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ABSTRACT: The use of closed-circuit television (CCTV) for safety monitoring is crucial for reducing accidents
in construction sites. However, the majority of currently proposed approaches utilize single detection models
without considering the context of CCTV video inputs. In this study, a multimodal detection, and depth map
estimation algorithm utilizing deep learning is proposed. In addition, the point cloud of the test site is acquired
using a terrestrial laser scanning scanner, and the detected object's coordinates are projected into global
coordinates using a homography matrix. Consequently, the effectiveness of the proposed monitoring system is
enhanced by the visualization of the entire monitored scene. In addition, to validate our proposed method, a
synthetic dataset of construction site accidents is simulated with Twinmotion. These scenarios are then evaluated
with the proposed method to determine its precision and speed of inference. Lastly, the actual construction site,
equipped with multiple CCTV cameras, is utilized for system deployment and visualization. As a result, the
proposed method demonstrated its robustness in detecting potential hazards on a construction site, as well as its
real-time detection speed.
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1. INTRODUCTION

Construction sites are dynamic and complex environments that pose significant safety risks, resulting in an high
rate of accidents and fatalities worldwide (Abdelhamid & Everett, 2000). Consequently, implementing effective
safety monitoring measures is vital for reducing such incidents. The use of closed-circuit television (CCTV)
cameras for safety monitoring on construction sites has played a crucial role in mitigating risks. Despite this, the
full potential of CCTV data is often underutilized, primarily due to the majority of existing approaches employing
single detection models without considering the full context of CCTV video inputs (Park et al., 2022, 2023; Tran
etal., 2020). In response to this issue, this study proposes a novel and robust system that incorporates a multimodal
detection and depth map estimation algorithm, utilizing the power of deep learning. The distinctiveness of our
approach lies in the context-aware analysis, providing a more comprehensive understanding of the potential
hazards present within the dynamic environments of construction sites. Furthermore, our proposed method goes
a step further by leveraging terrestrial laser scanning technology to acquire the point cloud of the test site and
utilizing a homography matrix to project the detected object's coordinates into global coordinates. This step
enhances the overall monitoring system's effectiveness by visualizing the entire monitored scene, thus providing
a bird eye view of the potential hazards. A crucial aspect of any newly proposed system is rigorous validation.
For our method, we have created a synthetic dataset of construction site accidents using Twinmotion, a high-
powered graphic software. This dataset provides a range of simulated scenarios to test the precision and inference
speed of our proposed method, ensuring its reliability and robustness in varied contexts.

Finally, we further validate our method by deploying it on an actual construction site equipped with multiple
CCTV cameras, moving beyond simulations to a real-world setting. This on-site implementation allowed us to
assess the practicality of our system and its ability to function optimally in an uncontrolled, real-world
environment. The results from both simulation and real-world deployment demonstrate our proposed method's
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robustness in detecting potential hazards on a construction site. This paper aims to highlight the potential of
multimodal detection approaches in enhancing construction site safety measures, moving towards a future where
such hazards can be preemptively detected and effectively mitigated. In the following sections, we will provide a
detailed explanation of our proposed method, its development, and the validation process. We will also present
the results and implications of this study, demonstrating how a deep learning-based multimodal approach can be
used for safety monitoring in the construction industry.

2. BACKGROUND

This section provides the necessary background on the key aspects of our methodology, namely object detection,
depth estimation, and multimodal synchronization. These three components collectively constitute the core of our
proposed method and are fundamental in understanding the context-aware safety monitoring approach.

2.1.0bject Detection

Object detection, as a fundamental component of computer vision, has undergone significant developments over
the past decade, thanks to the advancements in deep learning and convolutional neural networks (CNNs) (Li et
al., 2021). This involves identifying and locating objects within images or video feeds. In construction sites, object
detection can identify critical elements such as workers, machinery, tools, and other potential hazards, thereby
playing a vital role in safety monitoring. However, traditional object detection models typically operate
independently, failing to incorporate the broader context of a scene (Jeon et al., 2023; Tran et al., 2022). These
models often struggle with complex environments like construction sites, where multiple objects interact
dynamically, and understanding these interactions is crucial for effective hazard detection. This limitation forms
the motivation for our study, aiming to integrate a higher level of contextual understanding into object detection
models using deep learning algorithms. In this research, two state of the art object detection models are utilized:
Yolov8 (Redmon et al., 2016) and RTMDet (Lyu et al., 2022). These two object detectors are trained and validated
in actual CCTV images and utilized for incorporation with other models.

2.2.Depth Estimation

For understanding context of input image, spatial information is crucial, therefore, a depth estimation model
MiDAS (Ranftl et al., 2020) is utilized. Depth estimation refers to the task of determining the relative distance of
objects within a scene from the viewpoint of the camera. It is a crucial component in understanding three-
dimensional spaces from two-dimensional images or video feeds, providing invaluable information about the
positioning and interaction of objects within a scene. In construction sites, depth estimation can enhance the
understanding of spatial relations among various elements, such as the proximity of a worker to a moving machine,
thereby aiding in detecting potentially hazardous situations. This paper incorporates depth estimation into our
proposed multimodal approach, further improving the context-awareness of the system.

2.3.Multimodal Synchronization

Incorporating multimodal synchronization into safety monitoring has the potential to significantly enhance the
effectiveness of hazard detection. For example, a hazard that is not visible from one camera angle may be clearly
observable from another. Similarly, certain hazardous situations may only be identifiable when considering
multiple factors, such as the positioning and motion of various objects, which could be obtained from different
data sources. In our proposed method, we aim to utilize multimodal synchronization to integrate object detection
and depth estimation data, along with point cloud data obtained through terrestrial laser scanning. This
synchronization allows for the projection of detected objects into global coordinates, enhancing the visualization
of the entire monitored scene and thus the system's overall effectiveness. In the subsequent sections, we will
elaborate on the implementation of these components in our proposed method and demonstrate their effectiveness
in enhancing construction site safety monitoring.
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3. PROSED APPROACH

3.1.Proposed approach

Figure 1 depicts the proposed method as follows: First, the input image is predicted using object detectors that
have been pretrained. In this study, an object detector that can infer six classes is described in detail, along with
the training procedure and training dataset. In addition, the MiDAS model is used to estimate the depth map using
a previously trained depth estimation model. The Euclidean distance between objects is then estimated and
visualized with the given depth and bounding box coordinates, after which each object's depth map is extracted.
This research considers the distance between construction machines and employees, as well as the module to
estimate whether or not a worker is in the danger zone. In addition, work-related personal protective apparatus is
trained and implied.
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Figure 1. Proposed Approach
3.2.Dataset Acquisition

The training dataset contains bounding boxes objects from 6 classes: normal worker, signalman, harness, hardhat,
mixer truck and excavator. As visualized in Figure 2, each object is labeled in detail from actual CCTV footage.
Figure 3 presented a training and testing dataset classes distribution.
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Figure 2. Dataset visualization
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Figure 3. Training and testing dataset distribution. The y-axis depicts the total of each class in training and testing

datasets. The x-axis lists the distinct class names or labels in dataset. In our case, these are: “worker mixer”
b b b
“signalman”, “hardhat”, “harness”, and “excavator”.

For evaluate model performance, the detected objects are categorized into 3 types: "small", "medium", and "large"
follows a specific definition based on the number of pixels occupied by an object in an image. Specifically, objects
are categorized as follows:

e "Small": Objects occupying 0 to 1024 pixels, which translates to dimensions up to 32 x 32 pixels.

e "Medium": Objects occupying between 1024 and 9216 pixels, which corresponds to dimensions

between 32 x 32 and 96 X 96 pixels.

e  "Large": Objects occupying more than 9216 pixels, equating to dimensions of 96 x 96 pixels or larger.
With these categorizations, our dataset reflects an essential aspect of object detection tasks: dealing with objects
of varying sizes. The balance or imbalance of different categories may significantly affect the predictive
performance of an object detection model. In our dataset, categories such as "mixer" and "excavator" contain a
substantial number of "medium" and "large" objects. Conversely, the "hardhat" category is predominantly
composed of "small" objects. This imbalance suggests that an object detection model trained on this data might
develop a bias toward detecting "medium" or "large" objects and underperform on "small" objects.

4. Experimental

4.1.Quantitative

Table 1. Object detectors performance.

mAP  mAP 50 mAP 75 mAPs mAP.m mAP1  11°PS
YOLOVSX  0.689 0.831 0.741 0.123 0.733 0.811 0-129T
RTMDet  0.628 0.776 0.688 0.059 0.641 0.756  79.964G
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In order to quantify the results, the mean average precision (mAP) is employed as an evaluation metric. The mAP
is a widely recognized indicator used to quantitatively assess the performance of object identification models. The
research provides a comprehensive explanation of the mAP (Zhao et al., 2019). As presented in Table 1,
YOLOvV8X and RTMDet, with regard to their performance metrics, a notable variance in their effectiveness
becomes clear. The YOLOv8X model exhibits superior precision with a mAP score of 0.689, which considerably
exceeds the 0.628 mAP score of the RTMDet model. This indicates an overall higher rate of accurate detections
by the YOLOv8X model. Further disparity can be observed at varying Intersection over Union (IoU) thresholds.
The mAP_50 and mAP_75 scores, which represent the mAP values computed at IoU thresholds of 0.50 and 0.75
respectively, demonstrate a superior adaptability of the YOLOv8X model to changes in detection difficulty levels.
When checking the mAP values across different object sizes, denoted by mAP_s (small), mAP_m (medium), and
mAP 1 (large), the YOLOv8X model continues to display superior performance. The model's proficiency in
detecting small objects is particularly noteworthy, with a score of 0.123 compared to the RTMDet's score of 0.059.
Nevertheless, it is crucial to consider the computational complexity of the models. RTMDet has a significant
advantage in this regard, with a computational demand of 79.964G Flops, markedly lower than the YOLOV8X's
0.129T (or 129,000G) Flops. This positions RTMDet as a more feasible option for applications with limited
computational resources, despite its inferior mAP performance. While the YOLOvV8X model outperforms
RTMDet in terms of object detection performance across various metrics, the latter's significantly lower
computational demand may make it a more suitable candidate for resource-constrained applications. The selection
between these two models, therefore, necessitates careful consideration of the balance between performance
efficiency and resource utilization, contingent on the specific requirements of the application.

4.2.Qualitative

As mentioned in previous sections, after detecting objects, the depth map is estimated and calculating the distance
between worker and construction vehicles. As can be seen from Figure 4, by utilizing spatial information, the
distance can be estimated and from that, the necessary warning can be conducted.

Figure 4. Distance estimation using depth estimation and object detection.

Figure 5 showed another application of the proposed approach by identifying which workers are in the danger
area. The danger area is defined by the safety officer, and when detected worker violate that area, the number of
violated cases will be shown and reported directly to safety manager. Along with detecting worker, a PPE
detection models also consider to utilized, as can be seen from Figure 6, both hardhat and harness is detected for
checking. To reduce the false positive, we remove detected PPE outside of the worker detected area, as can be
seen in Algorithm 1.

Algorithm 1. Detecting PPE
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Figure 6. PPE detection

Finally, for developing multi-CCTV and bird eye view (BEV) synchronization. Two cases of examples are
conducted as follows: first, by utilizing TwinMotion, the 4 CCTV channel is developed and used as an input for
detection models, with homography matrix, the BEV is shown in Figure 7.
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Figure 7. Multi CCTV with BEV in Twinmotion

Similarly with above example, but in actual construction site, it difficult to obtain BEV image, that why TLS is
utilized for scanning and from that BEV can be estimated as shown in Figure 8 and 9. However, by only projecting
all detected object into BEV, the exact ID of objects vary channels to channels. Therefore, the application of multi
object detection and tracking can be used for future research. The expected output is given multi-channel CCTV,
the output is the BEV with exact number and ID of detected objects. This study mostly emphasizes qualitative
experiments. In order to obtain quantitative results, the forthcoming experiment will be undertaken by establishing
an indoor environment and thereafter measuring the error projection using a meter.

Figure 8. Multi CCTV with BEV in actual construction site
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Figure 9. Multi CCTV with BEV in actual construction site

5. CONCLUSION

By adopting a multimodal detection approach, the study proposes a depth map estimation algorithm designed to
enhance the contextual understanding of video inputs from CCTV. The proposed method uses terrestrial laser
scanning to generate a point cloud of the test site and leverages a homography matrix to project detected objects
into global coordinates. With object detection models used in the proposed method, a detailed analysis of
YOLOvV8X and RTMDet was conducted. YOLOV8X exhibited superior precision across various measures,
including overall mAP, mAP at varying IoU thresholds, and mAP across different object sizes. However, the
RTMDet model was identified as more resource-efficient, demanding significantly fewer computational resources
despite its lower mAP performance. This research also presented some use cases of multimodel detections, it
proves that context-aware approach in safety monitoring is important and should be considered for further
research.

6. ACKNOWLEDGEMENT

This research was supported by a grant from the Korean Government (MSIT) to the Research Foundation of Korea
(NRF) [RS-2023-00250166]. In addition, this research was supported by a grant [2022-MOIS38-002 (RS-2022-
ND630021)] from the Ministry of Interior and Safety (MOIS)’s project for the development of accident prevention
technology for vulnerable groups.

REFERENCES

Abdelhamid, T. S., & Everett, J. G. (2000). Identifying Root Causes of Construction Accidents. Journal of
Construction  Engineering and Management, 126(1), 52-60. https://doi.org/10.1061/(ASCE)0733-
9364(2000)126:1(52)

Jeon, Y., Tran, D. Q., Park, M., & Park, S. (2023). Leveraging Future Trajectory Prediction for Multi-Camera
People Tracking. Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition, 5398—
5407.

Li, Z., Liu, F., Yang, W., Peng, S., & Zhou, J. (2021). A survey of convolutional neural networks: Analysis,
applications, and prospects. IEEE Transactions on Neural Networks and Learning Systems.

Lyu, C., Zhang, W., Huang, H., Zhou, Y., Wang, Y., Liu, Y., Zhang, S., & Chen, K. (2022). Rtmdet: An empirical
study of designing real-time object detectors. arXiv Preprint arXiv:2212.07784.

632



Park, M., Tran, D. Q., Bak, J., & Park, S. (2022). Advanced wildfire detection using generative adversarial
network-based augmented datasets and weakly supervised object localization. International Journal of Applied
Earth Observation and Geoinformation, 114.

Park, M., Tran, D. Q., Bak, J., & Park, S. (2023). Small and overlapping worker detection at construction sites.
Automation in Construction, 151, 104856. https://doi.org/10.1016/j.autcon.2023.104856

Ranftl, R., Lasinger, K., Hafner, D., Schindler, K., & Koltun, V. (2020). Towards robust monocular depth
estimation: Mixing datasets for zero-shot cross-dataset transfer. [EEE Transactions on Pattern Analysis and
Machine Intelligence, 44(3), 1623—-1637.

Redmon, J., Divvala, S., Girshick, R., & Farhadi, A. (2016). You only look once: Unified, real-time object
detection. Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, 779-788.

Tran, D. Q., Park, M., Jeon, Y., Bak, J., & Park, S. (2022). Forest-Fire Response System Using Deep-Learning-
Based Approaches With CCTV Images and Weather Data. [EEE Access, 10, 66061-66071.
https://doi.org/10.1109/ACCESS.2022.3184707

Tran, D. Q., Park, M., Jung, D., & Park, S. (2020). Damage-Map Estimation Using UAV Images and Deep
Learning Algorithms for Disaster Management System. Remote Sensing, 12(24), 4169.

Zhao, Z.-Q., Zheng, P., Xu, S.-T., & Wu, X. (2019). Object Detection With Deep Learning: A Review. /[EEE
Transactions on Neural Networks and Learning Systems, 30(11), 3212-3232.
https://doi.org/10.1109/TNNLS.2018.2876865

633



	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

