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Abstract: In the design of museum buildings, reasonable use of space plays a 

key role in the exhibition effect of the museum. However, due to space 

constraints, in the existing architectural design, it is often difficult to obtain a 

better display effect. In addition, in the design of museum buildings, how to 

make the audience more comfortable and convenient to appreciate the exhibits 

is also a key issue. This paper introduces the multi-agent technology into the 

optimization design of museum building space, and adopts a multi-agent based 

optimization method of museum building space. Through the experiment, it is 

found that the multi-agent based building space optimization design can 

improve the space utilization rate to 97.7%. 
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1. Introduction 

Museums are an important part of national culture and tourism resources, and play an 

important role in promoting the development of culture and tourism industry, 

disseminating advanced culture and enhancing human civilization exchanges and 

cooperation. With the development of museums, how to let more people know about 

the exhibits displayed in museums and how to let the audience better appreciate the 

exhibits has become an important research topic. With the extensive application of 

artificial intelligence technology in various fields, intelligent building design has been 

developed rapidly. Intelligent building design is to use computer technology and 

scientific research results to achieve building design and management through 

information integration, knowledge sharing and independent collaboration. 

In recent years, many excellent scholars and experts have studied the spatial 

optimization. In order to improve the scientificalness of building edge space design 

and maximize the use of space resources, Zhang Zhengyang took a certain building 

project as the research object, based on the space syntax theory, quantitatively 

analyzed the space parameters through Depthmap software, and optimized the 

building edge space from three aspects: road space, activity space and landscape 

space [1]. Xu Qianyi conducted an in-depth investigation of the outdoor public space 

of Hebei Institute of Architecture and Engineering by using methods such as cognitive 

maps, questionnaire surveys, and field surveys, and analyzed them using methods 
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such as heat maps, walking isochrones, and Pearson correlation analysis[2]. Pei Xin 

used virtual reality technology to improve the basic structure of architectural space; 

through the design of spatial reorganization, he optimized the design of concrete 

structure architectural space functions. The experimental test results showed that 

compared with the traditional space optimization design, the proposed space 

optimization design method had a higher proportion of building space optimization, 

and it could be seen that virtual reality technology had a better matching effect on 

concrete structures [3]. Wan Zhiyuan briefly described the theory and application of 

bionics in architecture and urban space design. Finally, he applied the analogy 

experiment of tourist activities and bacterial colony growth trajectories, combined 

with computer bionic simulation, to the graduation design of traffic control 

optimization for the Songkran Festival in Bangkok, thus completing the whole 

process of bionics education for the professional master's degree in the Bartlett School 

of Architecture[4]. Wu Shijia discussed strategies for improving the quality and 

efficiency of public spaces in cultural and educational buildings from the aspects of 

network reconstruction, functional compounding, humanistic care, natural landscape, 

and spatial characteristics, focusing on solving problems such as chaotic functional 

streamlines, outdated landscape facilities, lack of characteristics, and loss of vitality, 

in order to provide reference for the optimization design of cultural and educational 

building public spaces in the context of stock improvement [5]. Although the above 

content has played a certain role in space optimization, it still lacks key factors. 

Based on the research of multi-agent simulation technology, this paper introduces 

multi-agent technology into the optimization of museum building space, and 

establishes the optimization model. Finally, the improved ant colony algorithm is used 

to optimize the model, and the simulation results show that the improved ant colony 

algorithm has a good effect in museum space optimization. This algorithm can 

provide a new method for space optimization of museum buildings. 

2. Basic Concept of Architectural Space Optimization 

Museum is a space with multiple attributes, its spatial structure, functional zoning, 

route and exhibits will have an impact on the effectiveness of the visit. The basic 

functions of museums are display, education and research. Different functional 

divisions determine their display methods, spatial layout, display contents and service 

facilities [6]. Therefore, the museum space optimization design mainly considers the 

exhibition and the education two big functions. For the exhibition, the exhibition hall 

design is a very important issue. A good exhibition hall design can improve the 

exhibition effect of the museum and promote the audience's understanding of the 

exhibits. For education, in addition to ensuring the quality of exhibits, but also consider 

how to make the audience more convenient to appreciate the exhibits, which requires 

the exhibition space to optimize the design. 

The optimum design of museum building space mainly includes three aspects: ① 

optimum design space structure; ②  optimum function division; ③  optimum 

display content. Optimal design of space structure mainly refers to the museum 

building space planning and division, so that it can meet the space needs of different 

functional areas and different types of exhibits. At the same time to ensure that the 



interaction between the functional areas, so that the functional areas can work in 

harmony [7]. In the space optimization design of museums, the functions of museums 

should be rationally allocated so as to ensure that the functions of museums can work 

harmoniously. In the space optimization design of museum buildings, all kinds of 

exhibits should be reasonably planned and classified. At the same time, according to 

the characteristics of different types of exhibits to be targeted display, so that all types 

of exhibits in the exhibition process to be fully displayed [8]. 

Two problems need to be solved in the optimization design of museum building 

space: ① how to make the exhibition content better reflected; ② how to make the 

audience more convenient to appreciate the exhibits [9]. Therefore, this paper adopts a 

multi-agent based space optimization method for museum building, which can solve 

the above two problems. 

Multi-agent technology is a computer-based artificial intelligence technology, 

which simulates human intelligent behavior to establish a virtual environment and 

interact with the real environment, thus realizing the simulation and optimization of 

various complex behaviors in the environment [10]. Multi-agent technology has a 

good application prospect in space optimization design of museum buildings. 

3. Principles of Architectural Space Optimization Design 

For a multi-agent system, the information transfer between agents is accomplished by 

communication. In multi-agent system, each agent has its own knowledge 

representation, which includes semantic, semantic network and knowledge 

management. In practice, various kinds of information are transmitted between agents 

in some form, such as: when receiving information, it needs to be completed by logic 

operation in multi-agent system, when sending information, it needs to be completed by 

operation logic in multi-agent system [11]. Therefore, the communication process in 

multi-agent system can be regarded as a semantic information exchange process. 

The communication process of a multi-agent system mainly includes: 

(1) Establishing the necessary knowledge system by analyzing, inducing and 

summarizing historical data; 

(2) Establishing a knowledge system and a knowledge base and store the required 

knowledge; 

(3) Learning and reasoning new knowledge according to established knowledge 

base and knowledge system; 

(4) Updating the knowledge base based on newly acquired knowledge and 

reasoning; 

(5) Updating knowledge systems and repositories by updating current status [12]. 

Based on the theory of multi-agent system, this paper regards the optimization of 

museum building space as a multi-agent system problem. Aiming at the problem 

characteristics of the system, this paper adopts semantic-based multi-agent technology 

and semantic network-based multi-agent technology as the basis of multi-agent 

system algorithm. 

3.1 Multi-agent System Based on Semantics 



The definition of semantics is that all agents in a multi-agent system have specific 

semantics and can control the whole system by understanding the semantics. In a 

multi-agent system, each agent has different semantics, but they all share a common 

goal of maximizing their own interests [13]. A semantic-based multi-agent system is 

also known as a Non-deterministic Multiagent System (NMDS) or an uncertain 

multi-agent system. 

Multi-agent systems based on semantics are different from traditional multi-agent 

systems in the following aspects [14]: (1) There is not only communication between 

agents, but also interaction, such as: using information entropy and data conflict 

detection algorithm to detect information conflict; using learning mechanism to 

constantly update knowledge system; (2) Formalizing the definition of knowledge, 

and expressing knowledge by formalizing the definition, such as: formalizing the 

basic unit, basic element, basic relationship, basic attribute and basic semantics of 

knowledge; (3) In terms of reasoning mechanism, semantics-based multi-agent 

systems uniformly use "knowledge base" to infer the required knowledge, instead of 

directly inferring the existing knowledge; (4) Information transmission and 

communication through semantic expression. 

3.2 Multi-agent Technology Based On Semantic Web 

In the optimization of museum building space, the use of semantic network technology 

can describe the building space, thus providing a basis for the communication of agents 

in the system. In a multi-agent system, the communication between agents is carried 

out through semantic network. Each agent needs to understand the information 

according to its own understanding. At the same time, each agent in the multi-agent 

system describes its own behavior through the semantic network established within 

itself [15]. 

The semantic network can be divided into three forms: the formal description of 

ontology concept, attribute and relationship, the description of ontology relationship 

and the description of ontology relationship. Describing architectural space through 

semantic network can express all kinds of elements and related knowledge in 

architectural space, and provide a basis for communication among agents in 

multi-agent system. In the semantic network, each agent is independent, through the 

understanding of the knowledge needed, and then reasoning through the rules of 

reasoning, and finally get the final conclusion [16]. 

3.3 Ontology-Based Architectural Space Design Theory 

The theory of architectural space optimization design based on ontology is a new 

method used in the research of architectural space optimization. This method is based 

on architectural ontology. The method has two characteristics: one is to abstract the 

elements of architectural space design by building ontology model, so that it has good 

logical and formal language description ability; the other is to automatically complete 

the optimization design of architectural space by analyzing and studying the ontology 

model, and utilizing the logical relationship and reasoning mechanism between 

concepts in the ontology model [17]. The theory of architectural space optimization 

design based on ontology is to summarize and generalize the existing architectural 

design theories and methods, so as to enrich the existing theories and methods and 

provide a more comprehensive, more accurate and more specific architectural space 

optimization design method for designers. At present, this method is still in the 



preliminary research stage. In this paper, the ontology-based multi-agent system 

algorithm is used as the basis of architectural space optimization design algorithm. 

4. Research Contents of Architectural Space Optimization 

The research content of architectural space optimization includes two aspects: 

optimization of architectural space form and optimization of architectural space 

layout. Among them, the optimization of architectural space form is mainly to adjust 

the overall design of the building, through the comparison of different architectural 

layout to find a more appropriate architectural layout, so as to achieve the best overall 

design effect [18]. The optimization of architectural space layout is mainly aimed at 

adjusting the layout of exhibition in museums, and choosing a more reasonable and 

efficient layout scheme. 

In the optimization algorithm of museum space based on multi-agent technology, 

by applying multi-agent technology to the optimization of museum space, the 

optimization model of museum space can be established. Multi-agent technology is 

used to simulate different museum space, to analyze the visitors' appreciation effect 

and comfort of museum exhibits under different architectural layout, and finally 

adjust the museum exhibition plan according to the results [19]. In this process, it 

should be noted that each agent has its own unique characteristics, so it is necessary to 

consider the characteristics of each agent in building the model. In the simulation 

experiment, we should ensure that the simulation model is consistent with the actual 

situation. 

4.1. Optimization of Architectural Space Form 

Architectural space form is an important content in architectural design. It is not only 

the important basis of architectural space design, but also the main factor that 

determines the design effect. In the optimization of architectural space form, different 

architectural space form can be optimized to meet the needs of visitors to the museum. 

According to the related research, in the museum interior exhibition space, the visitor 

has certain randomness to the exhibition location choice. Therefore, multi-agent 

technology can be used to simulate the randomness and select a more suitable display 

position by comparing the audience's viewing effect and comfort. At the same time, 

multi-agent technology can also be used to simulate different display positions, and 

compare the results of the experiments to choose more suitable display positions. 

4.2. Optimization of Architectural Spatial Layout 

In this process, it should be noticed that multi-agent technology should be applied to 

museum space optimization because of its strong interaction and self-organization. In 

this process, it should be noted that different museum spaces have different 

characteristics and functional needs, so it is necessary to conduct specific analysis 

according to specific circumstances when optimizing the layout of architectural space 

[20]. 

5. Actual Measurement Analysis of Architectural Space 

Optimization 



First of all, the optimized space, the utilization rate, equality and comfort of the 

questionnaire survey, the results as shown in Table 1. 

Table 1. Questionnaire 

 Very poor Poor General Good Very good 

Spatial utilization 5% 9% 37% 28% 21% 

Spatial equality 4% 7% 39% 25% 25% 

Spatial comfort 6% 6% 39% 25% 24% 

 

 

Fig.1 Spatial utilization 

As can be seen from Table 1, the proportion of people with "good" or above rating 

in terms of utilization rate, equality and comfort has reached about 50%, while the 

"poor" or below rating accounts for less than 15%. Therefore, it can be concluded that 

the multi-agent -based architectural space optimization design is very effective in 

practical application, and the following is a comparative analysis before and after 

optimization. The comparative analysis of spatial utilization is shown in Figure 1. 

As can be seen from Figure 1, prior to optimization, Museum 1 had the highest 

utilization rate of 87.1 per cent and Museum 4 81.1 per cent, with an average 

utilization rate of 83.8 per cent for 7 museums; after optimization, Museum 5 had the 

highest utilization rate of 97.7 per cent and Museum 3 had the lowest but also 93.7 

per cent, with an average utilization rate of 95.39 per cent for 7 museums. Thus, the 

multi-agent based building space optimization design can effectively improve the 

utilization of museum space, so that the museum can exhibit more exhibits. The 

results of comparative analysis of spatial equivalence are shown in Figure 2, which is 

judged by scores. 

As can be seen from Figure 2, prior to optimization, Museum 2 had a maximum 

spatial equivalence score of 87.2, Museum 7 had a minimum spatial equivalence 
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score of 82.2, and the calculated average spatial equivalence score for the seven 

museums was 84.54; after optimization, Museum 5 had a spatial equivalence score of 

97.5 per cent, Museum 6 had a minimum of 94.6 and the calculated equivalence score 

was 96.5. Thus, the multi-agent based building space optimization design can 

effectively enhance the space equality of the museum. The results of the comparative 

analysis of spatial comfort are shown in Figure 3, which is also judged by ratings. 
 

 

Fig.2 Spatial equality 
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Fig.3 Spatial comfort 

As can be seen from Figure 3, prior to optimization, Museum 3 had a maximum 

spatial comfort rating of 88.5 and Museum 7 had a minimum spatial comfort rating of 

82.4, with an average calculated comfort rating of 85.49; after optimization, Museum 

2 had a maximum spatial comfort rating of 97.5, Museum 4 had a minimum rating of 

93.3, with an average calculated comfort rating of 95.23. It can be concluded that 

multi-agent based building space optimization design can effectively improve the 

comfort of museum space, so as to attract more visitors. 

6. Conclusions 

Aiming at the problem of museum space optimization, this paper establishes a model of 

museum space optimization by introducing multi-agent technology. The experimental 

results show that the optimization method based on multi-agent technology can not 

only improve the display effect of museum buildings, but also make the visitors enjoy 

the exhibits more conveniently. 

In the future, we can further study the application of multi-agent technology in the 

optimization design of museum building space, such as: to further improve 

multi-agent technology to adapt to the optimization design of museum building space; 

to further improve multi-agent technology to improve its implementation efficiency; 

to integrate multi-agent technology with other disciplines. 

The multi-agent simulation platform used in this paper is built on the existing 

simulation software platform, and the lack of integration with architectural expertise. 

In the future work, we can try to combine Agent technology with architectural 

expertise, so that it can play a greater role in the optimization design of museum 

building space. 
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