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Abstract: This article proposes a method for ontology construction in the field of ancient architecture
digitization with the aim of addressing the lack of formalization, sharing, and reusable unified
description mechanisms currently observed in the field of ancient architecture digitization. This
method defines the related concepts, attributes, and relationships between concepts in the digitization
of ancient architecture. It employs the network ontology language OWL to model the ontology in
the digitization domain of ancient architecture and realizes the visualization of the ontology in the
digitization domain of ancient architecture, thereby providing effective support for the sharing and
reuse of digitization knowledge of ancient architecture. Finally, an example of a wooden tower is
taken to verify the effectiveness and reliability of the proposed method.
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1. Introduction

Ancient architecture has consistently played a key role in the cultural and historical
development of nations and countries. It can objectively reflect people’s production, life,
social development, cognitive level, thinking, and values. It is well known that China has
a rich cultural legacy in the domain of ancient architecture. By the conclusion of 2019,
the State Council had formally approved and publicly disclosed a total of eight batches
of national key cultural relics protection units, covering a total of 5058 cultural relics
protection units across the country. Of the cultural relics protection units, 43.82% are of
ancient architectural heritage [1].

The protection of ancient architectures is imminent because a considerable number of
ancient architectures throughout the country have suffered various degrees of damage as a
result of both man-made and natural disasters [2—4]. In recent years, the rapid development
of digitization technology has opened up a new avenue for the protection and utilization
of ancient architecture. Compared with traditional technology, digitization technology is
capable of preserving the information of ancient architectures with greater accuracy and
over an extended period of time and provides effective information for the restoration and
reconstruction of ancient architecture [5-7].

Nowadays, the ongoing advancement of digitization technology has advanced the
emergence of novel surveying and mapping techniques, including satellite remote sensing,
UAV photogrammetry, and LiDAR, which provide more technical support for the digiti-
zation protection of ancient architecture [8-10]. Nevertheless, the digitization of ancient
architecture still faces certain challenges.

From a multidisciplinary perspective, the digitization of ancient architecture requires
the integration of various expertise, including architectural, surveying, mapping, and artis-
tic knowledge. Moreover, the structure of ancient architecture is inherently complex, the
selection of methods and equipment is not straightforward, and there is a lack of a unified
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description mechanism, which causes professionals to be uncertain about the digitization
target. Non-professionals, such as conservationists, archaeologists, and historians, lack the
expertise to effectively digitize a building. Therefore, there is an urgent need to establish a
unified digitized information model of ancient architecture and to develop a system for
querying and serving the digitized information in a fast and efficient manner.

Ontology refers to a clear and detailed description of a shared conceptual system [11].
After the emergence of ontology theory, ontology-based research on cultural heritage infor-
mation has become a research hotspot. The CIDOC/CRM ontology, as proposed by Crofts
et al. [12], is primarily utilized for the storage of cultural heritage information. At the same
time, CIDOC/CRM proposes a CRMba-compatible model for encoding metadata about ar-
chaeological architecture documents, which is built on the same principles as CIDOC/CRM
in order to support the process of documenting existing evidence and discontinuities of
ancient architecture in order to identify the evolution of architecture throughout the century
and record their relationship to each building component and to the building as a whole.
Similarly, R. Garozzo et al. [13] presented CulTO1.0, a computational ontology-based mod-
eling software tool in the field of cultural heritage. This tool is specifically oriented toward
the investigation of religious historical buildings and is designed to facilitate the work of
cultural heritage professionals. As ontology research has progressed, it has increasingly
been applied to the field of architectural heritage protection. Acierno et al. [14] have in-
tegrated ontology into the protection process of historical architectural heritage, thereby
facilitating knowledge representation and management throughout the entire process. Song
et al. [15] constructed an ontology for the field of ancient architecture and applied it to
an ancient architecture information retrieval system. Chen et al. [16] proposed a unified
method for expressing ancient architecture knowledge through ontology-based knowledge
expression and case-based reasoning. However, the current research content is mainly
information integration and ontology construction for ancient architecture, which does not
include the sorting and studying of digitization knowledge about ancient architecture.

At present, ontology construction methods are mainly composed of the saurus trans-
formation ontology and ontology engineering methods [17]. In the former method, domain
experts are primarily engaged in the manual or semi-automatic/automated construction
of ontologies through the analysis of thesauri. While these methods provide a more com-
prehensive and professional approach to the concept set and terminology, the relational
expression of the ontology is constrained by the structure of the thesaurus. The construction
methods of the latter category include the IDEF5 method [18], the skeleton method [19],
the TOVE method (an evaluation method) [20], the seven-step method [21], and so forth.
The IDEF5 method is unable to perform circular development. The skeleton method is
primarily concerned with outlining the procedures and directives associated with ontology
development. The seven-step method is predominantly employed for domain ontology con-
struction and possesses a degree of universality. The TOVE method (evaluation method) is
an integrated model comprising a first-order logic structure, and the process of knowledge
retrieval and acquisition is straightforward.

Ancient architecture digitization domain ontology is a general conceptual model
describing knowledge in the field of ancient architecture digitization, and it needs to
build concepts in the field of ancient architecture digitization and the relationship between
concepts. However, the extraction of concepts and relationships in the field of ancient
architecture digitization presents significant challenges. First, ancient architecture itself is
a highly complex structure comprising numerous component types. Second, due to the
continuous deepening of the research of digitization technology, there are more and more
digitization methods and equipment in the market, which brings great obstacles to the
extraction of digitization concepts.

In view of the above issue, this article proposes a digitization ontology model of
ancient architecture. This model is developed by combining the seven-step method and the
skeleton method, with the aim of providing a framework for representing and managing
information in the digitization domain related to ancient architecture. The model refers to



Appl. Sci. 2024, 14, 7651

30f15

the extant norms of digitization for ancient architecture and the related literature, divides
the digitization knowledge of ancient architecture into four categories—digitization tech-
nology, digitization equipment, digitization elements, and digitization norms—and defines
the attributes of concepts and the semantic relations between concepts.

Finally, the construction and formal expression of the digitization ontology of ancient
architecture are demonstrated with the example of a wooden tower.

2. The Construction Process of Ancient Architecture Digitization Domain Ontology

In light of the intricate knowledge system inherent to the field of ancient architecture
digitization, this article proposes an extension of the ontology construction method based
on the seven-step approach developed by Stanford University. It adheres to the basic
tenets of ontology construction and takes the evaluation approach espoused by the skeleton
method as a point of reference. The specific process is illustrated in Figure 1.
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Figure 1. Ontology construction method in the digitization domain of ancient architecture.

The main steps of ontology construction in the digitization domain of ancient architec-
ture are as follows:

(@ Identify the application domain and the purpose of the ontology. The scope of
the ontology depends on the application domain. Based on the requirements analysis,
the domain of ancient architecture digitization was selected as the application domain of
the ontology. The goal of studying the ontology for the domain of ancient architecture
digitization is to integrate a substantial corpus of knowledge pertaining to the domain of
ancient architecture digitization, with the aim of developing a unified semantic description
model of knowledge within the domain of ancient architecture digitization. This will
facilitate effective digitization work.

@ Investigate whether the existing ontology can be reused. Whether there are currently
reusable domain-related ontologies, and if so, whether these ontologies can be constructed
in a simplified manner. In the field of ancient architecture, the majority of current research
is focused on the construction of the ontological knowledge of ancient architecture, with
little attention paid to the digitization of ancient architecture. This lack of attention has
resulted in a lack of reusable ontologies.

® Construct the core ontology. In accordance with the enumerated concepts and
terms of ancient architectural digitization, the categorization of concepts from definitions
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facilitates the clarification, logical organization, and coherence of the structure of the
ontology. The definition of attributes and relations within a class serves to elucidate the
intrinsic characteristics of the concepts and to establish semantic associations between
them. An instance represents a concrete description of an ontology, serving to verify the
completeness and validity of the aforementioned definitions.

(® Evaluate the ontology. The evaluation of domain experts allows for the effective
avoidance of non-standard concept terms in ontology construction, thereby improving
the ontology.

® Implement and archive the ontology. The ontology that conforms to the established
standard has been realized and archived, thus completing the construction of the ontology.

3. Ontology Construction in the Digitization Domain of Ancient Architecture
3.1. Classification and Expression of Concepts

In the context of an ontology model, the establishment of a conceptual layer represents
a crucial step in the ontology development process. By employing a multi-level division and
expression of concepts, the ontology can facilitate the construction of more comprehensive
semantic spatial information and increase the reuse rate of the ontology. In the digitization
ontology design of ancient architecture, this article synthesizes the general digitization
workflow of ancient architecture and divides it into four technical specification steps. First,
the preparatory work is carried out, including site exploration, data collection and program
formulation. Then, data collection is carried out; various data devices are used, such as
UAUVs, 3D laser scanners, total stations, and so on. Different types of data (point cloud,
image, and archive) are collected, then the point cloud data, image data, and archive data
are processed. Finally, the result data are output in formats such as a three-dimensional
model, an orthorectified image, digital documents, etc., as shown in Figure 2.
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Figure 2. Digitization flow and frame diagram of ancient architecture.

In addition, based on a large number of existing literature and engineering cases
related to the digitalization of ancient architecture. The digitization knowledge of ancient
architecture is classified into four main categories: the digitization object of ancient archi-
tecture, the digitization technology of ancient architecture, the digitization equipment of
ancient architecture, and the digitization specification of ancient architecture. Furthermore,
on this basis, the concept of ancient architecture digitization ontology is divided into four
levels, and the conceptual ontology framework of the ancient architecture digitization
domain knowledge is constructed in more detail as shown in Figure 3.
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Figure 3. Concept system of ancient architecture digitization ontology (part).

Among them, the digitization objects of ancient architecture refer to the key com-
ponents that need to be preserved in the digitization work and the associated cultural
relics of important value. This article primarily addresses the topic of ancient wooden
structures, with a particular focus on the Yingzao Fashi [22], which categorizes digitization
objects into five secondary conceptual categories: stonework, carpentry, tilework, carving,
and color painting. The digitization technology of ancient architecture is defined as the
technical methods involved in the digitization process. In recent years, there has been
remarkable progress in the field, with the emergence of numerous methodologies. In accor-
dance with the digitization workflow and the substantial corpus of literature, this article
classifies the digitization technology of ancient buildings into three secondary categories:
data acquisition technology, data processing technology, and data storage technology. The
digitization equipment of ancient buildings is a necessary tool for data acquisition. By
summarizing and sorting the equipment available on the market has led to the delineation
of three secondary categories of digitization equipment: unmanned aerial vehicles (UAV),
total stations, digital cameras, and three-dimensional (3D) laser scanners. The digitization
specification of ancient architecture is used to describe the technical requirements that must
be met in order to digitally document and preserve ancient structures. The aforementioned
categories are further subdivided into two secondary categories: national standards and
local standards. In order to provide the most comprehensive description of the research
object, this article divides some of the conceptual classes into three and four levels, respec-
tively. For example, the second-level carvings are divided into three third levels: wood
carvings, clay sculptures, and stone carvings. Among these, wood carvings are further
divided into two fourth levels: craft wood carvings and art wood carvings. In the process
of ontology construction, the concept classes of ancient architecture digitization ontology
that cannot be directly divided correspond to the corresponding examples.
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3.2. The Structure of Digitization Ontology of Ancient Architecture

This article uses Web Ontology Language (OWL) to provide a formal description of
the digitization ontology of ancient architecture. OWL is an extension of the Resource
Description Framework (RDF) that uses triples to describe resources and introduces addi-
tional constraints on structure and content. The digitization ontology can be represented
as follows:

Ontology = {Concept, Property, Individual, Axiom}

The “Concept” represents the aggregation of all digitization concepts related to an-
cient architecture. It includes the aforementioned hierarchical classification of digitization
concepts related to ancient architecture.

The “Property” can be divided into two categories: data properties and object proper-
ties. Data properties represent and describe the nature of the object itself, such as the name
of ancient buildings, structure type, and geographic location. Object attributes represent
the association relationship between two objects. Common object attributes include “kind
of”, “part-of”, “instance-of”, and “is-a”.

The “Individual” represents a specific digitized work of ancient architecture, which is
composed of a collection of object instances. This could be exemplified by the digitization
work of a wooden tower.

The “Axiom” represents a fundamental truth or principle that is universally accepted
as a basis for reasoning or justification. It clarifies the interrelationships between concepts,
such as the digitization of ancient architectural structures.

The structure of the ancient architecture digitization domain ontology is shown in
Figure 4.
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Figure 4. Digitization ontology structure frame of ancient architecture.

3.3. The Relationship of Ancient Architecture Digitization Ontology

The digitization ontology of ancient architecture is used to describe the potential rela-
tionships between digitization concepts. The ontological relations are primarily classified
into 12 categories, including upper and lower relationships, temporal relationships, spatial
relationships, identity relationships, and cross relationships. However, in the context of
digitization in the field of ancient architecture, such a complex relationship is not necessary.
Instead, the focus should be on clearly articulating the digitization process of ancient archi-
tecture. Based on the characteristics of digitization in ancient architecture and an analysis
of the aforementioned relationships, the primary relationships in the digitization of ancient
architecture are identified and presented in Table 1.
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Table 1. Ontology relation table of ancient architecture digitization domain.

Relationship Relationship . . o e
Name Concept A Concept B Characteristics Relationship Description
Digitization Digitization The relationship between the concept of digitized
elements of elements of transitivity elements of the same type of ancient architecture,
ancient ancient reversibility such as A (woodwork class) is the B (arch) of the
architecture A architecture B upper class.
Ancient Ancient Superior-subordinate relationship between
Upper and . . e . 1 e .
) lati architecture architecture transitivity similar ancient building digitization technologies,
ower relation digitization digitization reversibility e.g., A (data acquisition technology) is the upper
technology A technology B class of B (3D laser scanning technology).
Digitizing Digitizing Superior-subordinate relationships between
equipment for equipment for transitivity digitizing equipment for ancient buildings of the
ancient ancient reversibility same class, e.g., A (3D laser scanners) are the
architecture A architecture B upper class of B (structured light scanners).
Techniques/
Digitization equipment/ Ancient architectural digitization elements and
Mutually PR . .
exclusive elements of specifications for symmetr technologies belong to different conceptual
relation ancient digitization of y y classes, such as the woodwork class and 3D laser
architecture ancient scanning technology, being mutually exclusive
architecture
Dicitizati Dicitizati .
1gtization tgrhzation The two instances belong to the same element
.. . elements of elements of
Similar relation . . symmetry class, e.g., arches and beams belong to the same
ancient ancient clement class
architecture architecture ’
Specification for  Ancient Ancient buildir}g digitizgt'ic?n sPecificati(?ns
. . impose constraints on digitization techniques,
digitization of architecture S e
. R reversibility such as close-up photogrammetry specifications
ancient digitization . . .
. . imposing constraints on close-up
Constrained architecture technology .
lation photogrammetry techniques.
rela Ancient Digitizing Ancient architectural digitization techniques
architecture equipment for o impose constraints on digitization equipment,
e . . reversibility ]
digitization ancient such as close-up photogrammetry techniques that
technology architecture can only use drone equipment.

3.4. The Attribute of Ancient Architecture Digitization Ontology

In order to express the attribute dimension information of the digitization concept of
ancient architecture in the ontology model, the method of defining attributes is typically
used. Attributes are divided into two categories: numeric attributes and object attributes.
A numeric attribute is a dimension of information used to describe a concept, where a
particular attribute describes the characteristics of a particular aspect of the object.

Since different faceted attributes are orthogonal in the semantic space, defining as
many attribute facets as possible so as to enrich the semantic information and improve the
expression of concepts is the basis for realizing ontology sharing and reuse in the field of
ancient architecture digitization. The ontology of ancient architecture digitization mainly
includes four categories: general attributes of ancient architecture, attributes of ancient
architecture elements, attributes of digitization equipment, and attributes of digitization
technology; see Table 2 for details.

The object attribute is employed to abstract the relationship between concepts, and its
domain of definition and scope are concepts. Through the definition of object attributes, the
complex semantic relationship between the digitization of ancient buildings is realized. The
object attributes of the digitization ontology of ancient architecture are mainly classified
into four categories: “Is part of”, “Constraint”, “Use”, and “Contain”, as illustrated in
Table 3.
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Table 2. Ancient architecture digitization ontology concept attribute table.

Conceptual Class

Common Attribute

Sub Conceptual Class

Unique Attribute

Digitization technology of
ancient architecture

Types, accuracy
requirements, step-by-step
requirements,

reference specifications

Digitization elements of
ancient architecture

Category, length, width,
height, material type

Individual brick sizes, masonry types, brick

Wall arrangements, brick types,
cementing materials
Column TyPes. of floor Poles, pier jointing methods,
painting practices
Beam Style of beams, appearance of beams
. Edge dimensions, latticework dimensions,
Window . .
edge trowel dimensions
Queti Type of pattern

Tenon-and-mortise work

Mortise size, tenon size

Colored drawing

Staff material, staff color, painting subject
matter, painting pigment

Clay sculpture Modeling, detail dimensioning
I del Operating altitude range, planimetric
nstru.111erf1.t 111;10 fe ’ UAV accuracy, flight resistance, equipment
it ; scannng neid ot view weight, overlap, elevation accurac
Dlg.ltIZII’lg equlpment for Sampling rate, distance ght, P y
ancient architecture Camera Pixels, display, storage media, optical zoom

range, measurement
accuracy, measurement
speed

3D laser scanner

Measuring arm parameters, laser scanning
head parameters

Table 3. Semantic relation table of digitization ontology of ancient architecture.

Name Chinese Interpretation Inverse Relation Expression
Is part of Ais part of B Contain Is part of (A, B)
Constraint A constraints B Constraint by Constraint (A, B)
Use A uses B Use by Use (A, B)
Contain A contains B Is part of Contain (A, B)
Constraint by A constraints by B Constraint Constraint by (A, B)
Use by A uses by B Use Use by (A, B)

4. Application Case
4.1. Experimental Object

The wooden tower was constructed in the second year of Qingning, which corresponds
to the third year of Zhihe in the Song Dynasty (1056 AD). It is the tallest and oldest wooden
tower in China and has been designated as a national key cultural relics protection unit,
see Figure 5a. The wooden tower is 67.31 m high and 30.27 m in diameter at the bottom,
see Figure 5b, with a total weight of more than 7400 tons. The main body was made with
the North China larch wood; the arch was made with elm wood. The amount of wood
used was up to tens of thousands of cubic meters. The whole building consists of the tower
base, tower body, and tower brake (three parts) divided into an upper and lower layer. The
lower layer is square, the upper layer is octagonal. The tower body has an octagonal shape,
with five layers and six eaves, with five layers visible and four layers interspersed, making
it a nine-story tower. Over the past millennium, the wooden tower has suffered significant
deformation and damage due to a combination of natural disasters, man-made damage,
and other factors, see Figure 5c. The event of an unexpected natural disaster, such as an
earthquake, windstorm, etc., will seriously endanger the safety of the wooden tower itself,
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see Figure 5d. Therefore, it is imperative that the digital protection of the wooden tower be
implemented without delay.

o

'
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2
2
o

\Yingxian) ne
Wood|Tower,
B ERAE]

Mﬁmﬂfmbszam_a;muomuma‘mx‘ R RRRRRRRSRRRRRRS

| ‘g""m”“

(b) Front view of the wooden tower.

(c) Defect. (d) Tilt.

Figure 5. Overview image of the wooden tower.

To meet the requirements for the protection and repair of the wooden tower, this
article employs a digitization ontology model of ancient architecture to digitize the tower.
The digitization ontology model of ancient architecture has been rigorously validated
throughout the digitization process of the wooden tower.

4.2. Experimental Process and Results

Based on the ontology model in the field of ancient architecture digitization, this
digitization work firstly used on-site investigation and the literature review to clarify
the elements required for digitization in the digitization process of the wooden tower,
such as murals, beams, statues, roofs, the dougong, etc., as shown in Figures 6 and 7. It
can be seen that the key elements of the wooden tower can be classified into three main
categories: structural components, decorative elements, and accompanying cultural relics.
The structural components include beams, columns, bucket arches, fangs, doors, windows,
and other components. The decorative elements include caissons, murals, and other such
features, like ancillary cultural relics such as plaques and Buddha statues, etc.

Second, the digitization elements of the wooden tower were defined, after which
the corresponding components were selected from the aforementioned digitization ontol-
ogy model of ancient architecture. Then, the digitization technology and corresponding
equipment that meet the required accuracy were then selected according to the defined
attribute information in the digitization ontology model of ancient architecture, see Table 4
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for details. This section describes the relationship between digitization elements, digiti-
zation equipment, the storage format, and specifications in the digitization process of the
wooden tower from both semantic and spatial perspectives. It also presents a complete
ontology model of the digitization process of the wooden tower, as shown in Figure 8. The
complex structure of the wooden tower and the limitations of the working environment
necessitate frequent changes of station for the traditional fixed laser scanner, resulting in a
markedly low data acquisition efficiency. To solve this problem, a handheld scanner based
on SLAM technology was selected in the digitization ontology model of ancient buildings
for integrated data acquisition inside and outside the tower, thereby obtaining the point
cloud data. Concurrently, the appropriate UAV equipment was selected in the ontology
database to obtain the image data in the protected area of the wooden tower and establish
the digitization document.
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Figure 6. The wooden tower digitization elements.
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Figure 7. The wooden tower formal ontology description fragment.



Appl. Sci. 2024, 14, 7651

11 of 15

Table 4. The wooden tower digitization ontology instance attribute table (part).

Instance Conceptual Class SUB Conceptual Class Attribute

Type: three-dimensional laser scanning technology;
precision requirements: dimensional error: £20 mm

. . instrument ranging error or point spacing error: <5 mm;
Ancient architecture 8Ing p P g = ;

Ancient architecture . maximum point spacing of a single station: <5 mm; step
Technology01 e data acquisition . o
digitization technology requirements: see reference specification; reference
technology e . . . . s
specification: three-dimensional information acquisition
of cultural relics and buildings technical specifications
(Beijing local standard DB11/T1796-2020) [23]
Type: aerial photogrammetry technology; accuracy
requirements: analog method relative error is generally
. . Ancient architecture 1/1000~1/5000; point position error is not greater than
Ancient architecture L . . .
Technologyl dieitization technolo data acquisition 0.5 mm on the map; image sampling resolution of three
& &Y technology levels of standards; see details in reference specification;
reference specification: low altitude digital aerial
photogrammetry field specification
Model: CHCNAV zeb-revort; scanning field of view:
Equipment01 Dlg}tlzlng equlpment for 3D laser scanner 270°~360°; data sampling rate: 43,200 points / s; range:
ancient architecture 30 m; measurement accuracy: 3-30 cm (10 min scanning,
closed loop); measurement speed: 100 Hz
s . Model: DJI Phantom 4 Pro Operating altitude range:
. Digitizing equipment for . A . . .
Equipment1 ancient architecture UAV 6000 m; planar accuracy: flight resistance: equipment
weight: 1375 g; maximum flight time: about 30 min
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ctwre_Digtizat
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ng. ! s_of_ancient_ar. r

*® Specification_{ * ® Dougong
or_Digitization...

v = contain

*® Digtization_eq 4 Column_01 I [ # Mural 01
upment_for_anc...

v = has individual v = has subclass v Use
Figure 8. The wooden tower digital ontology (Part).

Ultimately, a digitization representation of the wooden tower was developed according
to the aforementioned digitization ontology, and its details are shown in Figure 9. It can be
seen that the ontology model of the digitized domain of ancient architecture constructed
in this article can not only clearly and completely express the digitization process of a
certain building, but also fully describe the relationship between the various elements,
thus enabling the construction and visualization of the digitized domain ontology of
ancient architecture.
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Figure 9. The wooden tower digitization flow chart.

Through the ontology model of the digitization field of ancient architecture and the
combination of Al and digitization, the wooden tower can be digitally constructed, and
the expectant results are shown in Figure 10. At the same time, the audience can simulate
climbing the tower through digital technology for thousands of years and feel the unique
charm of the wooden tower. This technology has now landed and has achieved several
major breakthroughs such as the digital restoration of ancient build-ings and the integration
of ancient and modern technologies. It can be seen that not only for wooden towers, but also
for other ancient buildings, the digital construction and visualization of ancient buildings
can be realized by building digital domain on-tology models, and through data comparison,
the state changes of the building in the past hundred years can be summarized, which is of
great significance for protection and restoration.

The digital ontology construction work performed in this paper and the ontology
model of ancient architecture digitalization field proposed in this paper can break through
the knowledge barriers between researchers and cultural relics workers and can adeptly
construct digital ontology for general, basic, and simple buildings. However, it also
has many limitations. In the face of special structures of ancient buildings or special
requirements, a single guideline code operation cannot be applied to all complex buildings
and more detailed requirements and human intervention is needed to adjust it. In the
future, we will continue this research with the aim of solving the problems caused by the
limitations of the construction base.
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Figure 10. The wooden tower digitization results.

5. Conclusions

In this article, due to the lack of combing of knowledge in the field of ancient architec-
ture digitization, the problem of not being able to effectively carry out digitization work,
etc., has arisen. This paper researches the construction method of the ontology of the field
of ancient architecture digitization and carries out the hierarchical classification and formal
expression of the concepts, attributes, and relationships involved in the field of ancient
architecture digitization to realize the construction of ontology of the ancient architecture
digitization field. Furthermore, the ontology model is applied to the digitization work of
a wooden tower, resulting in the construction of a digitization ontology of the wooden
tower. The experimental results demonstrate that the ontology developed in this article is
fully capable of adequately describing the semantic aspects of the digitization process of
ancient architecture, including both the concepts and the semantic relationships involved.
In addition to validating the soundness and dependability of the constructed ontology,
the results also offer a novel approach to knowledge representation in the field of ancient
architecture digitization.

Nevertheless, the current digitization ontology model of ancient architecture is limited
in scope, encompassing a single object and a restricted type of technical method. We hope
that on this basis, combined with the conceptual relationships defined in the ontology,
rules can be learned, summarized, and discovered from the existing historical case data.
Furthermore, the relevant digitization knowledge of ancient architecture can be refined to
improve the cognition and expression of complex relationships in the digitization process.
Subsequent research will examine the evolving characteristics of digitization data pertaining
to ancient architecture. This will inform the design of a dynamic model structure for the
digitization domain ontology of ancient architecture. In addition, a practical spatial analysis
and visual retrieval tool will be developed.
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