process of protection and renewal of the ancient city of Suzhou, and to
release the new life experiences and lifestyles in the real life. It will solve the contradictions in the
process of protection and renewal of the ancient city of Suzhou, release the unique cultural value
of the ancient city, promote the protection, utilization and inheritance of the historical and
cultural heritage, and realize the holistic protection and sustainable development of the ancient
city, as well as exploring the application of the digital twin of the ancient city of Suzhou in the
future digital economy, digital life and digital culture, so as to realize the full-time and spatial
sharing, the full-cycle common governance, and the full-field interaction of the twins. On the
basis of the digital twin, the traditional cultural values and emerging cultural lifestyles are
continuously integrated, the living culture can be continuously iterated, and the quality
connotation of the ancient city can be eternal.

However, the digital twin technology is still in the early stage, the visualization ability is



much larger than the simulation and interoperability ability, and the visualization ability of
localization still needs to be improved. Therefore, the process of digital twinning for the ancient
city of Suzhou will be gradual and iterative. First, the knowledge of various industries based on
the protection and renewal of the ancient city needs to be transformed into simulation models in
order to realize the breakthrough of cross-disciplinary collaborative modeling innovation in the
future; second, the accumulation of perceptual data based on the ancient city needs to be pulled
according to the effective application scenarios, so as to continuously update the data in the
process of use and maintain the vitality of the digital twin platform of the ancient city; third, the
creative innovation of the ancient city needs to embrace generative digital technologies (e.g.
generative big modeling) in a timely manner. Thirdly, the creative innovation of the ancient city
needs to embrace the generative digital technology (such as generative big model) in time to
create new economic, living, cultural and management modes of the ancient city as much as
possible, so that the traditional objects and culture of the ancient city can be creatively continued

and promoted in the daily life of the people.
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