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Abstract: Over the past two decades, the field of Robotics in Construction has evolved into an interdisciplinary 
research domain that combines a multitude of pressing technologies. This work introduces an innovative review 
framework that assesses the interconnection between robotics in construction and automation, while also 
examining advancements in technologies. In this research, a novel classification framework was created and 
a comprehensive literature review was performed to shed light on recent developments in the field of robotic 
construction. The objectives are to delineate the diverse dimensions of robotics in construction, uncover the 
underlying themes and sub-themes within these dimensions, identify key research gaps in the current studies, 
and provide recommendations for future research endeavors. This paper concluded that the existing research 
focus primarily on technical aspects in robotics within construction, neglecting environmental considerations, 
while identifying a lack of long-term studies on structural performance, hindering concerns about durability. 
Additionally, challenges persist in integrating robotics into construction workflows without disruption, 
compounded by the absence of standardized practices and regulations, alongside concerns about safe human-
robot interaction, affordability, and accessibility. Furthermore, inadequate training programs for workers and 
ethical concerns regarding job displacement, privacy, and societal impacts underscore the need for careful 
examination in the responsible and ethical deployment of robotics technologies. Finally, research efforts 
should emphasize the development of user-friendly interfaces and ergonomic designs for construction robots to 
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enhance their usability and acceptance among workers, ultimately contributing to the successful integration of 
robotics into construction practices. 
Keywords: Robotic in Construction; Building Information Modelling; Automation; Technology; Architecture

1. Introduction

Robotics in Construction (RiC) is a field of 
technology and engineering that involves 
the use of robotic systems and automation 

in various aspects of the construction industry[1]. 
From 1978 to 1988, significant strides were made in 
developing construction robots to augment efficiency 
and tackle prevalent challenges within the construction 
sector. Notably, the Japanese general contractor 
Shimizu Corporation pioneered the creation of the 
first on-site construction robots in response to a 
scarcity of skilled labor, subpar construction quality, 
and negative public perception[2]. This era saw the 
emergence of approximately 50 distinct construction 
robot systems[3]. Additionally, a pivotal development 
in 1988 known as Robot Oriented Design (ROD) was 
introduced  to streamline the integration of robotic 
technology into construction processes by establishing 
a robot-oriented approach to construction and design[4]. 
These early achievements in construction robotics 
laid a foundation for subsequent advancements in the 
field.

In the ever-evolving realm of construction, 
technological advancements have ushered in a new 
era marked by efficiency and precision robotics 
construction, a cutting-edge field at the intersection 
of robotics and architecture that promises to reshape 
how we build the world. By harnessing the power 
of automation and Artificial Intelligence (AI), 
robotic construction presents a paradigm shift in the 
construction industry, where robots and machines 
are becoming indispensable tools on construction 
sites[5-8].

One of the pivotal tools in the arsenal of robotic 
construction is Building Information Modeling (BIM). 
BIM is a digital representation of a building’s 
physical and functional characteristics, offering 
a holistic view of a construction project from 
inception to completion. When combined with 
robotic construction techniques, BIM becomes a 
potent catalyst for innovation, enabling architects, 
engineers, and builders to optimize the construction 
process in unprecedented ways[9-12].

Comprehending RiC necessi tates  a  holis t ic 
comprehension that considers technological, technical, 
and environmental constraints, as well as the interplay 
between these factors. The unique contribution of 
this study resides in introducing of a classification 
framework that encompassing these dimensions, 
including the technological, technical, and environmental 
aspects of RiC.

The field of RiC is considered dynamic and 
connected to many other fields, different technologies 
have emerged and evolved in the field of robotics 
in construction in the last years[13]. 3D Printing has 
emerged as a pioneer technology for constructing 
components on-site. It enables the creation of 
complicated structures and holds the abilities to reduce 
material loss, marking an essential advancement in 
construction industry[14]. Robotic Arms have become 
pivotal in construction activities like bricklaying, 
welding, and concrete pumping. These robotic arms 
enhance construction speed and overall quality as they 
are precise and consistent, showcasing the potential 
for increased automation in the industry[15]. Drones are 
also being employed more to survey, map, and monitor 
sites. These aerial vehicles boost site control efficiency, 
enhance safety protocols by providing real-time 
data[16].

Artificial Intelligence (AI) is another technology 
integrated into construction robotics, leading to 
improvements in decision-making operations and the 
automation of repetitive tasks[16]. Machine learning 
(ML) algorithm technology plays a crucial role in 
analyzing data, contributing to enhancements in project 
management and implementation[17].

Construction Robotics Software has become critical 
in managing and coordinating robotic systems. These 
new software programs provide features for designing, 
controlling, and adjusting robotic performance, 
which enhances operational efficiency[18]. Lastly, 
Augmented Reality (AR) and Virtual Reality (VR) 
play a fundamental role in design visualization, 
planning the construction process, and training. 
These mesmerizing technologies have led to improve 
communication among project stakeholders and 
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promote effective collaboration, which changed the 
way of how construction projects are conceptualized 
and executed[19].

RiC has evolved into a profoundly interdisciplinary 
research domain that combines robotics with a 
spectrum of technologies,  including Additive 
Manufacturing (AM), BIM, and deep learning. 
Consequently, the body of literature pertaining to RiC 
is extensive, multifaceted, and fragmented[20]. There 
are several literature reviews on RiC: some focuses on 
technical aspects[21–23], and some on the technologies 
involved[5,22,24]. A comprehensive review on the role of 
automation and robotic in public-private partnerships 
(PPP) was also presented[25].

However, it is noteworthy that most of the existing 
studies primarily represent opportunities and challenges 
in RiC research without addressing a comprehensive 
classification framework. The primary contribution 
of this paper lies in the introduction of a framework, 
informed by a thorough review of the literature that not 
only identifies the intricate interactions among various 
aspects of RiC but also establishes connections between 
them and the envisioned methodologies, techniques, 
and challenges in the field.

This paper introduces a systematic flowchart 
outlining an analytical approach based on bibliometric 
and bibliographic research analyses concerning RiC. 
VosViewer software was employed to facilitate the 
creation of keyword clusters and the identification 
of the most impactful keyword patterns within each 
scenario. Additionally, a comprehensive framework is 
presented that brought to the forefront the significant 
themes and research categories related to RiC over the 
recent six years (2018 - 2023).

This paper develops a classification framework to 
cover the different aspects associated with the use of 
robotic technology in the construction industry, thus 
providing a comprehensive overview of where the 
research on robotic construction has focused. In order 
to determine and fulfill the gaps of the research on 
RiC field, this literature review raised the following 
questions:

a) Which primary dimensions of RiC does existing 
research primarily focus on?

b) What specific research themes and subthemes are 
associated with the identified dimensions in previous 

studies?
c) What significant gaps exist in the current body of 

research within the field of robotic construction, and 
what promising future directions and research horizons 
can be identified?

The paper is organized as follows: Section 2 
illustrates the methodology employed for conducting 
a comprehensive literature review, providing the 
outcomes of bibliometric and bibliographic analyses. 
This section also introduces and expounds upon the 
classification framework devised in the context of this 
review. Subsequently, Section 3 addresses the research 
questions and expounds upon the overarching findings. 
Lastly, Section 4 proffers a prospective research agenda 
pertaining to robotic construction, accompanied by 
conclusive remarks.

2. Materials And Methods
In pursuit of addressing the research questions raised in 
this study, the authors conducted a systematic literature 
review, including an examination of technological, 
technical, and environmental aspects. This approach 
involved the implementation of bibliometric and 
bibliographic analyses. The bibliometric analysis 
delt with identifying a diverse range of topics within 
the domain of RiC, utilizing citation analysis and 
keyword clustering techniques. Subsequently, a 
bibliographic analysis was conducted to qualitatively 
delve into specific initiatives related to distinct topics 
by thoroughly reviewing the content of the research 
papers. Combining these two analytical methods 
was essential to cultivating a comprehension of the 
existing literature. (Figure 1) represents the sequential 
stages employed to construct the systematic approach 
employed in this study. This paper's bibliometric and 
bibliographic methods form part of the overall review 
methodology derived from Mayrin. The following are 
the key steps of the applied methods:

• Step 1: Collection of related data.
• Step 2: Descriptive analysis of the inspected 

literature.
• Step 3: Introduction of a classification framework 

that categorizes the examined studies on RiC.
• Step 4: Assessment of the materials identified 

in Step 1, utilizing the classification framework 
formulated in Step 3
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Figure 1. Bibliometric and bibliographic methods applied in the literature review.

2.1 Collection of Relevant Materials
This phase involved collecting a substantial of 
literature. In order to collect the materials, a set 
of essential keywords was created to facilitate 
the identification of related research papers. This 
preparatory step ensured a methodical search and 
screening process for published documents that align 
with the scope of the inquiries presented in the initial 
section of this article. Three databases were chosen: 
Elsevier’s Scopus, Google Scholar and ISARC (The 
International Symposium on Automation and Robotics 
in Construction) Proceedings. Considerations of 
relevance, comprehensiveness, accessibility, peer-
reviewed content, search capabilities, and previous 
research recommendations meticulously guided the 
selection of databases for the research. Prioritizing 
databases specializing in robotics within architectural 
and engineering construction industries ensured access 
to scholarly articles and peer-reviewed journals specific 
to the topic. These selected databases are recognized 
for their extensive coverage across disciplines, offering 
a diverse range of studies and publications pertinent 
to the research. Their widespread use facilitates 
easy access to a vast collection of literature, while 
advanced search features enable precise retrieval of 
relevant research papers, enhancing the efficiency of 
the research process. However, it’s acknowledged that 
while these databases were chosen for their strengths, 
they may not encompass all available literature on the 

subject.
The search phase was done by identifying three main 

keywords to be used: Robotic Construction, BIM, and 
Automation. By incorporating these keywords into the 
literature review, the researchers aim to demonstrate 
a comprehensive approach to examining the latest 
research, developments, and trends in the field of 
robotic construction, encompassing technological 
advancements, digital tools, and automation strategies. 
Robotic construction involves the use of robots and 
automated systems in various construction tasks, 
offering advantages such as increased productivity, 
improved safety, and precision. By focusing on 
this keyword, the researchers aim to explore the 
latest advancements, applications, and challenges 
in implementing robotics within the construction 
industry. BIM is a digital representation of a facility's 
physical and functional characteristics. It facilitates 
collaboration, improves decision-making, and enhances 
efficiency throughout the construction lifecycle. 
Including this keyword allows to explore how BIM 
interfaces with robotics and automation in construction. 
Automation involves the use of technology to perform  
tasks with minimal human intervention. It is closely 
related to robotic construction, encompassing 
various automated processes and systems utilized in 
construction operations. By incorporating this keyword, 
the research aims is to explore the intersection between 
automation and robotics in construction.
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Four sets of keywords were developed. Set 1 
focused on integrating BIM and RiC and included 
the following keywords: “Robotic Construction” 
and “BIM”. The second set combined Automation 
and RiC, and it included the key words “Robotic 
Construction” and “Automation”. The 3rd set involved 
merging BIM with Automation and the keywords used 
were “BIM” and “Automation”. Finally, the 4th set 
merged the three fields and the keywords “Robotic 
Construction”, “BIM”, and “Automation” were used 
in this set. Initially, a timeline commencing in 2018 
was selected with the intention of uncovering the 
most recent advancements in theory and contributions 
while emphasizing the subject’s relevance over 
the past six years. (Table 1) presents the number of 
documents retrieved from both databases for each set 
of keywords.

Table 1. Number of documents collected from the three 
databases.

Database
Number of Retrieved Articles

Set 1 Set 2 Set 3 Set4
Google scholar 2680 16900 5350 2420

Elsevier’s Scopus 390 2796 411 152
ISARC 

Proceedings 538 803 1226 1241

Total 3608 20499 6987 3813

The framework proposed in this research reflects 
the strong relationship between RiC initiatives, 
Automation, and BIM through bibliometric and 
bibliographic analyses. The focus for future research 
was determined fol lowing the acquis i t ion of 
bibliometric results from the five aforementioned 
searches. The bibliometric analysis was executed 
employing VosViewer Software, version 1.6.19, 
developed at Leiden University, Leiden, Netherlands, 
which seamlessly integrates with the databases utilized 
in this study. The research outcomes were retrieved 
in (.ris) format and subsequently imported into the 
software. Upon the establishment of cluster maps, they 
subsequently guided the pursuit of three additional 
types of research, bolstered by the findings derived 
from the initial five cluster visualizations generated 
through VosViewer software. The specifics of all the 
conducted research are outlined as follows:

2.1.1 Elsevier’s Scopus:
This section describes the steps that were taken to 
collect the related data from Scopus database based 
on the chosen keywords, years, language, and type of 
articles. The number of retrieved documents was also 
provided for each set of keywords was provided as 
well.
1. “Robotic Construction” and “BIM” were used 

together in the “title” and “abstract” field. The 
research was limited to the last six years (2018– 
2023), and the language was limited to English. 
Document type was set to review articles and 
research articles, Subject Areas were limited to 
Engineering, Environmental Science, Energy. A total 
of 390 documents were retrieved.

2. “Robotic Construction” and “Automation” were 
used together in the “title” and “abstract” field. The 
same filters for years, language, article type, and 
subject areas as in point 1 were applied. A total of 
2796 documents were retrieved.

3. “BIM” and “Automation” were used together in 
the “title” and “abstract” field. The same filters for 
years, language, article type, and subject areas as in 
point 1 were applied.  A total of 411 documents were 
retrieved.

4. “Robotic Construction” and “BIM” and “Automation” 
were used together in the “title” and “abstract” field. 
The same filters for years, language, article type, 
and subject areas as in point 1 were applied. A total 
of 152 documents were retrieved.

2.1.2 Google Scholar:
This section describes the steps taken to collect the 
related data from the Google Scholar database based 
on the chosen keywords, years, language, and type of 
articles.
1. “Robotic Construction” and “BIM” were used 

together in the search field. The research was limited 
to the last 6 years (2018–2023) and the language 
was limited to the English language. A total of 2680 
documents were retrieved.

2. “Robotic Construction” and “Automation” were 
used together in the search field. The same filters 
for years and language as in point 1 were applied. A 
total of 16900 documents were retrieved.

3. “BIM” and “Automation” were used together in 
the search field. The same filters for years and 
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language as in point 1 were applied. A total of 5350 
documents were retrieved.

4. “Robotic Construction” and “BIM” and “Automation” 
were used together in the search field. The same 
filters for years and language as in point 1 were 
applied. A total of 2420 documents were retrieved.

2.1.3 ISARC proceedings:
This section describes the steps that were taken to 
collect the related data from ISARC Proceedings 
database based on the chosen keywords. The number 
of retrieved documents was also provided for each set 
of keywords was provided as well. It should be noting 
that limiting the search timeline, document type, and 
subject area was not applicable on the website and the 
database only provides papers in English Language.
1. “Robotic Construction” and “BIM” were used 

together in the search field. A total of 538 documents 
were retrieved.

2. “Robotic Construction” and “Automation” were 
used together in the search field. A total of 803 
documents were retrieved.

3. “BIM” and “Automation” were used together in 
the search field.  A total of 1226 documents were 
retrieved.

4. “Robotic Construction” and “BIM” and “Automation” 
were used together in the search field.  A total of 
1241 documents were retrieved.

2.2 Descriptive Analysis of the Materials
Through the analysis of publication, using the 
Scopus analysis tools[26], rates within the specified 
timeframe (2018–2023), (Figure 2) illustrates a 
continuous upward trend in the number of research 
papers dedicated to RiC. This escalation can be 
attributed to the escalating interest in RiC over recent 
years, driven by the increasing fascination with 
robotic solutions poised to transform the traditional 
construction sector. The persistent growth rate depicted 
in (Figure 2) reflects the saturation of existing 
construction methodologies and the pressing demand 
for modernization, culminating in the pursuit of more 
resilient and innovative construction practices.

 
Figure 2. Documents number on Scopus with the keywords “Robotic construction”, “BIM”, and “Automation” by year.

The papers incorporated into this review were sourced 
from a diverse array of 26 journals and conference 
proceedings, representing 42 different countries. 
(Figure 3) visually presents the distribution of analyzed 

papers across these various origins. While the United 
States stands out as the primary source of information 
on the subject, it is noteworthy that China, Germany, 
and United Kingdom have exhibited notable growth in 
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their research output in recent years. It is essential to 
highlight that this review exclusively considered papers 

in the English language, a factor that may have directly 
influenced the research output observed.

 
Figure 3. Documents by country on the Scopus database.

(Figure 4) underscores the distribution of analyzed 
papers across various publishing journals and 
conference proceedings. At this analytical level, it 
becomes evident that Proceedings of the International 

Symposium on Automation and Robotic in Construction 
has emerged as the primary publication outlet with 
the highest number of contributions dedicated to RiC, 
followed by “Automation in Construction”.

Figure 4. Sources of documents retrieved from Scopus contain the keywords “Robotic construction”, “BIM”, and “Automation” 
from 2018–2023.
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GPS Visualizer online software was used to create a 
map illustrating the origins of the retrieved documents 
and their affiliations. 

All the citation information from the chosen 
papers (title, abstract, author, and keywords) were 
uploaded to VosViewer software to create the keyword  
clusters. Before this process, the citation information in 
(.ris) format obtained from Scopus was transformed into 
localization data, which included latitude, longitude, 
name, and description fields. This transformation was 
facilitated through the utilization of BibExcel software, 

version 1.0. Subsequently, this localized information 
was integrated into the GPS Visualizer software, which 
processed and geocoded the data, ultimately generating 
a map that visually represented the countries of origin 
for the Scopus documents. Due to Google Scholar’s 
unavailability of citation information documents in the 
required format for direct integration with BibExcel, 
the countries of origin for papers from Google Scholar 
were manually added. (Figure 5) visually illustrates the 
countries of origin for the analyzed documents.

Figure 5. The countries of origin for the analyzed documents from GPS visualizer software.

The descriptive review conducted in this paper 
encompassed a bibliometric analysis, which entailed 
the input of the citation information from the selected 
articles, including title, abstract, author, and keywords, 
into the VosViewer software. Subsequently, this 
process facilitated the creation of keyword clusters. 
The maps were generated using the binary counting 
option to eliminate duplicated documents. Following 
the initial analysis, the VosViewer software determined 
the frequency of keywords appearing in both the title 
and abstract fields of all uploaded documents. The 
number of keywords was significantly reduced by 
setting a minimum occurrence threshold. Subsequently, 
a relevance score was computed, and the most fitting 
terms were subsequently chosen. Ultimately, the list 
of keywords was revealed. Generic terms unrelated 

to the subject matter, such as “ease,” “time,” “place,” 
and “thing,” were removed before generating 
the cluster map. Each generated map underwent 
thorough examination and served as a tool for refining 
subsequent research.

The initial search utilized the terms “Robotic 
construction” and “BIM,” yielding 390 documents in 
total. When these (.ris) documents were imported into 
VosViewer, more than 9,670 keywords were identified 
within the “title” and “abstract” fields. By imposing 
a minimum occurrence threshold of 17, only 127 
keywords met this criterion. Among these, 75 were 
considered more relevant, as determined by a relevance 
calculation within the software itself. Subsequent 
to verifying the preliminary findings and excluding 
generic words unrelated to the subject, the initial 
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cluster analysis results were generated, as depicted in 
(Figure 6).

The first and second clusters (highlighted in blue 
and green) prominently emphasize key aspects within 
the technological dimension of the RiC concept, 
including “internet”, “artificial intelligence”, “IoT”, 
“3D printing”, and “digital twin”. These keywords 
serve as valuable tools for refining searches related 
to the technological facets of RiC. The significance 
attributed to these terms underscores the substantial 
role of Information Technology (IT) in the context of 

RiC. Conversely, the third cluster (in red) underscores 
technical, environmental, and managerial aspects of the 
RiC subject, featuring keywords such as “construction 
site”, “environment”, “BIM model”, and “technique”. 
Collectively, the cluster map illuminates the three 
primary dimensions prevalent in discussions about 
RiC: technology, technical, and managerial. It also 
suggests that while a holistic perspective is essential 
for a comprehensive understanding of the subject, each 
dimension warrants specific consideration.

 
Figure 6. Cluster map generated from the research results using the keywords “Robotic” and “BIM”.

The second search that used the terms “Robotic 
construction” and “Automation,” resulted in 123 
documents in total. When the (.ris) documents were 
imported into VosViewer, more than 61.016 keywords 
were identified within the “title” and “abstract” fields. 
By imposing a minimum occurrence threshold of 90, 
only 123 keywords met this criterion. Among these, 
75 were considered more relevant, as determined 
by a relevance calculation within the software itself. 
After verifying the preliminary findings and excluding 
generic words unrelated to the subject, the initial 
cluster analysis results were generated, as shown in 
(Figure 7). Similarly, the second search emphasized 

the significance of IT technologies in RiC literature, 
particularly the terms “artificial intelligence” and 
“internet.” Additionally, the keyword “robotic process 
automation” emerged as notably important. As with 
the first map, this analysis resulted in three clusters 
centering on a distinct subject dimension.

The third search, employing the terms “BIM” 
and “Automation,” retrieved 1787 documents and 
revealed more than 10,500 keywords within the 
“title” and “abstract” fields. By imposing a minimum 
occurrence threshold of 20, the dataset was refined 
to 117 keywords, among which 70 were deemed 
more pertinent. After verifying the preliminary 
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findings, the final clusters are presented in (Figure 8). 
The cluster map generated exhibits three distinct 
clusters: the red cluster emphasizes the managerial 
dimension, featuring keywords like “planning”, 
“productivity”, “maintenance”, and “safety.” The green 

and blue clusters, on the other hand, underscore the 
technological aspects of Robotic in RiC, with keywords 
such as “point cloud”, “digital twin”, “algorithm”, and 
“IoT” taking center stage.

 
Figure 7. Cluster map generated from the research results using the keywords “Robotic” and “BIM”.

 
Figure 8. Cluster map generated from the research results using the keywords “BIM” and “Automation”.
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The last search, incorporating the terms “Robotic,” 
“BIM,” and “Automation,” yielded 55 documents and 
unveiled more than 3,000 keywords within the “title” 
and “abstract” fields. Applying a minimum occurrence 
threshold of 7, the dataset was distilled to 79 keywords, 
of which 47 were considered more relevant. The 
ultimate clusters are presented in (Figure 9) after 
validating the preliminary findings. The resulting 

cluster map features three distinct clusters: the green 
cluster highlights the managerial dimension, with 
keywords such as “quality”, “accuracy”, and “time.” 
In contrast, the red and blue clusters accentuate the 
technological facets of RiC, showcasing keywords like 
“virtual reality”, “digital twin”, “drone”, and “IoT” as 
the focal points.

 
Figure 9. Cluster map generated from the research results using the keywords “Robotic” and “BIM” and “Automation”.

2.3 Analysis of Papers
In this section, the focus shifted to the clustering of 
the selected body of work, a process informed by 
the prior bibliometric analysis conducted. With the 
retrieval of over 20,000 documents across the initial 
four types of research, the keyword clusters generated 
through VosViewer software offered valuable 
insights into potential refinements within the realm  
of RiC. Subsequently, four types of research were 
developed, leveraging these keyword enhancements. 
This endeavor culminated in the compilation of an 

extensive corpus comprising more than 7,000 research 
papers.

Within the collected corpus of literature, a deliberate 
selection process identified the 25 most pertinent 
documents from each research cluster, as determined 
by the bibliometric analysis. These chosen documents 
have been elaborated upon and are presented in (Tables 
2–4). Each table provides a comprehensive summary 
of the selected documents, organized according to their 
respective clusters.

Table 2. Documents with “robotic construction” and “BIM” as first clusters.

Reference Description

[27]
Presents a new approach for a universal robotic construction simulation by integrating ROS and BIM in an 
open simulator environment. Robot-based construction is viewed as one of the potential future solutions for 
achieving efficient construction.
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Continuation Table:
Reference Description

[28]
This article identifies the key functions representing the essential capabilities of BIM-AR platforms. It 
Identifies six key functions as the foundation for an evaluation framework that can assist practitioners in 
assessing the application area's requirements.

[20]
Explores integration of RIC with other technologies such as building information modeling and deep learning. 
Identified the latest research topics and trends concerning RiC. Providing in-depth insights into the future 
direction of RiC

[29] Explores the potential of combining BIM and robotics for practical implementations in the AEC industries and 
the challenges it is facing. Mixed analysis (quantitative and qualitative) approach.

[30]
Develops a software platform for data retrieval and analysis from BIM models and utilizing it efficiently 
during various stages of construction process. A framework is proposed to integrate BIM technology into 
automated construction through concrete 3D printing and was applied in a case study.

[31] Develops an integrated Building Information Model (BIM)-based indoor robot initialization system. 
Experiments in various environments using automatic initialization approach.

[32] Introduces a novel Building Information Modeling (BIM) methodology to facilitate the intricate geometry 
design and digital fabrication of modular housing units.

[33] Presents a software platform designed for data retrieval and analysis from Building Information Models (BIM), 
with a focus on its efficient utilization across multiple stages of the construction process.

[34] An articulated robotic arm facilitates an efficient communication link between BIM-designed elements and 
additive concrete manufacturing.

[35] The study introduces a knowledge-driven approach to enable robotic agents to inspect autonomous facilities.

[36]
Presents a novel BIM simulation-based method for assessing the automated assembly of wooden frames. The 
proposed approach offers a fresh perspective for professionals, providing a means to analyze building designs 
concerning the potential use of robotics for construction purposes.

[37]
Introduces a method based on Deep Reinforcement Learning (DRL) for automated assembly planning 
within robot-based prefabricated construction. It involves the development of a re-configurable simulator for 
assembly planning, using BIM and open game engine.

[38]
Involves a comprehensive examination of the information that can be directly extracted from the BIM and 
the additional data that needs to be integrated into the model to enable robots to execute specific tasks at the 
construction site.

[39] Designed a Simultaneous Localization and Mapping (SLAM) method to enhance the accuracy of positioning 
for the alignment of Building Information Models (BIMs) in Augmented Reality (AR) presentations.

[40]
Introduces a BIM-based LCA process designed to compare the carbon footprint of two design model options. 
The assessment considers various material choices, including the utilization of virgin materials as well as 
recycled and reused materials.

[41]
Develops a construction operation simulation system by leveraging BIM technology and artificial intelligence. 
It also involves an analysis of simulation technology pertaining to the intelligent movement of construction 
operation mechanisms and the overall construction operations.

[42] Seeks to enhance the integration of BIM within the context of 3D Concrete Printing (3DCP) processes. It 
comprehensively examines the technological compatibility and synergy between these two systems.

[43] Introduces a novel concept centered around the development of a systematic workflow for deriving a modular 
robotic system from a BIM model.

[44] Expands the scope of BIM to encompass the integration of robot task planning, facilitating the generation of 
intricate motion plans to execute construction tasks.

[45]
Explores the potential of digital building platforms grounded in BIM to enhance occupational health and 
safety (OHS) throughout the entire lifecycle of a building, including design, construction, operation, and 
deconstruction phases.

[46]
This research examines the potential for incorporating contemporary digital technologies into modular 
construction methods to advance the goals of sustainable construction. The analysis specifically focuses on 
modular construction materials and their implications in achieving sustainability objectives.

[47]
Proposed a novel approach by integrating computer vision with BIM to monitor the assembly process in 
modular construction factories. The method used object segmentation, aligning with BIM, and employing 
image processing to identify component installation.

[48]
Focused on a significant challenge in robotic construction related to dimensional lumber and construction 
materials, specifically addressing the impact of material imperfections and manufacturing inaccuracies on the 
built structure compared to its digital counterpart.

[49]
Established a framework for disassembly models by identifying essential parameters and utilizing BIM as the 
primary platform and graphic interface. The study explored the required information for building disassembly 
models and proposed relevant parameters implemented using BIM in a case study.
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[50] Addressed the challenges in large-scale construction projects using AM. It presented an automated monitoring 
and controlled material extrusion method to enhance the stability of extrusion-based concrete 3D printing.

[51]

Addressed challenges in digital workflows within the AEC industry, focusing on Design-to-Production (DtP) 
end-to-end data flow. The proposed DtP workflow utilized a BIM approach based on the IFC schema to 
holistically interface construction, production, and machine-relevant data, incorporating digital human models, 
human abilities, safety, and ergonomic criteria.

[52] Explored the integration of LiDAR sensor technology and 3D BIM models for long-term Simultaneous 
Localization and Mapping (SLAM) in indoor, GPS-denied environments.

[53]
Explored the integration of generative design with BIM in the construction industry, focusing on its 
application in prefabricated construction. It aimed to contribute to researchers and designers’ understanding of 
the field and address future requirements.

[54]
Introduced a BIM-based Target Value Design method that extends the concept of sustainable design to early 
stages. Using a case study, the proposed methodology demonstrates its potential by achieving a substantial reduction 
of 1,240 kBTU/sf/year in annual energy consumption compared to traditional sustainable design approaches.

[55]
Explored an innovative approach to robot localization in built environments by utilizing digital representations 
of BIM in the AEC industry. It stablished the feasibility of BIM-based robot localization, with discussions on 
error factors, including deviations between as-planned BIM and as-built status.

[56]

Underscored the significance of progress monitoring in construction projects and the need for efficient techniques 
to ensure accurate analysis for project control. The paper classified and evaluated various progress 
monitoring methods based on the technology employed, highlighting their respective advantages and 
limitations.

[57]
Explored the integration of light construction equipment into BIM-supported digital civil engineering, filling a 
gap where such integration has been limited. It provided a conceptualization of the linking between BIM and 
light construction equipment.

[58]

They propose using a building information robotic system that utilizes BIM and industry foundation classes 
to create interoperable data between BIM and the robotic operating system. Validation through construction 
site experiments demonstrated the system's effectiveness in achieving smarter, safer, and more precise robot 
navigation.

[59]
Contributed to the foundation of real-time Digital Twin (DT) for robotic construction processes in Mixed 
Reality, advancing knowledge in construction management and human-robot collaboration in digital 
fabrication.

[60]
Presented a BIM-integrated indoor path planning framework for unmanned ground robots. It integrates 
robot information into BIM to create a knowledge base. Simulation results validated the effectiveness of this 
framework in addressing indoor path planning challenges for unmanned ground robots.

[61] Introduced the Ontology for BIM-based Robotic Navigation and Inspection Tasks as an integrated ontology to 
facilitate logic-based inspection.

Table 3. Documents that have “robotic construction” and “automation” as first clusters.

Reference Description

[62]
Endeavors to create a robust and dependable assessment methodology suitable for industrial applications, 
specifically designed to evaluate the sustainability of building construction projects that contemplate the 
utilization of Construction Automation and Robotics (CAR) technologies.

[63]
Offers a comparative analysis of the automation’s effects on various urban areas in the United States. 
It suggests that smaller cities are likely to experience more pronounced adjustments, including worker 
displacement and shifts in job roles.

[64]
Presents a practical, fully automated gantry-robot system designed for the efficient production of customized 
reinforcement cages. This system offers several advantages, including increased efficiency, productivity, 
sustainability, improved labor safety, and reduced environmental impact.

[65] Delves into the impact of emerging technologies, including BIM, GIS, VR, RFID, AI, ML, eye-tracking, 
serious games, and wearable devices, on the safety performance within the construction industry. 

[66] Identifies and assesses the critical strategies for promoting the adoption of automation techniques within the 
context of the Nigerian construction industry.

[67] It highlights the importance of automation in the construction industry, particularly focusing on the relevance 
of emerging technologies such as IoT, automation, RFID, BIM, AR, and VR.

[68] Presents the outcomes of a Delphi study conducted to evaluate the expected level of technological knowledge 
that graduates should possess upon entering the industry.

[69] Employs the Analytical Hierarchy Process (AHP) technique to examine IR-4.0 technologies and their 
potential to address health and safety challenges within Malaysia’s construction industry.
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[70] Provides an extensive review of automation technology utilization in structural prefabrication and 
construction. It covers recent advancements, identifies challenges, and outlines future trends in this field.

[71] Introduces an efficient method for transferring pertinent data from a Building Information Model onto the 
construction site, directly enhancing the construction process by augmenting the site with design information.

[72] Introduces a framework for the automated evolution of robot morphology, eliminating the need for human 
intervention to adapt the robot to various HVAC and ceiling designs.

[73]
Develops an anthropomorphic robot arm designed to mimic the movements and actions of a human arm. The 
integration of artificial intelligence (AI) enhances the capabilities of these robotic arms, enabling them to 
make intelligent decisions and adapt to a wide range of tasks and functions.

[74] This research performs a narrative review to assess the current state-of-the-art in the use of robotic systems 
within the construction and manufacturing industries.

[75] Identifies significant initiatives that have harnessed intelligent tools to empower robots in elevating 
productivity, enhancing quality, and augmenting safety on construction sites.

[76]
Presents a novel human gaze-aware hand gesture recognition framework for human-robot interaction 
in intelligent construction. The results show that this framework effectively facilitates one-to-many 
collaborations between humans and robots in construction tasks.

[77]

Presents an automated inspection approach involving the development of an inspection robot and a dedicated 
management system. The inspection robot, featuring artificial intelligence sensors, a manipulator, and a 
ground vehicle, autonomously explores tunnels and employs stereo vision technology to assess damage on 
concrete surfaces.

[78] Describes the development of AcTEA-bot, a lightweight and replicable robotic system. AcTEA-bot is 
designed to autonomously identify and pinpoint thermal leaks within ceiling environments as it navigates.

[79]
Presents a thorough review of the latest advancements in deep learning-based methods for semantic 
segmentation in construction applications. It is the first comprehensive survey in this domain, aligning these 
methods with the unique challenges faced by the construction industry.

[80] Investigates the principal technical, economic, legal, privacy, and resource barriers hindering the adoption of 
Robotic Process Automation (RPA) in the context of tall building safety management.

[81] Introduces a robotic inspection system that leverages vision-based positioning and combines non-destructive 
evaluation (NDE) measurements with pose information to identify and map subsurface defects.

[82] Examines the historical progression of robotics in construction and architecture and underscores the current 
shift from pure automation to more collaborative and adaptive processes.

[83]
Introduces a novel Human-Robot Interaction (HRI) construction approach. It offers a new perspective within 
the realm of robotic construction research by merging the benefits of manual construction techniques with 
automated robotic construction methods.

[84] Presents a method for assessing the equilibrium status of masonry structures under construction, particularly 
those constructed using robotic technologies.

[85]
Explored the use of ChatGPT in converting building code requirements into computer codes, comparing its 
performance with cutting-edge semantic rule-based approaches. The study claimed that ChatGPT has the potential 
to accelerate the implementation and scalability of automated building code compliance checking systems.

[86] Proposed a novel robot control methodology that directly utilizes Fabrication Information Modeling data for 
controlling an AM system, specifically tailored to the needs of extrusion-based concrete 3D printing.

[87]

Aimed to gather dynamic data on working process parameters to discern bulldozer operations, evaluate 
statistical characteristics of disturbances, and validate mathematical models for bulldozer processes. It 
proposed a method for digitizing experimental data rooted in the theory of random processes and digital 
signal processing.

[88]
Introduced a real-time evaluator system to reduce costs and enhance automation by decreasing installation 
time, minimizing rework, and improving energy performance. The study claimed that the system holds 
potential for generating commands for autonomous crane operation or single-task construction robots.

[89]
Aiming to introduce the Lean AI method, this study developed through ongoing longitudinal studies 
analyzing AI implementations in the AEC industry, the method compels practitioners to articulate what AI 
should, can, and will solve early in the planning process.

[90]
Provided an overview of the history of construction robotics and introduced the concept of robot-oriented 
design. It then delved into case studies from research projects and entrepreneurial ventures, showcasing the 
authors’ involvement in advancing concrete construction.

[91] Explored the challenges, experiences, and lessons learned in the ongoing transformation of a masonry build 
system, traditionally reliant on manual labor, into a robot-automated build system.

[92]
Introduced an automated process for on-site material management in the construction industry. The process 
involved selecting materials for staging based on the detection of construction progress from site images. 
Subsequently, a robot delivers the materials to their respective workface locations.
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[93]
Addressed the challenge of achieving zero energy consumption in existing buildings by proposing a solution 
that involved adding a new insulating envelope with Renewable Energy Sources using prefabricated modules, 
automation, and robotics.

[94]
Introduced a methodology for the comparative assessment of construction processes and the selection of an 
optimal solution based on automation implementation. The methodology combined case-based reasoning and 
compositional modeling to quantitatively evaluate construction processes.

[95]
Discussed the challenges of robotic automation in construction sites, emphasizing the importance of human-
robot collaboration for complex tasks. The approach facilitated intuitive programming of new tasks by 
allowing human demonstration through haptic interfaces.

[96]
Introduced a novel method for AR-informed human-machine collaboration in timber prefabrication. The 
approach emphasized craftsman-controlled instructive interaction between a robotic fabrication setup and a 
human co-worker, aiming to enhance flexibility and robustness in automated workflows.

[97] Addressed the challenge of automatic compliance checking in the construction industry by converting 
regulatory documents and contract specifications from natural language to a machine-readable format.

[98]
Discussed the challenges in reinforced concrete RC construction and emphasized the potential benefits of 
automation in enhancing worker safety, quality control, and overall efficiency. It presented a digital process 
for fabricating truss-like beams using 3D-printed clay molds, serving as formwork for the beam’s cavities.

[99]
Introduced a modular manufacturing platform with industrial robots, providing flexibility, reconfigurability, 
and transportability. The proposed system, comprising multiple modular platforms, can be adjusted to meet 
project requirements and set up on-site at local timber construction companies.

[100]
Introduced an innovative approach to expanding the geometrical freedom of shotcrete 3D printing. Through 
quantitative investigations and identification of suitable parameter settings, the research enabled deterministic 
short-term printing gaps without nozzle blockage.

Table 4. Documents that have “BIM” and “Automation” as first clusters.

Reference Description

[101]

Presents a robotic system that combines perception sensors and advanced algorithms. Its purpose is to assist 
construction supervisors in remotely identifying construction materials, detecting component installations 
and defects, and generating detailed reports that include information on the status and location of these 
elements.

[102]
Introduces an innovative grid-topological map and establishes a precise and efficient indoor pathfinding 
approach rooted in BIM. The map is designed by amalgamating the strengths of both grid-based mapping and 
topological mapping techniques.

[103] Underscores ongoing research endeavors aimed at integrating Building Information Modeling (BIM) into 
contour crafting construction methods.

[104] Conducts a comprehensive review of construction health and safety management technologies to uncover 
emerging research trends in the field.

[105] Introduces an automated quality verification system for modular BIM. The system comprises three main 
components: modular BIM object guidelines, a pre-checking module, and an automated code checking module.

[106]
Presents an innovative method for remotely monitoring and evaluating the correct usage of Personal 
Protective Equipment (PPE). This approach involves the integration of pressure sensors and positioning 
technologies.

[107]
Presents a comprehensive framework for generating 4D animations of multi-mobile crane lift processes.  
By interacting with a central database, the approach can interface with a detailed BIM model or autonomously 
generate simplified CAD models, including lifting objects and obstacles.

[108]
Introduces a BIM-centered system for automating the assembly of building components. The system is 
designed to align with sustainability principles within the construction industry and considers various factors 
to promote eco-friendly practices and maintain a sustainable environment.

[109] Suggests a framework based on BIM for the automated assessment of machine capabilities in the context of 
manufacturing construction-related products.

[110]
Introduces an innovative computational method for identifying and reconstructing concrete defects using 
geotagged aerial images. The approach incorporates a bundle registration algorithm to align a set of aerial 
photos with a BIM.

[111] Seeks to pinpoint the crucial domains in which BIM can enhance and facilitate the clash management process 
throughout the entire lifecycle of a project.

[112]
Investigate the relationship between LCA and BSA within the context of BIM in Portugal. An LCA for a 
specific Portuguese case study was conducted and simultaneously evaluating a set of sustainability criteria 
derived from SBTool throughout the assessment process.



Journal of Building Design and Environment

Continuation Table:
Reference Description

[113]
Introduces a semi-automated solution for capturing Building Exterior Performance Standards (BEPS) data for 
existing buildings. This solution can be integrated with other technologies like BIM or CityGML and can be 
applied across an entire portfolio of buildings.

[114]
Outlines the integration of BIM and BVBS using openBIM standards. This integration facilitates the 
seamless coordination of computerized design and the automation of steel reinforcement prefabrication 
processes.

[115] Introduces a semi-automated methodology for acquiring essential parameters needed to generate as-built BIM 
models for steel structures with intricate connections, leveraging data from terrestrial laser scanning.

[116]
Emphasizes the integration of advanced technologies, including BIM, to propose principles and specific 
processes for a green intelligent building automation system. It also outlines the system’s planning and 
design, rooted in practical engineering applications.

[117] Suggests an IoT-based Improved Building Information Modeling (IoT-IBIM) approach to address the 
challenges associated with building information modeling in contemporary project management.

[118]
Establishes a comprehensive framework for automated construction progress monitoring, utilizing a digital 
twin (DT) approach. The framework spans from reality capture to extended reality (RC-to-XR), providing a 
versatile solution for construction monitoring.

[119]
Introduces an automated approach rooted in BIM to minimize waste in roof sheathing material. The method 
enables proactive design and planning for the installation of roof sheathing in prefabricated buildings, 
reducing material waste.

[120] Presents a systematic approach, utilizing BIM, for 3D geometric modeling and automated generative design. The 
aim is to optimize both the carbon footprint and construction costs associated with offsite construction methods.

[121] Introduces an automated framework based on BIM for the real-time assessment and enhancement of 
sustainability in infrastructure projects.

[122]
Delves into the pivotal role of blockchain technology in managing information related to actions, responsible 
parties, and timestamps. This, in turn, establishes a robust foundation for resolving potential legal 
conflicts.

[123]
Provides an extensive review of design automation in civil engineering, with a specific focus on assessing 
building energy efficiency. It covers background information, practical applications, advantages, challenges, 
and suggests ways to enhance automation using AI.

[67] Underscores the importance of automation within the construction industry, especially in light of emerging 
technologies such as the IoT, automation, radio frequency identification (RFID), BIM, AR, VR.

[124]
Delved into the definition and distinction between Digital Twins DT and BIM in the context of AEC industry  
and facilities management. It advocated for using DT to predict behavior and enhance construction 
management, operations, and maintenance practices.

[125]
Addressed the slow implementation of robotic systems in the construction industry, which is characterized 
by low productivity and limited digitalization. It identified barriers to the introduction of robots, combining 
insights from existing literature with empirical findings from the German construction industry.

[126]

Introduced a framework called Fabrication Information Modeling to enhance the planning efficiency of AM 
in the construction industry. The framework integrated AM seamlessly into the existing BIM methodology, 
allowing for efficient planning and enabling an end-to-end digital chain from project conception to 
production.

[127] This paper proposed a Blockchain-Encryption Integrated framework to enhance the security of BIM data 
when utilizing blockchain in collaborative projects.

[128]
Introduced the BIM Interoperability Framework, a cloud-based platform designed to address interoperability 
challenges in the construction industry. The framework aimed to enable secure collaboration among legacy 
systems and modern applications within construction projects.

[129]
Proposed a solution for BIM-based variant retrieval in the early design phases of building projects using 
Case Based Reasoning and Pattern Matching. It aimed to enhance the efficiency of the design process, enable 
learning from past projects, and streamline the selection of appropriate design variants.

[130]
Developed a methodology for evaluating project performance improvement through the appropriate 
automation of construction processes. The approach involved a quantitative evaluation using a compositional 
modeling-driven case-based reasoning methodology.

[131]
Addressed the challenges of coordinating embeds in construction and explores different inspection processes, 
including traditional 2D paper inspection, AR + BIM inspection, and AR + BIM inspection with interactive 
queues.

[132] Presented the development of an on-site construction progress monitoring and presentation system that uses 
AR to overlay the virtual BIM onto the real-time construction site scene.

[133] Addressed the gaps in BIM by applying the concept of Productization and Product Structure. It aimed to 
enhance consistency in information flow within fragmented construction projects.
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[134] The paper introduces an Information Quality Assessment framework for BIM processes, emphasizing the 
importance of addressing both information completeness and correctness issues.

[135]
Explored the challenges and strategies for implementing high-level autonomous robotic systems for on-site 
construction. It discussed technologies and algorithms used in construction robots and draws insights from 
robotic applications in other industries.

[136]
Explored the potential of Natural Language Processing and BIM to automate construction schedule 
management. It highlighted the challenges in manual scheduling and emphasizes the benefits of leveraging 
technologies for improved planning and scheduling.

2.4 Robotic in Construction Research Dimensions 
and Themes
In this research paper, the proposed framework for 
RiC involves categorizing the gathered research papers 
into various research dimensions. These dimensions 
are further subdivided into themes and sub-themes 
that define the specific research areas explored within 
RiC. Through an analysis of (figures 6 to 9), three 
primary dimensions have been identified: Technology, 
Automation, and Sustainability, as summarized in 
(Table 5). The Technology dimension includes studies 
in robotic construction that investigate the utilization 

of key technologies, including IoT[137], AR[39,138], 
VR[139,140], ML[141-143], DL[89,141,144-146], BIM[49,55,126,147], 
3D printing[98,148-150], and sensor technologies[101], all of 
which play pivotal roles in the Robotic Construction 
Industry. In the Automation dimension, topics such 
as prefabricated construction[37], robotic arms[73], 
and concrete drilling[42] are thoroughly discussed, 
reflecting the automation aspects within the field. 
Lastly, the Sustainability dimension encompasses 
examinations of life cycle[25] characteristics and 
sustainable building design[108], particularly within the 
context of RiC field.

Table 5. The three primary dimensions of the “RiC” along with commonly observed subjects associated with each dimension.

Dimensions Frequent subjects References

Technology

VR- AR
AI
IoT
DL

Sensor technology
BIM-3D printing

[39, 138–140]
[7,73,123] 

[67,84,117,137]
[37,89,141,144 -146]

[101,106]
 [49,55,98,126,147-150]

Automation
Prefabricated construction

Robotic arms
Concrete drilling

[53,119,151-153]
[34,119]

[30]

Sustainability Life cycle characteristics
Sustainable building design

[154-156]
[108,120,157,158]

A list of ten themes has been identified as an 
appropriate classification system for the examined 
studies to refine these dimensions further. The proposed 
classification framework for Robotic Construction 
(RiC) studies is outlined in (Table 6). This framework 
includes associated references for each theme and 
a more detailed categorization of studies based on 
their specific research focus. The ten themes used for 

classifying RiC studies are as follows: automation 
and robotics in construction, BIM, sustainable 
construction, smart and resilient infrastructure, robotic 
material handling, data analytics and decision support, 
human-computer interaction, regulatory and ethical 
considerations, digital twins and simulation, and safety 
and risk management.

Table 6. Classification of literature on RiC into themes and sub-themes.

Themes Sub-themes References

Automation and Robotics in Construction
Robotic Machinery

Automation Technologies
Human-Robot Collaboration

[109,159-161]
[62,66,80,162,163]

[76,83,164,165]
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BIM BIM Integration
BIM for Design and Analysis

[42,44,114]
[30,41,46]

Sustainable Construction
Energy Efficiency

Life Cycle Assessment
Waste Reduction

[113,123,166-168]
[40,112,154-156]

[119,121]

Smart and Resilient Infrastructure Smart Cities
Resilience Infrastructure

[117,118,168,169]
[25,77]

Robotic Material Handling Material Transportation
3D Printing

[40,92,119,170]
[30,42,100,171,172]

Data Analytics and Decision Support Big Data Analytics
Decision Making

[38,113]
[109] 

Human-Computer Interaction User Interfaces
Training and Skill Development

[22]
[68]

Regulatory and Ethical Considerations Regulatory Frameworks
Ethical Issues

[74,83]
[80,122]

Digital Twins and Simulation Digital Twin Technology
Simulation and Visualization

[118,173-175]
[27,41] 

Safety and Risk Management Safety
Risk Assessment

[70,80,104]
[65,104]

2.5 Classification of Different Robot Types in 
Construction
Construction robots can be sorted into different types 
based on their applications and uses. The following is a 
classification of some common types of robots that are 
used in the construction industry:
1. Autonomous Construction Vehicles: such as dozers, 

excavators, load-carriers, and haul trucks. Those 
robots are usually created to perform various tasks 
such as drilling, leveling, material and object 
transportation, and site preparation. These robots 
can operate and navigate within construction sites 
autonomously[176].

2. Automated Guided Vehicles (AGVs): They are 
used for handling and transporting materials on 
construction sites. AGVs autonomously follow 
predefined paths, where they can transfer materials 
between the areas of the work site[177].

3. Unmanned Aerial Vehicles (UAVs): Drones are one 
of the most important and widespread examples of 
UAVs. They are utilized for surveying, mapping, 
monitoring, and inspecting construction sites. 
UAVs significance lies in providing real-time data, 
enhancing safety, and improving efficiency[178].

4. Robotic Arms: Robotic arms are flexible mechanical 
appendages  tha t  o ffe r  ve rsa t i l i ty  th rough 
programmable functionalities, enabling them to 
undertake a multitude of tasks. In construction, they 
are used for tasks such as bricklaying, welding, 

concrete spraying, demolition, and assembly. 
These robots enhance precision, accelerate project 
timelines, and minimize labor-intensive efforts[179].

5. Cable-driven parallel robots (CDPRs): These 
systems typically feature multiple cables connected 
to motors or winches at fixed points in the 
environment, enabling precise control over the 
position and orientation of the end-effector (the 
device used for tasks) within a defined workspace. 
CDPRs find application across various fields, 
including construction for tasks like assembly 
and material handling. Their capability to cover 
extensive workspaces with minimal structural 
support proves advantageous in scenarios where 
traditional robotic systems face impracticality or 
space constraints[180].

6. Soft Robots: They are crafted from pliable materials 
like silicone. In contrast to conventional rigid 
counterparts, soft robots boast enhanced versatility 
and the ability to replicate natural movements. They 
are usually used for applications such as inspection, 
maintenance, and manipulation in constrained 
spaces[181].

7. Teleoperated Robots: Teleoperated robots are 
controlled remotely by operators from a safe 
distance and are used for tasks that require human 
judgment and ingenuity. They can perform tasks 
such as remote inspection, manipulation, and 
operation of equipment in hazardous environments, 
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thereby enhancing safety and productivity on 
construction sites[182].

8. Cons t ruc t ion  3D Pr in te r s :  3D pr in t ing  in 
construction involves the sequential layering of 
materials using computer-controlled processes to 
fabricate three-dimensional shapes. These printers 
typically utilize additive manufacturing techniques 
to construct building components. This technology 
proves invaluable for both on-site construction 
of new structures and off-site manufacturing of 
components, which are then assembled later, 
enabling the construction of complex shapes and 
structures[183].

9. Exoskeletons: Exoskeletons are wearable machines 
suited with motorized joints that provide lift support 
for construction workers. They reduce strain, 
fatigue, and injury making it easier for workers to 
perform tasks involving heavy lifting or repetitive 
motions[184].

10. AI-Enabled Construction Robots: Equipped with 
cameras to monitor ongoing tasks, these robots 
leverage artificial intelligence algorithms for 
decision-making, planning, and coordinating 
construction activities. Additionally, they optimize 
workflows, enhance resource allocation, and 
adeptly respond to changing site conditions[185].

11. Demolition Robots: Within the construction 
industry, demolition robots play a pivotal role 
in demolition and evacuation operations. Their 
significance lies in their ability to transport 
heavy materials from ground to elevated floors. 
Specialized robots for controlled demolition tasks, 
such as dismantling structures, breaking concrete, 
and clearing debris, ensure precision and safety in 
hazardous demolition environments[186].

Notably, this classification does not include other 
types of robots more related to the robot's capabilities 
than their types, such as AI-enabled robots. These 
robots are usually equipped with cameras to monitor 
ongoing tasks, they also leverage artificial intelligence 
algorithms for decision-making, planning, and 
coordinating construction activities. Additionally, they 
optimize workflows, enhance resource allocation, and 
adeptly respond to changing site conditions[185].

3. Results and Discussion
In this section, the research provides answers to 

the questions that were initially posed at the outset, 
drawing upon the comprehensive literature review 
conducted.

In the context of research dimensions within the 
field of RiC, the study identifies three primary focal 
points: technology, automation, and environmental. 
A noteworthy observation is that research articles 
often concentrate on one or two of these dimensions, 
sometimes neglecting the holistic perspective. 
Consequently, the majority of documents tend to 
emphasize the technical and technological aspects 
of RiC, with comparatively less attention to its 
environmental implications. It’s worth noting that this 
imbalance is less prevalent in review papers. (Table 5) 
presents common subjects that frequently appear in the 
literature for each of these dimensions.

This research's primary objective was to refine further 
the dimensions previously identified in RiC research. 
This refinement was achieved by categorizing them 
into a set of themes and interrelated classes of research 
themes. Utilizing state-of-the-art technologies within 
RiC is one of the most rapidly expanding research 
themes in RiC, encompassing a substantial number 
of papers. These papers predominantly delve into 
various aspects of technology implementation in RiC, 
encompassing operations management of automation, 
robotic machinery, automation technologies, and issues 
related to human-robot collaboration. Following closely 
in terms of research activity are two additional highly 
dynamic themes: BIM and smart infrastructure. Within 
these themes, research efforts are notably concentrated 
on areas such as BIM integration, BIM applications 
for design and analysis, user interface developments, 
smart cities, and the resilience of infrastructure. It 
is noteworthy that several other themes, including 
sustainable construction, data analytics and decision 
support, robotic material handling, human-computer 
interaction, digital twins and simulation, and safety and 
risk management, predominantly feature papers that 
primarily address the technological aspects of RiC.

Three pivotal dimensions come to light within the 
Automation and Robotics in Construction theme. 
The first dimension, Robotic Machinery, revolves 
around the development and utilization of specialized 
robotic equipment tailored for various construction 
tasks. Researchers aim to enhance the capabilities 
and efficiency of these machines, advancing the 
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construction industry.  The second dimension, 
Automation Technologies, delves into the application of 
cutting-edge automation technologies, including drones 
and autonomous vehicles, to streamline and optimize 
construction processes. This dimension propels 
research toward the seamless integration of these 
technologies into construction workflows. The third 
dimension, Human-Robot Collaboration, addresses 
the crucial challenge of ensuring safe and productive 
collaboration between robots and human workers on 
construction sites. Research efforts within this realm 
focus on establishing protocols and mechanisms for 
harmonious coexistence and cooperation, contributing 
to a more productive and secure working environment.

BIM unfolds as another integral theme, encompassing 
two primary sub-themes: BIM Integration emerges as 
the first dimension, emphasizing the seamless merging 
of BIM and robotics to augment project planning 
and management. Researchers in this domain strive 
to create a cohesive integration that enhances project 
efficiency and effectiveness. BIM for Design and 
Analysis forms the second dimension, focusing on 
harnessing BIM’s potential for design optimization 
and structural analysis in construction projects. This 
dimension empowers researchers to leverage BIM for 
improved project outcomes.

Sustainable Construction emerges as a theme 
enriched with various sub-themes. Energy Efficiency, 
the first dimension, concentrates research efforts on 
enhancing sustainability through robotic methods 
designed to optimize energy usage. Innovations in 
this realm seek to bolster energy performance and 
ecological sustainability. Eco-Friendly Materials, 
the second dimension, explores the integration of 
environmentally friendly construction materials into 
robotic processes, advancing construction practices 
al igned with eco-conscious principles.  Waste 
Reduction, the third dimension, employs robotics and 
automation to minimize construction waste and reduce 
the environmental impact. Researchers in this realm 
implement strategies to align construction activities 
with sustainability objectives.

The theme of Safety and Risk Management unfolds 
with two integral dimensions. Safety Robotics, the first 
dimension, centers on the development of robots and 
systems designed to enhance safety on construction 
sites. This dimension strives to reduce the risk of 

accidents and injuries, contributing to improved safety 
standards. Risk Assessment, the second dimension, 
harnesses robotics and artificial intelligence (AI) 
for assessing and mitigating risks associated with 
construction projects. Researchers delve into this 
domain to enhance risk management practices within 
the construction industry.

Smart and Resilient Infrastructure emerges as 
another critical theme, comprising two significant 
dimensions. Smart Cities, the first dimension, explores 
the applications of RiC in advancing smart city 
infrastructure. Researchers within this dimension 
emphasize the pivotal role of robotics in creating 
technologically advanced urban environments. 
Resilience, the second dimension, focuses on strategies 
and methodologies aimed at fortifying infrastructure 
resilience through the integration of robotics. Research 
within this realm contributes to the development of 
infrastructure capable of withstanding and recovering 
from adverse events and challenges.

The theme of Digital Twins and Simulation 
unfolds with two substantial dimensions. Digital 
Twin Technology, the first dimension, involves the 
creation of digital replicas of physical construction 
projects for analysis and optimization. This dimension 
facilitates comprehensive analysis, optimizing 
project performance and efficiency. Simulation 
and Visualization, the second dimension, employs 
simulation and visualization tools in construction 
project planning and monitoring. These tools aid in 
visualizing processes and making informed decisions 
during construction.

The Robotic Material Handling theme encompasses 
two dimensions. Material Transportation, the first 
dimension, focuses on the automation of material 
handling and transportation processes on construction 
sites, enhancing efficiency and productivity. 3D 
Printing, the second dimension, explores advancements 
in 3D printing technologies tailored specifically for 
construction purposes, revolutionizing the precision 
and automation of building component fabrication.

Data Analytics and Decision Support constitute 
a theme with two critical dimensions. Big Data 
Analytics, the first dimension, emphasizes the analysis 
of construction data for informed decision-making, 
underscoring the importance of harnessing big data in 
construction projects. Predictive Analytics, the second 
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dimension, shifts the focus toward using AI and ML 
techniques to predict project outcomes and optimize 
resource allocation, enhancing planning and decision 
support in construction.

The theme of Human-Computer Interaction includes 
two vital dimensions. User Interfaces, the first 
dimension, centers on the design and development 
of intuitive user interfaces, enhancing the control 
and monitoring of construction robots and ensuring 
efficient human-robot interaction. Training and Skill 
Development, the second dimension, underscores 
research efforts aimed at designing training programs 
and skill development initiatives for workers operating 
robotic systems within the construction industry, 
ultimately improving their competence and proficiency.

Finally, the theme of Regulatory and Ethical 
Considerations comprises two essential dimensions. 
Regulatory Frameworks, the first dimension, delves 
into the development and adherence to regulations 
governing robotic construction activities, including the 
establishment of guidelines and standards to ensure the 
safe and compliant usage of robotics in construction. 
Ethical Issues, the second dimension, explores the 
ethical implications associated with the adoption and 
deployment of robotic technologies in the construction 
industry, taking into account potential societal impacts 
and ethical considerations that arise. These themes and 
sub-themes encompass the multidisciplinary aspects of 
Robotics in Construction and can serve as a basis for 
research and innovation in the field.

Research in the field of RiC is continually evolving, 
but several gaps and challenges persist. Identifying 
these gaps can help guide future research efforts and 
innovation in the field. A comprehensive perspective 
that encompasses all three dimensions of RiC is 
imperative for a thorough comprehension of this field. 
Several studies persist in concentrating solely on 
one or two of the recognized dimensions, and some 
even fall short in providing a coherent roadmap for 
the integration of technology in RiC that ensures the 
incorporation and consideration of the remaining two 
dimensions. This analysis of RiC studies highlights a 
potential blind spot in the domain of ICT services and 
information systems, which could impede cohesion 
within robotic systems.

In the domain of RiC, numerous critical research 
gaps have emerged, necessitating further investigation 

and attention. Firstly, despite the potential for RiC 
to contribute to sustainable construction practices, 
a significant research gap exists in quantifying and 
optimizing the environmental benefits associated with 
its implementation. This gap hinders the ability to 
fully realize the potential environmental advantages of 
RiC technologies. Secondly, there is a notable absence 
of long-term studies assessing the performance and 
durability of structures constructed using robotic 
technologies. This raises concerns about the longevity 
and reliability of such projects, highlighting the need 
for more extensive research in this area to ensure the 
long-term viability of RiC applications. Thirdly, the 
integration of robotics into conventional construction 
workflows without causing disruption remains a 
challenge that requires further exploration. Many 
construction sites still heavily rely on traditional 
methods, and the seamless incorporation of robotic 
systems into existing processes presents logistical and 
operational challenges that need to be addressed.

Furthermore, the absence of standardized practices 
and specific regulations tailored to RiC poses a 
hindrance to its widespread adoption. The development 
of industry standards and regulatory guidelines is 
essential to address this gap and facilitate the smooth 
implementation of RiC technologies across different 
construction projects. The safe interaction between 
robots and human workers is another crucial concern, 
and current research efforts have been insufficient in 
developing advanced safety protocols and effective 
collaborative mechanisms to address this challenge. 
Ensuring the safety of workers in environments where 
robots operate is paramount and requires further 
research and development efforts. Moreover, the 
affordability and accessibility of robotic solutions, 
particularly for smaller construction firms, are issues 
that have not been adequately addressed. Research 
focusing on cost-effective and scalable robotic systems 
is imperative to democratize access to RiC technologies 
and promote their widespread adoption across the 
construction industry. 

Given the substantial data generated by RiC, there 
is a pressing need for research aimed at developing 
efficient data management, analytics, and visualization 
tools to harness the full potential of this data. As 
robotic technologies become increasingly prevalent in 
construction, the lack of adequate training programs 
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and skill development for workers to effectively 
operate and interact with robotic systems poses a 
significant challenge. Ethical considerations related to 
job displacement, privacy concerns, and the broader 
societal impacts of RiC demand thorough examination 
to ensure responsible and ethical deployment of these 
technologies.

It’s important to acknowledge that while RiC holds 
promise for revolutionizing the construction industry, 
there are several inherent limitations that need to be 
considered. For instance, the compatibility issues 
between traditional construction techniques and robotic 
systems can restrain the adoption of RiC technologies. 
Additionally, the lack of standardized protocols and 
interoperability among different robotic systems further 
complicates their integration into existing construction 
workflows. Manufacturers use different systems; it 
becomes more challenging for interoperability and 
impedes the development of a cohesive wide industry 
procedure. Many robotic systems lack the required 
adaptability to navigate the different circumstances 
found on construction sites. Robotic technologies 
are still not responding effectively to changes in the 
environment, unexpected conditions. Thus, the varied 
requirements of different projects are considered a 
complicated challenge for robotic technologies.

Identifying and addressing these research gaps 
is crucial to advancing the field of Robotics in 
Construction and realizing its potential to transform 
the construction industry. Researchers, industry 
professionals, and policymakers should collaborate to 
tackle these challenges effectively.

Finally, in terms of recommendations for future 
studies, it’s imperative to address the identified gaps 
and limitations in RiC applications. Research efforts 
should focus on developing efficient data management, 
analytics, and visualization tools to harness the full 
potential of RiC data for improved decision-making and 
project management. Furthermore, there is a need for 
comprehensive research aimed at developing advanced 
safety protocols, industry standards, and regulatory 
guidelines tailored to RiC. Additionally, research 
focusing on the development of user-friendly interfaces 
and ergonomic designs for construction robots can 
enhance their usability and acceptance among workers, 
ultimately contributing to the successful integration of 
RiC into construction practices.

4. Conclusion and Future Direction
This paper conducted content analysis on more than 
180 journal articles to elucidate the primary dimensions 
and subjects within the domain of RiC. This review 
aimed to address the main dimensions of the RiC field 
that the majority of the relevant studies focused on 
during the last six years. Then it defined the themes and 
subthemes associated with these dimensions. Lastly, 
the main gaps in the current studies were listed and 
good future directions and research horizons of the RiC 
field were discussed. By introducing a classification 
framework and conducting extensive bibliometric and 
bibliographic analyses on papers published within 
the previous six years, various research trends within 
the domain of RiC were uncovered. The bibliometric 
analysis unveiled four primary keyword clusters 
that encapsulate the central themes of RiC research: 
“Robotic,” “BIM,” “Automation,” “Environment,” and 
“Technology.” In contrast, the bibliographic analysis 
shed light on key aspects of RiC, encompassing IT 
technologies, sustainable construction practices, smart 
infrastructure, smart cities, and robotic materials 
handling.

The insights provided in this study offer guidance for 
future research endeavors, helping to align RiC with 
a clearly defined set of dimensions, categories, and 
research classes. Acknowledging a limitation related to 
the interpretative nature of the proposed categorization 
framework, which may introduce subject bias, is 
essential. Furthermore, the framework presented in this 
work may not fully encompass integrated and holistic 
approaches, warranting further exploration in future 
research.

From the recommendations derived from the 
developed framework, it is anticipated that future 
research in this domain should prioritize areas such 
as sustainability, energy efficiency, and conducting 
life cycle assessments of RiC projects. Hence, it is 
imperative to further investigate the potential of RiC 
in constructing highly efficient buildings to discern its 
genuine impact on environmental sustainability. There 
is currently a dearth of long-term studies that assess the 
performance and longevity of structures constructed 
through robotic technologies. Additionally, an emerging 
direction for the future involves the establishment 
of industry standards and regulatory guidelines, as 
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well as the exploration of cost-effective and scalable 
robotic systems. Construction sites face challenges in 
integrating robotic technologies due to compatibility 
issues with traditional methods and lack of standardized 
protocols. Diverse manufacturing systems hinder 
interoperability, and many robots struggle to adapt to 
different construction site conditions, affecting their 
effectiveness in responding to environmental changes 
and project-specific requirements. Lastly, collaborative 
research efforts involving experts from diverse fields, 
including robotics, construction, materials science, etc., 
will be crucial for effectively addressing the intricate 
challenges within RiC.
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