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Abstract Through the intersection of digital technology and culture, it provides more diversified support for the
diversified display, expression and experience of housing cultural heritage, thus generating a more multi-level and
expressive interactive experience. In this study, a digital twin architectural model of housing cultural heritage is
established based on point cloud modeling and finite element modeling, and combined with the field survey data of
housing cultural heritage. Subsequently, the digital curation of housing cultural heritage is realized with the
architectural modeling technology and virtual interaction technology. The digital model of housing cultural heritage
constructed by the method proposed in this paper has a high degree of similarity with the housing building entity,
and the average offset distance of the basic unit points is only 0.034 meters. The results of the case study show
that the housing cultural heritage has been effectively protected after the implementation of digital curation, and the
mean scores of the assessment of environmental, historical, scientific, and cultural values are between 8.25 and
8.99, which indicates that digital curation plays an important value in the innovative protection of housing cultural
heritage. The significance of the research in this paper is that it accumulates original information for the digital
preservation of housing cultural heritage and provides theoretical basis and technical support for more digital
innovative preservation of housing cultural heritage.

Index Terms digital twin model, point cloud modeling, digital curation, architectural model, housing cultural heritage

. Introduction

Architectural cultural heritage is the crystallization of human wisdom, which not only embodies the value of history,
culture and art, but also provides valuable reference and inspiration for the development of architectural engineering
technology. However, due to the passage of time and the aging of its own material and other factors, the protection
of architectural cultural heritage has become very urgent [1]-[4]. With the development of science and technology,
digital technology is gradually emerging in the field of architectural culture preservation and utilization. Digital
protection and utilization of architectural cultural heritage is not only conducive to the protection of cultural heritage,
but also can better promote and inherit architectural culture [5]-[8].

The traditional way of protecting architectural cultural heritage mainly relies on physical means, such as using
reinforcement, repair, restoration and reconstruction to protect the integrity and irreplaceability of cultural heritage.
However, there are many problems in this way, such as greater technical difficulty, higher cost, and difficulty in
completely guaranteeing the original appearance of cultural heritage [9]-[12]. And digital technology plays an
important role in the protection and inheritance of architectural cultural heritage. Its application mainly includes three
stages: digital acquisition stage, digital protection processing stage and digital display dissemination stage [13],
[14]. Through the application of digital technology, we can better protect ancient buildings, restore damaged
buildings, record and inherit architectural details and decorations, as well as promote the inheritance and
development of ancient architectural culture. In the era of digitization, we have the responsibility and obligation to
protect and pass on the ancient architectural cultural heritage by using advanced technology, so that these valuable
cultural treasures can be passed on forever [15]-[18].

Literature [19] aims to develop a DPUKYV approach to preserve and utilize architectural heritage. A qualitative and
longitudinal approach was used to construct a technical framework to realize digital resources for architectural
heritage. The method was also validated using Chinese architectural heritage as a case study. The results show
that the method is not only beneficial to the preservation of architectural heritage, but also applicable to other types
of cultural heritage. Literature [20] discusses the relationship between disasters, digitization and architectural
heritage conservation. By analyzing the potential of digital technology in architectural heritage preservation, it
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emphasizes that digital twin and deep learning are the current hotspots of digital preservation research. It also
summarized the technologies involved in architectural heritage preservation and proposed research directions such
as accurate multi-hazard prediction and intelligent monitoring of human-computer interaction. Literature [21]
emphasizes the requirements of the times for the protection of architectural cultural heritage and shows the
important role played by information digitization technology in this protection. It also describes in detail the protection
of digitization technology for the architectural cultural heritage of “Wutai Mountain Longquan Temple stone tablet”.
Literature [22] adopts a scientific and standardized classification method to integrate architectural heritage into
multi-level and multi-dimensional information in order to realize the protection of architectural heritage. By analyzing
the BIM technology, constructing a “family” library, and taking a historical building site as a research object, the
effectiveness of this method is verified, and it is capable of restoring and protecting architectural heritage. Literature
[23] presents an overview of the digital twin concept in areas such as architecture and explores its application in
the context of preserving architectural heritage, especially masonry. A prototype of the digital twin paradigm for
preserving the structural integrity of heritage buildings is proposed. Literature [24] uses CiteSpace software to
visualize and compare the keywords of related literature, and discusses the research directions and hotspots, the
current status of research and limitations, and introduces the application and development of high-tech means in
the field of architectural heritage conservation.

Literature [25] mentions the application of 3D laser scanning technology in architectural heritage preservation
and proposes an effective architectural heritage information model that connects the architectural heritage to the
BIM “family”. Based on the relationship between the two, a parameter-induced graphical drive is realized. Literature
[26] examined the application value of VR technology in ancient architecture conservation. The architectural
heritage information model was constructed by collecting data and drawing plane graphics to realize the integration
of comprehensive information of historical buildings. And VR technology was utilized to demonstrate the effect of
digital display and preservation, providing new ideas and methods for architectural heritage protection. Literature
[27] explores the use of technology in the preservation of architectural heritage and interior spaces. Not only does
it emphasize the importance and social value of digital preservation, but also points out its ability to form measures
that shape cultural heritage. Literature [28] used blockchain DAO technology to study the digital storage, display
and dissemination of Ribbon Mansion, indicating the problems of digital regeneration of cultural heritage. And the
digital heritage preservation of historical sites in the virtual world was elaborated through questionnaires, combined
with influence relations and sample cluster analysis methods. Literature [29] outlines the application of Al in the
preservation of architectural cultural heritage, and introduces the concept of “developmental responses” for a better
understanding of the preservation and utilization of Al in architectural cultural heritage. Literature [30] discusses the
coupling relationship between architectural heritage conservation and tourism development by utilizing the concept
of architectural heritage conservation and tourism development with coupling theory. The results of classification of
architectural heritage and quantitative indicators were realized through cluster analysis method. The results show
that the method is able to classify architectural heritage and quantify its factors.

In this paper, digital twin modeling technology and virtual interaction technology are combined to propose a digital
curatorial path for the innovative protection of housing cultural heritage, which effectively improves the protection
effect of housing cultural heritage. After collecting relevant architectural data of the housing cultural heritage, the
geometric digital model of the housing cultural heritage is constructed by combining the point cloud modeling
method and the building information modeling method. The physical characteristics and constraints are introduced
into the geometric digital model, and the physical model of the housing cultural heritage is constructed based on
the finite element modeling technique. Then the behavioral model and rule model of the housing cultural heritage
are designed according to the time scale and historical data to realize the digital architectural model of the housing
cultural heritage. Afterwards, we design the realization path of digital curation of housing cultural heritage by
combining the virtual interaction technology supported by Leap Motion dynamic capture. This study first verifies the
reliability of the digital modeling technology of housing cultural heritage, and then explores the protection effect of
housing cultural heritage after the implementation of the designed digital curation path of housing cultural heritage
through the empirical case study, in order to analyze the promotion role and practical value of digital curation in the
protection of housing cultural heritage.

A Study on the Innovative Practices and Value of Digital Curation in Enhancing the Preservation of Cultural Heritage in Housing

ll. Method

Il. A.Digital modeling of housing cultural heritage

Il. A.1) Digital twin modeling framework design

The digital twin model of housing cultural heritage is a large-scale data-driven model aimed at integrating the multi-
physical, multi-scale and multi-probabilistic simulation process of the whole life cycle of housing cultural heritage,
and comprehensively capturing the data information of housing cultural heritage through multi-level real-time/quasi-
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real-time situational awareness and hyper-real-time virtual extrapolation. Based on the above concept, for the needs

of digital curation of housing cultural heritage, this study combines the existing digital twin model to give the
framework of housing cultural heritage digital twin model [31], which is visualized in the following expression:

A Study on the Innovative Practices and Value of Digital Curation in Enhancing the Preservation of Cultural Heritage in Housing

M oy = {HBPE,HBDT,HBDD, HBSs, HBCN} )

where M represents the housing cultural heritage digital twin model, gyppg represents the housing cultural

HBDT
heritage physical entity, gppr represents the housing cultural heritage digital twin, gppp represents the
housing cultural heritage twin data, gpSs represents the housing cultural heritage intelligent monitoring and
diagnostic service, and HBCN represents the connectivity relationship between different dimensions. The
organizational structure of the housing cultural heritage digital twin digital model is shown in Figure 1. gBPE
represents the objectively existing housing cultural heritage as well as the deployed sensors with significant
hierarchy and interdependence. From the perspective of structural framework analysis, it is divided into unit-level
PEs (columns, beams, squares, etc.), system-level PEs (foundation, upper load-bearing structure, enclosure
system, etc.), and complex system-level PEs (housing cultural heritage ontology) to facilitate systematic analysis
and efficient management. ggpr specifically refers to the real mirror model of physical entities created through
digitalization, which accurately portrays the physical entities of housing cultural heritage in “multi-dimensional, multi-
perspective, multi-breadth, and multi-granularity”, and is responsible for obtaining and feeding back the data
information of physical entities of housing cultural heritage. gppp mainly consists of housing cultural heritage
physical entities, digital twins, services and other data is the housing cultural heritage digital twin ant motion and
core. Through the construction of high-dimensional multi-dimensional heterogeneous static and dynamic databases,
the housing cultural heritage twin data will provide holographic data of housing cultural heritage, eliminate
information silos, satisfy the consistency and synchronization needs of the information space and the physical space,
and provide data support for the digital twin of housing cultural heritage by constantly renewing and expanding the
data on the basis of integration. gpss By integrating and encapsulating various types of data, algorithms, and

results required in the operation of the digital twin model framework for housing cultural heritage in a service-oriented
manner, we can provide users with a self-viewing and interchangeable experience. HpCN is used to enable the

flow of information between the housing cultural heritage digital twin model frameworks. The connection
synchronizes the two interactions of the main triangular parts of the framework (physical entities of housing cultural
heritage, digital twins of housing cultural heritage, and intelligent monitoring and diagnostic services) and all
maintain a high degree of consistency at the data level with the intermediate part (housing cultural heritage twin
data), which allows the intermediate part to drive the entire framework operation.

Intelligent monitoring
and diagnosis services

HBCN_PS HBCN_TS
Physical Digital
entity twin

HBCN_PT

Figure 1: Digital twin model framework

ll. A.2) Methodology for digital modeling of housing cultural heritage

To ensure that the digital twin of housing cultural heritage is highly consistent with its physical entity in the real world,
the construction of the digital twin of housing cultural heritage requires fusion modeling in the virtual environment
from four key dimensions: geometric, physical, behavioral, and rules, which are visualized in the following
expression:

HBDT = {M;,M,,M,,M,} )

(1) Geometric model
Geometric model ( A7, ) is the digital reflection of the physical entity of housing cultural heritage, directly describes
the geometric parameters of columns, beams, square and other components, accurately characterizes the internal
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and external complex structure of housing cultural heritage, and is the first step in the modeling of housing cultural
heritage digital twin. Usually, point cloud modeling or building information modeling methods can be used to
complete the construction of the geometric model. Point cloud modeling is a geometric modeling technique that
uses laser scanning and other measurements to collect dense point cloud data [32] to characterize the target
surface, which can capture the complex details of the object, but its data volume is huge and requires high
performance computing resources. Building information modeling [33] is a geometric modeling technique that
integrates static structural modeling and object-oriented modeling to create 3D models that contain both geometric
appearance and non-graphical features, which can encompass all the information of the object, but the degree of
standardization varies, and there is a problem of compatibility between different platforms. Therefore, this study
adopts a hybrid modeling method of point cloud and building information, integrating standard parametric model
and irregular triangular mesh model, to restore the geometric appearance and non-graphical information of physical
entities under the premise of maintaining the consistency of the data, which provides the basis for the subsequent
model analysis and interactive operation.

(2) Physical model

Physical model ( M, ) is based on the geometric model, by adding physical characteristics, constraints and other

information to simulate the dynamic response of housing and cultural heritage in the natural environment or man-
made forces. Usually, finite element modeling technology can be used to make mathematical approximations from
macro and micro scales to construct a model reflecting the physical phenomena of housing and cultural heritage,
and then use tools such as ABAQUS and ANSYS to carry out dynamic multi-scale simulation and analysis.
Combined with real-time data streaming for continuous training and optimization of the model, a high-level mapping
of the physical entities of the housing cultural heritage is achieved, providing an offline physical field model library
for the housing cultural heritage digital twin.

(3) Behavioral model

Behavioral model (A7, ) mainly describes the real-time behaviors of physical entities of housing and cultural

heritage under the coupling of external environment and internal causes in different time and space scales. The
construction of behavioral model is a systematic process, which firstly needs to clarify the purpose and application
scenarios of the model construction, collect relevant data to provide necessary inputs for the model, select
appropriate modeling methods after bribery, construct the behavioral model and carry out validation and calibration,
and finally, carry out continuous updating and optimization based on new data.

(4) Rule Model

The rule model (A, ) describes the rules extracted from the historical data of housing cultural heritage, including

data association, generalization of tacit knowledge, and design specifications for wooden structures. The
construction of the rule model can rely on the summarization of existing experience, or it can be used to continuously
mine updated rules in an automated way with the help of advanced data analytics technologies, such as machine
learning and data mining.

Il. B.Digital curatorial design for housing cultural heritage

Il. B.1) Digital interaction technologies

In the digital curation of housing cultural heritage designed in this paper, based on the use of Touch Designer
software, real-time image acquisition and gesture recognition are carried out using Leap Motion motion capture [34],
and representative gestures are extracted by analyzing the characteristic points, so as to enable the viewers to
directly interact with the housing cultural heritage. This somatosensory interaction technology not only breaks the
boundaries of space and roles, but also enables the viewers to deeply experience the unique charm and deep
emotions of housing cultural heritage in the interaction. In addition, the work also adds a well-designed background
music and visual performance, the perfect combination of music and images, so that the audience can enjoy the
work at the same time, but also feel a kind of spiritual shock and emotional resonance.Leap Motion somatosensory
interactors use optical tracking technology, the device has two high-resolution cameras, three sets of infrared LED
indicators and optical sensors. The two cameras capture the user's gestures from multiple angles, enabling precise
tracking of the target object to produce a three-dimensional infrared image.The Leap Motion device is controlled
using a right-handed coordinate system, constructing a right-angled coordinate frame with the center of the sensor
as the starting point. The frame consists of three axes, with the X-axis extending to the right along the long side of
the device, the Z-axis pointing forward along the short side of the device, and the Y-axis pointing perpendicular to
the surface of the device, above the sensor. This design allows Leap Motion to recognize a user's hand movements
with high accuracy, providing a richer and more intuitive way of human-computer interaction.

Digital curation of housing cultural heritage builds virtual environments based on gesture interaction through Leap
Motion devices. Leap Motion's gesture interaction mechanism begins with the capture of gestures, the built-in
camera captures the user's hand movements, the system performs preliminary processing of these movements,
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identifies a specific gesture, and performs an in-depth analysis of these movements using gesture modeling
technology. After the analysis is complete, the system generates the corresponding gesture descriptions based on
the results of the analysis and performs the application feedback that corresponds to the user's gestures. This series

of steps not only demonstrates Leap Motion's efficiency and precision in gesture recognition and interaction, but
also reveals its potential for a wide range of applications in the field of human-computer interaction technology.

A Study on the Innovative Practices and Value of Digital Curation in Enhancing the Preservation of Cultural Heritage in Housing

Il. B.2) Digital Curation Realization Paths

Digital curation refers to the process of transforming elements such as the main body of housing architectural
cultural heritage, regional characteristics or history and culture into visual elements suitable for modern media
through digital technology. Through digital curation not only can timely protect and repair problems in housing
cultural heritage, but also through virtual interaction can enhance the audience's deep understanding of the value
of housing cultural heritage and realize the protection of housing cultural heritage. Visual translation [35] is the core
means of information storage, reconstruction and dissemination in cultural heritage protection. The study of digital
visual translation of housing cultural heritage can provide practical case references for the construction of relevant
digital curatorial platforms. In this paper, based on the digital modeling method of housing cultural heritage, the
specific path of digital curatorial realization of housing cultural heritage is designed as shown in Figure 2. The
combination of housing cultural heritage and digital devices can realize the visual presentation of housing cultural
heritage from figurative to abstract. Figurative visualization refers to the reproduction of the external form, building
materials, building components and roof shape of the housing cultural heritage, so as to realistically restore the
historical scene and appearance of the housing cultural heritage. Abstraction refers to showing the inner spiritual
qualities of housing cultural heritage, such as ideological characteristics and cultural meaning, and refining,
deforming or reorganizing them through digital technology and multimedia means, so as to make the audience feel
the inner spirit and aesthetic value of housing cultural heritage. In the digital curatorial del visual translation design,
science and technology should be skillfully integrated with aesthetic art, with the help of digital technology innovation,
making the digital visual translation design results fascinating and artistic charm. The visual translation of housing
cultural heritage firstly utilizes digital technology to generate variable graphics and animations. These visual
elements not only enrich the design language, but also enhance the expressive power of the work. Secondly, the
light and color are controlled through digital technology to produce visual effects that harmonize with the space. It
gives the works deeper emotional expression and visual impact. Digital technology can realize the innovative
construction of space and form, creating abstract dynamic effects coordinated with movement and power these
dynamic effects not only enhance the vitality of the work, but also allow users to feel a dynamic rhythm and vitality
in the viewing process.

Artand technology

Housing digital
cultural legacy Modern translatlon

Cultural val Emotlonal
Cognitive dimension
I
Adaptability Represents the Artistic
Change user's aesthetic aesthetic
goeson inner appeal demand
- ./ -\ I
Sustainability Synesthetic
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Culture based | Technology as medla needs

Multidimensional view Coincidence habit

Guide
| Inherited presentation | Designer <—>P Users
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Innovative development
Immersive experience

Figure 2: The digital visual translation path of the housing cultural heritage

lll. Results and discussion

lll. A. Quality assessment of digital modeling of housing cultural heritage

lll. A.1) Subject of the study

Located in Pingyao County, Jinzhong City, Shanxi Province, Pingyao Ancient City was built during the reign of King
Xuan of the Western Zhou Dynasty, and is one of the best-preserved architectural cultural heritages in China today.
The city consists of walls, stores, streets, temples, and houses, which together form a large housing and cultural
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heritage complex. The streets and housing buildings in Pingyao Old Town, which reflect their original historical
appearance, are known as living samples of China's architectural cultural heritage, and are rich in unique
architectural, religious, commercial, folkloric, and folk art values. This paper takes the housing cultural heritage of
the four main streets of Pingyao as the object of study, analyzes the main contents related to the street scale,
commercial business and place activities of the four main streets of Pingyao through data collection, survey and
statistics, and surveying, and constructs a three-dimensional digital model of the housing cultural heritage of the
four main streets of Pingyao by using architectural three-dimensional modeling technology. The statistical results of
the architectural distribution of the four main streets of Pingyao Ancient City are shown in Figure 3. Overall the
South Street in Pingyao Old Town has a higher number of housing cultural heritage buildings (726), with
accommodation as well as amenity buildings accounting for 31.51% and 26.88% respectively. On the other hand,
the vitality of the East Main Street is the worst, in which the number of closed stores for rent is 40, accounting for
56.34% of the total number of closed stores for rent, resulting in few tourists on the East Main Street, which contrasts

sharply with the scene of crowds of people and shoulder-to-shoulder traffic on the other three Main Streets at the
same time.
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Figure 3: Statistical results of the construction distribution of Pingyao ancient city

lll. A.2) Evaluation indicators

This paper adopts the idea of applying the local to evaluate the whole, and uses the random sampling method to
calculate the geometric accuracy of the digital model of housing cultural heritage. Since the basic unit point and
basic unit line are the basic components of the 3D model, the characteristics of the basic unit point and basic unit
line are analyzed, and the spatial geometric accuracy of the 3D model is evaluated from four aspects: the distance
offset 4 of the basic unit point, the length difference ; of the basic unit line, the distance offset ; and the angle
offset o .

(1) Evaluation of basic unit points
Using coordinates to represent the position of points in space, let P(x,y,z) be any pointin the 3D model, called

the basic unit point. Randomly select » corner points in the constructed model, which are labeled as A/, (x,,,,z,)
and ie[l,n], and then correspondingly select the real points N, (x/"yj’zi) and je[l,n] of the building entity in

the point cloud data, and calculate the distance difference between A7, and N, according to the formula:

| = (=) (3, =2 ) +(z,-2) ®)

The mean value of 5 corner point distance difference is calculated as the basic unit point distance difference
4 as in equation (4):

d:%i|M,Nj| (4)

i,j=1
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(2) Evaluation of basic unit line

The digital model of the building can be visualized through the basic unit line, and the positions of the line
segments are determined by the endpoints Pl(xl,yl,zl) and Pz(xz’yz’zz) of the line segments, and the length

difference 1, distance offset ;' and angle offset o of the line segments are used for the evaluation of the basic
unit line. The endpoints M (x,y.z), M,(x,,y,,z,) of the line segment L selected in the constructed

architectural digital model and its corresponding endpoints N (x,,y,,z,), N,(x,,y,,z,) ofthelinesegment L  in

the point cloud data of the digital model of the cultural heritage of the ancient city of Pingyao, the length difference
of r,, L, arecalculated as in Equation (5):

L[ ~[24] = (5 =%V + (=21 ) +(2-2)
_\/(x4 X )2 +(y4 Vs )2 +(Z4 _23)2

Randomly select m basic unit line at the edge of the model and calculate the average of their length differences,
Eq:

(®)

2 (1L = L4 ), (6)

1
m -

m basic unit lines are randomly selected and the distances between the endpoints and midpoints of the
constructed digital model 7, to the endpoints and midpoints of the corresponding point cloud data 1, are

calculated, denoted as |M1N1| , |M2N2|, and |pa};| . The difference in the distances of these m lines is calculated
and averaged, denoted as the distance offset value p , Eq:

1 m
b=3—mZ(|M1N1|+

i=1

1) (7)

The angle o between the basic unitline A7, of the build model and A7, of the point cloud data, as in Eq:

x,x, + +
N RN R 2

where, x =x,—x, y,=¥,-Y» 2,=2,-2s X, =X,—Xys ¥, =V,—Vys 2z, =2, —z,- Similarly, m basic unit lines
are randomly selected for averaglng as the angular offset values of the basic unit lines of the Anhua County
Literature Temple.

Randomly selected » basic unit lines are averaged as the angular offset of the basic unit line of this 3D model
¢, calculated by the formula:

c=-3a, ©)

lll. A. 3) Results of digital model quality analysis
The digital model of housing cultural heritage is decomposed into basic unit points and basic unit lines, and the
points and lines with obvious distribution characteristics and representativeness are selected. 10 basic unit points
and 6 basic unit lines are selected through random sampling. Taking the data measured by the 3D laser scanner as
the actual value, obtain the control point coordinates of the corresponding basic unit points and lines respectively.
The distance offset ; of the basic unit points, the length difference ; of the basic unit lines, the distance offset
4' and the angle offset ¢ of the housing cultural heritage are calculated, and the quality analysis results of the
housing cultural heritage digital model are shown in Table [1. The average offset distance of the basic unit points of
the digital model of housing cultural heritage constructed using the method proposed in this paper is 0.034 meters.
A basic unit point is determined by at least two intersecting lines, the more intersecting lines the more information
the point contains, the higher the precision, the basic unit point determined by only two intersecting lines contains
the least information, and the precision of the unit point is low. The average line distance bias and line angle bias
of the basic unit lines of the digital model of housing cultural heritage were 0.021 m and 1.950°, respectively. There
are two main types of line locations in the digital model, one is the line segments at the edges that constitute the
model, and the other is the line segments intersected by two planes, and the line segments intersected by two
3914
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planes contain more information and have higher geometric accuracy. In the model construction, the basic unit lines
used are mostly straight lines, so the angular offset is small, and the angular offset will be larger for the components
with curvature such as roofs and tiles. From the analysis of data indicators, it can be concluded that the 3D
architectural model of housing cultural heritage constructed by the method proposed in this paper has a high degree
of similarity with the housing building entity, which lays a technical foundation for the realization of digital curation
of housing cultural heritage.

Table 1: Evaluation of geometric accuracy of housing cultural heritage model

Categories Sample point Evaluation index
4 (m) J (m)
1 0.008 0.020
2 0.041 0.020
3 0.036 0.049
4 0.043 0.044
5 0.019 0.017
Basic unit point 6 0.034 0.002
7 0.060 0.012
8 0.051 0.047
9 0.024 0.009
10 0.023 0.028
Average 0.034 0.025
Categories Sample point Evaluation index
g’ _(m) a ()
1 0.030 1.438
2 0.009 2.362
3 0.030 2.391
Basic line 4 0.025 1.521
5 0.017 2.220
6 0.017 1.770
Average 0.021 1.950

lll. B. Analysis of the effectiveness of the protection of the cultural heritage of housing

lll. B.1) User interaction experience analysis

In order to investigate the deficiencies in the designed Pingyao Ancient City housing cultural heritage digital curation
technology, this paper analyzes a number of major problems in digital curation through surveys and analyses, such
as confusing system operation, fuzzy navigation, and a single way of displaying, etc. The results of the survey and
analysis of the user's interactive experience in digital curation are shown in Figure @ A-F in the figure represent the
operation guide, beautiful interface, navigation guide, introduction of housing and cultural heritage, background
music and interesting interaction in digital curation respectively. Among them, 72.70% of the users thought that the
navigation in the digital curation of the housing and cultural heritage of Pingyao Old Town was clear and that it was
not easy to lose the sense of direction in the virtual environment, and 81.30% of the users thought that the digital
curation was highly interesting. The proportion of users with survey scores of 4 and 5 in the remaining indicators
was higher than 70%, indicating that the restoration of virtual scenes and digital interaction in the digital curation of
housing cultural heritage achieved good results. In addition, it was found that the introductory information of housing
cultural heritage in digital curation is an indispensable element, which is a direct way to disseminate and protect
housing cultural heritage. Therefore, the presentation information of housing cultural heritage from the user's
perspective is necessary. Appearance is the most important information that users want to view, followed by the
historical background behind the housing cultural heritage.
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Figure 4: User interaction experience analysis results

lll. B. 2) Analysis of the effectiveness of the protection of cultural heritage in housing

The realization of the digital curation of the housing cultural heritage of the ancient city of Pingyao not only achieves
architectural conservation and coordinated planning, but also promotes the dissemination of housing cultural
heritage. It enables the public to gain a deeper understanding of the historical and cultural values of the housing
cultural heritage of the ancient city of Pingyao, and stimulates a positive attitude towards the protection of the
housing cultural heritage of the ancient city of Pingyao during field visits, thus realizing the protection of the housing
cultural heritage. Therefore, this paper analyzes four aspects, namely, environmental value, historical value,
scientific value and cultural value, which were evaluated and analyzed by 10 experts in the field of housing cultural
heritage. The results of the analysis of the effect of the protection of housing cultural heritage in Pingyao Old Town
are shown in Table 2. On the whole, the assessment grades of the housing cultural heritage of Pingyao Old Town
in terms of environmental value, historical value, scientific value and cultural value after the realization of digital
curation are excellent (8.99 points), good (8.45 points), good (8.25 points) and excellent (8.70 points), respectively.
The construction control zone is the main component of the scientific value of the housing cultural heritage, and the
protection of the construction control zone can ensure the integrity of the spatial pattern of the housing cultural
heritage, and at the same time play the role of buffer and scenery for the core protection zone. The Environment
Coordination Zone, based on the natural landscape environment, can have a certain impact on the traditional
landscape of housing cultural heritage, and is an important indicator for judging whether the housing cultural
heritage has been effectively protected at the overall level. From the results, the average scores of the expert
assessment of the two indicators are 7.37 and 7.65 respectively, which are at a high level. In addition, housing
cultural heritage is an important value carrier of historical information, but information is easily lost due to
modernization. Strengthening the mapping and registration of housing cultural heritage and figuring out the basic
data are conducive to enhancing the research and protection of housing cultural heritage. With the realization of
digital curation, the assessment score of the mapping and registration of the housing cultural heritage of the Ancient
City of Pingyao was 8.01, which indicates that digital curation plays an important value in the innovative protection
of housing cultural heritage.

Table 2: Analysis of the protection effect of housing cultural heritage

Dimension Assessment score Protective effect
Surrounding mountain protection 9.09
Environmental value Surrounding water protection 8.16 8.99 Excellence

Surrounding vegetation protection 9.73
Historical events 8.98
. Historical event publicity 8.23

Historical value — — 8.45 Good
Historical celebrity influence 7.00
Historical celebrity publicity 9.57
Core reserve 7.95

Scientific value Construction control area 7.37 8.25 Good
Environmental coordination area 7.65
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The integrity of street 7.43
The number of historic streets 8.54
The scale of historic street 8.46
The historic street floor is paved 9.21
Historical street facade landscape 9.38
Mapping and registration of cultural heritage 8.01
Record and storage of cultural heritage 8.67
Cultural value Folk culture influence 8.62 8.70 Excellence
Cultural heritage of folk customs 9.19
Cultural show space scale 8.99

IV. Conclusion

This paper combines digital twin modeling technology and virtual interaction technology to propose a specific
realization path for digital curation of housing cultural heritage, examines the effectiveness of digital twin modeling
technology, and explores the enhancement effect and practical value of digital curation on housing cultural heritage
protection through empirical analysis. The results show that:

(1) The average offset distance of the basic unit point of the housing cultural heritage digital model constructed
by the method proposed in this paper is 0.034 meters, and the average line distance offset and line angle bias of
the basic unit line are 0.021 meters and 1.950° respectively, which proves that the architectural model of housing
cultural heritage has a high degree of similarity to the housing architectural entity, and lays down a technical
foundation for the realization of the digital curation of housing cultural heritage. This proves that the architectural
model of housing cultural heritage has high similarity with the housing building entity, and lays a technical foundation
for the realization of digital curation of housing cultural heritage.

(2) The evaluation grades of the housing cultural heritage in the environmental, historical, scientific and cultural
values of the housing cultural heritage of Pingyao Ancient City were excellent (8.99 points), good (8.45 points), good
(8.25 points) and excellent (8.70 points) respectively after the implementation of digital curation, indicating that
digital curation has played an important role in the innovative protection of housing cultural heritage.

(3) The digital model of housing cultural heritage established on the basis of digital technology has enriched the
resources of the digital model library, and provided accurate digital reference materials for information sharing,
conservation and restoration, display and dissemination as well as conservation and development of housing
cultural heritage, which has important practical value and influence on the conservation and development of housing
cultural heritage.
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