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Abstract 

Nanjing Yunjin, a highly representative Chinese silk weaving handicraft, was included in the Representative List of 
Intangible Cultural Heritage of Humanity in 2009. However, due to modern silk weaving technology advancements, 
aesthetic style evolution, and inadequate public recognition of Yunjin culture, the art faces a decline in market recog-
nition and practitioners, posing a risk to its preservation. Addressing this issue necessitates product innovation, effi-
cient knowledge storage, management, and utilization, and enhancing public cultural identity for Yunjin. Following 
the government’s “productive conservation” concept for intangible cultural heritage (ICH) projects in the handicraft 
category, this study uses Yunjin video resources as the primary data source. It constructs a domain knowledge graph 
(DKG) using an ontological approach to effectively and systematically preserve Yunjin knowledge. Furthermore, the 
study leverages Neo4j network topology to reveal intricate and diverse relationships within Yunjin knowledge, uncov-
ering rich cultural connotations. Lastly, Cypher is employed for semantic queries, graph visualization, and domain 
expert evaluation. Evaluation results indicate that the constructed Yunjin DKG meets quality standards, supporting 
the development of products that align with market aesthetics while preserving Yunjin’s intrinsic cultural values. This 
approach fosters a complementary relationship between economic benefits and ICH. Additionally, the Yunjin DKG 
application presents a technical path for knowledge interconnection, integration, and discovery within ICH projects in 
the handicraft category.
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Introduction
In recent years, domain knowledge graphs (DKGs) have 
gained prominence in preserving and developing intan-
gible cultural heritage (ICH) [1, 2]. DKGs refine, extract, 
correlate, and integrate data related to ICH projects, 
helping audiences interpret and appreciate the essence of 
ICH [3–5]. Currently, the primary focus of ICH project 

DKGs is to effectively organize information resources 
and link multi-source heterogeneous data [6]. Examples 
include the Europeana project [7], ICHPEDIA project 
[8], and I-Treasures project [9]. These projects’ semantic 
links describe traditional knowledge, enabling audiences 
to understand ICH culture. DKGs provide a techni-
cal path to address this challenge. However, the current 
application of DKGs in ICH projects primarily focuses 
on conventional knowledge such as “bearer,” “time,” and 
“institution,” neglecting the importance of addressing the 
practical issue of demonstrating cultural connotations 
and national spirit through ICH products. In response 
to the aforementioned limitations, this study focuses 
on developing a DKG centered on ICH products, aim-
ing to improve public comprehension and appreciation 
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of the cultural connotations and national spirit inherent 
in these vital heritage artifacts. Consequently, this con-
tributes to the ongoing preservation and development of 
ICH.

In China, there are 629 handicraft ICH projects fol-
lowing the “productive conservation” development con-
cept. This concept emphasizes authenticity, integrity, and 
inheritance while transforming ICH projects into socially 
valuable resources [10]. The “productive conservation” 
concept aligns with the World Heritage Convention’s 
“Inclusive Economic Development” advocacy. This study 
selects Nanjing Yunjin, a highly representative Chinese 
ICH handicraft, to construct a DKG under the “produc-
tive conservation” concept. Yunjin’s history spans over 
1600 years, representing the highest level of silk weav-
ing technology and ranking among the top four famous 
Chinese brocades. Yunjin embodies the core themes of 
Chinese auspicious culture, expressing power, fortune, 
prosperity, longevity, happiness, and wealth. UNESCO 
inscribed the Nanjing Yunjin hand-weaving technique on 
the Representative List of Intangible Cultural Heritage of 
Humanity in 2009.

The primary contributions of this study are:
Constructing a DKG for ICH handicraft projects based 

on ontological approach and “productive conservation,” 
demonstrating the production process, product value, 
market feedback, and cultural connotation of Yunjin 
products [11]. This assists bearers in product innovation, 
production operators in management and promotion, 
and consumers in understanding the intrinsic cultural 
connotation, thereby improving market recognition.

Providing a paradigm for the framework construction 
of domain ontology and DKGs for ICH handicraft pro-
jects by normalizing and constraining Yunjin domain 
data through migration learning and reusing mature 
ontology-related concepts.

Utilizing video resources as the main information 
source for the knowledge graph and applying the opti-
mized frame difference method to significantly improve 
the efficiency of instance extraction by domain experts, 
addressing the difficulties of data extraction and story 
interpretation of ICH handicraft projects.

The rest of this paper is organised as follows: “Related 
work” section discusses the work related to the construc-
tion of DKG. “Methodology” section describes the meth-
odological structure and process of this study in detail. 
“Empirical analysis” section presents the empirical evi-
dence and the evaluation by domain experts. “Conclu-
sion” section summarizes the work related to this study, 
and describes the next research directions and contents.

Related work
The DKG, with its robust semantic processing and open 
interconnectivity, has found extensive applications in 
numerous cultural heritage (CH) digital projects. These 
applications can be broadly classified into two catego-
ries: resource integration, classification, and retrieval; 
and the application of digital and intelligent technologies 
to enhance data and facilitate the production of cultural 
memory through user-oriented services.

The Europeana project, for example, classifies and 
retrieves European cultural collections by extracting ele-
ments such as themes, time, and institutions from digital 
heritage like music, books, and artworks.1 The Ichpedia 
project constructs an ICH encyclopedia system based 
on web data, enabling users to search and relate ICH ele-
ments through various search methods [12]. Carriero 
et al. built a Knowledge Graph (KG) of Italian CH, allow-
ing users to retrieve relationships between resources and 
enrich the connotations behind CH [13]. The CultureSa-
mpo project recreates Finland’s collective national mem-
ory in the 19th century by bringing together scattered 
memory resources [14].

As KG technology develops in the CH field, the organi-
zation of CH knowledge has shifted from traditional 
coarse-grained approaches to the integration of inter-
nal characteristics of information resources. Ontology 
theory is commonly applied to organize CH knowledge 
resources [15]. Domain ontologies are usually con-
structed manually or through semi-automatic construc-
tion by reusing available ontologies. Domain-generic 
ontologies like the CIDOC Conceptual Reference Model 
(CIDOC CRM),2 the Historical Context Ontology 
(HiCO)3 and the Europeana Data Model (EDM),4 have 
been used for information integration, exchange, sharing, 
and reuse in the CH domain. Project-applied ontologies, 
such as ArCo ontology (ArCo)5 and CrossCult ontology 
(CrossCult),6 have been developed for specific projects. 
Top-level ontologies like Friend of a Friend (FOAF),7 
GeoNames,8 Visual Representation Ontology (VRO),9 
Time ontology (Time),10 and the Ontology for Media 

1 https:// pro. europ eana. eu/.
2 http:// www. cidoc- crm. org/ cidoc- crm/.
3 http:// purl. org/ emmedi/ hico.
4 http:// www. europ eana. eu/ schem as/ edm/.
5 https:// w3id. org/ arco/ ontol ogy/ core/.
6 http:// kb. cross cult. eu/.
7 http:// xmlns. com/ foaf/0. 1/.
8 http:// www. geona mes. org/ ontol ogy.
9 http:// w3id. org/ vir.
10 http:// www. w3. org/ 2006/ time.
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Resource (Ma-ontology)11 describe concepts independ-
ent of a defined domain.

Various data models and descriptive frameworks have 
been proposed for domain-specific issues according to 
the “construct validity” theory of ontologies. Examples 
include Vincenzo’s Drammar integrated ontology model 
for theater elements [16]. Kalita et al.’s ontology for tra-
ditional dance practices of the Rabha tribe in northeast 
India [17]. Isa WMW et al.’s knowledge base for ICH of 
copperware category [18]. Isa WMW et  al.’s knowledge 
base for ICH of copperware category [19].

However, no specific ontology models have been 
designed for ICH projects of handicraft categories 
requiring “productive conservation”. This study addresses 
this gap by constructing domain ontologies and DKGs 
based on existing results and ICH project needs, using 
CIDOC CRM as the main framework and incorporating 
concepts from Time and Ma-ontology models. Yunjin, 
an ICH handicraft project, transmits skills and culture 
through physical products circulating in the market [20]. 
Utilizing mining techniques, this study extracts Yunjin 
features and performs secondary clustering of the knowl-
edge system. Informed by analogous cultural ontologies 
and core conceptual principles, the Yunjin domain ontol-
ogy was established, emphasizing representative top-level 

concepts. The core concept determination process for the 
Yunjin domain ontology is depicted in Fig. 1.

The specific construction processes of DKGs, including 
processing video resources, concept sets, concept hierar-
chies, attribute relationships, and visual presentation of 
graph databases, are detailed in the following section.

Methodology
The data from refined processing allows for optimal pro-
duction decisions [21]. This study constructs a KG of the 
Yunjin project to sort out and visualize the Yunjin knowl-
edge chain, efficiently store and utilize different project 
data, thereby ultimately achieving a spiral development 
channel of production-consumption-transmission. It 
takes “productive conservation” as the core concept, with 
video resources as the basic data source, and the main 
body is divided into four parts, including data resource 
layer, schema layer, physical data layer and application 
layer. The data resource layer selects videos related to 
Yunjin products from multiple channels, such as pro-
motional documentaries, social videos and replicated 
images, extracts the key frames through the optimized 
frame difference method, while converting them into 
structured data by semantic annotation correction by 
Yunjin experts. The schema layer selects the Protege tool 
to study and migrate similar ontologies in accordance 
with the Yunjin cultural knowledge system and the char-
acteristics of productive conservation products, followed 

Fig. 1 The process of determining the core concept of ontology of Yunjin domain

11 http:// www. w3. org/ ns/ ma- ont.

http://www.w3.org/ns/ma-ont
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by continuous iterative modification of multiple ontol-
ogy construction methods in accordance with the Yun-
jin knowledge architecture and cultural connotations, to 
construct a base of ontology about the Yunjin projects, 
define attribute relationships, categories and hierarchi-
cal structures. The physical data layer uses the graph 
database Neo4j to store the annotated and extracted 
data instances in key frames. The application layer uses 
Cypher for the query validation of the required knowl-
edge units and the visual presentation of all the associ-
ated elements of the KG. The organizational flow chart of 
the dkg of Yunjin is shown in Fig. 2.

Organization of the data resource layer
Data extraction and annotation
Since the ICH projects of fabric handicraft techniques 
are complicated and delicate, and the operation is 
dynamic and variable, the video resources is capable of 

carrying a variety of information, this study primarily 
selects the video resources as the main data source of the 
KG. The video resources of Yunjin are divided into three 
major categories, including promotional documentaries, 
social videos and replicated images. Yunjin cultural rel-
ics are primarily showcased in documentaries, while 
Yunjin modern commercial works and a large number 
of cultural and creative works are primarily marketed 
through new media platforms such as Weibo, Red and 
Douyin through social videos, which are objective and 
detailed records of techniques and bearers in replicated 
images. The processing of video resources is divided into 
three main steps. The first is to obtain video resources, 
which are primarily derived from the Yunjin Research 
Institute, the Yunjin finished product showroom and the 
new media promotion platform. The second step is to 
obtain the textual description information corresponding 
to the video resources, which are primarily derived from 

Fig. 2 DKG framework for semantic organization of Yunjin video resources
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archival literature and the professional guidance of the 
Yunjin ICH project bearers. The third step is to perform 
key frame filtering, semantic annotation and instance 
extraction on the screened Yunjin video content, which 
ultimately results in a raw dataset with Yunjin video 
resources as the main source.

Extraction and semantic annotation of key frames
Each video is composed of two-dimensional images in 
frame by frame with unstructured time series, with key 
frame to characterize the key information content in the 
video, which can explicitly and completely record the 
core of video representation. The extraction of key frame 
can decrease the amount of video data indexing, avoid a 
substantial amount of repeated data use, thereby improv-
ing the efficiency of semantic annotation. The scenes 
of Yunjin videos are primarily concentrated on physi-
cal objects (machines, raw materials, artistic conception 
drawing, works and so forth), characters (bearers, con-
sumers, researchers and so forth), events (exhibitions, 
interpretations, creations and so forth) and material 
(humanities, history, nature and so forth). Each frame is 
likely to encompass multiple thematic concepts, which 
require refinement of granularity layer by layer and itera-
tive extraction of combinations [22].

The video is normally composed of images, narration 
and music, which means that the complete data source 
should be extracted by decomposing the images of Yun-
jin video, thereby extracting the corresponding narration 

[23]. The similarity [24] between frames is relatively sen-
sitive to the subtitle and other factors, which is condu-
cive to extracting the narration. For this reason, a key 
frame extraction algorithm based on the frame differ-
ence method was adopted in this study. For the sake of 
avoiding the calculation of complex key frame extrac-
tion process, pixels with different weights and position 
information were added to be considered [25], in which 
the difference data were smoothed by moving window 
smoothing [26], and the maximum value of the interval 
was selected as one of the key frames, with the algorithm 
workflow shown in Fig. 3.

The basic principle of key frame extraction consists of 
small number of frames, large amount of information and 
strong expressive power [27]. In view of the specializa-
tion of Yunjin, automatic machine decomposition can-
not fully realize the extraction of key frames of Yunjin 
video resources at the finest granularity. At the present 
time, it is necessary to rely on manual re-screening of the 
key frames after machine processing, followed by seman-
tic annotation of their patterns, materials, emotions and 
other features based on video narration, Yunjin bearers, 
historical literature and multiple examinations, as well as 
the triad semantic description of attributes and relation-
ships through OWL language.

Video semantic annotation is categorized into bottom 
semantics (video features and data attributes), middle 
semantics (object attributes and relationship attributes) 

Fig. 3 Framework of key frame extraction operation based on optimized frame difference
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and top semantics (theme and emotion). Among them, 
the data attributes in bottom semantics are primarily 
the basic features of video and frame rate; the asso-
ciation between people, events and objects in middle 
semantics requires manual perception and judgment 
based on contextual information of video resources, 
while the theme and emotion in top semantics require 
Yunjin experts to perform abstract concept under-
standing and refinement. A video resource content is 
aggregated by video knowledge elements, which are 
logical video units with the smallest amount of units, 
allowing the characterization of a certain knowledge 
concept of Yunjin. These are composed of one or more 
semantic triad combinations with indivisibility, integ-
rity and relevance.

Organization of the schema layer
Construction method of ontology
The construction of domain ontology model has stand-
ardized the explicit description of the information related 
to Yunjin knowledge domain, while constraining Entity, 
Concept and Relation, which is the core link of DKG. 
This study selects CIDOC CRM as the base framework 
for ontology reuse, with reference to some attributes in 
ontology such as Ma-ontology and TIME as the core 
categories of ontology in this study. In the meantime, 
the relevant attributes such as customized “knowledge 
element”, “market information feedback” and “product 
value” were reused and extended by ontology as appro-
priate. The details of the categories and object attributes 
of Yunjin video resource ontology model (YJVO) are 
shown in Table  1.

Construction of core classes for ontology

• Video resources class. A Yunjin product requires 
workflows such as artistic conception drawing, weav-
ing and marketing, during which events and infor-
mation are recorded in a series of video resources 
to characterize Yunjin domain knowledge. Yunjin 
experts manually identify and define key frames, 
while taking advantage of RDF triads for formal rep-
resentation of extracted video data information, and 
multiple semantic triads (resource identifier—attrib-
ute–attribute value) are logically combined to form 
video knowledge elements. The abstract knowl-
edge element concept is formalized as the smallest 
knowledge unit reflecting Yunjin knowledge, which 
inherits basic attributes and data attributes such 
as name, duration, resolution and frame rate of the 
video resource. Meanwhile, the video knowledge ele-
ment is closely related to the core classes of objects, 

characters, time, place and events in ontology, which 
are combined with each other to form a complete 
knowledge network. This study reuses the concept 
extension of MediaResource class in Ma-ontology, 
describes key frames with Image class, in addition to 
customizing Yunjin work VideElement.

• Production class. The high market recognition and 
value embodiment are the internal driving force for 
the sustainable inheritance of Yunjin skills. This study 
reuses E12 Production in the framework of ICH pro-
ject of CIDOC CRM, while customizing two sub-
categories of market intelligence and product value 
in accordance with the inherent characteristics of 
the skill items of ICH projects. The information pre-
sented in the market information feedback such as 
product sales, market share, consumer preferences, 
changes in the aesthetic context, the response to the 
promotion of activities and the situation of compet-
ing products are the precursors to the production 
and management strategies of Yunjin. Under produc-
tive protection, Yunjin products need to feature artis-
tic value, practical value and symbolic value, with 
different purchasing needs of customer groups for 
Yunjin product value determining the different ele-
ments that constitute the product value.

• Agent class. The marketed Yunjin products require 
a full understanding of the interests and preferences 
of consumers, and the concept of person relation-
ship between producers-consumers and consumers-
consumers in forming interest circles on product 
requirements is analogous to the construction theory 
of Six Degrees of Separation. As a consequence, this 
study reuses FOAF to describe person relationships 
based on semantic web technologies such as RDF 
and XML, with a parent class Agent, and sub-classes 
Person, Group and Organization. In the meantime, 
ontology also draws on the attributes of Relationships 
to describe the existence of powerful relationships 
such as mentorship and cooperation in the weav-
ing, promotion and sales of Yunjin, such as the object 
attribute of Mentor of, and the object attribute of 
Influenced by, in which different consumer groups in 
the market maximize the benefits of Yunjin industry 
as a result of the “star effect”.

• Time class. Yunjin of “every inch of gold” requires 
more than 120 steps just for the weaving process, 
from the preliminary market research and concept 
design, to the mid-term pattern drawing and fabric 
weaving, to the final product inspection and sales 
promotion, which is time-consuming and labor-
intensive. The most skilled technicians work together 
to weave only 5 or 6  cm a day on a grand flowers 
floor loom, which demonstrates the complexity of 
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the process. In this study, the TIME is used to define 
the interval of Yunjin weaving and the instance of the 
occurrence of events. Since Yunjin has been handed 
down for more than 1,500 years, which was even a 
royal fabric in Yuan, Ming and Qing dynasties, some 
patterns and works need to describe the dynastic 
changes, thereby inheriting Chinese historical dynas-
ties under the time period.

• Geography and spatial class. In this study, E44 
Place Appellation and its sub-classes E45 Address, 
E47 Spatial Coordinates and E48 Place Name were 
reused to describe the occurrence locations of events 
and activities related to Yunjin, the collection places 
of natural objects, the creation places of man-made 
objects and the creation places of conceptual objects 

and the described spatial locations, so as to facilitate 
the perception of geographic space by the application 
layer of KG.

• Event class. In this study, the events and social 
changes related to the development process of Yun-
jin are defined as E5 Event, while the practical activi-
ties and representational behaviors of people such 
as weaving, performance and promotion are defined 
as subclass Activity. As mentioned above, the fin-
ished products of Yunjin are a systematic technical 
project, thereby reusing E63 Beginning of Existence 
to describe the temporal reasoning of the enduring 
project, which defines E12 Production and E65 Crea-
tion as mapping to physical entities and conceptual 
objects. The specific events in the production and 

Table 1 List of class and attributes of ontology for Yunjin video resources

Core category First subcategory Secondary subcategory Description

MA:MediaResource Video resources category

MA:Image Keyframe

YJVO:VideElement Video knowledge meta

E12 Production Production

YJVO:Market intelligence Market information feedback

YJVO:product value Product value

YJVO:artistic value Artistic value

YJVO:practical value Practical value

YJVO:Symbolic value Symbolic value

FOAF:Agent Agent class

FOAF:Person Personal

FOAF:Group Groups

FOAF:FOAF:Organization Institution

Time:Temporal Entity Time

Time:Instance Time point

Time:Interval Time period

Time:ProerInterval Specific time range

Shl:Temporal Chinese historical dynasties

E44Place Appellation Geography and space class

E45 Address Mailing address

E47 Spatial Coordinates Spatial coordinates

E48 Place Name Place name (spatial designation)

E5 Event Event category

E7 Activity Activities implemented with people as the main body

E63 Beginning of Existence Temporal reasoning for persistent projects

E12 Production Production (for physical entities)

E65 Creation Creation (with concept-based objects)

E70 Thing Physical category

E18 Physical Thing Natural objects

E71 Man-Made Thing Artifacts

E24 Physical Man-Made Thing Artificial physical objects

E28 Conceptual Object Concept-based objects
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promotion of Yunjin trigger market feedback that 
drives production, thereby defining the object prop-
erties of Effect by.

• Physical object class. In this study, E70 Thing was 
reused to describe the physical object class, and most 
of the precious raw materials in Yunjin weaving are 
taken from nature. Yunjin is a cooked jacquard silk 
fabric, which does not require dyeing and printing 
after weaving. This requires the technicians to pro-
cess the raw materials taken from nature manually, 
such as dyeing and tautening silk to meet the require-
ments, and twisting the fibers of male peacock feath-
ers into peacock feather threads. In this study, the 
materials were classified into E18 Physical Thing and 
E71 Man-Made Thing, and has value object attrib-
utes to manifest different product values of differ-
ent objects in brocade weaving. Yunjin has not only 
left behind a dazzling array of physical works in the 
long history, but also a large number of well-known 
cultural works. For this reason, E24 Physical Man-
Made Thing was reused to primarily describe Yunjin-
related physical works, and E28 Conceptual Object 
was adopted to describe the products derived from 
Yunjin with logical thinking after consideration by 
the characters.

Construction of attribute relationship model for ontology
Object attributes of the core classes in the defined ontol-
ogy model are constrained by Domain and Range, while 
the knowledge network is topologized around the con-
cept of “productive conservation”. Since video knowl-
edge elements can be recorded figuratively and expressed 

conceptually, each entity is associated with video knowl-
edge elements. There are 33 groups of object attributes, 
such as Has value, Apply to and Participate in, among 
which the main relationship attributes are shown in 
Table 2.

The ontology editing tool Protege [28] was employed 
to edit and enter the primary attributes and classes of 
Yunjin, while the ontograf plug-in was applied to per-
form the visualization of the association relationships 
between core classes and sub-classes. The dotted line is 
the mapping of the attributes of the 33 objects in the 7 
core classes, while the solid line is the Domain pointing 
to Range, which is shown in Fig. 4.

Organization of the physical data layer
The ontology penetrates into the knowledge level, which 
constructs a domain knowledge description system by 
defining concepts and their relationships. Neverthe-
less, ontology model is merely applicable to the associa-
tion structure with fixed and uncomplicated relationship 
types between concepts. In this study, the knowledge 
element theory is introduced to conduct a complete fine-
grained revelation of the complex, multi-dimensional and 
dynamically changing web-like multi-semantic relation-
ships among the multidimensional knowledge of Yun-
jin. According to the Resource Description Framework 
(RDF) proposed by the World Wide Web Consortium 
(W3C), a triadic model in the form of subject-predi-
cate-object was adopted to describe specific knowledge. 
Considering the combination of N ( N ≥ 1 , N is a posi-
tive integer) semantic triads with certain logical relation-
ships as more coarse-grained knowledge elements with 
certain topological structure. The domain identification 

Table 2 Main relationship attributes of ontology model of Yunjin video resources.

Object property Comment Domain Range

Illustrate by Video elements describing an event E5 Event MA:MediaResource

Has view Video elements expressing physical objects E70 Thing MA:MediaResource

YJVO:VideElement Video Knowledge Meta

Has time Time to get feedback on market information YJVO: Market intelligence Time:Temporal Entity

Apply to Activities that act on the market YJVO: Market intelligence E7 Activity

Acquire Consumer groups who need the value of a certain product YJVO:product value FOAF:Agent

Reflect to Events reflecting the value of the product YJVO:product value E5 Event

Has value The value of the product embodied in physical form E70 Thing YJVO:product value

Influenced by Influenced by someone FOAF:Person FOAF:Person

Participate in Key players in the event E5 Event FOAF:Agent

Was made for Special artifacts in the event E7 Activity E71 Man-Made Thing

Continued Event-related follow-up activities E7 Activity E7 Activity

Has time Time of the event E5 Event Time:TemporalEntity

Took place at Location of the incident E5 Event E44 Place Appellation

Effect by Market feedback from specific events E5 Event YJVO: Market intelligence
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terms of knowledge elements were taken as trigger words 
to obtain knowledge items of knowledge elements and 
specific semantic association relations among knowledge 
elements, and eventually the knowledge elements were 
linked to form the knowledge network and organization 
system of ICH projects. The process of capturing the tri-
adic set of semantic relations of knowledge elements in 
Yunjin video resources would involve two parts, namely 
information extraction and knowledge fusion.

Information extraction is the process of entity extrac-
tion, attribute extraction and relationship extraction of 
the data stored in the Yunjin video resource database, 
corresponding to the class, data attribute, object attribute 
and category hierarchy relationships in ontology.

• Entity extraction is the process of defining real enti-
ties in the raw data. The accuracy and recall of 
extracted entities is closely linked to the effectiveness 
of subsequent tasks such as relationship extraction 
[29]. In this study, the core concept of productive 
conservation is used to develop the explicit rep-
resentation of the associated knowledge of Yunjin 
products, so as to extract events, characters, objects 
and time in the topological knowledge network for 
named entity identification, with production and 
market as the focus.

• Attribute extraction is the process of annotating 
entities with attributes and enriching them [30]. For 
instance, the attributes of the project, rank and spe-
ciality of the Yunjin bearer, the gender, age and pref-
erence of the consumer are used to create a three-
dimensional image of the character, which will lead 

to more precise innovation and market positioning of 
the work.

• Relationship extraction is the process of defining the 
semantic relationships of inter-entity relatedness in 
the raw data, as well as implementing semantic links 
between entities [31]. The core class and sub-classes 
are associated with subordinate relationships and 
other types of relationships defined under seman-
tic associations, such as E12 Production as the core 
class, the first level sub-classes YJVO: market intelli-
gence and YJVO: product value, the second level sub-
classes YJVO: artistic value, YJVO: practical value 
and YJVO:Symbolic value, with customised semantic 
relations “Reflect to”, “Has Time” and “Apply to” and 
so forth.

Knowledge fusion aligns the same conceptual entities 
from different data sources and referent items, followed 
by integrating them into a distinct knowledge identity 
in the KG, which solves the issues of semantic ambigu-
ity and data redundancy, thereby improving the con-
sistency of knowledge association [32]. As a result of 
the sparsity of keyword extraction results from video 
resources, domain experts and web data are needed to 
supplement them. This has also resulted in multi-source 
heterogeneity of the source data, with some data appear-
ing to be synonymous and heteronymous, which requires 
similarity entity matching to improve the accuracy of 
selection. For instance, the Zhuanghua hand-weaving 
techniques of Yunjin have various expressions in different 
video sources, such as “Nanjing Yunjin wooden machine 
Zhuanghua hand-weaving”, “Zhuanghua” and “Wahua 

Fig. 4 Ontology model of semantic organization for Yunjin video resources
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pan-weaving” and so forth, which are standardized as 
“Zhuanghua” in the KG to improve the efficiency of KG 
retrieval and association.

Entity extraction, attribute extraction and relationship 
extraction refer to the process of acquiring factual knowl-
edge such as entities and their relationships from multi-
source data, so as to form a knowledge triad, which is a 
fundamental and necessary part of knowledge extraction 
and KG construction. Entity disambiguation, co-refer-
ence disambiguation and knowledge merging eliminate 
synonymous entities from multi-source heterogeneous 
knowledge bases and remove data redundancy to achieve 
knowledge fusion, which is the guarantee for improving 
the quality of KGs. For instance, the address of both the 
Yunjin Research Institute and the Yunjin Museum is 240 
Chating East Street, Jianye District, Nanjing, and the Spa-
tial Coordinates are 2° 02′ 11.5″ N 118° 44′ 42.0″ E. The 
use of co-reference disambiguation suggests that the 2 
nouns point to a unified reference body in the real world, 
making them still valid out of context. Nevertheless, 
given the lack of a mature framework model for the Yun-
jin DKG, the specificity of domain entity constructions, 
the sparsity of annotated data, the overlap of relation-
ships and the heterogeneity of multiple sources of com-
plementary data sources, this study cannot rely entirely 
on machine learning for deep data processing. It requires 
research related to self-training semi-supervised learn-
ing Yunjin entity extraction, Yunjin domain relationship 
extraction and multi-feature similarity entity alignment 
with the support of domain experts, so as to achieve the 
construction and improvement of the DKG.

Organization of the application layer
Neo4j is the most widely used high performance graph 
database [33] for building DKGs. It supports distributed 
cluster deployments, which allows it to scale easily in 
response to data requirements, with high efficiency in 
data search, capable of reaching hundreds of millions of 
retrievals per second [34]. This study combines ontology 
and Neo4j to apply to the domain of ICH projects, which 
is a further deepening of the existing digital humanities 
(DH) research. On the one hand, the graph storage struc-
ture of ontology data structure was performed based on 
the mapping rules of design ontology, so as to improve 
the query efficiency of the domain ontology. On the other 
hand, the description of Yunjin digital resources from dif-
ferent dimensions, the organization of association and 
multidimensional knowledge representation between 
different types of Yunjin digital resources were achieved, 
which is conducive to further exploration of the develop-
ment and utilization of Yunjin video resources.

The previous chapters focus on the excavation of Yunjin 
cultural features and the construction of the requirement 
system, normalize the core concepts, attributes and sub-
facets of Yunjin domain, as well as complete the design 
of ontology structure. On this basis, this chapter carries 
out data mapping and knowledge linking to construct the 
visualization framework of Yunjin KG, which is shown in 
Fig. 5. The four elements of Class, Instance, Object Prop-
erty and Data Property in the ontology of Yunjin resource 
constructed above are mapped with the four elements of 
Label, Node, Relationship and Property of Neo4j database 
respectively. Among them, the nodes represent the con-
cept objects in the Yunjin video resources, and different 
nodes represent different concept objects. Through the 
Cypher query language, semantic queries between nodes 
and relationships can be made to obtain the full view of 
the KG [35], while node relationship queries can also be 
made to aggregate entities of a certain topic and visual-
ize the form of association and presentation. If there are 
complex relationships, the semantic representation of the 
KG can be enhanced by increasing the attributes of nodes 
or relationships to achieve the multidimensional organi-
zation and representation of knowledge.

Empirical analysis
In the empirical section, the case of Da Guan Yuan Gown 
was selected. The Yunjin Research Institute integrated 
the traditional techniques of Yunjin into modern fash-
ion while setting trends, followed by driving sales of the 
VGRASS “Da Guan Yuan” women’s collection for spring/
summer in 2022. This is a classic case study of Yunjin’s 
philosophy of “productive conservation”. This study 
adopts the high-end technique of Zhuanghua hand-
weaving techniques of Yunjin and the precious material 
of peacock feather, which is sampled from one of the four 
famous Chinese novels Dream of the Red Chamber, with 
the newly promoted movie queen walking in the show 
to propagate it. With the perfect collision of traditional 
culture and modern business, it has attracted numerous 
attentions.

Processing of video data
Selection of video resources
The empirical video resources selected for this study are 
classified into two parts, one is the production process 
of  Da Guan Yuan Gown, which demonstrates the high 
level of techniques of Yunjin, while the other is the pro-
motion activities of  Da Guan Yuan Gown under the star 
effect, which embodies the more contemporary atmos-
phere of Yunjin products. The main video is the video 
clip of the beautiful burst scene of  Da Guan Yuan Gown 
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that the “Bearer Jianshun Yang Produced  Da Guan Yuan 
Gown Weaving” and “Golden Rooster Award” unveil-
ing ceremony of the best actress winner Zhang Xiao Pei 
wearing a dazzling Yunjin peacock feather Zhuanghua 
hand-weaving techniques satin. Furthermore, a series 
of video clips of Zhuanghua hand-weaving techniques 
of Grand Flowers Floor Loom, Da Guan Yuan high-end 
customized gown exhibition and artistic craftsman were 
selected to supplement the information.

Extraction of key frames of the video
First and foremost, the original video was read, while 
the inter-frame similarity was calculated by travers-
ing each frame of the original video to obtain the inter-
frame difference matrix. Afterwards, the inter-frame 
difference data was smoothed by setting the size of the 
smoothing window. Lastly, the smoothed inter-frame dif-
ference matrix was extracted from the maximum value 
(or minimum value) in accordance with the time series. 
In this study, the extracted values were extracted by the 
maximum value method to determine the location of key 
frames and output all key frames. The smoothed inter-
frame difference of the video clip of “Bearer Jianshun 
Yang Produced Gown Weaving” is shown in Figure  6.

This video is 3 min 10 s long, with resolution of 
852 × 480, which consists of 5700 frames. The key frames 

of 90 frames were extracted from the original video 
with frame rate of 30 fps by frame difference method, so 
as to obtain the key information of the video with high 
efficiency. The following is the result of extracting 24 
key frames from 1400 frames of this video, as shown in 
Figure  7.

As a result of the presence of transitions, shifts and 
other images [36], the extracted key frames still need to 
be manually reviewed after automatic extraction to elimi-
nate the key frames that do not have knowledge elements. 
The experts of Yunjin conducted a second manual review 
of the extracted key frames after optimizing the frame 
difference method to minimize the redundancy of the key 
frames, thereby reducing the difficulty of manual seman-
tic annotation of the data. The final key frame extraction 
results of the five related videos are shown in Table  3.

Formal representation of video knowledge elements
The extracted key frames and video resources were sub-
ject to manual semantic annotation, while experts in 
Yunjin domain corrected and enriched the attribute con-
tents. Meanwhile, they formed a complete video knowl-
edge element by deconstructing and reorganizing the 
contextual information described from different perspec-
tives around the same topic. For instance, the key frames 
of video 0001 and 0004 were extracted to precisely record 
and describe the knowledge concept of the process of 

Fig. 5 Visualization framework of Yunjin KG
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weaving “Da Guan Yuan Gown by Grand Flowers Floor 
Loom”, while experts refined the character attributes of 
the bear Jianshun Yang. Weaving is a continuous event 
involving multiple object attributes and relational attrib-
utes of categories such as characters, objects and activi-
ties. The expert analyzed and reasoned that the subject 
matter and emotions expressed by the high-level seman-
tics of the knowledge concept are abundant in artistic 
value and oriental aesthetics, which are logically com-
bined by multiple semantic triads [37], with attribute 
descriptions and value ranges determined.

Visualization of KGs
In this study, key frames underwent semantic annotation, 
and data information was extracted to generate a triad 
through knowledge extraction and fusion processing. 
This data was converted to CSV format and imported 
into the Neo4j graph database for deep aggregation of 
knowledge units, adhering to the Efficiency Principle. 
This process resulted in the visualization of the Yunjin 
KGs, consisting of 300 entity nodes and 495 relationships.

Users can input query content, which invokes the cor-
responding Cypher query statement match (n) return (n) 
in the back-end. The query result presents a knowledge 
network with interconnected mappings, offering a more 
intelligent and user-friendly experience.

The Cypher statement enables fine-grained retrieval 
of information resources, with entities distinguishable 
by color. Users can extract and enlarge the information 
of single or multiple entities for personalized knowledge 
services. For Yunjin product consumers, the KGs provide 
implied correlations among Yunjin works through match-
ing and querying, assisting in expanding their knowledge. 
Production operators and bearers of Yunjin products can 
gain a comprehensive understanding of basic and content 

information through the KGs, facilitating product man-
agement and innovation.

Quality evaluation
The constructed DKG targets the Yunjin project, requir-
ing high domain knowledge depth and accuracy. Domain 
experts used Cypher queries to evaluate its usage capa-
bility. The DKG includes entities, entity-attribute values, 
and entity-entity relationships, assessed by accuracy, 
consistency, completeness, and timeliness.

Accuracy assessment is vital for DKGs, ensuring effec-
tive KG application. This study used authoritative video 
resources from Nanjing Yunjin Research Institute and 
combined machine learning with manual extraction 
to process data. The dataset relied on expert identifica-
tion and government-provided original data resources, 
ensuring data quality. “Grand Flowers Floor Loom” was 
evaluated using MATCH (nname: “Grand Flowers Floor 
Loom”) − (m)RETURN (nname: ’Grand Flowers Floor 
Loom’) − (m); composite Fig. 8a shows the query results.
Domain experts reviewed knowledge nodes and rela-
tional attributes to confirm accuracy.

Consistency evaluates whether knowledge expres-
sions in KGs are conflict-free.Using “Jianshun Yang” as 
an example and executing a MATCH query, Composite 
Fig. 8b shows that both Peony Woven Gold Color Velvet 
with Blue Ground and Da Guan Yuan Gown consistently 
point to Jianshun Yang as their bearer. The goal is to elim-
inate knowledge inconsistencies.

Completeness assesses the extent of knowledge cover-
age in KGs within the Yunjin domain. Composite Fig. 8c 
demonstrates the available knowledge for Da Guan Yuan 
Gown, showing 16 direct nodes and 9 relationship types. 
Domain experts confirmed the KGs’ high completeness. 
However, as Yunjin isn’t an absolutely closed domain 

Fig. 6 “Bearer Jianshun Yang produced gown weaving” video. a Inter-frame differential distribution. b Inter-frame differential after smoothing
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and KGs require continuous supplementation, achieving 
absolute completeness is challenging. Based on the cur-
rent sampling results, the knowledge related to common 
attributes and relationships is relatively complete.

Timeliness assesses the currency of knowledge in the 
DKG and query performance. As knowledge is dynamic, 
real-time updates are crucial to capture the latest Yun-
jin exhibitions, collaborations, and market trends. The 
Yunjin DKG should enable easy modifications and rapid 
queries.

This study used Neo4j for organizing Yunjin knowl-
edge, taking advantage of its graph storage structure for 
flexible connectivity. This structure allows adding, modi-
fying, and deleting node knowledge and relationship 
attributes. Load CSV and Cypher statements were uti-
lized to manage entity-relationship data, with Load CSV 
enabling bulk import of nodes and relationships from 
CSV files, creating the Yunjin DKG. Neo4j’s index-free 
adjacency strategy ensures efficient graph traversal, pro-
viding minimal query latency and real-time results, mak-
ing it the ideal choice for constructing a timely DKG.

This study constructed and evaluated a DKG for the 
Nanjing Yunjin project, aligning with the productive con-
servation concept of Yunjin. Domain experts assessed the 
DKG’s quality in terms of accuracy, consistency, com-
pleteness, and timeliness using Cypher query language, 
and the results met the requirements. The Nanjing Yun-
jin knowledge graph serves as a valuable resource for 
producers, bearers, consumers, and other stakeholders, 
with potential for ongoing expansion and improvement 
in future research.

Conclusion
In this study, the domain ontology was combined with 
the Neo4j graph database, resulting in the construction 
method of the DKG of Yunjin oriented by the concept of 
“productive conservation”, which can not only facilitate 
the knowledge storage and knowledge representation of 
Yunjin resources in an effective manner, but also serve as 
a reference for bearers and institutions to innovate Yun-
jin products. Meanwhile, it is also in a good position to 
deliver efficient, intelligent and visualized knowledge ser-
vices to users.

Fig. 7 Display of partial framing results of the video of bearer Jianshun Yang produced gown

Table 3 Key frame extraction of video resources related to “Da Guan Yuan Gown”

Video 
resource 
identifier

Name Duration Resolution Frame 
rate 
(fps)

Original 
frame 
rate

Frame difference 
method key 
frames

Frame rate after 
manual review

0001 Heir Yang Jianshun supervises the weaving 
of dresses

3 min 10 s 852 × 480 30 5700 90 50

0002 Zhang Xiaofei attended the Golden Rooster 
Awards in a high-fashion dress

31 s 540 × 960 30 930 14 6

0003 Grand view high definition dresses explained 3 min 29 s 544 × 960 30 6270 109 62

0004 Weaving process of Daiflora loom 2 min 12 s 1920 × 1080 30 3960 69 48

0005 Artisan 1 min 34 s 852 × 480 30 2820 43 16
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In the upcoming period, the construction and improve-
ment of the DKG of Yunjin will require long-term sys-
tematic work. The improvements and explorations will 
be further carried out in the aspects of data extraction 
of video resources, knowledge discovery and in-depth 
knowledge services, with a view to introducing new ideas 

for the construction of the knowledge platform of ICH 
projects of handicraft category.

• The key frame extraction of video resources is char-
acterized by data sparsity, which calls for multi-chan-
nel data to supplement. The entity alignment of the 
semantic annotation and multi-source heterogene-

Fig. 8 Composite image of query results
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ous data sets of video key frames is currently mostly 
dependent on manual means, which will be further 
probed in the fields of natural language processing 
and machine learning, thereby progressively oper-
ating in the direction of manual recognition-semi-
automatic recognition-machine full recognition for 
the data processing of video resources of ICH pro-
jects.

• At the present stage of the research, the descriptive 
annotation of Yunjin video knowledge elements has 
been inadequate, the development of the applica-
tion layer of the data resources of KGs is insufficient. 
In this context, the research on linked data, multi-
modal narrative framework construction and visu-
alization techniques will be further reinforced, while 
the empirical exploration will also be performed 
on the visualization, narrativization and immersive 
experience of the data resources of ICH projects.
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