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Abstract: The power of the relationship between building information modeling (BIM) systems and
advanced artificial intelligence models holds considerable weight for users of BIM. This relationship
allows the generation, analysis, and deduction of insights from substantial construction data. This
research examines the relationship between generative artificial intelligence (generative Al), deep
neural nets, and the BIM system, including its users. This study examines the correlation between
generative artificial intelligence and BIM system by conducting a case study. Furthermore, this pa-
per examines the conceptual and practical use of generative Al components (e.g., diffusion models)
in BIM systems via bibliometric analysis.

Keywords: BIM designer; text-to-image models; generative adversarial networks (GANSs); genera-
tive diffusion models; bibliometric analysis

1. Introduction

The implementation of virtual design and construction (VDC) and digital twin (DT)
methodologies plays a crucial role in the digital transformation of the construction sector.
Besides, the potential applications of building information modeling are extensive [1].
Within the discipline of architecture, several systems are utilized to enhance design pro-
cesses. These systems encompass computer-aided design data, parametric design pro-
cesses data, generative design models, and the extensive data derived from building ac-
tivities. These data sources serve as inputs for artificial intelligence models, enabling the
integration of advanced computational techniques in architectural practices. Artificial in-
telligence (AI) models exhibit a high degree of complexity and find application across
various academic disciplines. The utilization and theoretical frameworks surrounding the
implementation of deep neural networks (DNNSs) in the fields of construction and archi-
tecture have experienced a steady growth over time. Numerous research has been con-
ducted to examine the practicality of employing generative Al tools or methodologies
within the field of architecture [14,20,21,23,26]. The primary objective of this research is to
investigate the amalgamation of building information modeling and state-of-art deep
learning models. Furthermore, a case study has been carried out to assess its effectiveness.

Numerous studies have been conducted to examine the correlation between artificial
intelligence and BIM [2—-4,24]. Additionally, exploring the integration of BIM models into
currently developed generative artificial intelligence models is essential. The utilization
of generative models in conjunction with the BIM system facilitates the simplification of
the designer’s tasks. Generative adversarial networks (GANSs), text-to-image techniques,
diffusion networks, and large-scale language models possess promising prospects for uti-
lization within the domain of the use of BIM design. In overall, this work examines the
correlation between generative artificial intelligence and BIM by means of a specific case
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study. In this case study, a comprehensive textual depiction of the architectural compo-
nent was formulated, and various alternatives were developed at varying levels of speci-
ficity. Moreover, the present work employs bibliometric analysis as a method to examine
and interpret large-scale scientific datasets.

2. Experiments and Theoretical Framework

The culture surrounding BIM is complex and encompasses several procedures re-
lated to the generation of BIM data and the assessment of its outcomes. The inclusion of
both geometric and textual data inside BIM holds significant relevance for both designers
and field applications. This study examines the relationship between generative Al tools
and the BIM designer by means of a case study (Figure 1). The methods are subjected to
testing via the design of an architectural component, specifically a window, as well as
alternate design options (Figure 1/#0-1-2-3). The Dall-E v2 [16], Stable Diffusion [17,18],
and MidJourney [19] tools have undergone testing. The resulting 2D images with varying
levels of detail provide insight to the designer or modeler who is developing the BIM
model. Ploennigs (2023) [15] employed diffusion models in the generation of architectural
plans and presented a prospective workflow diagram for a “semantic BIM-based diffusion
model” in the future directions segment of their study. In their research, Jang and Lee
(2023, p. 7) [22] examined the process of incorporating pre-trained large language models
into BIM authoring tools. The field of generative Al incorporates a wide range of method-
ologies that are characterized by their multidimensional nature, consisting of various con-
stituent components and models.
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Figure 1. Developed roadmap for this study’s work packages

In the contemporary construction sector, the impact of digitization has prompted ef-
forts to transition from conventional digital approaches to artificial intelligence-aided de-
sign processes and the use of generative BIM practices. This study examines the effects of
deep neural network and generative artificial intelligence techniques on the development
and understanding of BIM design data. The present study employed bibliometric analysis
via VOSViewer program and Scopus database. The data was loaded into VOSViewer soft-
ware [5] and afterwards subjected to co-occurrence analysis. The chosen approach for
analysis was the full counting method, with the unit of analysis being author keywords.

In their study, Heidari et al. (2023) [6] using VOSViewer, CiteSpace, and Gephi tools
to conduct a bibliometric analysis on the terms “Al” and “BIM”. Deep learning algorithms
have many kinds of applications in the construction industry [7-12,25]. Furthermore,
Zabin et al. (2022) [13] conducted a systematic literature study to examine the correlation
between machine learning methods and building information modeling systems. Gener-
ative artificial intelligence (generative Al) encompasses various cutting-edge methodolo-
gies, including generative adversarial neural networks (GANSs), diffusion models, varia-
tional autoencoder (VAE), and transformer architecture. The influence of generative arti-
ficial intelligence has been extensive in various academic disciplines, with particular at-
tention given to its implications for the design industry. The integration of generative
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models has the potential to greatly enhance various design processes, spanning from the
idea to visual representation.

3. Results and Discussion

The findings of this study are comprised of two distinct components. The initial sec-
tion of this study entails the detailed explanation of the findings obtained from the bibli-
ometric analysis. The subsequent section focuses on the exploration of different 2D op-
tions for the design of BIM component (form-finding strategies), namely the architectural
element known as the ‘window". This exploration is conducted through the utilization of
generative artificial intelligence techniques. A thorough investigation was carried out in
the Scopus database by inputting the keywords “BIM” and “deep neural network”
[(Query: ((ALL (“BIM”) AND ALL (“deep neural network”))]. A comprehensive analysis
was conducted on a total of 1092 papers. There was an observed increase in the quantity
of publications from 2015 to 2023. Most of the publications originate from the disciplines
of engineering and computer science (Figure 2).
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Figure 2. Publication Year (left) and Source Analysis (right).
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Subsequently, an analysis was conducted on publications that encompassed the con-
cepts of “Building Information Modeling” and “Generative Adversarial Networks” based
on the specified query: ((ALL (“Building Information Modeling”) OR ALL (“Building In-
formation Modelling”)) AND ALL (“Generative Adversarial Network”)). A cumulative
count of 146 scholarly articles was identified. Since the year 2019, there has been an ob-
served increase in the quantity of published works (Figure 3). Based on the findings of the
examination, a total of 11 clusters were identified. Elements of the clusters include terms
such as architecture, generative design, smart building, 3D reconstruction, building lay-
out, and data analytics (Figure 3).
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Figure 3. Publication Year and Source Analysis (right) and Co-occurrence Analysis (left) Results.
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The database was queried using the search terms “Building Information Modeling”
and “Transformer” [(Query: TITLE-ABS-KEY (“Building Information Modeling”) OR TI-
TLE-ABS-KEY (“Building Information Modelling”) OR TITLE-ABS-KEY (“BIM”) AND
TITLE-ABS-KEY (“Transformer”))]. The quantity of scholarly articles published through-
out the time frame of 2010 to 2023 amounts to 32. A total of 25 publications were recorded
over the time frame of 2017 to 2023. Publications encompass the fields of engineering and
computer sciences. Large language model, prompt engineering, natural language pro-
cessing, construction management, automated code checking, generative pre-trained
transformer, and ICT are some of the cluster keywords (Figure 4). Furthermore, a search
was conducted in the Scopus database using the terms “Building Information Modeling”
and “Diffusion model” (ALL (“Building Information Modeling”) AND ALL (“diffusion
network”) OR ALL (“diffusion model”) AND ALL (“Artificial Intelligence”)). A total of
30 publications were identified. There has been an increase in the number of publications
since the year 2015. Eight clusters were constructed. Computational design, deep learning,
generative design, digital twin, 5D BIM, blockchain, design process, GNN, and conceptual
model are some of the cluster keywords (Figure 5).

.
.
)
.
:
© 203 [ 2002 | 2001 | 2020 | 2019 | 2008 | 2007
i o oo ing @ Publication Num 8 6 6 2 1 1 1
4 point er
R caive . . ~

31 4 5 & 7

Figure 4. Publication Year and Source Analysis (right) and Co-occurrence Analysis (left) Results.

[Fr— ) @B machine leaming )
fwﬁim’wi’mr T design ¢ ©
artificia telligence
fi vosviewer I

20210 20215 20220 20225 20230

Figure 5. Co-occurrence Analysis Results: “Building Information Modeling” and “Diffusion model”
terms.

Finally, the database was searched using the keywords “building information mod-
eling” and “variational autoencoder” with the query: TITLE-ABS-KEY (“Building Infor-
mation Modeling”) OR TITLE-ABS-KEY (“Building Information Modelling”) AND TI-
TLE-ABS-KEY (“Variational Autoencoder”). Simultaneously, the database was queried
[(Query: (ALL(“Building Information Modeling”) AND ALL(“Large Language Model”))]
using the phrases “Building Information Modeling” and “Large Language Model,” result-
ing in the identification of six publications.

When utilizing BIM data, the BIM designer has the opportunity to utilize machine
learning technologies such as natural language processing, computer vision, and genera-
tive artificial intelligence. This study utilizes generative artificial intelligence technologies
to generate diverse design ideas for BIM components (Figure 6). For illustrative purposes,
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a specific window design is delineated, and its intricacies are articulated in written form.
The basic concepts were generated via diffusion models. Several bases were decommis-
sioned and reconstructed in accordance with BIM guideline (Figure 6).
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Figure 6. Creating a pipeline for the case study (lower) and the BIM-generative Al ecosystem (up-
per).

The BIM ecosystem encompasses various actors, including BIM designers and BIM
managers, each of whom possesses distinct areas of jurisdiction. For instance, the genera-
tion of the BIM model or the formulation of BIM implementation plans (BEP) are carried
out by distinct users. Gaining insight into the necessary criteria for the implementation of
sophisticated deep learning (DL) models (e.g., CNNs, RNNs, LLMs, VAE, GANSs, diffu-
sion models, and transformer models) within the context of building information model-
ing systems is essential for BIM designer (Figure 6).

4. Conclusions

The establishment of a culture centered around BIM possesses the capacity to furnish
a digital framework that effectively caters to the needs of users throughout various stages
of the design process (ranging from initial concept design to the final stage) as well as
throughout implementation (including fabrication processes and field applications). Fur-
thermore, the BIM system encompasses various players, including the each of these actors
assumes significant tasks as delineated by the workflow charts. This study investigates
the correlation between generative artificial intelligence (Al), deep neural networks, and
building information modeling through case study and bibliometric analysis. Besides,
generative Al models have demonstrated notable efficacy within the domain of deep
learning models, specifically in the areas of generating novel design alternatives and ac-
commodating a diverse array of variations. This approach can allow for the development
of numerous design problems and corresponding solutions. In sub-sequent research en-
deavors, the field of BIM big data will undergo further development, accompanied by the
design of a comprehensive case study with LLMs.



Eng. Proc. 2023, 53, x FOR PEER REVIEW 6 of 7

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement:

Conflicts of Interest: The author declares no conflict of interest.

References

1. Eastman, C.M. BIM Handbook: A Guide to Building Information Modeling for Owners, Managers, Designers, Engineers and Contractors;
John Wiley & Sons: Hoboken, NJ, USA, 2011.

2. Ceccon, L.; Villa, D. AI-BIM interdisciplinary spill-overs: Prospected interplay of Al and BIM development paradigms. In From
Building Information Modelling to Mixed Reality; Springer International Publishing: Berlin/Heidelberg, Germany, 2021; pp. 195-
217.

3.  Pan, Y,; Zhang, L. Integrating BIM and Al for smart construction management: Current status and future directions. Arch.
Comput. Methods Eng. 2023, 30, 1081-1110.

4.  Bassir, D.; Lodge, H.; Chang, H.; Majak, J.; Chen, G. Application of artificial intelligence and machine learning for BIM. Int. ].
Simul. Multidiscip. Des. Optim. 2023, 14, 5.

5. Van Eck, N.; Waltman, L. Software survey: VOSviewer, a computer program for bibliometric mapping. Scientometrics 2010, 84,
523-538.

6. Heidari, A.; Peyvastehgar, Y.; Amanzadegan, M. A systematic review of the BIM in construction: From smart building manage-
ment to interoperability of BIM & Al Archit. Sci. Rev. 2023, 1-18. https://doi.org/10.1080/00038628.2023.2243247 .

7. Akinosho, T.D.; Oyedele, L.O,; Bilal, M.; Ajayi, A.O.; Delgado, M.D.; Akinade, O.O.; Ahmed, A.A. Deep learning in the con-
struction industry: A review of present status and future innovations. J. Build. Eng. 2020, 32, 101827.

8.  Khallaf, R.; Khallaf, M. Classification and analysis of deep learning applications in construction: A systematic literature review.
Autom. Constr. 2021, 129, 103760.

9. Baduge, S.K,; Thilakarathna, S.; Perera, ].S.; Arashpour, M.; Sharafi, P.; Teodosio, B.; Shringi, A.; Mendis, P. Artificial intelligence
and smart vision for building and construction 4.0: Machine and deep learning methods and applications. Autom. Constr. 2022,
141, 104440.

10. Jacobsen, E.L.; Teizer, ]. Deep learning in construction: Review of applications and potential avenues. Journal Comput. Civ. Eng.
2022, 36, 03121001.

11. Mansoor, A; Liu, S.; Ali, G.M.; Bouferguene, A.; Al-Hussein, M. Scientometric analysis and critical review on the application of
deep learning in the construction industry. Can. J. Civ. Eng. 2022, 50, 253-269.

12. Pal, A.; Hsieh, S.H. Deep-learning-based visual data analytics for smart construction management. Autom. Constr. 2021, 131,
103892.

13. Zabin, A.; Gonzalez, V.A.; Zou, Y.; Amor, R. Applications of machine learning to BIM: A systematic literature review. Adv. Eng.
Inform. 2022, 51, 101474.

14. Ko, J.; Ajibefun, J.; Yan, W. Experiments on Generative Al-Powered Parametric Modeling and BIM for Architectural Design.
arXiv 2023, arXiv:2308.00227.

15. Ploennigs, J.; Berger, M. Diffusion Models for Computational Design at the Example of Floor Plans. arXiv 2023, arXiv:2307.02511.

16. OpenAl DALL-E 2. OpenAl. 2022. Available online: https://openai.com/dall-e-2 (accessed on).

17.  Stability Al Stable Diffusion Public Release. Stability Al 2022. Available online: https://stability.ai/blog/stable-diffusion-public-
release (accessed on).

18. Stable Diffusion Online. n.d. Stablediffusionweb.com. Available online: https://stablediffusionweb.com (accessed on).

19. Midjourney. n.d. Midjourney, Inc. Available online: https://www.midjourney.com/ (accessed on).

20. Paananen, V.; Oppenlaender, J.; Visuri, A. Using Text-to-Image Generation for Architectural Design Ideation. arXiv 2023,
arXiv:2304.10182.

21. Zhang, Z.; Fort, ].M.; Mateu, L.G. Exploring the Potential of Artificial Intelligence as a Tool for Architectural Design: A Percep-
tion Study Using Gaudi’s Works. Buildings 2023, 13, 1863.

22. Jang, S.; Lee, G. Interactive Design by Integrating a Large Pre-Trained Language Model and Building Information Modeling.
arXiv 2023, arXiv:2306.14165.

23. Luo, Z.; Huang, W. FloorplanGAN: Vector residential floorplan adversarial generation. Autom. Constr. 2022, 142, 104470.

24. Ozturk, G.B.; Tunca, M. Artificial Intelligence in Building Information Modeling Research: Country and Document-based Cita-
tion and Bibliographic Coupling Analysis. Celal Bayar Univ. ]. Sci. 2020, 16, 269-279. https://doi.org/10.18466/cbayarfbe.770565.

25. Darko, A.; Chan, A.P.; Adabre, M.A.; Edwards, D.J.; Hosseini, M.R.; Ameyaw, E.E. Artificial intelligence in the AEC industry:
Scientometric analysis and visualization of research activities. Autom. Constr. 2020, 112, 103081.

26. Chen, J.; Wang, D.; Shao, Z.; Zhang, X.; Ruan, M.; Li, H.; Li, J. Using Artificial Intelligence to Generate Master-Quality Architec-

tural Designs from Text Descriptions. Buildings 2023, 13, 2285.



Eng. Proc. 2023, 53, x FOR PEER REVIEW 7 of 7

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



