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Abstract. Research on Intangible Cultural Heritage from the perspective of Metaverse
mainly focuses on digital preservation, but no system has been formed on how to
continuously innovate the means of display and promotion. In order to solve the
problems of digital display and promotion of ICH, this paper takes Chinese Han
Embroidery as an example and establishes an interactive display simulation system
based on the concept of “Metaverse”. The system is divided into three layers: data
resource layer, context model layer, and resource display layer. The layers are
connected by the knowledge base management and Context-aware management
subsystem to customize different displays and recommendation information for
different users. At the same time, the system builds modules for system
management, Chinese Han Embroidery Cultural information management, Chinese
Han Embroidery cultural information multimedia display, and user browsing statistics
tracking. Through virtual simulation analysis, compared with the traditional
Panoramio method, the proposed method has certain advantages in terms of time
complexity and the amount of recommended information. The establishment of this
system is of great significance to the promotion of digitization in the presentation
and dissemination of ICH.
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1  INTRODUCTION

Intangible Cultural Heritage (ICH) refers to the various traditional cultural expressions that have
been passed down from generation to generation by all peoples and are considered an integral part
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of their cultural heritage, as well as the physical objects and places associated with traditional
cultural expressions. However, under the impact of the New Crown epidemic, long-standing
problems such as lack of space, disconnection from reality and unsustainability have hindered the
release of the cultural and economic value of ICH. In recent years, the development and application
of digital technology has, in a sense, expanded the functions of the human brain [1]. The concept
of the Metaverse is constantly evolving, and the rise of virtual reality, artificial intelligence, big data,
5G networks and blockchain have provided technical support for the Metaverse. The application of
the Metaverse to the field of Intangible Cultural Heritage is just around the corner. The development
of the Metaverse in the digital era will change the content, methods, channels and targets of the
traditional dissemination of ICH, greatly promoting innovation and transformation in the traditional
field and recreating new development scenarios. From exploring, recording, and protecting
Intangible Cultural Heritage to using science and technology to promote innovative development, it
forms new mechanisms to respond to the opportunities and challenges of Intangible Cultural
Heritage dissemination in the post-pandemic era, and has great application value and significance
for the protection and innovative development of Intangible Cultural Heritage.

This paper firstly sorts out the current academic hotspots from the perspectives of “"Metaverse”
and Intangible Cultural Heritage Digitization; Secondly, it discusses the reference model of the
Intangible Cultural Heritage digital management and display system, and then explains the key
technologies involved in the system from three aspects: the data resource layer, the context model
layer and the resource display layer, and designs and implements the management and display
system. Finally, through simulation analysis, the system is compared with the traditional Panoramio
method for induction and summary.

2 STATE OF THE ART AND THEORETICAL BACKGROUND

2.1 Research Related to the “Metaverse”

In 1992, the famous American author Neal Stephenson mentioned the term “Metaverse” in his book
“Snow Crash” Error! Reference source not found.. In fact, the conceptual origin of the Metaverse is
the virtual world described by American mathematician and computer expert Professor Vernor Vinge
in his 1981 book “True Names” as a place where you can enter and experience the real world through
brain-computer interface technology Error! Reference source not found.. As an emerging concept,
the Metaverse has attracted widespread attention from industry, academia, the media, and the
public. However, there is no single, clear definition or concept of the Metaverse. Various
practitioners, experts, and institutions have provided their own insights into the Metaverse, as shown

in Table 1.
Name Affiliations Description
Chen G. Dong H Peking University The Metaverse is a virtual world connected and created through
science and technology, mapped and interacted with the real
world, and has a digital living space of a novel social system.
Zuckerberg M Facebook The Metaverse is a world composed of countless interconnected

virtual communities where people can meet, work, and
entertainment through virtual reality devices (e.g., headphones
and eyes), smartphone applications, and other devices.
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The Metaverse is a virtual world that connects everyone.
Everyone has a virtual identity and can do anything desired.
The Metaverse has eight characteristics: identity, friends,
immersion, low latency, diversity, anywhere, economy, and
civilization.

The Metaverse spans the physical/digital gap between reality
and virtual reality .

The Metaverse is an observable digital universe composed of
millions of digital galaxies.

The Metaverse is a fuzzy digital hybrid reality. The things and
people in the Metaverse are irreplaceable and infinite and are
not limited by the traditional physical space.
Metaverse: a lasting and real-time digital world, providing
individuals with a series of agency, social existence, and shared
space consciousness. It has a wide range of virtual economic
systems.

The Metaverse is a bridge between the real and virtual worlds.

The Metaverse is an infinite space where people can do
everything physically and still have sensory stimuli such as
vision, hearing, touch, and smell.

The Metaverse is a world that no longer pays attention to the
difference between our digital avatars and bodies. It is a world
where we are surrounded by information (e.g., work,
entertainment, and education) using intelligent lenses and
brain-computer interface devices. It is the next generation of
the internet.

The general cyberspace (Metaverse) is a unified description of
conventional cyberspace and cyber-enabled physical. social, and
thinking spaces formed based on ubiquitous connections
between things and the deep convergence of spaces[6].

A Metaverse is where everyone and everything in the real world
is digitally projected into a cloud world where you can do
anything you can do in the real world.

The Metaverse is a collective virtual shared space that consists

of a fusion of virtually augmented physical reality and physically

persistent virtual space, including the sum of all virtual worlds,
augmented reality and the Internet.

Table 1: Different opinions of practitioners and experts on the Metaverse [2-8].

This article focuses on the ICH digital aspects of the Metaverse and analyses it from the perspective
of science and technology. From a scientific perspective, the emergence of the Metaverse is the
result of the integration of multiple disciplines. The Metaverse will promote the integration and
interaction of disciplines such as computer science, mathematics, and the life sciences, innovate
scientific paradigms, and promote breakthroughs in traditional systems of philosophy, sociology, and
even the humanities. In essence, the Metaverse is an extended concept of cyberspace [9]. From a
technical perspective, the Metacosmos is a comprehensive and integrated application of existing IT
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technologies and represents a new stage in the development of informatization. Therefore, this paper
outlines the key technologies involved in the metacosmos from a technical perspective (as shown in
Figure 1) and focuses mainly on the design and construction of the ICH management and display
system from a digital technology perspective.
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Figure 1: Metaverse technology roadmap.

2.2 Research on the Digitization of Intangible Cultural Heritage

The core issue of Intangible Cultural Heritage preservation under the concept of "Metaverse” is digital
exploitation to realize the digital use, display, promotion, and education of ICH.

2.2.1 Digital Representation of Intangible Cultural Heritage

Traditional media for displaying ICH are largely limited to display and dissemination within a specific
region, and have many disadvantages compared to digital media. With the advent of multimedia
technology, virtual reality, holographic projection, 4G mobile networks, intelligent application
terminals and other technical means, the rich and diverse digital media platform provides more forms
of expression for the display of ICH [10]. In his research, Cary Karp proposed the construction of a
digital virtual museum to provide a platform for the display of Intangible Cultural Heritage [11];
Yuan-wu Shi et al. explored the application of 3D modelling and virtual reality technology in the
construction of digital museums of ICH [12]; Marcello Carrozzino et al. discussed the application of
virtual reality technology in the digital display of traditional handicrafts [12]; Keiji Yano and Woong
Choi used the “Virtual Kyoto” project as an opportunity to use GIS and 3D modelling to construct a
virtual float parade display system for the Gion Festival in Kyoto [14]; Mugeem Khan proposed the
use of motion sensing technology to build an experiential learning system for intangible cultural
heritage in museums Error! Reference source not found.; Mugeem Khan and Penny de Byl discussed
the application of augmented learning technology in intangible cultural heritage exhibitions [16];
Francisco Guimardes presented the application of augmented reality and cross-media narrative
technology in the display of street art in Lisbon [18].

2.2.2 Creation of databases of Intangible Cultural Heritage

Databases are currently one of the most important forms of digital development of Intangible Cultural
Heritage, and they are an important means of achieving digital management, use and dissemination
of Intangible Cultural Heritage. In their research, Qun-yong Wu and others explored heterogeneous
data management strategies from multiple sources of Hakka culture and data service methods, and
established a multi-source heterogeneous Hakka cultural data storage strategy based on MongoDB
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[19]. Han Youngho and Jang JungSik proposed the concept of constructing and visually displaying
Intangible Cultural Heritage information in virtual cyberspace and, in view of the problems with
existing ICH databases, suggested that an interactive mechanism should be introduced into the ICH
database construction process to visually display the stored ICH information [20]; Despoina Karavia
and Andreas Georgopoulos proposed that, based on the spatial characteristics of ICH, the use of
geographic information systems can enable the collection, storage, management, calculation,
analysis, display and description of data that can be used for the storage and spatial retrieval of
intangible cultural heritage information and for analysing the impact of the geographical environment
on the morphological evolution of Intangible Cultural Heritage [22]; Renzo Stanley et al. proposed a
simple method to transform the redesigned database architecture into a semantic model that can be
used for integration and publication, based on a conceptual knowledge discovery (CKDD) approach
to database redesign [23].

2.2.3 Digital Dissemination of Intangible Cultural Heritage

The living nature of Intangible Cultural Heritage determines the Ilimits of its information
dissemination. Using information technology to disseminate Intangible Cultural Heritage through
digital information is not only in line with the current development trend of online cultural
dissemination, but also a practical development strategy. In their research, Cristina Caramelo Gomes
and Maria Luisa Costa explore user-oriented digital communication strategies for intangible cultural
heritage websites [24]; Saifuddin Khalid and Saiful Alam Chowdhury explore the use of social media
in the representation and communication of Intangible Cultural Heritage knowledge in Bangladesh
[25]; Alessandro Pozzebon and Silvia Calamai discuss the use of smart devices in the dissemination
of ICH information [26]; Zhuo Jin discusses the impact of digital media on the transmission of ICH
[27]; G. Cozzani et al. using the i-Treasures online learning and dissemination platform initiated by
the European Union for the preservation and transfer of ICH knowledge as an example, explore the
role of sensor technology, semantic multimedia analysis and other technologies in ICH education
and communication, and highlight the main advantages and disadvantages of using innovative
technologies in ICH protection and education [28]; Saptarshi Kolay suggested the use of games,
animation, and other methods to disseminate traditional Indian handicraft skills to attract and
educate young people and promote the revival of traditional handicrafts [29].

In summary, Intangible Cultural Heritage itself has the characteristics of regionality, fluidity, and
living nature [30]. Therefore, it is necessary to unearth and present its implicit information [31]. At
present, the display of Intangible Cultural Heritage information resources is dominated by the
traditional three museums (museums, archives, and libraries), and the display methods are mainly
static objects, text, and multimedia descriptions; while the main way of inheriting intangible cultural
heritage is mainly oral transmission and family-style intergenerational transmission. The research
of scholars at home and abroad on the digital organization and display of Intangible Cultural Heritage
mainly focuses on graphic and image descriptions and digital publications. For example, after the
digitisation of Intangible Cultural Heritage information resources, 3D modelling or animation
conversion can be carried out [32]. However, there are very few applications that use the concept
of Metaverse, such as using VR technology to simulate the overall experience of ICH information
resources. To solve the above problems, this paper establishes a digital management and display
system for Chinese Han Embroidery through modelling. By establishing a knowledge-based
management system, different messages can be tailored for different users, thereby achieving the
promotion and protection of Chinese Han Embroidery Cultural Heritage.

3 THEORETICAL MODEL REFERENCE

Existing Metaverse research on the technical layout of virtual scenes, social forms, and the
reconstruction of situational knowledge provides a reference for the construction of a digital
management model for ICH.
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3.1 Ontological Data Model

A digital management model for Intangible Cultural Heritage is established to efficiently realize
digital Chinese Han Embroidery culture. To simplify the model, a network concept specific to the
field of interest is first introduced, and the ontology [33] O is described as follows:

0 ={V,E} (1)

Where any node ¥ € V represents a concept and any edge € € E represents a certain relationship
between two concepts.
e Tag Schema: Considering the ontology set O, the tag schema is defined as a special tuple:

A0 = (All"'l Az,"'Bm) (2)

Where A,,?,A, are properties of ?,?[1,n] and 70 = (V,E)?0,dom(A;)?V, i.e., Ai is the property value of
an edge related to multiple ontologies. By,?,B,,, are different properties of Vi€ [1L,m] and 70 =
(V,E)?0, dom(B,—)?V, ,i.e., the property values of edges that are not related to multiple ontologies.

In simple terms, ontology properties A;,?,A,describe specific concepts in specific information
domains, while ontology propertiesB,,?,B,describe the information about Chinese Han Embroidery
culture entities collected by some sensors, such as temperature, humidity, etc., or some multimedia
information, such as photos, videos, text, simulation models, and other low-level features.

e Tag Semantics. Consider the ontology set O and the tag schema Ao, The tag semantics

of the cultural entity Chinese Han Embroidery is defined as a special tuple:

A(CDg = (ay, -+, ap, by, -~ by) (3)
Where Vi € [L,n] | a; € 0,dom(a) €V, ¥ € [L,ml 20 = (v,E)?0,dom(B;)?V

Therefore, by using different ontological sets and semantic models for tags, the culture of
Chinese Han Embroidery, which focuses on different perspectives, can be formally described.

3.2 Knowledge Base Model

The relationship between different cultural entities and their different attributes can be described
using a knowledge base [34]. A cultural knowledge base can be viewed as a graph consisting of
many edges and nodes, defined as:

G ={CR} (4)

Where Yc € Ccan be a node in the graph can represent a cultural entity in the cultural heritage, an
object of interest or an ontological property. ¥+ €R is an edge in the graph, representing a
relationship between different tagged semantics or a connection between objects of interest.

In the knowledge base, each node can be abstracted as a collection of different attributes, and
edges can be used to describe the relationship between different attributes. Figure 2 shows an
example of a cultural knowledge base model for Chinese embroidery. The example contains a total
of 6 nodes (Chinese Han Embroidery, Chinese Han Embroidery exhibition hall, Chinese Han
Embroidery History, Chinese Han Embroidery Commodities, Chinese Han Embroidery clothing,
Chinese Han Embroidery Multimedia). Different nodes have different attributes, and each edge
describes the relationship between the attributes. For example, the Chinese Han Embroidery
Exhibition Hall belongs to the Chinese Han Embroidery Category and also to the history of Chinese
Han Embroidery. The attributes include information about the geographical location of the museum,
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famous scenic spots, and historical sites. In addition, the Chinese Han Embroidery Exhibition Hall
can collect data in real time through a camera to help managers control the display.

Han Embroidery
Exhibition Hall

Geographic Position

scenic spots and Social Networking

historical sites

Han Embrodiery
Multimedia

Han Embroidery
Commodities

e |
. e
Smallware Text Introduction

1
L ..

Works Appreciation
Handbag

Figure 2: Data model of the knowledge base of Chinese Han Embroidery Culture.

3.3 Context-aware Model

When making relevant recommendations for display systems, the goal is to make the context-
dependent target vector as close as possible to the input target vector, i.e., the context-dependent
target should be as close as possible to the target it is associated with and as far away as possible
from irrelevant targets.

To make the recommended target as effective as possible, important keywords in the context
that are highly correlated with the target can be extracted to optimize the target vector [35]. This
process can be expressed mathematically as follows:

t=X?u'
u’ =?(u)
u;, Ui = mean(u)

? ) =
7 (uy) {0, U; <mean(u) (5)
Where ?is the optimised target vector; u’ is the sparse coefficient matrix; ? (u) is the step function;
and mean(?) denotes the mean value.
Using the original target vector and the optimized target vector to learn optimization information,
the objective function is expressed as:

- i 2 B
dt 0 =3, (Ej";l (B-t) + Ru-l) ®)
Where ?u’ controls the sparsity of the dilation coefficient matrix.
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4 DESIGN OF THE DIGITAL INTERACTIVE DISPLAY SIMULATION SYSTEM FOR INTANGIBLE
CULTURAL HERITAGE

The application of the Metaverse to the immersive display of Intangible Cultural Heritage information
resources requires entity modelling based on a holistic description of heterogeneous Intangible
Cultural Heritage data, combined with various user perceptions and sensor units to map the “Entity-
Perception” relationship and develop specific interactive sensing functions to enable immersive scene
simulation.

4.1 Overall Framework of the Intangible Cultural Heritage Display Simulation System

Figure 3 shows the system architecture model of the Chinese Han Embroidery digital display
simulation system based on the context-aware mechanism. The system consists of three parts: the
data resource layer, the context model layer and the resource display layer. The data resource layer
includes Intangible Cultural Heritage resource information and user information. Intangible Cultural
Heritage resource information comes from the databases of various institutions, such as museums,
libraries, archives and other collections; user information includes information such as the user’s
sense of touch, hearing, vision, body language, facial expressions, and so on. The context model
layer is based on the information in the data resource layer. An ICH information resource model is
created based on the Intangible Cultural Heritage information and using 3D modelling technology.
The interactive design based on user information is combined with the Intangible Cultural Heritage
information resource model, and a visualization system for Intangible Cultural Heritage information
resources is designed using virtual reality and other technologies. The final resource display layer is
based on this Intangible Cultural Heritage information resource visualization system and is used to
display and use the resources, including the creation of a 3D virtual space to give users an immersive
experience.

Resource Display Layer Virtual 3D Space Immersive VR Experience

/\
aC

Intangible Cultural Heritage Information

Visualization System

Context Model Layer

Intangible Cultural Heritage Infc
Resource Model

Interaction Design

Intangible Cultural Heritage : 3
User Information

Resource Information

Data Resource Layer

S \ 52 Sk
l()rgum/uliun I”()rgunu:\nnn 1] lOrgmw;nmn 1I I Tactile I I Auditory ” Vi.\ll;llJ

Figure 3: Overall framework for the presentation of information resources on ICH.
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4.2 Data Resource Layer

The ICH resource information collected from various institutions and the sensory information
provided by users are mostly complex and disordered, including spatio-temporal data such as
dynamic trajectory data, time series data, location data, 3D image data and video data. Among
them, useful and real information in spatio-temporal data is extracted [36]. At the same time, a
description and feedback mechanism for perceiving user behaviour must be established. Therefore,
the system data needs to store and process information about both user behaviour and entity
resources.
e Behavioural pre-processing.

Tracking and registration technology (a key module in AR technology) can be used to determine user
behaviour feedback in entity scenario processing. Tracking and registration technology can achieve
seamless integration of virtual information and real scenarios. The system uses image recognition
technology to convert the position coordinates of the target image and the position coordinates of
the real scene through a transformation matrix. The exact position is obtained by image analysis of
landmarks in the real scene [37], thus achieving real-time registration. Experiments have shown that
the optical flow tracking (Kamade-Lucas-Tomasi Feature Tracker, KLT) algorithm can be used to
complete the target tracking and registration, improve the efficiency of the system’s 3D tracking and
registration, and meet the real-time and robustness requirements of the augmented reality system.

Name Definition Data Type Is Key Remarks
Identifier ID VarChar (20) Y For sorting by entry time
Resource File File Name VarChar (20) N
Resource Type Type VarChar (200) N
Resource Title Name Tittle Name VarChar (200) N Original resource title
Target Audience Target VarChar (200) N
Source Source VarChar (200) N Original source of resource
Description Description VarChar (200) N Resource description
Resource Creation Time Create Time VarChar(200) N Entry time
Resource Publisher User Name VarChar (40) N
Resource Creator Writer VarChar (40) N
Data Format Format Int (8) N Binary compression
Data Size Data Sum VarChar(200) N

Table 2: Basic information on Intangible Cultural Heritage resources.

e Storage of entity information.
For ICH entities, the storage of their information is collected from different institutions and stored
separately in static databases. In order to dynamically model static data in 3D, technologies such as
databases, file systems and distributed data storage are required. Considering that entity resources
are usually semantically annotated resources, a mechanism for creating and publishing linked data
needs to be established. Table 2 shows the structure of the basic information table for common ICH
entity resources.

4.3 Contextual Model Layer

The task of the contextual model layer is to construct an interactive model based on the various
heterogeneous information in the lower layer, to integrate it into specific scenarios, and then to
establish a visual and sensory interface. As shown in Figure 4, the construction of the Intangible
Cultural Heritage information resource model uses 3D modelling technology to digitally process the
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collected Intangible Cultural Heritage information and build a spatial model based on various data.
The system interacts in real time based on human-computer interaction technology and an
interaction model. During this process, the system records behavioural data about the process and
publishes a view of the relevant scene. Specifically, the context awareness part is used to obtain
user behaviour and sensory data. Based on this data, the system matches the resources in the
physical resource database and then feeds the scene back to the user.

Human-computer integration techniques

Context-awareness

Digital processing Intangible cultural

Consumer

Resource retrieval heritage information

resources

Intangible cultural
<¢—— heritage information

VR technology

resources Resource presentation

Figure 4: Model for the presentation of ICH information resources.

For the physical modeling of ICH items, this paper adopts the HANDYSCAN 300 3D handheld self-
positioning scanner to model the Chinese Han Embroidery, which achieves a resolution of 0.02 mm
and a volumetric accuracy of £0.02 mm. This metrology-grade device projects seven blue laser lines
(465 nm wavelength) onto the Embroidery surface at a scanning distance of 300 mm, while four
integrated cameras capture modulated patterns at 310,000 measurements per second. The system
generates dense point cloud data with 0.08 mm point spacing, enabling real-time mesh
reconstruction through its dynamic reference system.
First, the 3D scanner projects the coded raster onto the surface of the target object and captures
the modulated raster image, then obtains the point cloud data and x,y,zcoordinates by the algorithm
embedded in the scanner, then constructs a 3D mesh model in real time from the 3D point cloud
data, then performs image splicing, image alignment, smooth synthesis, and simplified mesh on the
real-time data, and the texture mapping was ultimately applied through 4096 x4096 pixel UV maps.
Finally, the obtained triangular mesh is texture mapped to reconstruct a 3D model with a strong
sense of realism. In this paper, the vtkQua dricDecimation mesh iterative simplification algorithm
[39] is used to optimize the mesh of the scanned .obj 3D model data,(e.g., silk threads with
diameters of 0.1-0.3 mm and stitch spacing of 0.5-2 mm). The selected 0.02mm resolution ensures
faithful reproduction of fine textile features while avoiding distortion, making it ideal for delicate
cultural heritage artifacts. And the flow of the algorithm is as follows:
e Compute the matrix Q for all initial vertices;
e Select all valid edges;
e For each valid edge (v1,v2), calculate the optimal extraction target #, and the error
?T(Q1 + Q2)%is the cost of the extracted edge.

e Put all edges into a heap according to their weights (costs);

¢ Remove the edge with the lowest cost each time, and then update the cost of all valid edges
containing v1. Calculate the initial error matrix Q for each vertex. In the original mesh model,
each vertex is the intersection of its surrounding triangular faces. The error of the vertex is
defined as the sum of the squares of the distances from the vertex to the plane:

T
A(V) =4 ([VX Vy Vz 1] ) - EpEpl;ms(v) (pT V)z - EpEpl;ms(v) (va) (pT V) - EpEp]ans(v} VT (ppT)V - VT (EpEplans(v} KP) (7)

Where p = [ab cd]T represents the plane equationax + by + cz + d = 0, and a? + b%? + c? =1, and KP
is the quadratic fundamental error matrix:
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a? ab ac ad
tlab b? bc bd
ac bc ¢? cod ®)
ad bd cd d2
Therefore, the initial error of vertex v in the original mesh is ? (v) = 0. After the edges are contracted,
the new vertex error is ? (Vpar) = Vi QparVbar, The edges that minimize the new vertex error after
contraction are selected in turn, and contraction is performed iteratively until the condition is
satisfied.

KP = pp

Figure 5: Chinese embroidery work Fishermen’s Song.

Take the scanning optimisation of the Chinese Han Embroidery work Fishermen’s Song, as an
example. According to the aforementioned model, the number of optimised faces is significantly
reduced. The size of the model obj format before optimisation is 2.1G, and after optimisation it is
512KB. The test results show that the method of combining 3D scanning and mesh iteration
simplification not only enables the rapid modelling of the results of textile intangible cultural heritage
projects, but also meets the requirements of realism and fluency in displaying models on mobile
screens.

4.4 Resource Display Layer

The resource display layer is a corresponding service provided on the basis of the intangible cultural
heritage information resource visualization system. According to Figure 6, users can send command
information to the system through human-computer interaction devices and interactively operate
according to the system information. At the same time, the system maps the intangible cultural
heritage data information, and users can enter the virtual 3D space in real time through wearable
devices and fully immerse themselves in the intangible heritage project, including multi-directional
triggering of vision, touch, and hearing. This VR experience is more realistic than traditional real-
time on-site visits.

Human-Computer Interaction
Device

Interaction Information of Intangible Cultural Heritage Information
Resource Model

|

Screen Display

|

: . . £ System Interface Information
Intangible Cultural Heritage information

visualization system

Display Information of Intangible Cultural Heritage Information

Resource Model
Intangible Cultural Heritage esource Mode!

Model Data

Figure 6: Visual display of ICH information resources based on human-computer interaction.
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This paper uses a server and online image recognition technology to enable real-time search of
Intangible Cultural Heritage resources. The Fisher Vector Transformation algorithm (ORB-FV
algorithm) [40] proposed by Yuchida is used to achieve the online recognition of the system. Figure
7 shows the algorithm flow. The specific algorithm is implemented as follows:
e The ORB descriptor is modelled using a Bernoulli mixture model.

First, let x, represent the T ORB features extracted from the image X = {x;,? %, ?xr} where D is the
dimension of the feature. Let A = {®y pg,i=12,-+-,N,d = 1,2,--.D} denote a set of parameters for a
multivariate Bernoulli mixture model with N components, and x,denote the d x, component. Given
the parameter set A, the probability density function of the T features X is given by:

T
p(xa} = | [peai
t=1

N
Pl = ) wipiCxl)
1

PelxelA} =TTy 1 (1 — o)™ 9)

/ Input: Local Descriptor X /

'

Build Bernoulli Mixture Model | Expectation Maximization
Parameters Algorithm

Update Parameters

-
-+

\

Calculate the Probability Density
Function of X

'

Calculate the Gradient of the Log-

Likelihood Function (Fisher Vector
Score) to Describe X

Calculate Fisher Kernel

Y

Similarity between X and Y

Calculate the Matrix Information of
Fisher Vector

\

Normalize the Gradient Vector to
Obtain the Fisher vector

!

End

Figure 7: Flowchart of ORB-FV algorithm.
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In order to estimate the value of the parameter set A, given a set of training features x;,7x,,7?xs, the
expectation maximization algorithm Error! Reference source not found.. In the expectation step, the
probability Ys(i) (or the a posteriori probability ) of x, generated by the ith component of the
Bernoulli mixture model is:

. . wipi(X )
s = SIA = [pl(Xt|
ys(®) = p(ilxs, 4) T onl) (10)
In the maximisation step, the parameters are updated:
Si = 23:1 Ys(t) ; w; = Si /S
Hig = éZle Ys (i)xsd (1 1)

The parameters @i are initialised using 1/N, and li¢ has a uniform distribution u( 0.25,0.75 ).
e The Fisher vector is then obtained by taking the gradient vector of the likelihood function of
this function.
Let X = {x4,?x,, 7%} be the T observed samples, and *: € X, Let x be the probability density function

that models the generation process of the elements in X, where A = [A1, A2, -~ A" €R™ | representing
the M vectors with parameters u,. Jaakkola T S et al [41]. proposed to use the gradient of the log-

likelihood function Gi to describe X, Gi is called the Fisher score:

Gl = %VAL(XM) (12)
Where ? (X]?) is the log-likelihood function:

LXIA) = log (XIN) (13)
This gradient describes how the parameters of the generative model u,can be modified to better fit

the data X. Since Gi € R , the dimension of Gi depends only on the number of parameters M in A
and not on the sample size T.

Jaakkola and Haussler proposed in 1998 to use the Fisher Kernel to measure the similarity
between two samples X and Y, which is defined as follows:

K(X,Y) = GXF1GY (14)
Where F, is the Fisher information matrix of pXIA)

Fj, = Ex[VaLXID)VLLX|D)T] (15)
Since Fi' is positive semidefinite and symmetric, it has a Cholesky decomposition Fit =Lila . The

Fisher kernel is therefore rewritten as the dot product between the normalised gradient vector G5
and:

G¥ = LaG} (16)

Given the Fisher vector 2= Gi , normalise according to the in-frame normalisation method:
f(z) = sign(2)|z[* (17)
In the experiment, set to a = 0.5. The normalisation of f(z) gives the final Fisher vector representation
of the set of binary features. The resulting Fisher vector contains feature information for the entire

image, so we use this vector to represent an image. Image recognition is converted from matching
a large number of feature vectors to matching a Fisher vector, which greatly reduces matching time
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5 REALISATION OF THE ICH INTERACTIVE DISPLAY SIMULATION SYSTEM DESIGN

Based on the above analysis, the display simulation system developed this time is a Java web project
based on SSH, and the focus is on building the SSH (Struts1+ Hibernate3+Spring2) framework [43].

5.1 System Management Module

The system management module is an essential part of a complete and secure information
management system. It is mainly used to prevent malicious logins by illegal users from modifying
or even destroying system data, causing irreparable economic loss to the operator. The system
administrator can maintain the system by managing users’ login information, which greatly improves
the security and stability of the system. This module mainly uses the flexible application of HQ
statements. The functions of adding, retrieving, and deleting user information can be achieved by
directly adding, retrieving, and deleting data in the tb_manager table to maintain the system. Adding
users can be achieved by using the insertManager() method, querying users by calling the
queryManager() method, and deleting users by calling the deleteManager() method.

5.2 Chinese Han Embroidery Cultural Data Management Module

Based on the needs analysis and overall design, the Chinese Han Embroidery Cultural data project
should include: types of Chinese Han Embroidery, names, production time, pattern characteristics,
customs, legends, heirs, remarks, etc. The service of the Chinese Han Embroidery cultural data
management module is designed for two types of users: system administrators and ordinary users.
Chinese Han Embroidery Cultural data management module permission control System
administrators can enter and modify Chinese Han Embroidery data, and then directly publish it to
the website; ordinary users can enter and modify Chinese Han Embroidery Cultural data, but must
wait for the system administrator to review it before it can be published to the website.

5.3 Multimedia Display Function Module for Chinese Han Embroidery Cultural Data

According to the characteristics of traditional festivals, the multimedia display function module for
traditional festival cultural data can select relevant texts, pictures, audio, video, and other materials,
combine them organically, and finally display them on the web page to achieve the multimedia
display function of traditional Chinese Han Embroidery. This module should also realize the function
of searching Chinese Han Embroidery Cultural data by category, supporting at least single and
comprehensive searches for several items such as type, name, production time, pattern
characteristics, etiquette, legends, allusions, and heirs. This feature is intended for administrators
and ordinary users, and will be used primarily by ordinary users. Access control is not required.

6 EXPERIMENTAL SIMULATION

The steps involved in using a digital interactive display simulation system to display Chinese Han
Embroidery mainly include (@) 3D scanning. A high-precision 3D scanning device is used to scan the
Chinese Han Embroidery work. (b) Data processing and optimization. The raw data obtained from
scanning is imported into professional data processing software, and the data must undergo a series
of processes, including noise removal, filling in the missing parts created during scanning, and data
smoothing and optimization. (c) 3D modelling. This step requires a high level of Metaverse expertise.
A meticulous modelling process ensures that the digital model accurately reflects the original
appearance of Chinese Han Embroidery, including its unique embroidery techniques and designs.
(d) Material Rendering. To make the 3D model more realistic, appropriate materials and textures
must be applied to it. This step simulates the material properties unique to Chinese Han Embroidery,
such as the luster, colour, and texture of silk, as well as other details such as the reflective properties
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of thread. Advanced rendering techniques can make digitally recreated Chinese Han Embroidery
visually comparable to the real thing, as shown in Figure 8, which pre-scan and render traditional
Chinese Han Embroidery patterns. The material rendering process employed Substance Painter's
PBR pipeline, producing texture maps in 4K resolution (3840x2160 pixels). (e) Interactive design.
To enhance the audience's sense of participation and experience, an interactive system can be used
to allow users to interact with 3D models via a touchscreen or VR equipment as demonstrated in
Figure 10, users can select avatars representing diverse demographics, including elderly persons
(both male and female), adults, children, and infants, ensuring accessibility for all potential users.
Through touchscreen or VR interfaces (Figures 11-12), users can employ mouse controls for 360-
degree model rotation, utilize touchscreen gestures for zooming, or engage in full-body motion
capture through VR devices. Participants can not only rotate and zoom 3D models to examine
embroidery details from any angle, but also visualize how the traditional designs would appear on
different body types and age groups. This interactive display method not only enhances the
audience’s sense of immersion but also modernizes and technologizes the display of Chinese
embroidery art.

03:ailayerRgbal

Figure 9: Virtual character tailoring.

The virtual simulation can collect digital data on Chinese Han Embroidery, including data models
such as photographs, videos, text descriptions, and handicraft products. Then, various types of data
are stored in a knowledge base using an annotation scheme, and a SQL database is used to create
field information for cultural relics (products), such as location information (the latitude and
longitude of a physical cultural relic) and evaluation information (the evaluation of the cultural relic
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by previous user visits and consumption content). The content of each field can be null (e.g., some
crafts do not have latitude and longitude information).

Figure 10: Effect display.

Figure 11: Virtual character displaying Chinese Han Embroidery clothing.

At the same time, fields can be added or deleted as required. Several database tables are linked by
relationships to form a knowledge base. To simplify the model, two evaluation metrics are introduced
into the system: time complexity t.and the number of task-related goals r.. The Panoramio method
proposed in the reference [44] is used as a comparison method to test the two evaluation metrics
with the method proposed in this paper, and selected the Panoramio method as our benchmark for
three key reasons: (a) its proven reliability in geotagged cultural content management, (b)
comparable data structures for heritage documentation, and (c) established evaluation protocols for
temporal performance analysis, as shown in Figures 13-14.

The results show that the virtual simulation method proposed in this paper has a slight advantage
in time complexity compared to the Panoramio method, reducing the time consumption by about
10%. In terms of the number of task-related goals, the method proposed in this paper can provide
more information related to user needs, and the amount of information is 1.2 to 1.5 times that of
the Panoramio method.
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Figure 12: Comparison results of time complexity.
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Figure 13: Comparative results of mission-related target numbers.

7 CONCLUSIONS

Traditional Chinese Han embroidery faces a great dilemma in being passed down from generation to
generation due to its high production cost and low practicality. To this end, this paper uses ontology
and knowledge base data models to digitally generate the culture of Chinese Han Embroidery from
the perspective of the “"Metaverse”. A digital management system for Chinese Han Embroidery is
established based on a context-aware mechanism.

The data resource layer provides a rich source of data for the digital display of Chinese Han
Embroidery; the context model layer uses knowledge base management systems, context
management systems, etc. to provide targeted application management for each user; and the
resource display layer takes user experience as the starting point to provide users with specific
service functions. The system has built modules such as system management, Chinese Han
Embroidery Cultural data management, multimedia display functions of Chinese Han Embroidery
cultural data, and tracking and statistics functions for users browsing the website. Through the
analysis of the virtual simulation experiment of Chinese Han Embroidery, it is found that the time
complexity of the method proposed in this paper is reduced by about 10% compared with the
Panoramio method.

As a future research direction, the system can be applied to mobile terminals to provide service
requests for different users faster and more conveniently. In addition, the digital display results of
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Chinese Han Embroidery Culture can be enriched by combining technologies such as big data, data
mining, and the Internet of Things to provide users with richer recommendations for displaying
Intangible Cultural Heritage.
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