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The integration of industry foundation classes (IFC) and internet of thing
(10T) addresses a key challenge in construction: real-time data visualization
on specific building storeys. Traditional methods often struggle with data
integration and timely monitoring. This study introduces a web-based
platform that combines three-dimensional (3D) technology, IFC models, and
10T sensors to enhance visualization and monitoring in construction projects.
Unlike prior approaches that focus on static visualization or lack real-time
0T integration, this platform delivers dynamic, storey -specific updates,
enabling real-time monitoring of critical building parameters. A case study
showed that file size significantly impacted loading speed, ranging from 0.17
kB/ms (97.3 kB model in 572 ms) to 11.72 kB/ms (7.2 MB model in 629
ms). Despite a slight drop in frame rate from 60 to 55 frames per second
(FPS), the system maintained smooth user interactions. Memory usage

Three-dimensional web increased from 180 MB to 314 MB to handle complex 3D models and IoT
data in real time. These findings demonstrate that integrating IFC with loT
enhances data visualization, providing more efficient decision-making tools
for construction stakeholders and improving on-site coordination and

resource management.
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1. INTRODUCTION

Three-dimensional (3D) building visualization plays a pivotal role in the construction industry. It
enables the accurate representation of design concepts and facilitates effective communication with
stakeholders [1], [2]. Although traditional methods are widely used, they often suffer from limitations related
to interoperability and data integration [3]-[6]. These limitations hinder seamless collaboration across diverse
platforms and systems. The complex and fragmented nature of construction data further exacerbates these
inefficiencies in the design and construction process.

Building information modeling (BIM) has emerged as a critical tool for addressing some of these
issues [7]-[10]. It offers high-fidelity datasets that capture building elements and their spatial organization in
great detail. The web of things standard simplifies the integration of building information from various
sources [11]-[14]. However, despite effectively representing as-designed building information, BIM models
are often constrained by proprietary formats and lack compatibility with other systems. A significant
challenge remains in achieving efficient integration and real-time access to BIM data across various
platforms.
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Prior studies have shown that integrating BIM with the Web of Things enhances the communication
of construction information [15], [16]. Despite advancements in web-based BIM tools, challenges persist in
integrating multiple BIM models and enabling real-time interactions within web environments. The main
obstacle is to ensure real-time updates while incorporating internet of thing (1oT) sensors that continuously
monitor critical parameters like temperature, humidity, and structural integrity. Integrating industry
foundation classes (IFC) into web platforms improves 3D visualization and supports efficient management of
multiple BIM models [17]-[22]. However, current methods have not fully exploited the potential of
combining loT with BIM, particularly in achieving real-time data integration and dynamic control within a
3D web visualization framework.

IFC includes building story information useful for viewing specific building sections at designated
levels [23]-[25]. This research leverages IFC's ability to represent building stories and enriches it with real-
time loT sensor data. The result is a dynamic platform where stakeholders can access updated building
performance information for specific floors. In the construction project lifecycle, the absence of standardized,
integrated methods for storing BIM files poses significant challenges. It hinders the exchange and sharing of
information across various building application systems at different stages of a building's ecosystem [26].

To address the integration challenges between IFC and web technologies, recent research has focused
on developing Web3D environments that merge IFC with 10T [27]. IFC uses the object-oriented EXPRESS
data description language to ensure that detailed building elements can be shared across platforms without
losing fidelity [28]. Frameworks like WebGL enable the integration of IFC into web platforms by rendering
3D models in real time. This allows users to interact directly with BIM models in web browsers [29].

This paper presents a novel solution by integrating IFC standards with an 10T platform. This enables
real-time interaction with BIM models through a web-based interface. The 10T is a transformative technology
that enables the integration of various objects, such as electronic devices and sensors, into diverse applications
[30]-[33]. By incorporating 10T sensor data, our platform facilitates real-time monitoring and control of critical
building parameters, such as temperature, humidity, and occupancy across different levels of a building.

The primary contribution of this research is the development of a web-based platform that bridges
the gap between IFC and loT integration, enabling continuous, story-specific monitoring. Our approach
directly addresses the limitations of static BIM models and enhances real-time decision-making capabilities
for construction stakeholders. The following sections outline the technical implementation of this system and
demonstrate its effectiveness in improving construction project management and performance.

2. METHOD

This research integrates 3D technology with 1oT for the construction industry, following a
structured, multi-stage approach designed to ensure a comprehensive analysis and implementation process, as
illustrated in Figure 1. These stages include projecting geolocation data into the 3D environment, layering
IFC models, visualizing 10T sensor data, and conducting performance tests to evaluate the system's reliability
and effectiveness.

Project geolocation

data into 3D
environment
Is the system
effective and
Layer Industry reliable?
Foundation Classes
(IFC) models
No Yes
Visualize loT sensors for Revise system Implement
real-time monitoring design integrated system

Conduct extensive Javascript
performance tests
Meet desired standards

Figure 1. 3D web loT design method flow
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2.1. Building projection into a 3D environment

The initial step involves projecting geolocation data into a 3D environment to provide accurate
spatial context for the construction site. The Haversine formula was used to calculate the distance between
two points on Earth’s surface, ensuring precise spatial projections [34]. This method is widely recognized for
its accuracy in mapping geolocation data into 3D coordinates, which is crucial for aligning the construction
site accurately in the virtual space. Additional parameters roll, pitch, and heading further refine the building
orientation within the scene. The formula used for this projection is presented in (1).

a = sin*(4¢/2) + cos @1 - cos @2 - sin*(41/2)
¢ =2-atan2(Va,v(1 —a))

The pseudo-code shown illustrates the process of calculating distances between geographical points (latitude
and longitude) and converting them into 3D coordinates for spatial analysis:

const R = 6371e3; // meters

const ¢l = latl * Math.PI/180; // ¢, A in radians
const @2 = lat2 * Math.PI/180;

const Ap = (lat2-latl) * Math.PI/180;

const AN = (lon2-lonl) * Math.PI/180;

const a = Math.sin(A@/2) * Math.sin(Ap/2) +

Math.cos (¢l) * Math.cos(p2) *

Math.sin (AAN/2) * Math.sin (AA/2);

const c 2 * Math.atan2 (Math.sqgrt (a), Math.sqgrt(l-a)):
const d R * ¢; // in meters

2.2. 3D building layering using industry foundation classes

The second stage involves layering the IFC models within the 3D environment. IFC provides a
standardized way to represent and exchange building information, enabling detailed and comprehensive
representations of each component (e.g., floors, walls, and doors). Through the DasloT platform, IFC models
are visualized, allowing for detailed segmentation of building elements. This layered approach supports the
integration of 10T applications, enabling real-time monitoring and analysis of each building storey [35]. As
shown in Figure 2, this method allows us to extract and visualize different building layers, offering users the
ability to focus on specific floors or segments. Figure 2(a) shows the entire multi-storey BIM project, while
Figure 2(b) illustrates the layering achieved using IFC, enabling storey-specific visualization.

Figure 2. Displaying 3D scene of; (a) all floor multi-storey BIM building and (b) after layering with IFC
(source: screenshot of 3D scene of DasloT platform)
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2.3. Internet of thing sensor data visualization

Following the integration of the IFC models, the next step involves visualizing 10T sensor data
within the 3D environment. This stage is essential for real-time monitoring of critical construction parameters
such as temperature, humidity, structural integrity, and indoor positioning. 10T sensor data is mapped onto
the corresponding building storeys, providing stakeholders with real-time insights into site conditions [35].
The dynamic nature of the system allows for continuous updates as new data streams in, offering enhanced
decision-making capabilities and improved construction site management.

2.4. Performance testing

To assess the performance and scalability of the integrated 3D visualization and 10T platform, a case
study was conducted across three active construction projects: two located in Taipei, Taiwan (project 1 and
project 2), and one in Fukuoka, Japan (project 3). The selection of these projects was deliberate, as they
provide representative examples of large-scale construction environments with significant numbers of
workers and substantial data generation. This real-world complexity and high volume of loT data capture
make them suitable for evaluating the platform's practical application and performance under demanding
conditions. Each project utilized buildings modeled using IFC, allowing for standardized data representation
and analysis.

Performance metrics were collected using the stats.js library, an advance JavaScript-based tool
chosen for its capability to deliver real-time performance insights. Key metrics evaluated include frame rates,
memory usage, and processing times, allowing for a comprehensive performance analysis of the platform's
visualization and data integration capabilities. The system was tested on several fronts:

— Rendering efficiency: the speed and accuracy with which the platform renders complex 3D building
models.

— loT integration: the effectiveness in visualizing and monitoring real-time sensor data across the platform.

— System scalability: the platform's capacity to manage multiple large-scale BIM models without
experiencing significant performance deterioration.

The findings from these performance tests were analyzed to provide insights into the system’s
scalability, reliability, and overall usability. This comprehensive evaluation underscores the platform’s
capacity to handle real-world construction scenarios, offering valuable recommendations for future
improvements and applications in the construction industry.

3. RESULTS AND DISCUSSION

In the results and discussion section, we conduct a comprehensive evaluation of the system's
performance by examining key metrics, including response time when loading building models, the frames
per second (FPS) during 3D rendering, and memory usage throughout the process. The assessment focuses
on how efficiently the system handles these tasks under various operational conditions, such as different
building sizes, levels of detail, and user interactions.

3.1. Response time

To understand the overall performance of the 3D website, we measure the response time or loading
time of the 3D model. This measurement is crucial as it provides insights into the efficiency and speed of the
website in displaying 3D content to users. Table 1 shows the response time for loading BIM. The data
indicates that there is a direct correlation between the file size and load time.

Table 1. A duration comparison across buildings
Project  BIM No. Size Response time  Loading speed (kB/ms)

Project 1 1. 97.3kB 572 ms 0.17
2. 712 kB 387 ms 1.84
3. 7.2MB 1.40s 5.14
4. 20.5 MB 5.70s 3.60
Project 2 1. 97.2 kB 273 ms 0.35
2. 7.2MB 629 ms 11.72
Project 3 1. 1.6 MB 534 ms 3.06
2. 2.4 MB 917 ms 2.68

Previous research on 3D web visualization and 0T integration in BIM environments has largely
focused on rendering and system performance [27], [36]. However, there is limited attention on real-time
response and performance efficiency, particularly when handling large-scale BIM files. This study addresses
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this gap by examining the impact of varying file sizes on response times in a 3D visualization platform
integrated with loT. The findings show a clear correlation between file size and load time. For instance,
smaller files like 97.3 kB and 712 kB were loaded in 572 ms and 387 ms, respectively. In contrast, larger
files, such as 7.2 MB and 20.5 MB, required significantly longer, taking 1.40 seconds and 5.70 seconds to
load (Table 1). Notably, project 2’s 7.2 MB file demonstrated a faster load time of 629 ms, likely due to
improved server response and bandwidth during the testing phase. Figure 3 shows the performance metrics
for three different projects during various phases of network communication, reflecting significant variations
in size and response times.

Comparison of Phases for 3 Projects (Buildings)

Project 1 Building 1
m Project 1 Building 2
mm Project 1 Building 3
5000 Project 1 Building 4

Project 2 Building 1

Project 2 Building 2
wem Project 3 Building 1

Project 3 Building 2
4000

3000

Duration (ms)

2000

1000 |
0 | I n n | -
&

Phase

Figure 3. Graph of phase duration comparison across projects

There is a correlation between the file size and the total duration for loading. For instance, in
project 1, building 1 (97.3 kB) took 572.62 ms to load, while building 4 (20.5 MB) took significantly longer
at 5700 ms. Similarly, in project 2, building 1 (97.2 kB) loaded within 216.73 ms, whereas building 2
(7.2 MB) took 920.40 ms. This suggests that larger files, due to their increased complexity, require more time
for data transmission and processing, impacting the user experience.

The content download time is the most substantial contributor to the total load time, especially for
larger files. For example, building 4 in project 1 had a content download duration of 5600 ms, accounting for
almost all the total duration. In contrast, smaller files like building 1 in project 3 (2.4 MB) had a much faster
download time of 97.12 ms, underscoring the importance of optimizing file sizes and improving server
performance.

Secure socket layer (SSL) connection times vary significantly, particularly in larger files where SSL
overhead can delay the process. For example, in project 1, building 3 (7.2 MB) took 91.55 ms for SSL, while
smaller files such as building 1 (97.3 kB) took 109.56 ms, showing that SSL times are not solely dependent
on file size but also on network conditions. Similarly, domain name system (DNS) lookup times are minimal,
but initial connection times and waiting for server response introduce additional delays, particularly with
larger files. The fast loading speeds observed in smaller files will directly benefit construction admin or the
managers by providing quick access to critical building data and real-time 10T sensor readings, allowing for
faster on-site decision-making and reducing delays caused by data retrieval or model visualization. The
integration of 10T and storey-specific monitoring allows stakeholders to pinpoint issues at particular building
levels, adjust workflows based on real-time data, and ultimately improve the precision and execution of
construction projects.

3.2. 3D statistical performance
In this section, we evaluated the performance of the 3D scene using advanced JavaScript
performance monitoring tools to assess key metrics such as FPS, allocated memory, and rendering time per
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frame. These metrics provide insights into how well the system manages resources and renders complex 3D
models efficiently in real-time. The performance under different loading conditions is summarized in
Table 2.

Table 2. Performance monitor of before and after load

Project Process FPS  Allocated memory (MB)
Project1 3D model loaded 55 314
3D model not loaded 60 180
Project2 3D model loaded 88 151
3D model not loaded 89 171
Project 3 3D model loaded 86 151
3D model not loaded 85 181

3.2.1. Frames per second

When the 3D models are not loaded, the system achieves 60 FPS in project 1, but this drops slightly
to 55 FPS after the model is loaded. This slight drop is expected as the system consumes additional resources
to fetch geometry data, textures, and set up shaders. Similarly, project 2 and project 3 show stable FPS values
(88-89 FPS and 85-86 FPS), indicating efficient performance even after loading.

Our FPS findings align with previous studies in 3D visualization performance in web environments.
For instance, previous study Wang et al. [4] showed that web-based 3D visualization platforms typically
maintain FPS around 50-60 for moderate model complexity, although significant drops occur with larger
models due to processing bottlenecks. Compared to their findings, our system shows minimal FPS
degradation, indicating that it can handle even larger models with relative stability.

3.2.2. Allocated memory

In project 1, memory usage increases significantly from 180 MB (before the model is loaded) to
314 MB after the 3D scene is fully loaded. This is expected as the system needs to allocate more memory for
handling complex 3D models. In project 2 and project 3, memory usage varies slightly, with project 2
consuming less memory overall (151 MB loaded vs. 171 MB not loaded), which might be due to
optimizations in model complexity or texture sizes.

A comparison with prior study, Boje et al. [22] has argued that similar memory usage increases
when rendering more complex BIM models, where memory consumption increases as the model complexity
rises. However, in their study, systems experienced performance slowdowns due to memory management
inefficiencies. In contrast, our research demonstrates efficient memory usage, even for complex models,
preventing major slowdowns or crashes. Notably, even with increased memory usage, the system maintains
stable performance with minimal degradation in FPS, ensuring a smooth user experience.

4. CONCLUSION

The integration of IFC enables detailed representation of building structures and supports real-time
monitoring of multiple buildings within the platform. Our results demonstrate that the system manages a
range of file sizes and varying model complexities with minimal disruption to user experience. While larger
model sizes led to increased load times and memory consumption, the system maintained adequate
performance levels, with frame rates decreasing slightly from 60 to 55 FPS and memory usage increasing
from 180 MB to 314 MB. This indicates that the system is capable of processing complex 3D models without
substantial performance deterioration. The adoption of IFC as an open standard fosters platform
interoperability, facilitating advancements in the construction and facility management sectors. This
improvement enhances user interaction and supports more informed, real-time decision-making in smart
building environments. In conclusion, this study contributes significantly to advancing BIM visualization
within an 10T framework and establishes a foundation for scalable adoption of these technologies in both
academic research and practical applications in the construction industry and beyond. Future work could
focus on optimizing BIM file sizes and developing advanced compression techniques to further improve load
times and network performance.

ACKNOWLEDGMENTS

The author sincerely expresses gratitude to Harry, the CEO of Beeinventor Ltd., Taiwan, for his
guidance and support, as well as to Steven, a fellow software developer at the company, for his valuable
collaboration and technical assistance.

Enhancing 3D building visualization and real-time monitoring in construction ... (I Made Surya Kumara)



2258 O3 ISSN: 2302-9285

FUNDING INFORMATION

The authors extend their gratitude to Warmadewa University, The IFC, and Beeinventor Ltd.,
Taiwan, for their invaluable support in this research. This study was conducted under a contractual agreement
with Beeinventor Ltd., Taiwan, as documented in Contract No. 1102651030.

AUTHOR CONTRIBUTIONS STATEMENT
This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author
contributions, reduce authorship disputes, and facilitate collaboration.

Name of Author C M So Va Fo | R D O E Vi Su P Fu
I Made Surya Kumara v v v v v v v v v v v v v v
I Gusti Made Ngurah v v o v v v v v o v v
Desnanjaya
Kannan Nataraj v v v v v v v v v v
C : Conceptualization I : Investigation Vi : Visualization
M : Methodology R : Resources Su : Supervision
So : Software D : Data Curation P : Project administration
Va : Validation O : writing - Original Draft Fu : Funding acquisition
Fo : Formal analysis E : Writing - Review & Editing

CONFLICT OF INTEREST STATEMENT
Authors state no conflict of interest.

INFORMED CONSENT
We have obtained informed consent from all individuals included in this study.

ETHICAL APPROVAL

This research does not involve human participants, personal data, or any ethical concerns requiring
formal approval. However, it complies with all relevant national and institutional guidelines for ethical
research practices.

DATA AVAILABILITY

The data and source code utilized in this study were provided by Beeinventor Ltd. and have been
approved for use by the company. Due to confidentiality agreements, these data are not publicly available but
may be accessed upon reasonable request with permission from Beeinventor Ltd. Additionally, for the
building projection into a 3D environment, the reference code used in this study is publicly accessible at
https://www.movable-type.co.uk/scripts/latlong.html.

REFERENCES

[1] J. Abualdenien and A. Borrmann, “Vagueness visualization in building models across different design stages,” Advanced
Engineering Informatics, vol. 45, pp. 1-17, Aug. 2020, doi: 10.1016/j.aei.2020.101107.

[2] S. D. Datta, M. H. R. Sobuz, N. J. Mim, and A. D. Nath, “Investigation on the effectiveness of using building information
modeling (BIM) tools in project management: a case study,” Revista de la Construccion, vol. 22, no. 2, pp. 306-320, 2023, doi:
10.7764/RDLC.22.2.306.

[3] M. Hooda, C. Rana, O. Dahiya, A. Rizwan, and M. S. Hossain, “Artificial Intelligence for Assessment and Feedback to Enhance
Student Success in Higher Education,” Mathematical Problems in Engineering, pp. 1-19, May 2022, doi: 10.1155/2022/5215722.

[4] J. Wang, X. Wang, W. Shou, and B. Xu, “Integrating BIM and augmented reality for interactive architectural visualisation,”
Construction Innovation, vol. 14, no. 4, pp. 453-476, Sep. 2014, doi: 10.1108/CI-03-2014-0019.

[5] S. N. Kamal and A. A. Ibrahim, “3D Model Visualization Function for Responsive Web Design,” Iraqi Journal for Computer
Science and Mathematics, vol. 4, no. 4, pp. 76-91, Oct. 2023, doi: 10.52866/ijcsm.2023.04.04.007.

[6] X. Wang, J. Wang, and Y. Zhang, “Research on 3D Visualization of Real Scene in Subway Engineering Based on 3D Model,”
Buildings, vol. 13, no. 9, pp. 1-19, Sep. 2023, doi: 10.3390/buildings13092317.

[71 S. Tang, D. R. Shelden, C. M. Eastman, P. Pishdad-Bozorgi, and X. Gao, “A review of building information modeling (BIM) and
the internet of things (10T) devices integration: Present status and future trends,” Automation in Construction, vol. 101, pp. 127—
139, May 2019, doi: 10.1016/j.autcon.2019.01.020.

Bulletin of Electr Eng & Inf, Vol. 14, No. 3, June 2025; 2252-2263



Bulletin of Electr Eng & Inf ISSN: 2302-9285 O 2259

(8]

[9]

[10]

[11]
[12]

[13]

[14]
[15]
[16]

[17]

[18]

[19]

[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]

[28]

[29]

[30]

[31]
[32]
[33]
[34]
[35]

[36]

A. Sengul, “Extracting Semantic Building Models From Aerial Stereo Images and Conversion To Citygml,” The International
Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, vol. 39, pp. 321-324, Jul. 2012, doi:
10.5194/isprsarchives-xxxix-b3-321-2012.

B. Atazadeh, H. Olfat, B. Rismanchi, D. Shojaei, and A. Rajabifard, “Utilizing a building information modelling environment t0
communicate the legal ownership of internet of things-generated data in multi-owned buildings,” Electronics, vol. 8, no. 11, pp.
1-16, Nov. 2019, doi: 10.3390/electronics8111258.

Y. Cao, L. Huang, N. M. Aziz, and S. N. Kamaruzzaman, “Building Information Modelling (BIM) Capabilities in the Design and
Planning of Rural Settlements in China: A Systematic Review,” Land, vol. 11, no. 10, pp. 1-34, Oct. 2022, doi:
10.3390/land11101861.

Y. Chen, X. Wang, Z. Liu, J. Cui, M. Osmani, and P. Demian, “Exploring Building Information Modeling (BIM) and Internet of
Things (10T) Integration for Sustainable Building,” Buildings, vol. 13, no. 2, p. 288, Jan. 2023, doi: 10.3390/buildings13020288.
L. Esterbauer, G. Steindl, and W. Kastner, “Improving energy community interoperability by utilizing Web of Things,”
Elektrotechnik und Informationstechnik, vol. 140, no. 5, pp. 425-431, Aug. 2023, doi: 10.1007/s00502-023-01152-2.

D. Guinard, V. Trifa, F. Mattern, and E. Wilde, “From the Internet of Things to the Web of Things: Resource-oriented
Architecture and Best Practices,” in Architecting the Internet of Things, Berlin, Heidelberg: Springer Berlin Heidelberg, 2011, pp.
97-129, doi: 10.1007/978-3-642-19157-2_5.

B. D. Mundhra and R. Bose, “Information Technology and Construction Industry,” in Advances in Business Information Systems
and Analytics, Business Science Reference; IGI Global, 2021, pp. 1-36, doi: 10.4018/978-1-7998-5291-9.ch001.

C. Moreno, S. Olbina, and R. R. Issa, “BIM Use by Architecture, Engineering, and Construction (AEC) Industry in Educational
Facility Projects,” Advances in Civil Engineering, no. 1, pp. 1-19, Jan. 2019, doi: 10.1155/2019/1392684.

N. Abdelhai, “Integration BIM and Emerging Technologies in Architectural Academic Programs,” in STEM Education - Recent
Developments and Emerging Trends, 2024, doi: 10.5772/intechopen.106443.

B. Yang, M. Dong, C. Wang, B. Liu, Z. Wang, and B. Zhang, “IFC-based 4D construction management information model of
prefabricated buildings and its application in graph database,” Applied Sciences, vol. 11, no. 16, pp. 1-27, Aug. 2021, doi:
10.3390/app11167270.

K. Kim, H. Kim, W. Kim, C. Kim, J. Kim, and J. Yu, “Integration of ifc objects and facility management work information using
Semantic Web,” Automation in Construction, vol. 87, pp. 173-187, Mar. 2018, doi: 10.1016/j.autcon.2017.12.019.

P. H. Chen, L. Cui, C. Wan, Q. Yang, S. K. Ting, and R. L. K. Tiong, “Implementation of IFC-based web server for collaborative
building design between architects and structural engineers,” Automation in Construction, vol. 14, no. 1, pp. 115-128, Jan. 2005,
doi: 10.1016/j.autcon.2004.08.013.

N. A. Sheik, P. Veelaert, and G. Deruyter, “Exchanging Progress Information Using IFC-Based BIM for Automated Progress
Monitoring,” Buildings, vol. 13, no. 9, pp. 1-29, Sep. 2023, doi: 10.3390/buildings13092390.

J. Shi, J. Dao, L. Jiang, and Z. Pan, “Research on IFC- And FDS-Based Information Sharing for Building Fire Safety Analysis,”
Advances in Civil Engineering, no. 1, pp. 1-18, Jan. 2019, doi: 10.1155/2019/3604369.

C. Boje, A. Guerriero, S. Kubicki, and Y. Rezgui, “Towards a semantic Construction Digital Twin: Directions for future
research,” Automation in Construction, vol. 114, pp. 1-16, Jun. 2020, doi: 10.1016/j.autcon.2020.103179.

J. Jia, H. Ma, and Z. Zhang, “Integration of Industry Foundation Classes and Ontology: Data, Applications, Modes, Challenges,
and Opportunities,” Buildings, vol. 14, no. 4, pp. 1-32, Mar. 2024, doi: 10.3390/buildings14040911.

R. Vanlande, C. Nicolle, and C. Cruz, “IFC and building lifecycle management,” Automation in Construction, vol. 18, no. 1, pp.
70-78, Dec. 2008, doi: 10.1016/j.autcon.2008.05.001.

J. Zhu, P. Wu, and X. Lei, “IFC-graph for facilitating building information access and query,” Automation in Construction, vol.
148, pp. 1-29, Apr. 2023, doi: 10.1016/j.autcon.2023.104778.

G. de Marco, C. Slongo, and D. Siegele, “Enriching Building Information Modeling Models through Information Delivery
Specification,” Buildings, vol. 14, no. 7, pp. 1-14, Jul. 2024, doi: 10.3390/buildings14072206.

Z. Xu, Y. Zhang, and X. Xu, “3D visualization for building information models based upon IFC and WebGL integration,”
Multimedia Tools and Applications, vol. 75, no. 24, pp. 1742117441, Dec. 2016, doi: 10.1007/s11042-016-4104-9.

E. Nwankwo, M. David, and E. N. Onwuka, “Integration of MQTT-SN and CoAP protocol for enhanced data communications
and resource management in WSNs,” Bulletin of Electrical Engineering and Informatics, vol. 13, no. 3, pp. 1613-1620, Jun.
2024, doi: 10.11591/eei.v13i3.5158.

Z. Xu, L. Zhang, H. Li, Y. H. Lin, and S. Yin, “Combining IFC and 3D tiles to create 3D visualization for building information
modeling,” Automation in Construction, vol. 109, pp. 1-16, Jan. 2020, doi: 10.1016/j.autcon.2019.102995.

I. G. M. N. Desnanjaya and I. M. A. Nugraha, “Real-time monitoring system for blood pressure monitoring based on internet of
things,” Indonesian Journal of Electrical Engineering and Computer Science, vol. 35, no. 1, pp. 62-69, Jul. 2024, doi:
10.11591/ijeecs.v35.i1.pp62-69.

K. Elgazzar et al., “Revisiting the internet of things: New trends, opportunities and grand challenges,” Frontiers in the Internet of
Things, vol. 1, Nov. 2022, doi: 10.3389/friot.2022.1073780.

M. E. E. Alahi et al., “Integration of loT-Enabled Technologies and Artificial Intelligence (Al) for Smart City Scenario: Recent
Advancements and Future Trends,” Sensors, vol. 23, no. 11, p. 5206, May 2023, doi: 10.3390/s23115206.

S. Kumar, P. Tiwari, and M. Zymbler, “Internet of Things is a revolutionary approach for future technology enhancement: a
review,” Journal of Big Data, vol. 6, no. 1, pp. 1-21, Dec. 2019, doi: 10.1186/s40537-019-0268-2.

R. A. Azdy and F. Damnis, “Use of Haversine Formula in Finding Distance between Temporary Shelter and Waste End Processing
Sites,” Journal of Physics: Conference Series, vol. 1500, no. 1, pp. 1-7, Apr. 2020, doi: 10.1088/1742-6596/1500/1/012104.

Y. Yu, S. Kim, H. Jeon, and B. Koo, “A Systematic Review of the Trends and Advances in IFC Schema Extensions for BIM
Interoperability,” Applied Sciences, vol. 13, no. 23, pp. 1-29, Nov. 2023, doi: 10.3390/app132312560.

W. Xia, Y. Zheng, L. Huang, and Z. Liu, “Integration of Building Information Modeling (BIM) and Big Data in China: Recent
Application and Future Perspective,” Buildings, vol. 13, no. 10, pp. 1-31, Sep. 2023, doi: 10.3390/buildings13102435.

Enhancing 3D building visualization and real-time monitoring in construction ... (I Made Surya Kumara)



2260 O3 ISSN: 2302-9285

BIOGRAPHIES OF AUTHORS

I Made Surya Kumara g 12 is a lecturer and currently serves as a Head of
Department of Computer Engineering at Warmadewa University, Bali. He received his B.Eng.
degree in Electrical Engineering from Udayana University, Bali, Indonesia, and his M.Sc.
degree from the Graduate Institute of Network Learning Technology at National Central
University, Taiwan. His research interests include the internet of things, robotics, and the
development of tools integrated with artificial intelligence. He also works as a remote
programmer in Taiwan, where he builds and develops web dashboard 10T platforms. He can
be contacted at email: suryakumara@warmadewa.ac.id.

| Gusti Made Ngurah Desnanjaya ' £ B €2 is a lecturer at the Institute of Business and
Technology Indonesia. He has been a lecturer since 2015 and currently serves as INSTIKI's
Vice Rector Il. He obtained his Bachelor's degree in 2011, Master's degree in 2013, and
Professional Engineer degree in 2021 from Udayana University, Bali. He is also actively
researching and reviewing several journals. He is interested in research related to embedded
systems, microcontrollers, control systems, the internet of things, and renewable energy. He
can be contacted at email: ngurah.desnanjaya@gmail.com.

Kannan Nataraj £ Ed © is a Ph.D. student at the Graduate Institute of Network Learning
Technology, National Central University, Taiwan. He holds a Master's degree in Computer
Applications from Government Arts College, affiliated with Bharathiar University,
Coimbatore, Tamil Nadu, India. His research interests encompass data science and analytics,
machine learning, and artificial intelligence, with a focus on applying these technologies to
solve real-world challenges. He is dedicated to leveraging his expertise to develop innovative,
Al-driven solutions that enhance practical applications, and advance technological progress.
He can be contacted at email: kannannataraj@g.ncu.edu.tw.

Bulletin of Electr Eng & Inf, Vol. 14, No. 3, June 2025; 2252-2263


https://orcid.org/0009-0006-3979-4815
https://scholar.google.com.eg/citations?hl=en&user=4St8yi4AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=59479406800
https://www.webofscience.com/wos/author/record/60849612
https://orcid.org/0000-0002-8811-6395
https://scholar.google.com.eg/citations?hl=en&user=0iyhTDsAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57216333300
https://www.webofscience.com/wos/author/record/2183865
https://orcid.org/0009-0004-0439-8949
https://scholar.google.com.eg/citations?hl=en&user=Lp_JMoUAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=59515801900

