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ABSTRACT: This paper suggests the potential application of generative artificial intelligence-based image
generation technology in the field of architecture, for early phase shape planning, using the styles of renowned
architects. The study employed the following approaches: 1) Intensive image generation based on the styles of 20
architects to test the Al's recognition ability and image quality. 2) Additional training was conducted for architects
with low recognition rates to construct an enhanced learning model in the quality of image generation. 3) In
addition to generating architectural visualization images using existing architects’ design styles, alternative styles
were proposed through design combinations, aiming to concretize ambiguous idea communication in the early
stages of design and enhance its efficiency. The study sheds light on the future prospects of applying this generative
Al model in the field of architecture.
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1. INTRODUCTION

In the field of architecture, visualization plays a crucial role in comprehending and evaluating complex design
alternatives and spatial qualities [Greenberg, 1974]. Especially in the early design stages, it allows clear expression
of design ideas and spatial concepts, enabling the identification and resolution of potential issues and facilitating
effective communication among stakeholders [Akin, 1978]. Ultimately, early-stage visualization defines the design
direction, enhances collaboration, efficiency, and leads to better outcomes. However, creating high-quality
visualization images, particularly during the abstract design phases, remains challenging. While advancements in
3D modeling and rendering have improved the realism of visualizations, the process still demands time and
specialized skills [Fonseca, 2017]. Currently, the emergence of Al and machine learning-based image generation
models offers the ability to create images from text in a short timeframe. Applying this technology in the field of
architecture has the potential to expedite the design process and foster creative design solutions.

Building upon this, our research focuses on the feasibility of generating architectural visualizations using Al-based
image generation method. In Chapter 3, we tested the performance of the image generation Al model based on
architects’ styles, and in Chapter 4, we conducted additional training based on the test results. Finally, Chapter 5
demonstrates the practical applications of the Image generation Al including trained model.

2. BACKGROUNDS
2.1 Architectural visualization generation methods

Architectural visualization has evolved significantly over the years, transitioning from traditional manual
techniques to embrace the power of digital technology. Historically, architects relied on hand-drawn sketches,
physical models, and paintings to communicate their design ideas [Kehir AI-Kodmany, 2001; Atilola et al., 2016].
These methods, though expressive, had limitations in terms of scale, precision, and the time-intensive nature of
creation. As architecture moved into the digital era, Computer-Aided Design (CAD) emerged as a game-changer,
enabling architects to produce accurate and editable digital representations of their designs [Chiu, 1995]. It marked
the beginning of a transformative shift in architectural visualization, offering architects the ability to iterate rapidly,
explore design alternatives, and create highly detailed virtual models.

As technology continued to advance, architectural visualization expanded its horizons to encompass photorealistic
rendering, three-dimensional (3D) modeling, and immersive experiences [Koutamanis, 2000]. Sophisticated
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rendering software, bolstered by powerful Graphics Processing Units (GPUs), enabled architects to create high-
fidelity visualizations that realistically conveyed materiality, lighting, and texture. 3D modeling provided a
comprehensive understanding of spatial relationships [Eastman, 1999], offering architects the ability to manipulate
and analyze their designs in a virtual environment [David et al., 2022]. This progress in technology not only
increased the efficiency of the design process, ultimately leading to better-informed design decisions and more
visually impactful presentations.

2.2 Image generation artificial intelligence (AI)

In 2014, Generative Adversarial Networks (GANs) emerged as a dominant paradigm for image generation research.
GANs showcase their prowess by creating realistic images through competitive training involving a generator and
a discriminator [Goodfellow et al., 2014]. As the stability of GAN training methods improved, the focus shifted
towards generating images with specific attributes and refining the generated outputs [Karras et al., 2020]. These
techniques have been applied to comprehend the information conveyed in architectural drawings, making it
interpretable for computers. [Kim et al., 2019; Kim et al., 2020]

Since 2020, within the diverse landscape of image generation Al platforms, several notable options have emerged.
Midjourney [Oppenlaender, 2022] specializes in style blending, empowering users to influence the fusion of
multiple styles within the generated images. DALL-E 2 [Ramesh et al., 2022] creates images from textual
descriptions, showcasing the potential to transform words into visuals, despite occasional inconsistencies. In
contrast, Stable Diffusion [Rombach et al., 2022] leverages a diffusion model, ensuring stability during training
and providing the capacity to manage image quality and intricacy. It shows immense promise in bridging the gap
between abstract architectural concepts and their visual manifestation.

Among these, Stable Diffusion holds particular promise for architectural visualization research, given its ability to
handle complex image transformations, align well with architectural subtleties, provide stability during training,
and offer control over output quality and detail [Oppenlaender et al., 2023; Borji, 2023]. This positions Stable
Diffusion as a potent tool to bridge the gap between architectural concepts and visual representation, redefining
how architects approach their work and streamlining the creative process.

2.3 Potential for architectural visualization automation

There has been extensive research in image generation Al; however, its full potential for architectural visualization
has yet to be realized. This research introduces a novel approach to architectural visualization using image
generation Al models, emphasizing their transformative impact on this field. By harnessing advanced machine
learning techniques, the study explores innovative methods to enhance architectural visualization, including text-
to-image generation, which creates images from textual descriptions [Saharia et al., 2022]. This capability enables
the generation of highly realistic images, making it a versatile tool with significant potential for various
architectural visualization applications.

Architects’ Styles

et

&

Design Idea Generative Al 2D Visualization

Input Processing Output

Fig. 1: Research approach: Image generation Al based architectural visualization

3. INTENSIVE TEST OF IMAGE GENERATION AI WITH ARCHITECTS’ STYLE
3.1 Image generation test for architects’ styles

Image generation artificial intelligence (AI), particularly Stable Diffusion (SD), involves two primary methods.
The first method generates images from a text prompt, known as text-to-image generation. The second method,
image-to-image generation, requires a seed image in addition to text prompts to generate images based on both
inputs. In this paper, we focus primarily on text-to-image generation which generates images (Img;) using the
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SECTION C - Al, DATA SCIENCE AND ANALYTICS

"generate()" function, requiring a Al model (M), parameters (Param), and prompts ( P;).

generate(M, Param, P,) = Imgg M
Param = {resolution, sampling method, sampling steps, CFG scale} 2)
P, = {SDP, RQP} S

The Param consist of four components: resolution, determining the image size in pixel; sampling method,
selecting method for image extracting from latent space; sampling steps, defining the number of extraction
stages; and Classifier-free guidance scale (CFG scale), specifying the influence level of the prompt. The P,
consist of Scene Description Prompts (SDP), describing the target scene, visual composition, and graphic style,
and Resolution Quality Prompts (RQP), adjusting the image's quality. Additionally, to prevent errors, each prompt
composition includes negative prompts to specify what should be excluded. Table 1 provides example prompts
corresponding to its composition.

Table 1: Prompt composition and its examples.

Composition of P, Positive Prompt example Negative prompt example

L A residential house, professional photograph, . o L .
Scene description . . . . Commercial buildings, painting, sketch, bird’s-eye
photorealistic rendering, deep depth of field, high- L. . . .
prompts (SDP) L X . view, isometric, portrait, cropped view, etc.
key lighting, two-point perspective, etc.

. . realistic shadows, enhance-detail, v ray rendering, low quality, too much noise, normal quality,
Resolution quality . . i . X . .
full HD, masterpiece, highly detailed, high quality, watermark, blurry textured, blurry, noise, faint, text,
prompt (RQP) 8k et .
, etc. etc.

In this section, we tested the performance of the text-to-image method defined earlier for generating architectural
visualization. We randomly selected 20 architects who have received architectural awards or have had significant
international influence, and generated images reflecting their styles. While additional descriptive keywords could
enhance image quality by further delineating each architect's features, we excluded them for a clearer assessment
of the default model's architect’s style recognition capabilities. Instead, we used only the prompt "Architect's name-
inspired residential house" and prompts associated with photorealistic rendering, commonly used in architectural
visualization. We generated approximately 100 to 150 images for each architect in a local PC environment, with a
resolution of 1024 by 512 pixels. The generated results are summarized in Figure 2.

None style Low Recognition High Recognition
“A residential house” “Renzo Piano-inspired residential house” “Frank Gehry-inspired residential house”

Fig. 2: Result of text-to-image generation test
3.2 Findings and ongoing inquiry in image generation Al

The generated results were assessed based on three criteria for their alignment with P,. This assessment
encompassed: (1) Style fidelity, which measures the accuracy of depicting the design characteristics of architects,
(2) Domain fidelity, which verifies the representation of unique features for residential houses, and (3) Image
quality, assessing the extent to which the photorealistic style rendering prompt was reflected in terms of graphic
style, composition, and resolution.

The image generation test results indicated that the current SD model achieved a high level of domain fidelity and
overall image quality. However, it exhibited low recognition for specific architects' styles, regardless of their
prominence, resulting in lower quality and less detailed images of generic Western-style residential houses without
any corresponding style features. As a result, the need for further additional training of the existing image
generation model to address these limitations in recognizing certain architects' styles became evident. Motivated
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by this necessity, we conducted additional training, specifically targeting Architects' design styles, as depicted in

Figure 3.
% — &

Dataset Trained model
Additional Training

Architects’ Styles
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Input Processing Output

Fig. 3: Research Overview: Additional training for architects’ styles

4. ADDITIONAL TRAINING FOR ARCHITECTS’ STYLES
4.1 Additional training and data preparation

If the majority of generated images (Img;) do not match the target image group (Img,), it is required to replace
the current model (M) with an alternative model (M"). This replacement can involve either substituting the model
or enhancing it through further training. In this chapter, Low Rank-Adaptation (LoRA) approach [Hu et al., 2021]
is employed for additional training, aiming to improve the recognition of specific architects’ styles and to generate
images that appropriately belong to the Img;. The target model (M,) is developed using the "train()" operator,
based on the base model (M), hyperparameters (Hyperparam) and a target training dataset (D).

Most of Imgg € Img, > M' > M 4
train(M, Hyperparam, D,) = M, € M’ 5)

Hyperparameters play a significant role in both the model's learning process and the subsequent performance of
the M. We specifically focused on three crucial hyperparameters: the training batch size (BS;), the number of
epochs (epoch), and the learning rate (). At the same time, the effectiveness of additional training relies on a
high-quality dataset (D;) containing image data (Imgp) along with corresponding annotation text files (Txtp).

Hyperparam = {BS;, epoch, a} (6)
D, = {Imgp,, Txtpy, ..., Imgpy, Txtp,} (7)

The additional training process, as depicted in Figure 4, involves two essential steps: (1) dataset preparation
[Abdallah et al, 2017] and (2) training [Hu et al., 2021]. During the dataset preparation phase, meticulous training
data collection is required to ensure alignment with P,. Preprocessing phase aids in removing unnecessary content
that might disrupt the training process. It is crucial to ensure content quality of training data, and the
correspondence between Img, and Txtp. Following this, the Txtj is paired with the respective Imgp, and the
prepared D, is then trained using the specified Hyperparam.

Collection Preprocessing Pairing Embedding

(1) Dataset preparation (2) Training

Fig. 4: Additional training process
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4.2 Additional training of existing model with architects’ styles

In this chapter, we provided additional training to architects who received low or no recognition in the image
generation test discussed in Chapter 3. We conducted a few-shot learning using the previously defined training
approach. By incorporating the trained LoRA model (M,) into the image generation function, the possibility that
generated images (Img, ) closely resemble the designated Img, is notably improved compared to the previous
results. When utilizing M,, in addition to M, it is crucial to input the application weight (W), a value ranging
from O to 1, where O represents 0% and 1 represents 100%.

generate(M' v M(M,, W), Param, P,) = Img (8)

We compared the performance of the default model (M) with the trained model (M,) by generating images with
both. The image generation process followed equation (8), and the parameters (Param) and prompts (P_t) used for
image generation remained consistent with those used in Chapter 3. As shown in Figure 5, the existing model had
very low recognition rates for certain architects, so even with a full weight, the specific features of those styles
were not represented. However, when using the trained model, these features are correctly displayed, and their
application is proportional to the weight. The additional training allows us a wider range of style options that the
original model could not achieve.

Default model 1.0 Trained model 0.5 Trained model 1.0
“SANAA-inspired residential house” “SANAA-inspired residential house” “SANAA-inspired residential house”

Fig. 5: Additional training results: SANAA style

S. DEMONSTRATIONS

Our investigation revealed that Al-driven image generation rapidly produces high-quality architectural
visualizations from text prompts, empowering architects to easily create reference images and visualizations from
the start of the design process. This chapter demonstrates the practicality of Image Generation Al, particularly
Stable Diffusion, across various architectural styles. The three applications include: (1) building additional training
models for desired architects' styles, (2) generating architectural visualizations applying an individual architect's
style, and (3) generating style alternatives by combining more than two styles.

5.1 Implementation of different styles through additional training

In this scenario, we employ image generation Al to incorporate diverse architects’ styles, providing users with
desired visualization outcomes through additional training. In this chapter, we conducted additional training
following the process outlined in Figure 4, targeting five architects with very low recognition rates, aiming to
enhance the model's level of detail. To ensure high-quality training images, we sourced project photographs from
reputable sources, such as Architects’ official websites, focusing on full facades in 1-point or 2-point perspective.
Preprocessing involved image resizing and the removal of excessive information. Text data was constructed for
each image, extracting from interviews with architects, expert analyses, and prior research about their styles. Each
target style was trained with 15-25 datasets in average, with hyperparameters {1, 100, 0.0001}, and it took 8-15
minutes per each training.

The resulting model files, incorporated into the existing model, produce architectural exterior images closely
mirroring architects' design styles, even when data is limited. In this chapter, we generated five M, files, each
representing the styles of different architects, capable of producing high-quality images comparable to those shown
in table 2 of chapter 5.2.

5.2 Visualization of design alternatives from text prompts

This scenario describes how we acquired a diverse set of creative reference images representing different architects'
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design styles. In this chapter, we applied the M, developed in the previous chapter to M in order to generate
architectural visualizations based on the styles of 20 selected architects, using the same prompts as those used in
the image generation test in chapter 3.1. We generated approximately 100 to 150 images for each architect based
on equations (1) and (8), with the parameters {(1024, 512), Euler a, 20, 7}. These images, as demonstrated in
Table 2, accurately reflect not only their respective styles but also maintain the essential characteristics of
residential buildings, even for architects with little prior experience in residential projects. These generated outputs
provide a rich source of diverse and concrete ideas and inspirations right from the initial stages of architectural
design, streamlining communication and facilitating the design process.

Table 2: Resume of generated visualizations from text prompts

Input prompt

Output

Descriptive Keywords

LM. Pei-inspired
residential house,
Photorealistic

rendering prompt set

Modernist, minimalist,
geometric, cultural fusion,
monumental, symmetrical, glass
and steel, iconic, etc.

Renzo Piano-inspired
residential house,
Photorealistic

rendering prompt set

Lightness, Transparency,
industrial materials, fluidity,
civic and public focus, open
spaces, etc.

Le Corbusier-inspired
residential house,
Photorealistic

rendering prompt set

Modernism, functionalism, free
facade, open floor plans,
concrete, horizontal windows,

etc.

SANAA-inspired
residential house,
Photorealistic

rendering prompt set

Minimalist, subtle elegance,
organic forms, conceptual
simplicity, fine steel structure,
white color, transparency, etc.

Shigeru Ban-inspired
residential house,
Photorealistic
rendering prompt set

Sustainability, paper architecture,
wooden modular structure,
organic design, grid, organic
forms, patterns, etc.

Frank Lloyd Wright-
inspired residential

house, Photorealistic
rendering prompt set

Organic architecture, prairie
style, horizontal lines, flat roofs,
clerestory windows, cantilevered
overhangs, etc.

Antoni Gaudi-
inspired residential
house, Photorealistic
rendering prompt set

Curved lines, mosaic and tilework,
nature-inspired design, whimsical

details, unconventional forms, use
of color, etc.

Mies van der Roe-
inspired residential
house, Photorealistic
rendering prompt set

Minimalism, steel and glass, open
floor plans, linear and geometric
design, Bauhaus influence,
international style, etc.

Ex) Photorealistic rendering prompt set = Positive prompts: professional photograph, photorealistic rendering, realistic, enhance-detail, v ray
rendering, full HD, masterpiece, highly detailed, high quality, 8k, two-point perspective, exterior view, full shot, deep depth of field, {/22,
35mm, high-key lighting, natural lighting, realistic shadows; Negative prompts: low quality, bad proportion, awkward shadows, unrealistic
lighting, pixelated textures, too much noise, unrealistic reflections, normal quality, watermark, bad perspective, confusing details, blurry
textured, blurry, noise, cloudy, faint, text.
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5.3 Combination between architects’ styles

This scenario illustrates the creation of diverse image references by blending multiple architectural styles, resulting
in novel and previously unseen styles. Users can expand their architectural image references using image
generation Al by combining the styles of two or more architects. The P, and Param for these operations are the
same as those in other image generation cases, except for the SDP (Scene Description Prompts), which is
observable in Table 3. This setup allows for a comparison between the results of applying a single style and the
application of multiple styles, facilitating an assessment of the progress of the operations.

Table 3: Example of combination of architects’ styles using text-to-image method

Classification Mono-style: SANAA style Mono-style: Luis Barragan style Multi-style: SANAA and Barragan
Model Trained model
Parameters Resolution: 1024 X 512 / Sampling method: Euler a / Sampling steps: 20 / CFG scale: 7
Input SANAA-inspired residential Luis Barragan-inspired residential ~ SANAA and Luis Barragan-inspired
Prompts house, Photorealistic rendering house, Photorealistic rendering residential house, Photorealistic
prompt set prompt set rendering prompt set

Output
D ot Minimalist, elegance, sensitivity, Minimalism, color, geometry, Fine structures. colorful. rectilinear.
escriptive > > 4 ’
fine steel structure, white color, concrete, simplicity, play of light BT
Keywords ) o p Yy, play g concrete, simplicity, geometry, etc.
simplicity, transparency, etc. and shadow, etc.

As shown in Table 3, the combination of two different styles is evident and noticeable. When the curvilinear style
of SANAA is combined with the rectilinear style of Luis Barragan, the curvilinear aspect of SANAA becomes less
pronounced. Additionally, the resulting style incorporates the color palette and materiality of Luis Barragan, along
with SANAA's distinctive design feature of thin structures. These findings demonstrate that image generation Al
can create new alternative styles based on existing ones, potentially generating a variety of additional alternatives.

6. CONCLUSION

This research marks the initial steps in exploring the potential of architectural visualization through image
generation Al, with a specific focus on the Stable Diffusion model. The study underscores the significant impact
of image generation Al, particularly in the field of architecture and its application in early-stage architectural
visualization. Leveraging deep learning and image generation techniques, we trained the model to capture the
distinctive styles of renowned architects, using this knowledge to visualize typical residential houses. Our testing
revealed that while the default SD model generally produces high-quality architectural visualizations with domain
fidelity, it does face limitations in recognizing the unique styles of architects. However, we demonstrated that these
limitations can be improved through additional training, highlighting the powerful potential of image generation
AL

This approach plays a pivotal role in bridging the gap between abstract design concepts and tangible visual
representations, empowering architects to effectively convey their creative ideas. Integrating Al technology into
architectural visualization broadens creative possibilities, enabling architects to explore a diverse range of design
alternatives. Looking ahead, further research is essential to develop comprehensive and refined methods for
additional training, expanding beyond architects' styles to other targets. Additionally, the focus should be on
enhancing the accessibility and utility of this technology by exploring other generation methods, such as image-
to-image, and the development of user-friendly tools.

7. AKNOWLEDGEMENT

This work was supported by the National Research Foundation of Korea(NRF) grant funded by the Korea
government(MIST) (No. NRF-2022R1A2C1093310)

923



REFERENCES

Abdallah, Z., Du, L., & Webb, G. (2017). Data Preparation. In: Sammut, C., Webb, G.I. (eds) Encyclopedia of
Machine Learning and Data Mining. Springer. https://doi.org/10.1007/978-1-4899-7687-1_62.

Akin, O. (1978). How do architects design. Artificial Intelligence and Pattern Recognition in Computer Aided
Design, 65-104.

Atilola, O., Tomko, M., & Linsey, J. S. (2016). The effects of representation on idea generation and design fixation:
A study  comparing sketches and  function trees. Design studies, 42, 110-136.
https://doi.org/10.1016/j.destud.2015.10.005.

Borji, A. (2023). Generated Faces in the Wild: Quantitative Comparison of Stable Diffusion, Midjourney and
DALL-E 2. https://doi.org/10.48550/arXiv.2210.00586.

Chiu, M. L. (1995). Collaborative design in CAAD studios: shared ideas, resources, and representations. In
Proceedings of International Conference on CAAD Future (Vol. 95, pp. 749-759).

David, A., Joy, E., Kumar, S., & Bezaleel, S.J. (2022). Integrating Virtual Reality with 3D Modeling for Interactive
Architectural Visualization and Photorealistic Simulation: A Direction for Future Smart Construction Design Using
a Game Engine. Second International Conference on Image Processing and Capsule Networks, 300.
https://doi.org/10.1007/978-3-030-84760-9_17

Eastman, C.M. (1999). Building Product Models: Computer Environments, Supporting Design and Construction.
(1st ed.). CRC Press: Florida, (Chapter 1).

Fonseca, D., Redondo, E., Valls, F., & Villagrasa, S. (2017). Technological adaptation of the student to the
educational density of the course. A case study: 3D architectural visualization, Computers in Human Behavior, 72,
599-611. https://doi.org/10.1016/j.chb.2016.05.048.

Goodfellow, 1., Pouget-Abadie, J., Mirza, M., Xu, B., Warde-Farley, D., Ozair, S., ... & Bengio, Y. (2014).
Generative adversarial nets. Advances in neural information processing systems, 27.

Greenberg, D. P. (1974). Computer graphics in architecture. Scientific American, 230(5), 98-107.
https://www.jstor.org/stable/24950079.

Hu, E. J., Shen, Y., Wallis, P., Allen-Zhu, Z., Li, Y., Wang, S., ... & Chen, W. (2021). Lora: Low-rank adaptation
of large language models. https://ar5iv.labs.arxiv.org/html/2106.09685.

Karras, T., Laine, S., Aittala, M., Hellsten, J., Lehtinen, J., & Aila, T. (2020). Analyzing and improving the image
quality of stylegan. In Proceedings of the IEEE/CVF conference on computer vision and pattern recognition (pp.
8110-8119). DOI: 10.1109/CVPR42600.2020.00813.

Kheir Al-Kodmany. (2001). Visualization Tools and Methods for Participatory Planning and Design. Journal of
Urban Technology, 8(2), 1-37. DOI: 10.1080/106307301316904772

Kim, J., & Lee, J. K. (2020). Stochastic detection of interior design styles using a deep-learning model for reference
images. Applied Sciences, 10(20), 7299. https://doi.org/10.3390/app10207299.

Kim, J., Song, J., & Lee, J. K. (2019, January). Approach to auto-recognition of design elements for the intelligent
management of interior pictures. In Proceedings of the 24th International Conference on Computer-Aided
Architectural Design Research in Asia: Intelligent and Informed, CAADRIA (pp. 785-794).
https://doi.org/10.52842/conf.caadria.2019.2.785.

Koutamanis, A. (2000) Digital architectural visualization. Automation in Construction, 9(4), 347-360.
https://doi.org/10.1016/S0926-5805(99)00018-7.

Oppenlaender, J. (2022, November). The Creativity of Text-to-Image Generation. In Proceedings of the 25th
International Academic Mindtrek Conference (pp. 192-202). https://doi.org/10.1145/3569219.3569352.

Oppenlaender, J., Visuri, A., Paananen, V., Linder, R., & Silvennoinen, J. (2023). Text-to-Image Generation:
Perceptions and Realities. https://doi.org/10.48550/arXiv.2303.13530.

924



Ramesh, A., Dhariwal, P., Nichol, A., Chu, C., & Chen, M. (2022). Hierarchical text-conditional image generation
with clip latents. https://doi.org/10.48550/arXiv.2204.06125.

Rombach, R., Blattmann, A., Lorenz, D., Esser, P., & Ommer, B. (2022). High-resolution image synthesis with
latent diffusion models. In Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition
(pp. 10684-10695). https://doi.org/10.48550/arXiv.2112.10752

Saharia, C., Chan, W., Saxena, S., Li, L., Whang, J., Denton, E. L., ... & Norouzi, M. (2022). Photorealistic text-
to-image diffusion models with deep language understanding. Advances in Neural Information Processing Systems,
35, 36479-36494. https://doi.org/10.48550/arXiv.2205.11487.

925



	title page
	copyright page
	Table of contents
	Conference Committee
	Organizing Institutions
	Foreword
	Daniel Napps, Markus König, Investigation of the Acceptance of Virtual Reality for Planning Decisions in Early Design Phases
	Christoph Blut, Tristan Kinnen, Jörg Blankenbach, Dirk Heidermann, Felix Schellong, Building Inspector XR: Streamlining Scan-to-BIM with Virtual and Mixed Reality  
	Corentin Coupry, Paul Richard, David Bigaud, Sylvain Noblecourt, David Baudry, The Value of Extended Reality Techniques to Improve Remote Collaborative Maintenance Operations: A User Study  
	Mario Wolf, Jochen Teizer, Creation and Acceptance of Low-Threshold Mobile Training on Sustainability in Construction  
	Mohamed Assaf, Rafik Lemouchi, Mohamed Al-Hussein, Xinming Li, A Collaborative Planning Model for Offsite Construction Based on Virtual Reality and Game Engines  
	Anthony Yusuf, Abiola Akanmu, Adedeji Afolabi, Homero Murzi, Prediction of Cognitive Load during Industry-Academia Collaboration via a Web Platform  
	Shahin Sateei, Mattias Roupe, Mikael Johansson, Transitioning from 2D to VR in Design Review – Resistance to Engagement  
	Mikael Johansson, Mattias Roupé, Mikael Viklund Tallgren, Collaborative Site Layout Planning Using Multi-Touch Table and Immersive VR  
	Eleonora D’Ascenzi, Vito Getuli, Irene Fiesoli, Application of Smart Technologies for Assessing Users’ Well-Being for Immersive Design Strategies: A State-of-the-Art Review  
	Girish Srivatsa Rentala, Yimin Zhu, Investigating the Ability of Immersive Virtual Environments to Facilitate Occupant Thermal State Data Collection Involving Face Masks  
	Leonardo Messi, Francesco Spegni, Massimo Vaccarini, Alessandra Corneli, Leonardo Binni, Seamless Indoor/Outdoor Marker-Less Augmented Reality Registration Supporting Facility Management Operations  
	Xiang Yuan, Qipei Mei, Xinming Li, Integrating Real-Time Object Detection into an AR-Driven Task Assistance Prototype: An Approach Towards Reducing Specific Motions in Therbligs Theory  
	Naotaka Sumida, Taira Ozaki, Satoshi Kubota, Dan Hiroshige, Yoshihiro Yasumuro, Visualization of Weather-Aware Ambient Heat Risks 
With Global Illumination in Game Engine  
	Ivan Mutis, Marina Oberemok, Nishanth Purushotham, Improving Sense-Making for Construction Planning Tasks Using Visual and Haptic Stimuli in Virtual Reality Environments  
	Kilian Speiser, Kepeng Hong, Jochen Teizer, Enhancing the Realism of Virtual Construction Safety Training: Integration of Real-Time Location Systems for Real-World Hazard Simulations  
	Roghieh Eskandari, Ali Motamedi, Visibility Enhancement of Crane Operators Using BIM-Based Diminished Reality  
	Khalid Amin, Grant Mills, Duncan Wilson, Karim Farghaly, Adapting BIM-Based AR Positioning Techniques to the Construction Site  
	Rafik Lemouchi, Mohamed Assaf, Mohamed Al-Hussein, Khaoula Boutouhami, Ahmed Bouferguene, Safety Training for Rigging Using Virtual Reality  
	Alessandra Corneli, Berardo Naticchia, Massimo Vaccarini, Alessandro Carbonari, Francesco Spegni, Application of Diminished Reality for Construction Site Safety Management  
	Monica Meocci, Alessandro Terrosi, Andrea Paliotto, Francesca La Torre, Irene Infante, Driving Simulator for Road Safety Design: A Comparison Between Virtual Reality Tests and In-Field Tests  
	Fadi Castronovo, Seyedreza Razavialavi, Abdullahi Abdulrahman, Mohammed Rayan Saiba, Pablo Martinez Rodriguez, Assessing Impacts of Immersive Virtual Reality-Based Design Reviews on Learners’ Self-Efficacy  
	Xuanchang Liu, Ivan Mutis, Cognitive Dynamics for Construction Management Learning Tasks in Mixed Reality Environments  
	Anthony Yusuf, Adedeji Afolabi, Abiola Akanmu, Johnson Olayiwola, Evaluation of Computer Vision-Aided Multimedia Learning in Construction Engineering Education  
	Marco Bragadin, Caterina Morganti, Pier Carlo Ricci, Emlyn Witt, Kalle Kähkönen, Puolitaival Taija, BIM-Based Open Learning Resources Repository for the Benedict Project  
	Aso Hajirasouli, Vito Getuli, Alessandro Bruttini, Tommaso Sorbi, Pietro Capone, Towards a Digital Era in AEC Higher Education: Combining Theory and Technology to Develop and Deliver Architectural Master Classes  
	Caolan Plumb, Farzad Rahimian, Diptangshu Pandit, Hannah Thomas, Nigel Clark, A Framework for Realistic Virtual Representation for Immersive Training Environments.  
	Vito Getuli, Valentina Fornasari, Alessandro Bruttini, Tommaso Sorbi, Pietro Capone, Evaluation of Immersive VR Experiences for Safety Training of Construction Workers: A Semi-Qualitative Approach Proposal  
	Nana Akua Adu-Amankwa, Farzad Rahimian, Nashwan Dawood, Enhancing Collaboration with Blockchain-Enabled Digital Twins: Perspectives from Stakeholders in the Built Environment  
	Xuling Ye, Xingyu Tao, Jack C. P. Cheng, Markus König, Blockchain-BPMN Integrated Framework for Construction Management  
	Xingyu Tao, Xingbo Gong, Moumita Das, Yuqing Xu, Hao Liu, Jack Cp Cheng, Chengliang Zheng, Fast and Secure BIM Design Using Blockchain: An Example of Makeshift Hospital Project for COVID-19 Treatment in Hong Kong  
	Xingbo Gong, Xingyu Tao, Moumita Das, Helen H.L. Kwok, Jack C.P. Cheng, Integrating ESG Factors into Construction Projects: A Blockchain-Based Data Management Approach  
	Moumita Das, Xingyu Tao, Yuxing Xu, Jack C. P. Cheng, A Blockchain-Based Secure Submission Management Framework for Design and Construction Phases  
	Lingming Kong, Rui Zhao, Fan Xue, Zero-Knowledge Proof for Trusted Construction Management: A Preliminary Study of Adaptive Blockchain BIM Identity Authentication  
	Oluwatoyin Lawal, Nawari Nawari, Leveraging Smart Contracts in Building Information Modeling (BIM) for Unified Project Execution: A Theoretical Framework.  
	Mehrtash Soltani, Dohyeong Kim, Akeem Pedro, Jaehun Yang, Si Tran, Doyeop Lee, Chansik Park, iSafeIncentive: Transforming Construction Safety Culture through Blockchain Incentives  
	Franck Romuald Fotso Mtope, Sina Joneidy, Diptangshu Pandit, Farzad Rahimian, Multi-Aspectual Knowledge Elicitation for Procurement Optimization in a Warehouse Company  
	David King, Nadeeshani Wanigarathna, Keith Jones, Joseph Ofori-Kuragu, A Systematic Literature Review to Identify a Methodological Approach for Use in the Modelling and Forecasting of Capital Expenditure of Hyperscale Data Centres  
	Zhe Chen, Zhengting Guo, Fan Xue, A Value Stream Mapping Approach to the Identification of Lean Management Opportunities for Off-Site Construction Production: A Case of Reinforced Concrete Slabs  
	David King, Nadeeshani Wanigarathna, Keith Jones, Joseph Ofori-Kuragu, Bayes Theory as a Methodological Approach to Assess the Impact of Location Variables of Hyperscale Data Centres: Testing a Concept  
	Giuseppe Martino Di Giuda, Elisa Cacciaguerra, Francesco Paleari, Marco Schievano, Stefano Campi, Alessandro Tucci, University Asset Digitalization Guidelines: The Pilot Case of Politecnico di Milano Real Estate  
	Giuseppe Martino Di Giuda, Daniele Accardo, Paola Gasbarri, Silvia Meschini, Lavinia Chiara Tagliabue, Laura Scomparin, BIM-GIS and BI Integration for Facility and Occupancy Management of University Assets: The UNITO Pilot Case  
	Mattia Mangia, Carla Di Biccari, Mattias Roupé, Towards a Framework for Railway Network Assets Management Based on BIM/GIS Integration  
	Paola Federici, Daniela Julea, Sara Comai, Kavita Raj, Silvia Mastrolembo Ventura, Giuseppe Rigamonti, Giorgio Paolo Maria Vassena, Angelo Luigi Camillo Ciribini, Integration Between Enterprise Resource Planning and Building Information Modelling  
	Vincenzo Donato, Andrea Bongini, Marco Sparacino, Development of an Automated Workflow in the Field of Fire Prevention Using Building Information Modeling  
	Panos Karaiskos, Tulio Sulbaran, Data-Driven Construction and Operating Cost Decision Support Through Techno-Economic Analysis: Residential Case Study  
	Syed Haseeb Ahmad, Melissa Chan, Wei Yang, Hongyu Jin, Amirhossein Heravi, Building Information Modelling (BIM) for Construction Supply Chain: A Scientometric Analysis  
	Eleanor Hayden, Melissa Chan, David van Kan, Victor Arowoiya, Mohd. Amizan Mohamed, E-Procurement in the Australian Construction Industry: Benefits, Barriers, and Adoption  
	Bartu Kologlu, Deniz Artan, A Preliminary Investigation of Knowledge Management Tools for the Construction Sector  
	Suhyung Jang, Ghang Lee, Improving BIM Authoring Process Reproducibility with Enhanced BIM Logging  
	Nazi Soltanmohammadlou, Sara Rashidian, Carol K. H Hon, Robin Drogemuller, Sara Omrani, Towards Construction Safety Management Maturity Model in the Industry 4.0 Era: A State-of-the-Art Review  
	Silvia Mastrolembo Ventura, Sara Comai, Francesca Noardo, Kavita Raj, Angelo L.C. Ciribini, Integrated GeBIM Requirements Definition for Digital Building Permit  
	Ailin Zerafat, Emmanuel Daniel, Louis Gyoh, A Systematic Review of the Impacts of Digitalization on Project Management  
	Tulio Sulbaran, Evaluating the Comprehension of Construction Schedules of an Artificial Intelligence  
	Xinqi Liu, Jihua Wang,  Ruopan Huang, Wei Pan, Multi-Robot Federated Edge Learning Framework for Efficient Coordination and Information Management in Smart Construction  
	Jochen Teizer, Kepeng Hong, Asger D. Larsen, Marcus B. Nilsen, Robotic Assembly and Reuse of Modular Elements in the Supply Chain of a Learning Factory for Construction and in the Context of Circular Economy  
	Efraim Ljung, Mikael Viklund Tallgren, Mattias Roupe, Mikael Johansson, Identifying and Developing Prerequisites for Takt Planning in a BIM-Based Construction Process  
	Pavan Kumar, Aritra Pal, Yun-Tsui Chang, Shang-Hsien Hsieh, FCM-Enabled Approach for Investigating Interdependencies of BIM Performance Factors in the Sustainable Built Environment  
	Xiao Han, Cheng-Hsuan Yang, Yuxiang Chen, Alejandra Hernandez Sanchez, A Robotic Method to Insert Batt Insulation into Light-Frame Wood Wall for Panel Prefabrications  
	Mehdi Keshtkar, Emmanuel Daniel, Louis Gyoh, The Impacts of Digital Fabrication on the Construction Industry: A Systematic Review  
	Keyur Joshi, Angelina Aziz, Philip Dietrich, Markus König, Efficient Data Curation Using Active Learning for a Video-Based Fire Detection  
	Dai Quoc Tran, Yuntae Jeon, Seongwoo Son, Minsoo Park, Seunghee Park, Identifying Hazards in Construction Sites Using Deep Learning-Based Multimodal with CCTV Data  
	Minsoo Park, Seungsoo Lee, Woonggyu Choi, Yuntae Jeon, Dai Quoc Tran, Seunghee Park, Deep Learning-Based Pose Estimation for Identifying Potential Fall Hazards of Construction Worker  
	Seungsoo Lee, Seongwoo Son, Pa Pa Win Aung, Minsoo Park, Seunghee Park, Deep Learning Based Pose Estimation of Scaffold Fall Accident Safety Monitoring  
	Peter Kok-Yiu Wong, Synge C. P. Lam, Isabel Y. N. Lee, Felix C. L. Ting, Jack C. P. Cheng, Pak Him Leung, Predictive Safety Monitoring for Lifting Operations with Vision-Based Crane-Worker Conflict Prediction  
	Tomu Muraoka, Satoshi Kubota, Yoshihiro Yasumuro, Localizing and Visualizing the Degree of People Crowding with an Omnidirectional Camera by Different Times  
	Syed Farhan Alam Zaidi, Rahat Hussain, Muhammad Sibtain Abbas, Jaehun Yang, Doyeop Lee, Chansik Park, iSafe Welding System: Computer Vision-Based Monitoring System for Safe Welding Work  
	Muhammad Sibtain Abbas, Aqsa Sabir, Nasrullah Khan, Syed Farhan Alam Zaidi, Rahat Hussain, Jaehun Yang, Chansik Park, Computer Vision-Based Monitoring Framework for Forklift Safety at Construction Site  
	Hakan Bayer, Benedikt Faltin, Markus König, Automated Extraction of Bridge Gradient from Drawings Using Deep Learning  
	Abiola Akanmu, Adedeji Afolabi, Akinwale Okunola, Predicting Mental Workload of Using Exoskeletons for Construction Work: A Deep Learning Approach  
	Aqsa Sabir, Rahat Hussain, Syed Farhan Alam Zaidi, Akeem Pedro, Mehrtash Soltani, Dongmin Lee, Chansik Park, Utilizing 360-Degree Images for Synthetic Data Generation in Construction Scenarios  
	Ahmet Esat Keser, Onur Behzat Tokdemir, Machine Learning-Based Construction Planning and Forecasting Model  
	Sven Zentgraf, Sherief Ali, Markus König, Concept for Enriching NISO-STS Standards with Machine-Readable Requirements and Validation Rules  
	Ori Ashkenazi, Shabtai Isaac, Alberto Giretti, Alessandro Carbonari, Dilan Durmus, Transforming Building Industry Knowledge Management: A Study on the Role of Large Language Models in Fire Safety Planning  
	Zhengyi Chen, Changhao Song, Xiao Zhang, Jack Cheng, Scheduling Optimization of Electric Ready Mixed Concrete Vehicles Using an Improved Model-Based Reinforcement Learning  
	Yuan Zheng, Olli Seppänen, Sebastian Seiß, Jürgen Melzner, Testing ChatGPT-Aided SPARQL Generation for Semantic Construction Information Retrieval  
	Si Tran, Nasrullah Khan, Emmanuel Charles Kimito, Akeem Pedro, Mehrtash Sotani, Rahat Hussain, Taehan Yoo, Chansik Park, Extracting Information from Construction Safety Requirements Using Large Language Model  
	Cassia De Lian Cui, Antonio Fioravanti, Edoardo Currà, Davide Simeone, Stefano Cursi, Modelling and Managing Built Heritage Knowledge: An Ontology-Based Approach for Multi-Layered Archaeologies and Historical Production Process Representation  
	Maria Laura Leonardi, Stefano Cursi, Daniel V. Oliveira, Miguel Azenha, Elena Gigliarelli, Linked Data for the Categorization of Failures Mechanisms in Existing Unreinforced Masonry Buildings  
	Chanachok Chokwitthaya, Yimin Zhu, Weizhuo Lu, Virtual Human-Building Interaction Experimentation Ontology (VHBIEO): A VHBIEO-Based Metadata-Driven Exploration  
	Jacopo Cassandro, Claudio Mirarchi, Alberto Pavan, Maria Grazia Donatiello, Carlo Zanchetta, Consistency Verification Between Cost and Geometric Information Based on IFC: Application on Structural Elements  
	Jacopo Cassandro, Claudio Mirarchi, Alberto Pavan, Andrea Zamborlini, Carlo Zanchetta, Semantic Web Based Integration Between BIM Cost and Geometric Domains  
	Sebastian Seiß, Markus Boden, Jürgen Melzner, Yuan Zheng, Delval Thibaut, Rayan El Chamaa, Ontology-Based Construction Inspection Planning: A Case Study of Thermal Building Insulation  
	Chiara Gatto, Maryam Gholamzadehmir, Marta Zampogna, Claudio Mirarchi, Alberto Pavan, An Automated Framework for Ensuring Information Consistency in Price List Tendering Document  
	Karim Farghaly, Khalid Amin, Grant Mills, Duncan Wilson, Enhancing Interactions in Augmented Reality for Construction Sites: Introducing the Archi Ontology  
	Roy Lan, Tulio Sulbaran, A Review of Computer Vision-Based Progress Monitoring for Effective Decision Making  
	Apostolia Gounaridou, Evangelia Pantraki, Vasileios Dimitriadis, Athanasios Tsakiris, Dimosthenis Ioannidis, Dimitrios Tzovaras, Semi-Automated Visual Quality Control Inspection During Construction or Renovation of Railways Using Deep Learning Techniques 
	Benedikt Faltin, Damaris Gann, Markus König, A Comparative Study of Deep Learning Models for Symbol Detection in Technical Drawings  
	Haritha Jayasinghe, Ioannis Brilakis, Topological Relationship Modelling for Industrial Facility Digitisation Using Graph Neural Networks  
	Mingkai Li, Peter Kok-Yiu Wong, Cong Huang, Jack Chin-Pang Cheng, Indoor Trajectory Reconstruction Using Building Information Modeling and Graph Neural Networks  
	Marco Lorenzo Trani, Federica Madaschi, Image Segmentation Applied to Urban Surface and Aerial Constraints Analysis  
	Youngjin Yoo, Hyun Jeong, Youngchae Kim, Seung Hyun Cha and Jin-Kook Lee, Generative Design Intuition from the Fine-Tuned Models of Named Architects’ Style  
	Hayoung Jo, Sumin Chae, Su Hyung Choi, Jin-Kook Lee, Planning Alternative Building Façade Designs Using Image Generative AI and Local Identity  
	Fangli Hou, Jun Ma, Jack Cheng, Helen Kwok, Early Detection and Reconstruction of Abnormal Data Using Hybrid VAE-LSTM Framework  
	Sumin Chae, Hayoung Jo, Bomin Kim, Jin-Kook Lee, Reflecting Users’ Physical Characteristics in Spatial Visualization  
	Hyun Jeong, Youngchae Kim, Youngjin Yoo, Seunghyun Cha, Jin-kook Lee, Gen AI and Interior Design Representation: Applying Design Styles Using Fine-Tuned Models  
	Bomin Kim, Sumin Chae, Youngjin Yoo, Jin-Kook Lee, Early Visualization Approach to the Generative Architectural Simulation Using Light Analysis Images  
	Liu Yang, Boyu Wang, Jack C.P. Cheng, Peipei Liu, Hoon Sohn, Real-Time Geometry Assessment Using Laser Line Scanner During Laser Powder Directed Energy Deposition Additive Manufacturing of SS316L Component with Sharp Feature  
	Youngsun Chung, Daeyoung Gil, Ghang Lee, Optimal Number of Cue Objects for Photo-Based Indoor Localization  
	Stefano Cascone, Integrating Green Roofs into Building Information Modeling (BIM): A Computational Approach for Sustainable Building Design  
	Milad Katebi, Mani Poshdar, Mostafa Babaeian Jelodar, Morteza Zihayat, Enhancing Disaster Resilience Studies: Leveraging Linked Data and Natural Language Processing for Consistent Open-Ended Interviews  
	Gregorius A. Sentosa, Agung Fajarwanto, Amy R. Widyastuti, Achmad Luthfi Naufal, Ni Putu Pande Dhea, Abdul Rahman Kadir, Muhammad Yunus Amar, Engineering Analysis Impact on Carbon Emission Reduction of an Infrastructure Project: A Case Study of Semantok D
	Carlo Zanchetta, Martina Giorio, Maria Grazia Donatiello, Federico Rossi, Rossana Paparella, Solar Potential and Energy Assessment Data in U-BEM Models: Interoperability Analysis Between Performance Simulation Tools and OpenBIM/GIS Platforms  
	Aya Ali Shihata, Mohamed Anwar Fekry, Wessam Hamdy Abbas, Implementation of Building Information Modeling (BIM) for Economic Sustainable Construction Minimizing Material Waste in Terms of Value Engineering  
	Aritra Pal, Yun-Tsui Chang, Chien-Wen Chen, Chen-Hung Wu, Pavan Kumar, Shang-Hsien Hsieh, Building Rooftop Analysis for Solar Panel Installation Through Point Cloud Classification - A Case Study of National Taiwan University  
	Yikun Yang, Yiqun Pan, Georg Suter, Semi-Automatic Workflow for Air-Conditioning System Zoning and Simulation  
	Dragana Nikolic, Ian Ewart, Going Beyond Energy Consumption: Digital Twins for Achieving Socio-Ecological Sustainability in the Built Environment  
	Nnaemeka Nwankwo, Ezekiel Chinyio, Emmanuel Daniel, Louis Gyoh, Application of the Internet of Things (IoT) for Energy Efficiency in Buildings: A Bibliometric Review.  
	Jiajia Wang, Geoffrey Qiping Shen, Fan Xue, Carbon Tracking in the Building Sector: A ‘CABBAGE’ Framework  
	Elena Imani, Huda Dawood, Nashwan Dawood, Annalisa Occhipinti, Retrofitting of Buildings to Improve Energy Efficiency: A Comprehensive Systematic Literature Review and Future Research Directions  
	Carlo Biagini, Alberto Aglietti, Andrea Bongini, A BIM-Based Approach to the Management of Historic Bridges  
	Nobuyoshi Yabuki, Tomohiro Fukuda, Ryu Izutsu, As-Built Detection of Structures by the Segmentation of Three-Dimensional Models and Point Cloud Data  
	Stefano Tagliatti, Marco Alvise Bragadin, Fire Safety Engineering: The Computational Simulation of the Escape in a Historic Building in Bologna  
	Shirin Malihi, Frederic Bosche, Martin Bueno Esposito, Quantifying the Confidence in Models Outputted by Scan-To-BIM Processes  
	Nao Hidaka, Naofumi Hashimoto, Tetsuya Nonaka, Makoto Obata, Kazuya Magoshi, Ei Watanabe, Construction of a Practical Finite Element Model from Point Cloud Data for an Existing Steel Truss Bridge  
	Carlo Biagini, Alberto Aglietti, Luca Marzi, Andrea Bongini, A BIM-Based Framework for Facility Management Data Integration in Heritage Assets  
	Wafa Bounaouara, Louis Rivest, Antoine Tahan, Combining Large-Scale 3D Metrology and Mixed Reality for Assembly Quality Control in Modular Construction  
	Cecilia Maria Roberta Luschi, Alessandra Vezzi, Building’s Twin Reconstruction  
	Alessandro Bruttini, Philipp Hagedorn, Felix Cleve, Vito Getuli, Pietro Capone, Markus König, A Semantic Digital Twin Prototype for Workplace Performance Assessment  
	Modupe Sobowale, Faris Elghaish, Tara Brooks, A Systematic Review of Digital Twin as a Predictive Maintenance Approach for Existing Buildings in the UK  
	Rizky Agung Saputra, Agung Fajarwanto, Amy Rachmadhani Widyastuti, Sari Gita Wardani, Danang Aris Munandar, Herdy Setiawan, Abdul Rahman Kadir and Amar Muhammad Yunus Amar, Project Management Information System (PMIS) Dashboard as a Digital Twin to Enhanc
	Abiola Akanmu, Adedeji Afolabi, Akinwale Okunola, Human-in-the-Loop Digital Twin Framework for Assessing Ergonomic Implications of Exoskeletons  
	Alessandra Corneli, Marianna Rotilio, Urban Centres Management: A Digital Twin Approach  
	Chady Elias, Raja Issa, Digital Twins for Smart Decision Making in Asset Management

