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Abstract: 

With the development of information technologies and the transformation and upgrading of architecture, 

engineering, and construction (AEC) industry, intelligent construction is gaining increasing attention. 

Integrating with construction industrialization, intelligent construction has become an important way to 

achieve high-quality development of the AEC industry. To grasp the research development status of intelligent 

construction and explore future research opportunities, this study takes the database of Web of Science (WOS) 

and China national knowledge infrastructure (CNKI) as the data source, and carries out a bibliometric analysis 

of related research based on VOSviewer and Gephi. For English articles, the studies early focused on 

theoretical methods, and gradually transitioned to the engineering practice. Although it starts relatively later 

according to Chinese articles, intelligent construction has a rapid development in recent years and shows close 

interactions with engineering practice. Finally, this paper puts forward research prospects, in order to provide 

some directions for the research of intelligent construction and contribute to the upgrading and transformation 

of the AEC industry. 
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1 Introduction 

The development of information technology, such as artificial intelligence (AI), big data, Internet of 

Things (IoT), 5G, and blockchain, has promoted industrial transformation and upgrading in many industries, 

including the AEC industry (Liao, 2020). Existing initial attempts in the AEC industry show that the new 

generation of information technology can effectively improve the efficiency of detailed design (Li et al., 2021), 

component production (Han et al., 2021), construction schedule management (Bai, 2021), and other stages. 

But due to the low degree of integration between information technology and the AEC industry, there exist 

many research gaps (Liu et al., 2021). Therefore, the intelligent construction technology proposed in recent 

years aims to promote the efficiency of the integration between information technology and the AEC industry, 

which can improve the efficiency and safety of the whole construction process. 

Intelligent construction integrates the new generation of information technologies such as BIM, IoT, cloud 

computing, AI, and 3D printing with the AEC industry (Liu et al., 2019), which aims to achieve real-time 

analysis, human-machine collaboration, and continuous optimization via data and physics-driven (Fan et al., 

2021). Broadly speaking, intelligent construction can be divided into three main groups. Group 1, based on 

the BIM and IoT technologies, intelligent construction achieves information interaction between people and 
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things, and things and things to promote the efficiency of the construction process (Wang et al., 2020; Zhang 

et al., 2021); Group 2, base on the AI technology, the processes of design (Sobhkhiz et al., 2021), construction 

(Wang et al., 2016), and management (Lin & Wu, 2021) can be optimized. And group 3, the collection, 

analysis, and management of big data generated during the construction process can be conducted through 

cloud computing and big data technology (Li et al., 2016; Meng, 2015). It can be seen that intelligent 

construction is expected to improve the construction method in a new way and promote the transformation of 

the AEC industry (Fan et al., 2021). 

In the past three decades, domestic and foreign scholars have explored intelligent construction. Due to 

the combination with the new generation of information technology, there are many research directions in the 

field of intelligent construction. Therefore, it is difficult to grasp the research focus, hotspots, and current 

status. At present, domestic scholars' reviews on intelligent construction are mostly focused on the engineering 

practice and the macro development of the AEC industry. However, the comparative analysis of Chinese and 

English articles is less involved. To address the research gap and grasp the research development status of 

intelligent construction and explore future research opportunities, this study takes the database of Web of 

Science (WOS) and China national knowledge infrastructure (CNKI) as the data source, and then carries out 

bibliometric analysis of Chinese and English articles in the field of intelligent construction based on 

VOSviewer and Gephi (Bastian et al., 2009; Van Eck & Waltman, 2021). 

The remainder of this paper is organized as follows. First, the methodology and data collection process 

are illustrated in Section 2. Then, this work combines Python and Excel to analyze and visualize the number 

of articles per year for different keywords, and then analyze the trend of intelligent construction (Section 3). 

In Section 4, this work first analyzes the retrieved articles by VOSviewer. Then, the analysis results (i.e., 

various research networks) are imported into Gephi via CSV file for better visualization. Then the hotspots 

and trends are discussed. In Section 5, this work performs a comparative analysis of Chinese and English 

articles in the field of intelligent construction. Finally, Section 6 concludes this research. 

2 Methodology and Data collection 

2.1 Methodology 

 In this work, VOSviewer, a widely-used literature analysis tool, is used to perform bibliometric analysis, 

and Gephi, a social network visualization and analysis toolkit, is used to promote the analysis results. 

VOSviewer can perform large-scale literature analysis and visualization (Yan & Li, 2020), such as author-

coupling analysis, institution-coupling analysis, literature co-citation analysis, and keywords clustering 

analysis (Song & Chi, 2016). The final analysis results have two kinds of representations, including the cluster 

view and the density view. The cluster view is often used to demonstrate the structure of the literature graph 

and point out the research hotspots. While the density view is often used to analyze the important areas and 

the research trends. Gephi takes CSV files as data sources and supports network graph generation and 

personalized editing and processing. It is a common tool for graph processing and visualization (Deng et al., 

2014). Besides the VOSviewer and Gephi, this paper also combines Python and Excel to count and visualize 

the number of articles per year for different keywords, and then analyze the trend of intelligent construction. 

2.2 Data collection 

The Chinese and English articles are sourced from the CNKI and WOS core collections, respectively, 

and the retrieval time is from 1990 to 2021. For the Chinese articles, the keywords including "Intelligent 

Construction", "Smart Construction",  "Smart Construction Site" are chosen as the theme. The article types 

include dissertations, academic journals, and conferences. Finally, 2,241 Chinese articles are obtained. For the 

English articles, the keywords including "Intelligent Construction", "Smart Construction", "Smart 

Construction Site" are chosen as the theme. The literature types include dissertations, conference proceedings 

papers, and review papers. Then, we filter the articles via WOS categories. We select WOS categories in the 

fields of IoT, computer technology, civil engineering, and other intelligent construction-related fields, such as 



"Computer Science Artificial Intelligence", "Construction Building Technology", "Robotics", etc. Finally, 

8,989 papers are collected. The selected WOS categories are shown in Table 1. 

Table1WOS categories and the number of corresponding articles 

WOS categories The number of articles 

Automation Control Systems 815 

Computer Science Artificial Intelligence 1614 

Computer Science Cybernetics 225 

Computer Science Information Systems 1499 

Computer Science Interdisciplinary Applications 882 

Computer Science Software Engineering 448 

Computer Science Theory Methods 1378 

Construction Building Technology 799 

Engineering Civil 1114 

Engineering Electrical Electronic 2591 

Engineering Geological 146 

Engineering Industrial 343 

Engineering Manufacturing 276 

Engineering Mechanical 531 

Engineering Multidisciplinary 633 

Geology 11 

Green Sustainable Science Technology 405 

Management 318 

Mechanics 153 

Multidisciplinary Sciences 173 

Operations Research Management Science 291 

Regional Urban Planning 62 

Remote Sensing 148 

Robotics 273 

Telecommunications 986 

Transportation 81 

Transportation Science Technology 269 

Urban Studies 118 

3 Overview of Chinese and English articles 

3.1Development trend of published papers 

After data collection and preprocessing, the trend analysis is firstly performed. The number of articles 

reflects the changes in the research interest in a research area (Xu et al., 2021). Therefore, we first compare 

the annual publication volume of Chinese and English articles. As shown in Fig.1, there are significant 

differences in the research trend between Chinese and English articles. 

For the English articles, before 2004, there is a small number of English articles related to intelligent 

construction. Although the number of publications in English articles fluctuates to a certain extent between 

1990 and 2004, it still maintains a growing trend. After 2004, the growth rate has gradually accelerated and 

generally has an exponential growth trend. Then, the exponential fitting analysis is carried out on the annual 

publication volume of 8989 English documents from 1990 to 2021. The curve fitting degree is 0.9764, which 

means that the number of English research works related to intelligent construction has been increasing 

exponentially during this period. 

For the Chinese articles, there is a big gap between the total publication volume of the year during 2009-

2021 and the publication volume before 2009. Although the first Chinese work on intelligent construction was 



published in 1990, there was not a clear growth trend until 2009, during which the number of papers published 

was 0 in 5 years. Therefore, it is meaningless to perform a fitting analysis on all years. So, the exponential 

fitting analysis is only performed on the number of publications from 2009 to 2021. The curve fitting degree 

is 0.9371, which is more in line with the exponential distribution. It can be considered that the number of 

publications from 2009 to 2021 increased exponentially. 

 

Fig. 1.The annual number of research papers on intelligent construction 

3.2National technical strength analysis 

 Analyzing the countries of the papers related to intelligent construction is shown in Fig. 2. Specifically, 

the 8989 papers retrieved in WOS are counted by country, and the 2241 papers retrieved by CNKI are merged 

into the number of published papers in China. As Fig. 2 shows, China (56%) plays an extremely important 

role in the field of intelligent construction, with more than half of the publications, followed by the United 

States (10%), the United Kingdom (3%), and South Korea (3%). The rest of the articles are distributed in 

countries such as Germany (3%), Russia (2%), Australia (2%), and other countries. 

 

 

Fig. 2. Regional distribution of total published volume 
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4 Advances in Chinese and English articles 

4.1 Advances in Chinese articles 

4.1.1 Research hotspots 

The keywords of the Chinese articles related to intelligent construction are analyzed for co-occurrence 

using VOSviewer (Fig. 3). The keywords of the 584 Chinese documents retrieved are counted to obtain 69 

high-frequency occurrences. Considering that there may be more than one keyword for the same concept (e.g., 

BIM, Building Information Model, etc. all indicate BIM), the synonymous keywords are manually combined 

by experts. Finally, 58 high-frequency keywords are obtained and can be divided into 3 clusters. Cluster 1 is 

digital twin & industrial IoT, and the related keywords include smart city, cloud computing, digital twin, etc. 

Cluster 2 is construction management with BIM technology, and the related keywords include informatization, 

digitization, construction management, etc. Cluster 3 is construction industrialization and construction robots, 

and the related keywords include construction robots, integrated applications, digital transformation, etc. 

In addition, we analyzed the typical studies of the three clusters as follows: 

 

Fig. 3. Co-occurrence analysis of keywords in Chinese articles research on intelligent construction 

(1) Cluster 1: digital twin &industrial IoT 

The BIM model stores the geometric and semantic information of the building components (Ye, 2021). 

Due to its excellent 3D visualization capabilities and rich information database, the BIM model can provide a 

collaborative design platform for different professionals (Liu et al., 2013). Therefore, the BIM model has an 

indispensable position in the intelligent construction system. However, BIM also has certain limitations. The 

information provided by the BIM model is usually static (Xu&Ye, 2022), so the information in the model 

cannot be automatically updated without additional data sources. The IoT compensates for this drawback of 



BIM models very well (Chen, 2021). Through various types of sensors and intelligent devices, the IoT serves 

as an external data source to transfer real-time data on the status of building components and the surrounding 

environment to the BIM model, which ensures the timeliness of the information in the BIM model and realizes 

the integration of various building information (Chen et al., 2021). Combining BIM and IoT, the digital twin 

technology of the AEC industry come out. For example, at a petrochemical construction project site in Wuhan, 

BIM&IoT technologies are used to build a digital twin model of construction implementation to achieve safe 

and precise management of the construction site. Mai et al. proposed a BIM&IoT integrated management 

system composed of a perception layer, a control processing layer, and an application layer. The system can 

integrate, fuse and process the information of the life cycle of the building to realize the comprehensive 

management of the project (Mai et al., 2020). 

(2) Cluster 2: construction management with BIM technology 

BIM technology is often used to improve the efficiency of project management, such as collision detection 

in the design stage (Liu et al., 2017), construction process simulation (Zhang et al., 2012), etc. In the project 

information management research with BIM technology as the core, the information management of 

prefabricated buildings is one of the most typical researches. Prefabricated buildings refer to the production 

and manufacture of components such as walls and panels required for the building in a factory according to 

standards, and transport them to the construction site for splicing and installation (Shi&Huang, 2021). 

Therefore, components in prefabricated buildings need to meet interchangeability requirements (Ye, 2021). At 

the same time, prefabricated buildings will generate a lot of semantic information (e.g., transportation time, 

installation time, installation personnel (Wang et al., 2021)) during the whole construction process including 

the design stage (Zhou et al., 2012), the production stage (Dai et al., 2017), the construction stage (Tian et al., 

2017), the operation stage, and the maintenance stage (Qi&Li, 2014). The above multiple-stage complex 

information can be effectively managed to utilize BIM technology. Specifically, before design, a prefabricated 

component family library can be established in BIM software according to relevant specifications to improve 

modeling efficiency (Xu et al., 2021). During the design, the capabilities of collaborative design of the BIM 

model are used for equipment and pipelines collision checks, etc., to avoid tedious modifications in the later 

stage (Gu, 2021). Combined with the IoT and the semantic information stored in the BIM model, it can also 

coordinate the production, transportation, construction, operation, and maintenance of prefabricated 

components, and achieve efficient installation and management of prefabricated buildings (Ye, 2021). For 

example, the Qingdao International Conference Center project realized the management of the prefabricated 

building from design to construction through the BIM model and completed the construction work that 

normally takes 2 years in 6 months (Zhou et al., 2020). Wang et al. proposed an intelligent construction system 

for prefabricated tunnel structures based on the deep integration of lightweight BIM, RFID technology, and 

ERP system. The system provides technical support for the construction, operation, and maintenance of 

prefabricated railway tunnels throughout the life cycle (Wang et al., 2020). 

(3) Cluster 3: construction industrialization and construction robots 

At present, many processes in construction still rely on manual operations, with long construction cycles 

and high safety risks (Yu et al., 2016). In recent years, the development of digital technologies such as AI and 

the IoT has made intelligent construction robots a research hotspot in the field of intelligent construction 

(Meng, 2021). Compared with manual work, construction robots are convenient for scheduling and planning 

in the construction process and can maintain a good working state for a long time, especially for high-risk and 

high-precision work (Lin, 2021). Domestic research on construction robots is still in its infancy. Most robots 

cannot be put into practical application due to problems such as accuracy and specifications. Only a few 

preliminary and mature troweling robots can be put into use. The intelligent construction robots developed by 

Suet al. have been able to complete the assembly of light steel keel partitions, the construction of special-

shaped walls, and the laying of floors. However, due to cost, they still cannot be mass-produced and put into 

use (Su et al., 2019). 



4.1.2 Research Trends 

 Excluding Chinese documents without keywords and publication years, 2225 Chinese documents 

retrieved from CNKI are analyzed by keyword clustering for annual publication volume. The top ten keywords 

in terms of the total number of postings were selected, and their synonyms were expanded to obtain research 

trends in Chinese articles (Fig. 6). 

 Overall, with the development of information technologies, the Chinese articles in the field of intelligent 

construction started to show a growth trend from 2015, and the growth rate increased sharply from 2018 and 

remained until 2021. Since the research on prefabricated buildings and construction robots is closely related 

to BIM&IoT technology, the publication volume of BIM&IoT is the highest, and the growth rate is greater 

than the other two. 

As shown in Figs. 4 and 5, from the analysis of the annual volume of keywords, it can be seen that the 

"BIM"," IoT ", and "construction management" have received continuous attention and gradually increased in 

popularity since 2015. The popularity of "Prefabricated Buildings" has grown rapidly since 2017. In 2020, 

with the release of relevant policies, policies interpretation and research on "Construction Robots" and 

"Prefabricated Buildings" related to "Industrialization of Construction" have been increasing. Therefore, 

related research on " Industrialization of Construction ", "BIM" and " IoT " will become the focus in the future. 

 

Fig. 4. Analysis of the annual publication volume of keywords ranked 1-5 in the total publication volume of Chinese articles

 

Fig. 5. Analysis of the annual publication volume of keywords ranked 6-10 in the total publication volume of Chinese 

articles 
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Fig. 6. Analysis of the annual publication volume of Chinese articles intelligent construction research keyword clustering 

4.2 Advances in English articles 

4.2.1 Research hotspots 

 The same method is used to analyze the keyword co-occurrence of English articles in the field of 

intelligent construction (Fig.7). After merging synonyms and deleting unnecessary keywords, the 98 keywords 

with high frequencies are reclassified into the following three groups based on the relationship of different 

clusters. Cluster 1 is knowledge representation, learning, and utilization, related keywords include ontology, 

knowledge graph, knowledge management, etc. Cluster 2 is the digital twin, related keywords includeBIM, 

IoT, smart city, smart building, digital twin, etc. Cluster3 is intelligent algorithms and their applications, 

keywords include machine learning, computer vision, optimization methods, feature extraction, etc. 

 

Fig. 7. Co-occurrence analysis of keywords in English articles research on intelligent construction 
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(1) Cluster 1: knowledge representation, learning, and utilization 

Compared with images and audio, it is easier to collect text data in construction projects, however, more 

than 80% of text data is unstructured. So, it is important to extract and understand text data automatically, 

intelligently, and cost-effectively (Gharehchopogh&Khalifelu, 2011). Natural language processing (NLP) 

technology can analyze text structure and word meaning.NLP can replace traditional manual procedures by 

training machine learning or deep learning models, thereby realizing automatic extraction and analysis of text 

data (Wu et al., 2022). Based on Global Vectors for Word Representation (GloVe), LSTM, Gated Recurrent 

Unit (GRU), and Symbiotic Organisms Search (SOS), Cheng et al. implemented construction site incident 

documentation, which allows safety professionals to try more accurate prevention strategies (Cheng et al., 

2020). Chen et al. built a fully automated platform for contract management by extracting keywords for 

construction project contracts through progressive scale expansion network (PSENet), convolutional recurrent 

neural network (CRNN), and bidirectional recurrent neural network-convolutional neural network (BRNN-

CNN) (Chen et al., 2021). 

(2) Cluster 2: digital twin 

As mentioned in cluster 1 in Section 4.1.1, BIM and the IoT, two technologies that often appear at the 

same time, play an extremely important role in intelligent construction. Combining BIM and IoT, the digital 

twin technology of the AEC industry come out. In the digital twin related research, how to integrate the data 

collected by the IoT (physics world) into the BIM model (virtual world) in a timely manner has become a 

research hotspot. Shu Tang et al. summarized 5 integration methods from 97 articles, including calling BIM 

model related APIs and databases, converting BIM data into relational databases using new schemas, creating 

new query languages, semantic networks, semantic networks, and relational databases (Tang et al., 2019). The 

first two methods use a database as an intermediate and integrate BIM model data and data collected by sensors. 

The third method directly integrates the BIM model with the sensor data, so that the sensor data can be queried 

directly on the BIM model or the IFC model. The last two methods store IFC and sensor data in the file format 

of RDF and use SPARQL uniformly for data queries. 

(3) Cluster 3: intelligent algorithms and their applications 

 Construction projects are often accompanied by huge data streams, which are processed with ordinary 

algorithms will bring huge time costs. By training appropriate models, various AI methods can learn in large 

amounts of data to handle rapidly growing data. Meanwhile, due to the development of BIM models and IoT 

technology, intelligent algorithms such as computer vision can play a huge role in automation and digitization. 

Sizing optimization of truss structures is a key and difficult problem in engineering structural design. 

Therefore, Bureerat et al. proposed a meta-heuristic algorithm to solve such problems based on the concept of 

differential evolution and using a strategy adaptive scheme (Bureerat&Pholdee, 2016). Cha et al. developed a 

structural visual inspection method based on a fast regional convolutional neural network (Faster R-CNN) to 

achieve fast identification of five types of damage such as concrete crack, steel corrosion with two levels 

(medium and high), bolt corrosion, and steel delamination (Cha et al., 2018). Chen et al. detected, tracked, 

and identified excavator activities based on convolutional neural networks, and analyzed the results to achieve 

automatic monitoring of excavator productivity (Chen et al., 2020). 

4.2.2 Research Trends 

This paper analyzes the annual publication volume of 7065 English articles by keyword clustering. The 

development trend of English articles research is obtained by selecting the top ten keywords and their synonym 

expansion. The results are shown in Fig.10. 

In general, the English articles in the field of intelligent construction have grown rapidly since 2015and 

mainly focus on BIM&IoT integration research. Semantic technology-related research has been higher than 

the other two until 2015, but the number of articles is all low. Since 2015, the research on BIM&IoT integration 

has seen a large increase, which has also led to an increase in the number of publications related to semantic 

technology and intelligent algorithms. It can be seen that the research of semantic technology and intelligent 

algorithms are closely related to BIM&IoT integration. 



 As shown in Figs. 8 and 9, because the English articles in the field of intelligent construction started early 

and have a good foundation, the research direction is wide, and the annual volume of papers for different 

keywords fluctuates greatly. In general, the annual publication volume of each keyword is on the rise. Good 

engineering management can effectively reduce the occurrence of accidents(Lin et al., 2019). Therefore, 

"BIM" and "IoT" are inseparable from "management", so the keyword "management" ranks high in the annual 

number of articles most of the time. Meanwhile, the research content of English articles is gradually shifting 

from theoretical methods such as "Knowledge Management", "Ontology" and "Optimization" to engineering 

practices such as "Decision Making" and "Smart City". 

 

Fig. 8. Analysis of the annual publication volume of keywords ranked 1-5 in the total publication volume of English articles 

 

Fig. 9. Analysis of the annual publication volume of keywords ranked 6-10 in the total publication volume of English 

articles 

 
Fig. 10. Analysis of the annual publication volume of English articles intelligent construction research keyword clustering 
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5 Comparison of Chinese and English articles 

 As for the research basis, the English articles in the field of intelligent construction have a large base and 

a rapid growth rate. It has basically maintained exponential growth since 1990. Chinese articles have 

maintained a continuous growth trend since 2009. Although there has been explosive growth since 2016, the 

number of published articles is still lower than that of English articles due to a later start (Fig. 1). 

The following are the characteristics of the research status of Chinese and English literature related to 

intelligent construction: 

 (1) In terms of research content and research trends, the English articles in the field of intelligent 

construction are more focused on methods and theories. In the early stage, the focus was on finding better 

algorithms or theoretical frameworks to adapt to the increase in the amount of data in the field of engineering 

construction. It was only in recent years that articles related to engineering applications gradually appeared. 

 (2) The evolution of the English articles has undergone the following transformation: the research has 

shifted from semantic technologies such as ontology and intelligent algorithms to specific applications such 

as task analysis, knowledge graphs, and smart city. It can be seen that the English articles have gradually 

transitioned from theoretical studies to applications. 

 (3) In the Chinese articles, the related research and engineering in the field of intelligent construction are 

more widely combined. Although it started late, it has been closely integrated with engineering since it has a 

certain foundation. The research content of Chinese articles is shifting from informatization research based on 

the IoT and BIM to collaborative development, building industrialization, and digital twin. 

There are still more high-risk jobs in the construction industry, so the digitization and industrialization of 

construction are important for the improvement of this situation and even the upgrading and transformation 

of the whole construction industry. 

6 Conclusion 

Based on the bibliometric and visual analysis of Chinese and English articles in the field of intelligent 

construction from 1990 to 2021, this paper gives an overview of the research status and makes a 

comprehensive analysis of research hotspots and research trends. In summary, the characteristics of the current 

research in the Chinese and English articles in the field of intelligent construction and the issues that need 

attention can be found. In this field, Chinese articles have developed rapidly in recent years and have 

accumulated a certain foundation. Although it is closely integrated with engineering and has achieved a certain 

degree of productivity transformation, it lacks research on algorithms and theoretical frameworks such as 

computer version, semantic technology. The theoretical research foundation of English articles is better, and 

it has a certain stage. At present, it has transitioned from theoretical research to engineering application. 

Combined with the development status of intelligent construction and related bibliometric analysis, it can 

be seen that future research and practice can make innovative contributions from the following aspects: 

 (1) Explore the integration methods of multi-dimensional information, improve information utilization, 

and eliminate information silos (Liu et al., 2021). Based on BIM technology, combined with IoT, physical 

engine, and other technologies, a digital twin model can be established. It can integrate various buildings’ 

information such as geometric attributes, materials, real-time status, etc., and realize the collaborative design 

and comprehensive management of buildings from design, construction, operation, and maintenance. 

 (2) As mentioned in 4.2.1 Cluster 1 above, there are a lot of unstructured data, especially text data, in 

construction projects. The processing method of unstructured text data currently relies heavily on humans. 

Future research may focus on, automatically processing the unstructured text data into structured data based 

on natural language processing (NLP) technology. Thereby, the cost of processing will be greatly reduced, and 

the efficiency of project management and information processing could be improved. 
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