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Abstract
On account of the advancement of medical science, there is an increasing demand for the construction of sophisticated intelligent medical 

laboratories. Not only compliance with normal standards but also the two aspects followed should be realized during the construction of intelligent 
medical laboratories: integration with diverse datum and analysis of multi-disciplinary three-dimensional model. These capabilities can be achieved 
through the utilization of Building Information Modeling (BIM), since BIM has been equipped with these functionalities based on three-dimensional 
architectural models, including an extensive suite of comprehensive information processing tools. Efficient constructions will be facilitated by this 
situation.
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Introduction

Recently, there has been rapid development in the construction 
industry of medical laboratories, driven by the continuously ex-
panding of market scale. The trend towards the intellectualization 
of medical laboratories is becoming increasingly significant and 
rapid, establishing itself as a specialized field within the construc-
tion industry.

The construction management of intelligent 
medical laboratories necessitates 3D visualization 
capable of integrating diverse and multi-
disciplinary Data information 

Prior to the implementation of intellectualization in medical 
laboratories, there was a lack of effective interaction and connec-
tion between the operational space and the staff, resulting in a  

 

disconnection between the personnel and their environment. This 
situation could lead to inaccurate experimental data, as well as 
safety hazards, resource wastage and low efficiency [1]. The intel-
lectualization of medical laboratories can effectively address these 
issues. The attainment of the intelligent functions is attributed to 
the combination of diverse laboratory equipment and components 
by smart controllers. This facilitates optimal information circula-
tion through digital closed-loop systems for improved temporal 
manipulation and quality control in Laboratories [2].

In an intelligent medical laboratory, the structural components, 
decoration components and intelligent control devices must be 
connected through an intelligent information circulation, to create 
an unitied and synergistic system. This system functions as an in-
ternet of things with capabilities for environmental detection and 
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control. Building information models should be established to pre-
view and analyze potential issues prior to construction. These mod-
els enable the integration and coordination of virtual environment 
and architectures in order to achieve sophisticated previewing and 
control results. Following this process, a systematic and compre-
hensive construction approach will play a crucial role in facilitat-
ing multi-disciplinary coordination within intelligent laboratories. 
Therefore, a multi-disciplinary approach to information modelling 
is prerequisite for attaining precise and scientifically sound solu-
tions to potential challenges throughout the entire process of con-
structing intelligent laboratories.

As the intelligence level of future medical laboratories con-
tinues to rise, the integration of smart data analysis systems with 
automated equipment becomes crucial. The construction and op-
eration of these laboratories will increasingly depend on building 
information management technology, which facilitates close collab-
oration among various professionals, including architects, struc-
tural engineers, cost estimators, laboratory specialists, and other 
technical staff. This technology can effectively process and recycle 
complex building information, ensuring that every stage, from de-
sign to construction and usage, is managed informatively and intel-
ligently. It also enhances collaboration across different disciplines 
and professions. This approach aligns with the current trajectory 
of Building Information Modeling (BIM) technology, focusing on 
the development of digital modeling techniques that can precisely 
create and manage building information throughout the workflow.

The contemporary Building Information Modeling 
(BIM) technology has effectuated a comprehensive 
automated and coordinative framework for the 
integration and processing of interdisciplinary 
professional information

The conception of Building Information Modeling (BIM)orig-
inated from Professor Chuck Eastman’s visionary proposition in 
1975, which aimed at transforming architectural design practices. 
It was further developed into the notion of “Building Modeling” and 
later stabilized as the definition of “Building Information Modeling”. 
In the year 2002, Autodesk Inc.launched the Revit software and 
propagated its application globally, marking the official integration 
of BIM technology into the domain of engineering [3]. Through ex-
tensive investigation and analysis on BIM technology conducted by 
researchers from various countries, we have achieved significant 
milestones in this field. Currently, two predominant trends have be-
come salient:

The advancement of BIM technology is moving towards 
the automated integration of diverse data types for col-
laborative purposes

In recent years, scholars have conducted comprehensive re-
search on BIM technology, delving into areas such as functional 
expansion, standardized data linkage, automatic data conversion 
and analysis, and model collaboration. A significant portion of the 
research is dedicated to the application of integrated parametric 

collaborative design, which integrates engineering practice with 
theoretical research. The primary objective of the research is to ad-
dress issues related to the conversion and interoperability of BIM 
data while also aiming to enhance collaborative analysis across di-
verse platforms.

Firstly, with regards to data standardization conversion, the uti-
lization of BIM technology must adhere to the data specifications 
outlined by various construction standards for building informa-
tion models. Consequently, investigating the processes, methodol-
ogies, and specific procedures for data conversion in accordance 
with diverse standards has emerged as a pivotal focus in the ad-
vancement of BIM technology.

Manav Mahan Singh, Sawhney Anil , and others[4]utilized mod-
ular MC standards, BIM technology, and visual programming tools 
to develop rule-based architectural components. This approach 
significantly streamlines the design process for parametric mod-
ular component models and promotes the wider adoption of BIM 
technology in the prefabrication industry . （9.10.11）Lipman 
R [5]investigated the conversion mechanisms of the CIS/2 data 
model under the IFC standard, enabling the structural steel data 
model to interact with multiple standards, identify defects in the 
steel framework, and generate IFC test files for the creation of steel 
entities.Po-Han Chen, Lu Cui, and others[3] established a collabo-
rative information server framework in the IFC-based information 
server model, to achieve interdisciplinary interaction and remote 
visualization operations, with the coordination and sharing of Web 
servers as a prerequisite. Romberg R, A Niggl, et al. [6] introduced a 
model that extracts geometric characteristics from a BIM 3D model 
and converts them into a computational model suitable for P-type 
simulations.

Secondly, the challenge of data exchange and interoperabil-
ity between software in the design phase must be effectively ad-
dressed. During this phase, construction engineering projects often 
rely on various kinds of design and analysis software. In order to 
meet the application requirements of the architectural engineering 
design, it is essential for BIM (Building Information Modeling) tech-
nology to facilitate seamless data integration with these various 
software solutions. This has emerged as a significant focal point in 
the advancement of BIM technology in recent years.

Qiang-qiang Li [7] utilizes BIM technology to develop a wave-
form steel web model, subsequently integrating it into ANSYS soft-
ware for stress analysis. Xuan-xuan Wang and Yu-lin Huang [8]
developed interfaces to facilitate the conversion of Revit-Abaqus 
models and Revit-ANSYS, aiming to tackle the challenges associated 
with modeling intricate structures in structural analysis software. 
Furthermore, Bao-juan Qiao, Zheng-xian Deng, et al. [9] conducted 
an analysis on the development of a bi-directional data interface 
software between PKPM and Revit. Jianhua Cui [10], contextualiz-
ing engineering examples, employed parametric modeling technol-
ogy from the CATIA platform software and secondary BIM develop-
ment to craft solid models of steel structure nodes, thus enabling 
functions such as roaming and collision checking.
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Thirdly, the issue of automated interoperability among informa-
tion model data in related industries is a critical consideration. The 
construction-related sectors encompass a diverse array of informa-
tion models that are Intricately linked to building information mod-
els. Facilitating interoperability and automated data connectivity 
between these models is essential for broadening the application 
scope of BIM information models, making this area an increasingly 
pivotal facet of BIM technology development in recent years.

Staub-French [11]proposed the development of an IFC standard 
using an internet-based tool capable of generating a cost-effective-
ness model for construction projects, thereby elucidating the rela-
tionship between project costs and construction parameters. Hong 
Y, A Hammad A W, et al. [12] utilized a Neural Network system to 
forecast the profitability and principles of the BIM model, offering 
guidance for decision-makers and aiding in determining optimal 
management strategies. Amirebrahimi [13]employed BIM technol-
ogy and integrated GIS data models to conduct a comprehensive 
evaluation of structures and simulate flood damage through 3D vi-
sualization. Furthermore, the application scope of BIM technology 
has significantly expanded. In a study by Manu Akula and Robert 
R. Lipman, et al. [14], point cloud data, 3D imaging technology, and 
BIM technology were combined to accurately locate rebar within 
concrete structures, enabling non-destructive determination of 
embedded positions and thus facilitating effective quality control 
during construction. Cheng H-M, et al. [15] also applied BIM tech-
nology in the restoration of historical buildings by utilizing 3D laser 
scanning and photogrammetry to automate digital model creation 
through HBIM. Lu-lin Cao, Xi-sheng Li, et al. [16] conducted second-
ary development of Revit software using BIM-CSKB (Construction 
Knowledge and Safety Base). They established an Access database 
as a design tool while developing a construction safety verification 
system based on information modeling techniques.

Upon examining the aforementioned three application scenar-
ios, it is evident that BIM technology has been extensively utilized 
across various digital information fields. It has successfully facilitat-
ed collaboration of multi-factor and multi-type data model within 
the construction project building process and yielded automated 
technical outcomes. Technological advancements encompass the 
conversion and exchange of model data, automatic coordination 
and joint utilization, support for data interaction in multi-user col-
laboration, as well as the application of reverse engineering model 
data. Significant strides have been made in terms of data sources, 
transformation and amalgamation, user interaction, the entire con-
struction project data process, and multi-type collaborative appli-
cations. These achievements not only showcase the current appli-
cations of BIM technology but also indicate crucial directions for its 
future engineering applications.

The advancement of BIM technology is currently moving 
towards the integration of various parameters from di-
verse disciplines into a comprehensive 3D model

Due to the extensive utilization of BIM technology in various 
professional domains within the construction engineering sector, 

there has been a gradual emergence of a technical trend towards 
the three-dimensional visualization of multi-discipline models and 
the interoperability of three-dimensional data across diverse plat-
forms.

Recent advancements in BIM technology have effectively tack-
led the primary challenges in the construction industry, particular-
ly in the realm of complex geometric modeling. This has facilitated 
the creation of three-dimensional irregular models to cater to a di-
verse range of specific needs.

Dang N S [17] utilized 3D scanning to reverse engineer a sur-
face model based on the digital twin model of BIM, adjusting the 
information in the model for preventive maintenance of aging PSC 
bridges, enabling the determination of the bridge’s location, extent 
of damage, and severity. Xu Shilin [18] takes Guangzhou Henderson 
Center as the research object, uses the tools Rhino and Grasshopper 
plug-in to complete the delineation of the mesh of the curtain wall 
of the curved surface of the shaped space, and gives parameters to 
the mesh of the curtain wall modeling through Revit, and finally 
designs the curtain wall fast modeling way through the secondary 
development. .Moreover, Nai-wei Cheng and Xin Yan [19]swiftly 
position fire protection facilities within the model, offering valu-
able assistance to design and management personnel. Zhong-hua 
Xue [20] focused on software development for space grid structure 
modeling, with the goal of improving efficiency and practicality. 
This involved creating various models for loads, supports, and oth-
er structural components. Xiao-yu Ding [21] utilized the JGJ7-2010 
space mesh technical specifications to conduct secondary devel-
opment within Revit, resulting in the design of secondary curved 
mesh shell models. Li-jun Niu [22] utilized the Revit API and MVC 
programming architecture to create parametric 3D models and un-
dertake secondary development of Revit software. This enabled the 
forward design of water conservancy project drop channel exam-
ples and facilitated automatic generation of drawings and budgets. 
The research findings provide valuable insights for addressing chal-
lenges in node design and construction modeling of special-shaped 
spatial structures or unique architectural forms.

Secondly, there has been a continuous expansion and enhance-
ment of construction component libraries and their associated 
software in recent years. This advancement has provided essential 
tools for 3D information integration, which is critical for coordinat-
ing various works within the construction industry.

Yue-jun Shen [23] has implemented a customized aluminum 
template program panel in the process of aluminum template de-
sign and construction. This program enables three key functions: 
aluminum template design, calculation, and statistical analysis. Ji-
an-yang Ding and Hou-guo Fu [24] have developed a toolbox for 
rapid modeling of rail transit components, utilizing APIs to access 
relevant information such as models, families, instances, and other 
pertinent data. This facilitates the swift development of rails and 
support hangers. Additionally, Hao Ma [25] has undertaken Re-
vit-based secondary development to implement BIM management 
and application for pipeline corridor project components and pre-
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fabricated components in assembly buildings. This involves estab-
lishing a management modeling platform, a model family library for 
building components, a component coding system, an information 
entry system, and a parametric family library. These efforts en-
hance the level of integration and complexity of building compo-
nent design while achieving full implementation of BIM application.

Biguang Au [26] developed a series of family libraries for es-
sential components to address the issue of low integration efficien-
cy by reconstructing the standards and processes of light steel as-
sembly modeling. Mo Li [27] conducted three-dimensional design 
of light steel structure through Revit secondary development and 
carried out BIM application studies such as collision detection and 
deepening design, thereby enhancing the value of BIM technology 
in all stages of light steel structure application. Additionally, fire re-
sistance analysis under fire conditions was also performed. Li Hao 
[28] created a collision check plug-in for Revit and researched pre-
fabricated component parameter information extraction, achieving 
data integration and analysis for decision variables. Yan Huang [29] 
advocated for the use of C# programming language for secondary 
development to improve efficiency in modeling assembly family 
library within BIM technology. Fei-yu Long[30] achieved efficient 
automated modeling of subway station enclosure structures by 
developing a diaphragm wall family library, facilitating automatic 
reinforcement generation and quantity calculation. Furthermore, 
Lu-yu Ding [31] devised a technique for automatic design of spatial 
walls, boundaries, and ground tiles while establishing a library with 
relevant case studies.Ru Lin [32] integrates BIM secondary devel-
opment into interior decorating projects to tackle technical chal-
lenges related to intricate construction in the field of decoration.

Shen Zhang and Hao Yang [33] employ the C# programming 
language for secondary development of Revit, integrating a soft-
ware page as an external plug-in to facilitate automatic arrange-
ment of fire sprinklers. Nian-fu Gu and Mei Lin [34] propose the uti-
lization of the glass sash window family module to create instances 
for ceiling families, specifically tailored for the construction of light 
steel keel ceiling models. Ming Chen and Yang Li [35] present a BIM 
forward design simulation modeling approach, complementing the 
relevant grid structure family library, and conducting secondary de-
velopment to achieve automatic modeling of the grid structure. To 
address the issue of low efficiency and accuracy in urban rail mod-
eling, Jiao-jiao Bai [36] successfully implements automatic genera-
tion of models and other methods through secondary development 
control parameterization, resulting in the invention of forward 
three-dimensional quick assembly methods.

With the advancement of BIM (Building Information Modeling) 
technology, the integration and management of multi-type three-di-
mensional information and the rapid creation of multi-specialty 
three-dimensional models have significantly enhanced collabora-
tion efficiency among different trades and fields in construction 
projects. This progress has driven the development of classified 
three-dimensional multi-specialty models in construction projects, 
particularly the establishment, refinement, and expansion of fami-
ly model libraries required for architectural maintenance partition 
components, structural components, decoration components, and 

equipment. As a result, original complex and rough three-dimen-
sional modeling has become more convenient and accurate. Fur-
thermore, the coordination of connection, collision and usage rela-
tionships among different specialty models in the BIM platform has 
been streamlined, facilitating thorough inspection and analysis. As 
a result, the two primary application trends of BIM technology in 
the construction industry involve expanding the three-dimensional 
model system and its instrumental resource library for construction 
projects, as well as ensuring seamless coherence in multi-specialty 
three-dimensional data interaction and coordination processes.

The implementation of BIM technology 
has facilitated the attainment of integrated 
management across the entirety of the intelligent 
medical laboratory construction process

Since the 1950s and 1960s, significant advancements in med-
ical technology in certain countries have driven the development 
and technological progress of medical laboratories [37] Globally, 
the design and construction of medical laboratories have evolved 
into a specialized and distinct field. With the continuous advance-
ment of computer technology, internet technology, and various new 
information technologies, there has been a growing trend towards 
intelligence in medical laboratories. Technicians in some countries 
have taken the initiative to promote information technology appli-
cations in the realm of medical architecture and have conducted 
extensive research on intelligent medical laboratories [38], while 
researchers in other countries have also begun to delve into this 
area. Driven by technological exploration, modern intelligent med-
ical laboratories seamlessly integrate medical research, artificial 
intelligence, and big data technologies [39], enabling comprehen-
sive coordination of diverse equipment systems and experimental 
operations. This integration provides the medical industry with 
more efficient and precise scientific research and technical ser-
vices. Consequently, the construction process of intelligent medi-
cal laboratories, encompassing main building structures, auxiliary 
facilities, and equipment systems, necessitates a multi-specialty 
model approach with automated coordination functions between 
different specialties to achieve efficient and accurate information 
management in construction projects. Intelligent medical labora-
tories are confronted with intricate and substantial demands for 
information management, encompassing the generation and co-
ordination of a multi-specialty information model, virtual analysis 
of multidisciplinary models, simulations, and on-site applications. 
Consequently, modern BIM (Building Information Modeling) tech-
nology is deemed an indispensable and crucial technical tool in 
their construction process.

The establishment of medical laboratories, encompassing the 
construction of the main structure, interior design, and procure-
ment of equipment, entails a series of stages such as planning, 
building, maintenance, and operation. Each stage relies on infor-
mation management technology that integrates the coordination 
of multiple disciplines. Simultaneously, contemporary medical lab-
oratories prioritize functional requirements across medical care, 
scientific research, and educational aspects [40]. The efficacy of 
their establishment necessitates comprehensive implementation 
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and operation of interdisciplinary and multi-specialty technologies 
to meet safety standards while ensuring durability and cleanliness. 
During the construction process, it is imperative to accurately de-
termine collaborative schemes for personnel, equipment, materi-
als, and other aspects across multiple disciplines and specialties in 
order to ensure a convenient, smooth, and safe completion of the 
construction. The characteristics of current BIM (Building Infor-
mation Modeling) technology are well-suited to meet the informa-
tion management requirements of the entire construction process 
of medical laboratories and their intelligent development, thereby 
promoting the refinement and specialization of the management of 
medical laboratory construction processes. Consequently, there is 
an increasing prevalence in the combined application of these two 
technologies.

The ongoing development of intelligent medical laboratories 
has led to the introduction of a wide range of new materials, tech-
niques, equipment, and technologies in the construction industry. 
These advancements continuously enhance and optimize the con-
struction processes for medical laboratories. The integration of 
these new materials, equipment, and techniques results in an in-
crease in both the volume and diversity of construction information 
data for medical laboratories. To effectively manage procurement 
information and its utilization in engineering projects, it is essen-
tial to adopt big data and systematic information management 
platforms. This will ensure accurate and orderly arrangement of 
materials, equipment, and processes while also enabling timely 
monitoring and updating of information data for precise three-di-
mensional visualization analysis by various professionals. The con-
struction of medical laboratories relies on the support of BIM’s big 
data information integration and management systems to achieve 
efficiency and accuracy, given the continuous development of mate-
rials, equipment, and techniques. Consequently, there is a need for 
timely updates and deepening of the types of models, combinations 
of models, types of associated information, and information anal-
ysis functions in the construction projects of medical laboratories 
with the assistance of BIM information management systems.

The contemporary iteration of BIM (Building Information Mod-
eling) technology within the domain of construction information 
management has effectively achieved comprehensive, automat-
ed, and collaborative amalgamation and utilization of multidisci-
plinary information. This innovation encompasses the creation of 
three-dimensional models that meticulously integrate a multitude 
of project-relevant information, culminating in the development of 
an integrated three-dimensional information model. Such a model 
provides personnel with an exhaustive and dimensional represen-
tation, further facilitated by real-time connectivity to the construc-
tion site, thereby empowering remote monitoring and directional 
oversight of construction projects [41]. The integration of BIM 
technology has revolutionized the traditionally siloed approach to 
construction in medical laboratories, resulting in more intuitive, 
precise, and efficient design and project management. The pro-
grammatic automation of BIM simplifies repetitive and labor-inten-
sive modeling tasks, addresses the challenge of complex irregular 
structures, and facilitates seamless data integration with other 
platforms or software. This advancement enables a more effective 

application of BIM technology in intelligent laboratory construc-
tion. Not only does BIM technology enhance the comprehension 
and representation of intricate engineering structures for person-
nel involved in intelligent medical laboratories, but it also enhances 
the precision and accuracy of project management processes, effec-
tively mitigating risks and controlling costs.

BIM technology, as an integrated three-dimensional digital in-
formation technology, plays a significant role in the construction of 
intelligent medical laboratories due to its features such as visualiza-
tion and coordination. It encompasses project design, construction 
and maintenance. This technology is not only applied to the design 
of architectural components, including modeling, layout, collision 
detection, batch drawing, building envelope component design and 
equipment and pipeline design but also the operational monitoring 
and maintenance. Additionally, BIM technology can assist in the en-
tire process of engineering management by predicting problems, 
formulating plans, and monitoring implementation. More impor-
tantly, it provides a platform for information exchange and sharing 
among all parties involved in construction projects which reduces 
communication barriers and accelerates information flow [42]. 
Therefore, BIM technology has broad application potential in med-
ical management institutions, hospitals ,medical scientific research 
institutions and related enterprises.

The intelligent design of medical laboratories is characterized 
by the intricate collaboration across multiple professional disci-
plines, highlighting the pressing need for automated coordination 
among various types of works. This developmental aspect necessi-
tates modern BIM technology to ensure the efficiency and precision 
of the entire construction process, while also facilitating seamless 
and effective collaboration among different professional disciplines.

Conclusion

The utilization of BIM technology in construction engineering 
information management is increasingly comprehensive, providing 
real-time visualization, detailed automation and enhanced collab-
oration. This is particularly crucial for the development of intelli-
gent medical laboratories that require extensive multi-disciplinary 
collaboration, effectively addressing complex information man-
agement and collaborative interaction challenges. BIM technology 
offers a highly realistic virtual analysis and automated real-time 
visualization of three-dimensional models throughout the entire 
building lifecycle, from project initiation to design, construction, 
maintenance and operation. Furthermore, it provides essential 
technical support for the initial preparation of multi-disciplinary 
coordination work as well as the prediction and formulation of 
strategies for engineering management and operational issues. 
With the ongoing advancement of intelligent construction in mod-
ern medical laboratories, this field will become a significant area 
for the new round of BIM technology applications.
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