POLITEKNIK UNGKU OMAR

INTEGRATION OF BUILDING INFORMATION
MODELLING (BIM) WITH AUGMENTED REALITY
(AR)

MUHAMMAD AMIR FIRDAUS BIN FARIDIL AKBAR

01BCT21F3001

CIVIL ENGINEERING DEPARTMENT

SESSION 2 2023/2024



POLITEKNIK UNGKU OMAR

INTEGRATION OF BUILDING INFORMATION
MODELLING (BIM) WITH AUGMENTED REALITY
(AR)

MUHAMMAD AMIR FIRDAUS BIN FARIDIL AKBAR

01BCT21F3001

A project report/thesis submitted in partial fulfilment of the requirement
for the award of the Bachelor’s Degree of Civil Engineering Technology

CIVIL ENGINEERING DEPARTMENT

SESSION 2 2023/2024



STATEMENT OF AUTHENTICITY AND PROPRIETARY RIGHTS

INTEGRATION OF BUILDING INFORMATION MODELLING (BIM)

AND AUGMENTED REALITY (AR)

1. I, MUHAMMAD AMIR FIRDAUS BIN FARIDIL. AKBAR (NO KP: 991020-08-

7159), am a student of Bachelor’s Degree of Civil Engineering Technology, in
Politeknik Ungku Omar, at the address Jalan Raja Musa Mahadi, 31400 Ipoh,

Perak.

2. T hereby declare that the work in this thesis is my own except for quotations and
summaries which have been duly acknowledged.

3. T hereby agree to let go the intellectual property ownership of this project to Ungku
Omar Polytechnic in partial of the requirement for the award of the Bachelor’s

Degree in Civil Engineering Technology.

Prepared by:
MUHAMMAD AMIR FIRDAUS BIN
FARIDIL AKBAR e

Identification Number : 991020-08-7159

Witnessed by:

EN SUHAIZAM BIN ROSLI @ SHUIB e

As the project supervisor, dated e



APPRECIATION

In the name of Allah SWT, the Most Gracious, the Most Merciful, peace and blessings be upon
Prophet Muhammad SAW, his family, and his esteemed companions. First and foremost, I
extend my deepest gratitude to Allah for His boundless grace and guidance, which have enabled
me to complete this report titled “Integration of Building Information Modelling (BIM) and
Augmented Reality (AR)”.

I would like to express my sincere appreciation to my academic supervisor, En. Suhaizam bin
Rosli @ Shuib. His kind direction and proper guidance were vital to the success of this study.
Throughout every phase of the project, his supervision and unwavering support played a crucial

role in shaping and completing this report.

I am also deeply thankful to my family, especially my parents, Faridil Akbar bin Idris and
Fuziah binti Mohd Diah, for their unwavering support. Their constant encouragement and
prayers have been a source of immense strength during my research. This thesis is dedicated

to them with all my heart.

Furthermore, I would like to extend my heartfelt gratitude to Sunway Construction Sdn. Bhd.
for providing me with the invaluable opportunity to complete my work-based learning session.
My gratitude also extends to everyone who directly or indirectly contributed to the completion
of this project. The successful realization of this project required the assistance and support of
many individuals, including my fellow classmates, and I am deeply grateful for their

contributions.



ABSTRACT

The study delves into the amalgamation of Building Information Modelling (BIM) and
Augmented Reality (AR), concentrating on the integration of mechanical and electrical
components within a building structure. The primary aims encompass three dimensions: firstly,
conducting an evaluation of the existing adoption levels of BIM and AR within the construction
sector; secondly, pinpointing the technical challenges and potential advantages entailed in the
fusion of BIM and AR; and thirdly, formulating recommendations to optimize this integration
in construction projects. The methodology entails the utilization of BIM software in
conjunction with augmented reality tools to facilitate a comprehensive assessment. Data
collection will involve administering a structured questionnaire to obtain feedback from
professionals in the industry. Anticipated outcomes comprise valuable insights and responses
from participants regarding the assimilation of BIM and AR. In summary, this research
underscores the importance of integrating BIM and AR in the construction field, with the
outcomes expected to provide noteworthy recommendations for augmenting project efficiency

and decision-making processes.



ABSTRAK

Kajian ini menyelidiki penggabungan Pemodelan Maklumat Bangunan (BIM) dan Realiti
Terimbuh (AR), dengan memberi tumpuan kepada integrasi komponen mekanikal dan elektrik
dalam struktur bangunan. Tujuan utama kajian ini merangkumi tiga dimensi: pertama,
menjalankan penilaian terhadap tahap penggunaan semasa BIM dan AR dalam sektor
pembinaan; kedua, mengenal pasti cabaran teknikal dan potensi kelebihan yang terlibat dalam
penggabungan BIM dan AR; dan ketiga, merumuskan cadangan untuk mengoptimumkan
integrasi ini dalam projek pembinaan. Metodologi kajian melibatkan penggunaan perisian BIM
bersama dengan alat realiti terimbuh untuk memudahkan penilaian yang komprehensif.
Pengumpulan data akan melibatkan pelaksanaan soal selidik berstruktur untuk mendapatkan
maklum balas daripada profesional dalam industri ini. Hasil yang dijangkakan merangkumi
pandangan dan maklum balas yang berharga dari peserta mengenai asimilasi BIM dan AR.
Secara keseluruhan, kajian ini menekankan kepentingan mengintegrasikan BIM dan AR dalam
bidang pembinaan, dengan hasil yang diharapkan dapat memberikan cadangan yang signifikan

untuk meningkatkan kecekapan projek dan proses membuat keputusan.

Vi
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CHAPTER 1

INTRODUCTION

1.1 Introduction

The construction industry is undergoing a profound transformation propelled by advanced
technologies aimed at streamlining operations and enhancing overall efficiency. Notably,
Building Information Modelling (BIM) and Augmented Reality (AR) have emerged as pivotal
players, poised to reshape the landscape of construction project management. BIM functions
as a digital representation of a building's physical and functional attributes, providing a
comprehensive and collaborative platform for project stakeholders. In contrast, AR overlays
digital information onto the physical environment, delivering an interactive and immersive user

experience.

The integration of BIM and AR introduces a synergistic approach that capitalizes on the
strengths of both technologies. BIM, with its capacity to capture detailed information about a
structure, serves as the foundation for a wealth of data. This data seamlessly integrates with
AR's real-time, on-site visualization capabilities, resulting in a potent combination that not only
enhances collaboration among project stakeholders but also offers a dynamic and interactive
representation of the construction project in physical space. This integration holds the potential

to revolutionize how construction projects are planned, executed, and managed.

By merging BIM's extensive data capabilities with AR's immersive visualization features,
construction professionals can make more informed decisions, address issues in real time, and
enhance overall project coordination. The collaborative nature of BIM is complemented by the
interactive and contextual insights provided by AR, creating a holistic project management
approach. This synergistic integration not only optimizes the construction process but also
opens up new possibilities for improved communication, reduced errors, and enhanced
decision-making throughout the entire project lifecycle. As the construction industry evolves,
the integration of BIM and AR emerges as a transformative strategy poised to significantly

elevate the efficiency and effectiveness of construction project management.



1.2 Background Of Study

The construction industry is undergoing a profound transformation propelled by advanced
technologies aimed at streamlining operations and enhancing overall efficiency. Notably,
Building Information Modelling (BIM) and Augmented Reality (AR) have emerged as pivotal
players, poised to reshape the landscape of construction project management. BIM functions
as a digital representation of a building's physical and functional attributes, providing a
comprehensive and collaborative platform for project stakeholders. In contrast, AR overlays
digital information onto the physical environment, delivering an interactive and immersive user

experience.

The integration of BIM and AR introduces a synergistic approach that capitalizes on
the strengths of both technologies. BIM, with its capacity to capture detailed information about
a structure, serves as the foundation for a wealth of data. This data seamlessly integrates with
AR's real-time, on-site visualization capabilities, resulting in a potent combination that not only
enhances collaboration among project stakeholders but also offers a dynamic and interactive
representation of the construction project in physical space. This integration holds the potential

to revolutionize how construction projects are planned, executed, and managed.

By merging BIM's extensive data capabilities with AR's immersive visualization
features, construction professionals can make more informed decisions, address issues in real
time, and enhance overall project coordination. The collaborative nature of BIM is
complemented by the interactive and contextual insights provided by AR, creating a holistic
project management approach. This synergistic integration not only optimizes the construction
process but also opens up new possibilities for improved communication, reduced errors, and
enhanced decision-making throughout the entire project lifecycle. As the construction industry
evolves, the integration of BIM and AR emerges as a transformative strategy poised to

significantly elevate the efficiency and effectiveness of construction project management.



1.3 Problem Statement

The challenge posed by integrating Building Information Modelling (BIM) and Augmented
Reality (AR) lies in the absence of standardized protocols regulating their seamless
collaboration. Eastman et al. (2011) highlight in their research that the successful integration
of BIM and AR relies on precisely defined protocols facilitating effective communication and
data exchange. The lack of universally accepted guidelines becomes a bottleneck in ensuring
interoperability between the BIM platform and AR applications, potentially obstructing the
smooth flow of information sharing. The deficiency in standardized integration protocols leads
to inefficiencies in data transmission and synchronization, creating a fragmented construction
project management process. For instance, in the absence of a common set of protocols,
discrepancies in data formats and communication methods may arise, impeding the real-time
synchronization of BIM data with AR visualizations at construction sites (Tezel et al., 2018).
These inefficiencies have the potential to result in misunderstandings, delays, and errors

throughout the project execution phase.

Successfully combining Building Information Modelling (BIM) and Augmented
Reality (AR) relies on how well users in the construction industry understand and use these
technologies. Research by Succar et al. (2019) emphasizes the need for a skilled workforce that
can navigate both BIM and AR effectively for smooth integration. However, a significant
challenge arises due to the lack of standardized training programs and resources. This becomes
a big hurdle for construction professionals who want to fully benefit from these advanced
technologies. Because there are no widely accepted training standards, it's tough to develop a
group of proficient users. Construction professionals, including designers and on-site workers,
find it challenging to gain the skills needed to use both BIM and AR effectively. This challenge
is more evident given the diverse skills and roles in the construction industry (Jemtrud et al.,
2014). As a result, there's a gap in user proficiency, making it difficult to seamlessly integrate

BIM and AR and limiting their combined impact on construction project management.

Scaling and ensuring compatibility of Building Information Modelling (BIM) and
Augmented Reality (AR) solutions for diverse construction projects pose a significant obstacle.
Research, like that of Akcamete and Akinci (2012), emphasizes the need for adaptable and
universally compatible BIM-AR integration solutions. Current scalability limitations hinder
the seamless application of BIM and AR to projects of varying sizes. This inflexibility limits

widespread use, as a one-size-fits-all approach doesn't cater adequately to the diverse needs of
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construction projects. Compatibility issues compound the challenge, making it difficult to
integrate BIM and AR seamlessly into different construction scenarios. The lack of
standardized compatibility protocols restricts the versatility of BIM-AR solutions, hindering
their adaptation to specific data formats, software, and hardware environments in diverse
construction projects (Tezel et al., 2018). These limitations impede the widespread adoption
and enhancement of construction project management processes through BIM-AR integration,

constraining the potential benefits for visualization, collaboration, and decision-making.

1.4 Objective

In this study, the integration of Building Information Modelling (BIM) and Augmented Reality
(AR) is the main study that has been conducted. Overall, the integration of these analyses will

be conducted to achieve the following overall study objectives:

1. To assess the current state of BIM and AR adoption in the construction industry.
2. To identify the technical challenges and opportunities in integrating BIM and AR.
3. To provide recommendations for optimizing the integration of BIM and AR in

construction projects.

1.5 Significance Of Study

The integration of Building Information Modelling (BIM) and Augmented Reality (AR) stands
as a critically important advancement in the fields of construction and architecture. This
research is vital as it delves into the possibility of reshaping traditional construction practices,
ushering in more sophisticated and efficient methodologies. The collaboration between BIM
and AR introduces a dynamic project management approach, allowing stakeholders to visualize
and engage with digital representations of structures seamlessly integrated into the physical

environment.

This integration holds significance for several compelling reasons. Firstly, it fosters
improved collaboration among project stakeholders through a shared and immersive platform,
facilitating the visualization of intricate architectural and engineering data. Secondly, the real-

time, on-site visualization capabilities of AR, complemented by the comprehensive data from



BIM, empower professionals to make well-informed decisions, swiftly identify issues, and
streamline construction processes. Thirdly, the study delves into the potential impact on project
coordination, communication, and decision-making, ultimately enhancing the overall

efficiency and effectiveness of construction projects.

Moreover, the significance extends to potential cost savings, error reduction, and enhanced
communication throughout the project lifecycle. The seamless integration of detailed BIM
information with the interactive and contextual insights provided by AR has the potential to
revolutionize how construction professionals plan, execute, and manage projects. Ultimately,
this research contributes to the ongoing evolution of the construction industry, offering valuable
insights into a transformative strategy poised to elevate the efficiency and effectiveness of

construction project management to unprecedented heights.

1.6 Scope Of Study

The scope of this study encompasses the exploration and integration of Building Information
Modelling (BIM) and Augmented Reality (AR) within the context of electrical and mechanical
components within structural systems. Building Information Modelling will serve as a
foundational element, providing a comprehensive digital representation of the physical and
functional attributes of structures. Augmented Reality will be employed to overlay digital
information onto the real-world environment, enhancing the visualization and interaction with

the electrical and mechanical components of these structures.

The study will specifically focus on how the integration of BIM and AR technologies
can contribute to the enhanced management and understanding of electrical and mechanical
systems within buildings and other structures. This involves evaluating the interoperability of
BIM and AR platforms to seamlessly incorporate data related to electrical and mechanical
components, fostering improved collaboration and decision-making processes in construction

projects.

Moreover, the investigation will extend to the scalability of BIM and AR solutions,
assessing their adaptability across varying project sizes and complexities in the domain of
electrical and mechanical engineering within structural frameworks. The study will also
address potential technical challenges, such as data synchronization, interoperability, and

visualization, to ensure a holistic understanding of how BIM and AR can optimize the



representation and management of electrical and mechanical components in construction

projects.

This research will contribute valuable insights into the practical application of BIM and
AR technologies in the realm of electrical and mechanical systems, aiming to offer a
comprehensive framework for their integration within the broader field of construction project

management.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

A literature review constitutes a meticulous and thorough examination of the available body of
knowledge pertaining to a designated subject or research inquiry. Its primary function lies in
furnishing a fundamental underpinning for any research endeavor by offering a panoramic view
of the current state of understanding within a specific academic domain. The central objective
of a literature review is to pinpoint gaps, incongruities, and ongoing discussions within the
existing body of scholarly work, allowing researchers to position their own investigations

within the broader framework of academic discourse.

A proficiently conducted literature review necessitates a systematic exploration,
selection, evaluation, and amalgamation of pertinent academic sources, including books,
journal articles, conference papers, and other scholarly materials. It transcends the mere
summarization of existing literature by engaging in a discerning analysis of the methodologies,
findings, and arguments presented in these sources. This critical scrutiny not only underscores
the strengths and weaknesses of preceding research but also aids researchers in crafting

research questions, hypotheses, or objectives for their own studies.

Typically structured with an introduction, body, and conclusion, a literature review
commences with researchers outlining the scope and purpose of the review, clearly delineating
the specific research question or topic of interest. The body of the literature review is organized
thematically, chronologically, or methodologically, contingent upon the nature of the research.
This organization might involve grouping studies based on key themes, elucidating the
progression of research over time, or drawing comparisons and contrasts between studies

utilizing diverse methodologies.

Throughout the literature review, researchers engage in a critical assessment of the
methodologies, sample sizes, data collection techniques, and overall rigor of the studies they

incorporate. This discerning evaluation serves to establish the credibility and reliability of the
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existing literature, providing researchers with a sturdy foundation upon which to build.
Furthermore, the literature review serves as a forum for scholars to recognize the contributions
of previous researchers and contextualize their own work within the broader academic

dialogue.

In summary, a literature review stands as an indispensable element of scholarly
research, functioning as a comprehensive survey of the existing literature on a particular
subject. Its role extends beyond enhancing understanding of the current state of knowledge,
encompassing the identification of gaps and avenues for further exploration. A meticulously
executed literature review not only contributes to the formulation of robust research questions,
hypotheses, or objectives but also lays a firm groundwork for advancing knowledge within a

specific field.

2.2 Construction Technology

In recent years, construction technology has emerged as a focal point of extensive research,
encompassing various facets such as sustainable decision-making, technology development,
sustainability, waste reduction, and critical success factors for innovation (Zavadskas et al.,
2017). The application of multi-criteria decision-making methods in civil engineering and
construction building technology has been a noteworthy area of exploration, emphasizing the
pivotal role of sustainable decision-making in these domains (Zavadskas et al., 2017). Aligning
with this, the work of Zavadskas et al. (2018) delves into sustainable architecture,
construction/reconstruction technology, sustainable construction materials, construction
economics, infrastructure planning, and project risk assessment, all with a steadfast focus on
sustainability. These studies collectively underscore the increasing emphasis on infusing

sustainability principles into the realm of construction technology.

Skibniewski and Zavadskas (2013) provided valuable insights into the evolution of
advanced construction technologies, emphasizing key areas such as automation, information
sciences, materials science, and systems engineering. Grounding these advancements in the
historical ideas and achievements of architects and construction engineers from the past, they
highlighted the continuum of technology development in construction, drawing a connection

from the distant past into the future. This historical contextualization offers a comprehensive



perspective on the trajectory of construction technology, providing a solid foundation for

understanding its current state.

Moreover, Poon et al. (2004) contributed to the discourse by discussing the crucial role
of material control in mitigating building waste at construction sites. Their focus on design,
material procurement and handling, and site management and practices underscores the
significance of efficient and sustainable practices in material usage and waste reduction within
the realm of construction technology. Additionally, the work of Liu et al. (2014) pinpointed
critical success factors for construction innovation, with a specific emphasis on the role of
cooperation as a key enabler. This underscores the importance of collaborative and strategic

cooperation in driving innovation within the construction technology landscape.

In conclusion, the extensive literature on construction technology encompasses a broad
spectrum of topics, ranging from sustainable decision-making and technology development to
considerations of sustainability, waste reduction, and critical success factors for innovation.
Collectively, these studies contribute to a nuanced understanding of the current state and future
directions of construction technology, with a recurring emphasis on sustainability, historical
context, efficient material usage, and strategic cooperation as pivotal drivers of innovation in
the field. This interdisciplinary approach sheds light on the multifaceted nature of construction
technology, highlighting its evolving dynamics and the imperative of integrating sustainable

practices and collaborative strategies for continued progress.

2.3 Industrial Revolution 4.0

The contemporary landscape of the construction industry is undergoing a profound
transformation, largely attributed to the advent of Industrial Revolution 4.0, colloquially known
as the fourth industrial revolution. This revolutionary phase is characterized by the seamless
integration of digital technologies, automation, and data exchange across various sectors, with
a particular emphasis on its implications for the construction domain (Oesterreich & Teuteberg,
2016). The pervasive use of robotics and automation technologies is instigating a technological
upheaval, ushering in disruptions to conventional construction processes (Bock, 2015). The
anticipated outcome is the establishment of hyper-flexible and intensively automated
manufacturing systems, offering the promise of heightened productivity and a much-needed

revitalization in an industry that has experienced stagnation over several decades (Bock, 2015).



The intersection of Industrial Revolution 4.0 with the construction sector introduces
both opportunities and challenges. The digitization and automation synonymous with this
industrial revolution present prospects for the future, but they also pose substantial challenges
that demand careful consideration (Alaloul et al., 2018). A pivotal challenge lies in evaluating
the construction industry's preparedness to embrace Industry 4.0 technologies and practices
fully. Existing research indicates the necessity for the industry to assess its readiness
comprehensively, ensuring the effective adoption of these transformative technologies and

maximizing their benefits (Maskuriy et al., 2019).

Moreover, the tangible impact of Industrial Revolution 4.0 on the construction sector
has been evident since 2009, with digitization and automation playing pivotal roles in shaping
the industry's trajectory (Perrier et al., 2020). The integration of digital technologies, data
exchange mechanisms, and automation holds the transformative potential to revolutionize
construction processes. The anticipated outcomes include increased productivity, elevated
quality standards, and enhanced economic outcomes, providing a compelling rationale for the

industry's active engagement with these technological advancements (Perrier et al., 2020).

In conclusion, Industrial Revolution 4.0 emerges as a profoundly relevant paradigm for
the construction industry, ushering in digitization, automation, and the integration of cutting-
edge technologies. While the industry stands to benefit significantly from increased
productivity and improved quality, the concomitant challenge involves adapting to these
technological shifts. The critical tasks of assessing readiness and wholeheartedly embracing
the opportunities presented by Industry 4.0 are paramount for ensuring the construction
industry's future success. As referenced by the scholarly works mentioned, the research
community actively contributes to understanding, evaluating, and guiding the industry through

this transformative phase.

2.4 Building Information Modelling (BIM)

Building Information Modeling (BIM) has emerged as a transformative force within the
architecture, engineering, and construction (AEC) industry, signaling a paradigm shift in the
way projects are conceptualized and executed. At its core, BIM functions as a collaborative
platform that transcends traditional practices by presenting a parametric 3D model laden with

a wealth of project information, all accessible through a digital interface (Ma et al., 2022). This
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technological evolution is not merely a tool but a comprehensive methodology that

significantly impacts the entire life cycle of a construction project.

The adoption of BIM brings forth a multitude of advantages, ranging from heightened
collaboration among stakeholders to the detection and resolution of clashes in design elements,
and even the enhancement of project visualization (Rahman, 2019). These advantages
collectively contribute to increased efficiency, cost-effectiveness, and improved overall project
outcomes. The transformative potential of BIM extends beyond the tangible aspects of project
management; it fosters a more dynamic and integrated approach to construction, aligning

diverse stakeholders and facilitating seamless communication throughout the project life cycle.

Nevertheless, the integration of BIM into industry practices is not without its hurdles.
A significant challenge revolves around the awareness levels among construction practitioners,
who may need to adapt to and embrace this innovative approach. Overcoming barriers and
formulating effective strategies for the smooth integration of BIM pose crucial tasks in
realizing its full potential (Rahman, 2019). The dynamic nature of the construction industry,
coupled with diverse technological competencies among professionals, underscores the need
for comprehensive educational initiatives to bridge the gap and ensure widespread proficiency

in BIM.

As BIM gradually solidifies its status as a standard practice in the construction industry,
there is a growing recognition of the need to incorporate BIM concepts and skills into the
education and training of construction engineering and management professionals (Sacks &
Pikas, 2013). This educational emphasis not only addresses the current skills gap but also
ensures a future workforce well-versed in leveraging BIM to its maximum potential.
Educational institutions are tasked with preparing the next generation of construction
professionals who can navigate the evolving landscape of technology-driven project

management.

Furthermore, the application of BIM within the context of Industrialised Building
System (IBS) construction projects in Malaysia showcases the immense benefits of integration.
BIM contributes to heightened efficiency, streamlined processes, and improved project
outcomes. However, the integration of BIM in IBS projects also introduces specific challenges,
such as the need for tailored implementation strategies and overcoming potential resistance to

change (Ern et al., 2022). These challenges underscore the importance of recognizing the
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context-specific nature of BIM implementation and tailoring strategies to suit the unique

characteristics of different construction environments.

In conclusion, the dual nature of BIM, characterized by its transformative potential and
the challenges associated with its implementation, necessitates a nuanced and strategic
approach. A comprehensive understanding of BIM's capabilities and limitations is essential for
stakeholders in the construction sector. By addressing challenges through targeted awareness
campaigns, educational initiatives, and context-specific strategies, the industry can harness the

full potential of BIM to usher in a new era of efficiency, collaboration, and innovation.
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Figure 1.0: Building Information Modelling

2.5 Autodesk AutoCAD

Autodesk's AutoCAD, tracing its roots back to its inaugural release in 1982, boasts a storied
history and has grown into one of the most extensively utilized computer-aided design (CAD)
software applications globally. Recognized for its proficiency in enabling the creation of
precise 2D and 3D designs, AutoCAD has become an indispensable tool across diverse
industries, including architecture, engineering, and construction. The software's historical
significance is underscored by its transformative impact on design practices, facilitating the

development of intricate and accurate visual representations essential for professionals in these
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fields. Its versatility and functionality have made it a cornerstone in various design-oriented

disciplines.

The influence of AutoCAD extends beyond its application in professional settings; it
has also been a focal point of study in the context of project-based learning, particularly within
vocational school education. Research, as exemplified by Celik et al. (2018), highlights the
positive impact of project-based learning in AutoCAD programming courses on students'
academic achievements. This underscores the educational efficacy of integrating AutoCAD

into curricula, fostering practical skills and enhancing learning outcomes.

Moreover, the software's impact transcends education, reaching into the professional
realm, where studies have demonstrated a positive correlation between performance
expectancy and the use of AutoCAD. Khalid et al. (2021) emphasize AutoCAD's role in
boosting productivity and efficiency in engineering and design tasks, thereby solidifying its
standing as an essential tool for professionals in these domains. The software's practical
benefits contribute significantly to its widespread adoption in various industries and underscore

its role in advancing technological capabilities in design and engineering.

Furthermore, AutoCAD serves as a pivotal data source for Geographic Information
Systems (GIS), emphasizing its relevance in data integration and spatial analysis. Ye et al.
(2006) shed light on the software's importance in this context, highlighting its contribution to
enhancing the functionality and accuracy of GIS applications. The seamless integration of
AutoCAD into GIS workflows underscores its role as a linchpin in spatial data management,

exemplifying its broader impact on data-driven decision-making processes.
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Figure 2.0: Integration of CAD and GIS

In the realm of architectural design, AutoCAD's influence is subjected to critical
analysis through a Derridean deconstruction, as explored by Senagala (2004). This approach
scrutinizes not only the software's interface but also its latent agenda, spatial conceptions, and
organizational predispositions. Through this lens, the study illuminates AutoCAD's impact on
shaping architectural design processes, revealing the nuanced interplay between technology

and design theory.

In conclusion, AutoCAD's multifaceted history, diverse roles, and wide-ranging impact
are evident across education, professions, and specific domains like GIS and architectural
design. Its transformative capabilities have not only revolutionized the way designs are
conceived and documented but have also left a lasting imprint on academic achievements,
productivity in engineering tasks, and broader aspects of spatial data management. As
AutoCAD continues to adapt and evolve in response to the dynamic technological landscape,
it remains a foundational and irreplaceable tool in the fields of design, engineering, and

construction.
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Figure 2.1: Autodesk AutoCAD

2.6 Autodesk Revit

Autodesk Revit has emerged as a transformative force in the realm of building information
modeling (BIM), playing a pivotal role in shaping various facets of construction and design.
Its impact extends across diverse applications, including energy performance analysis,

maintenance operations management, architectural acoustics, and heritage building modeling.

In the domain of energy performance analysis, Revit has proven instrumental. Research
by Tahmasebinia et al. (2022) underscores its efficacy in analyzing the energy performance
effects of building components. This functionality allows for precise measurement and
simulation of energy consumption, providing valuable insights for optimizing energy

efficiency in construction projects.

Furthermore, Revit has been a key player in the management of maintenance operations
for building equipment. Fargnoli et al. (2019) highlight its capabilities in describing the
physical characteristics of buildings and equipment, as well as capturing the features of
maintenance operations. This functionality enhances operational efficiency by providing a

comprehensive platform for overseeing and optimizing maintenance processes.
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Figure 3.0: Revit MEP

In addition to its contributions in energy analysis and maintenance, Autodesk Revit has
garnered recognition for refining art and visualization skills within the construction sector.
Yuvita and Budiwirawan (2022) acknowledge its role in handling technical aspects of design
and facilitating effective communication among various stakeholders involved in construction
projects. This multifaceted functionality positions Revit as an essential tool for enhancing

collaboration and communication throughout the construction process.

Revit's impact extends to the domain of architectural acoustics, where it facilitates
collaboration between architects and acoustical consultants. As noted by Larrick (2010), Revit
serves as a platform that promotes seamless cooperation, allowing professionals from different
disciplines to work together effectively during the design process. This collaborative feature

enhances the quality of architectural acoustics in construction projects.

Moreover, Revit showcases its versatility by integrating terrestrial laser scanning and
UAV photogrammetry for 3D modeling and degradation assessment of heritage buildings.
Tysigc et al. (2023) highlight its adaptability in heritage building modeling, demonstrating its

ability to cater to a range of applications beyond traditional design and construction.

In conclusion, Autodesk Revit stands as a versatile and indispensable tool that has
significantly impacted the construction and design industry. Its multifaceted functionalities
contribute to energy analysis, maintenance operations management, architectural acoustics,
and heritage building modeling. The software's widespread adoption and versatility underscore
its enduring significance in the realm of BIM, solidifying its role as a key player in diverse

domains within the construction and design landscape.
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Figure 3.1: Autodesk Revit

2.7 Augmented Reality (AR)

Augmented reality (AR) has become a focal point of considerable interest in the industrial
sector, especially within the construction industry, as it holds the promise of transforming
various processes. The integration of AR into construction practices has been a subject of
extensive research and development, with a primary focus on identifying application areas,
augmenting visualization capabilities, and optimizing various aspects of construction

processes.

The roots of augmented reality in the construction industry trace back to the early 2000s
when researchers initiated exploration into its potential applications. Pioneering work by Shin
and Dunston (2008) identified specific application areas for augmented reality in industrial
construction, laying the foundation for understanding where AR could be effectively utilized
within the construction domain. This early groundwork provided the impetus for subsequent
research and development endeavors aimed at harnessing the potential of AR technology in the

construction sector.

The significance of augmented reality in construction becomes evident in its capacity
to enhance visualization and elevate project management practices. Machado and Vilela (2020)
highlighted the use of AR to augment Building Information Modeling (BIM), emphasizing its
role in visualizing building sites and its potential to process and automatically assimilate
information for improved project planning and execution. Moreover, Herbers and Konig (2019)

emphasized the broader potential of augmented reality in the Architecture, Engineering, and

17



Construction (AEC) industry, especially in areas that are yet to be fully digitalized. This

indicates the expansive scope of impact that AR can have on various facets of construction.

The contributions of augmented reality to the industrial sector, particularly in
construction, have been substantial. Diaconu et al. (2016) noted that recent studies have
identified the primary focus of AR applications in construction, with the building sector taking
precedence, followed by infrastructures and highways. This underscores the versatility of AR
technology in addressing diverse challenges within construction projects. Additionally,
Sepasgozar (2020) highlighted the development and implementation of construction
augmented reality, showcasing specific modules like Piling AR (PAR) and a virtual tunnel
boring machine (VIBM). These examples illustrate the diverse applications of AR in

construction management and engineering.

In conclusion, augmented reality has emerged as a transformative technology with
substantial potential to revolutionize the construction industry. Its capability to enhance
visualization, improve project management, and optimize construction processes positions AR
as an invaluable tool for construction professionals, providing novel and innovative approaches
to the planning and execution of construction projects. As technological advancements
continue, augmented reality is poised to play an increasingly integral role in shaping the future

of construction practices.

2.8 Unity 3D

Unity 3D stands out as a robust platform that has had a substantial influence across diverse
domains, notably in Building Information Modeling (BIM) and Augmented Reality (AR). Its
noteworthy history is marked by substantial contributions to the advancement of virtual
environments and 3D modeling. One notable application involves rendering animated virtual
agents online (Ring et al., 2014). Unity 3D's integration with BIM is exemplified in a prototype
designed to evaluate fire extinguisher plans for construction projects, facilitating virtual walk-
throughs (Tongthong et al., 2023). This exemplifies how the platform significantly enhances

visualization and simulation within the construction industry.

Beyond its technical applications, Unity 3D plays a pivotal role in overcoming

challenges associated with BIM adoption. Research has delved into the perspectives of both
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BIM specialists and non-specialists, identifying factors hindering BIM application in 3D

designs. This illustrates the platform's global relevance and impact on professional practices.

In the construction sector, Unity 3D serves as a visualization tool for presenting intricate
3D models, as demonstrated in the construction of a submarine tunnel in Xiamen City, China
(Lietal.,2021). This use case highlights the platform's contribution to enhancing visualization
and communication in complex construction projects, thereby improving project management

and decision-making processes.

To sum up, Unity 3D boasts a rich history and has left an indelible mark in various
fields, especially BIM and AR. Its contributions encompass the development of virtual
environments, seamless integration with BIM for visualization and simulation, and addressing
challenges in BIM adoption. These contributions have had a profound impact on professional

practices, project management, and decision-making processes within the construction

& unity

Figure 4.0: Unity 3D

industry.

2.9 Vuforia

Augmented reality (AR) has garnered significant interest across various sectors due to its
ability to enrich user experiences by superimposing digital content onto the physical world.
Among the notable software development kits (SDKs) employed for crafting AR applications,
Vuforia has emerged as a prominent choice. Extensive research, exemplified by Blanco-Pons
et al. (2019), has scrutinized Vuforia vis-a-vis other AR tools like ARToolKit, spotlighting its
swift tracking capabilities compared to its counterparts, albeit with occasional challenges in
recognizing specific visual elements, as observed in contexts such as rock art visualization.

Nevertheless, despite these limitations, Vuforia remains favored among developers for its
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overall performance and user-friendly interface in crafting AR encounters, as highlighted by

Marto and Gongalves (2019).

Scholarly inquiry has delved into Vuforia's efficacy across various environments,
indoors and outdoors alike, examining variables such as distance, occlusion, and lighting
conditions to discern their impact on user engagement with AR applications developed using
Vuforia, as evidenced by Blanco-Pons et al. (2018). These investigations furnish valuable
insights for developers aiming to refine user experiences and ensure seamless interaction with
AR content. By factoring in environmental dynamics, developers can customize their
applications to furnish more immersive and captivating AR experiences, leveraging Vuforia's

capabilities to furnish high-quality visual overlays.

In the realm of preserving and disseminating cultural heritage, Vuforia finds application
in crafting AR applications that showcase historical artifacts and sites. User studies evaluating
Vuforia's utilization in cultural heritage contexts attest to its effectiveness in enhancing visitor
engagement and comprehension of historical content, as observed by Marto and Gongalves
(2019). Harnessing Vuforia's features, developers can fashion interactive AR experiences
bridging past and present, enabling users to explore and interact with cultural artifacts

innovatively.

Furthermore, educational settings have explored Vuforia's integration to enrich learning
experiences through AR technology. By incorporating Vuforia into electronic learning
modules, educators can fashion interactive and stimulating learning materials that foster
enhanced comprehension and retention of intricate concepts, as noted by Selek and Kiymaz
(2020). This application of AR, empowered by Vuforia, opens avenues for immersive learning
experiences accommodating diverse learning styles and preferences, enabling students to grasp

abstract concepts effectively through hands-on interactions with AR simulations.

In the medical domain, Vuforia finds utility in visualizing complex medical data, such
as gastric acid reflux, via mobile-based AR platforms, as demonstrated by Adil et al. (2022).
Leveraging Vuforia's capabilities, researchers and healthcare practitioners can devise
innovative solutions for visualizing medical conditions and data in an intuitive and accessible
manner. The integration of AR technology facilitated by Vuforia in healthcare settings

underscores AR's potential to reshape medical education, diagnosis, and treatment planning.

In summation, Vuforia emerges as a versatile and potent tool for crafting AR

applications across diverse domains, including cultural heritage, education, and healthcare. Its

20



robust tracking capabilities, user-friendly interface, and adaptability to different environments
position it as a preferred choice for developers aiming to create immersive and interactive AR
experiences. By harnessing Vuforia's potential, developers can push the boundaries of AR
technology, delivering compelling experiences that captivate users and unlock new avenues for

innovation in the digital realm.

N P
< vuforia

Figure 5.0: Vuforia
2.10 Summary

The literature review provides a comprehensive examination of the current knowledge base
related to construction technology, highlighting significant advancements and ongoing debates.
It identifies key areas such as sustainable decision-making, technology development, waste
reduction, and innovation, emphasizing the integration of sustainability principles. The review
also traces the evolution of advanced construction technologies, highlighting the importance of
historical context and strategic cooperation. Furthermore, the review explores the
transformative impact of Industrial Revolution 4.0 on the construction industry, characterized
by the integration of digital technologies and automation, which promise increased productivity
and revitalization. However, the transition presents challenges, necessitating a thorough

assessment of the industry's readiness to adopt these technologies fully.

Building Information Modeling (BIM) emerges as a pivotal force within the
architecture, engineering, and construction (AEC) industry, facilitating collaboration, design

clash detection, and enhanced project visualization. Despite its advantages, BIM adoption faces
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challenges such as varying awareness levels and the need for comprehensive educational
initiatives. Integrating BIM into educational curricula is crucial for preparing future
construction professionals. The review also examines the significance of Autodesk's AutoCAD
and Revit in BIM, highlighting their roles in energy performance analysis, maintenance
management, and architectural acoustics. These tools are indispensable for their precision in

design and their contributions to various construction and design applications.

Augmented Reality (AR) and platforms like Unity 3D and Vuforia have garnered
considerable interest for their potential to transform construction processes. AR enhances
visualization and project management practices, offering innovative approaches to planning
and execution. Unity 3D's integration with BIM facilitates visualization and simulation,
improving project management and decision-making. Vuforia's robust tracking capabilities and
user-friendly interface make it a preferred choice for developing immersive AR experiences
across various domains, including cultural heritage, education, and healthcare. The review
underscores the transformative potential of these technologies in revolutionizing construction

practices and enhancing the overall efficiency and effectiveness of the construction industry.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

In the pursuit of a comprehensive understanding of the research endeavor, this section delves
into a meticulous exploration of the selected analytical approach and the methodology adopted
for data collection. At the core of this investigation is the evaluation of device efficiency, a
critical aspect that will be meticulously scrutinized through firsthand observations during the
actual execution of activities. The ensuing discussion aims to articulate a systematic process
route tailored explicitly for this project, providing a detailed exposition of its design and
implementation on-site. This devised process route is intricately intertwined and synchronized
with the dynamic on-site work environment, ensuring a seamless integration that optimally

serves the research objectives.

An inherent aspect of this methodology involves a proactive stance towards
improvement. Any noticeable enhancements identified during the integration phase will be
promptly assimilated to refine the prototype. These adjustments are not arbitrary; rather, they
are guided by the comprehensive insights garnered from significant research components,
including the analysis of questionnaire responses and other influential factors. The
interconnectedness of these elements within the methodology not only adds a layer of
robustness to the research framework but also positions it as a dynamic and adaptive process,
capable of evolving based on real-time observations and participant feedback. Through this
methodological lens, the research aims not only to collect data but to continuously refine and
enhance the experimental approach in response to the unfolding dynamics of the on-site work

environment.
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Figure 6.0: Research Flowchart

3.2 System & Design Development

The integration process of Building Information Modelling (BIM) and Augmented Reality
(AR) unfolds through a series of seamless steps, orchestrating a progression from the inception
of 2D drawings to the real-time manifestation of an augmented reality 3D model, all facilitated

by smartphone applications.

To initiate this transformative journey, the creation of a foundational 2D drawing
commences with AutoCAD. This initial step involves the meticulous capturing of the
fundamental layout and design elements of the structure, setting the stage for the subsequent

stages.

Transitioning to the more intricate realm of 3D modeling, the process advances with
Revit. Here, the 2D drawing undergoes a significant elevation, transforming into a detailed 3D
model. This evolution includes the integration of mechanical and electrical components,

ensuring a comprehensive and detailed representation of the entire structure.

The seamless integration of the Revit 3D model into the augmented reality domain is

made possible through the utilization of specialized plugins. These plugins serve as crucial
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connectors, harmonizing the BIM model in Revit with augmented reality applications, creating

a bridge between the virtual and physical dimensions of the project.

As the final act in this technological symphony, the augmented reality experience comes
to life in real time through the deployment of AR applications on a smartphone. The
smartphone, now equipped with AR capabilities, metamorphoses into a window into the virtual
world. It empowers users to dynamically visualize and interact with the 3D model, seamlessly

overlaid onto the physical environment.

This integrated flow not only ensures a smooth transition from the rudimentary 2D
design to a dynamic and interactive augmented reality experience but also furnishes
stakeholders with a powerful and versatile tool. This tool proves instrumental in the
visualization, collaboration, and decision-making processes throughout the entirety of the

construction project lifecycle.

3.3 Platform Used

This initiative harnesses the combined capabilities of leading tools in the industry: Revit, Unity
3D, and AutoCAD. Revit, renowned for its extensive BIM functionalities, acts as the
cornerstone for developing intricate digital representations of structures. The introduction of
Augmented Reality is seamlessly facilitated through Unity 3D, enriching the visualization
experience by overlaying digital data onto the physical surroundings. With the precision in
design provided by AutoCAD, this fusion not only streamlines collaboration among project
stakeholders but also introduces an innovative approach to project management. Through the
amalgamation of Revit, Unity 3D, and AutoCAD, this project aspires to revolutionize
construction methodologies, offering a dynamic and immersive platform for improved

decision-making and coordination throughout the entire project lifecycle.
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Platform

Function

Autodesk AutoCAD

n AutoCAD

AutoCAD functions as a powerful computer-aided
design (CAD) software that enables precise
drafting and design of 2D and 3D models,
facilitating detailed planning and visualization for
architects, engineers, and professionals in various

industries.

Autodesk Revit

Revit

Revit is a BIM software enabling collaborative 3D
modeling for architects, engineers, and
construction professionals, integrating
comprehensive data for efficient project

management.

Unity 3D

& unity

Unity 3D enables the creation of augmented reality
experiences by providing tools and capabilities to
seamlessly integrate digital content into the real-
world environment. Developers use Unity 3D to
design, develop, and deploy AR applications,
allowing users to interact with digital elements
overlaid onto the physical world through devices

like smartphones or AR glasses.

Vuforia

<& Vvuforia

Vuforia is a platform for creating augmented
reality (AR) apps. It uses computer vision to
recognize images and objects through a device's

camera and overlays digital content onto them.

Smartphone

Providing access to augmented reality applications
for seamless interaction with digital building

overlays in the real world.

Table 1.0: Platform Used & Functions
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3.4 Testing Method

Questionnaire is a structured tool for gathering information from project participants. Its main
purpose is to collect specific data, opinions, and feedback about different project aspects.
Initially, it helps understand the specific needs of users or clients, aligning the engineering
solution with their expectations. We use questionnaires to gather feedback on design ideas or
early product versions, making improvements before the final version. Questionnaires are
crucial for evaluating the ease and efficiency of engineering products, guiding design
improvements. They also assess the performance of solutions in real situations, gathering data
on efficiency and reliability. Questionnaires contribute to continuous improvement, using
feedback over time to refine methods, products, and adapt to new technology and user needs.
In summary, questionnaires provide a structured way to obtain crucial information for decision-

making, design improvement, and project success.

The questionnaire is conducted utilizing Google Forms as the chosen platform for its
administration. Respondents can access the questionnaire online, providing their answers
electronically through the Google Forms interface. This approach offers a convenient and
efficient means of data collection, allowing for easy dissemination, real-time responses, and
streamlined organization and analysis of the gathered information within the Google Forms

framework.

Integration of BIM & AR Apps Feedbacks

Dear Participant,

| am a final year student pursuing a Bachelor in Civil

Engineering Technology at Politeknik Ungku Omar. As part of my final year
project, | am conducting research on the application of Building Information
Modelling (BIM) in Augmented Reality (AR). This study aims to explore the
effectiveness, usability, and potential improvements of integrating BIM with AR
technologies in the construction industry.

This survey consists of 2 sections:
Section A: Demographic Questions
Section B: Feedbacks

Section C: Future Intention

Your participation in this survey is invaluable and

will significantly contribute to the success of my project. The questionnaire

will take approximately 10 minutes to complete, and your responses will remain
confidential and anonymous.

Thank you for taking the time to provide your
feedback. Your insights are greatly appreciated and will help advance the
integration of innovative technologies in civil engineering.

Figure 7.0: Google Forms Questionnaire
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3.5 BIM To AR Workflow

Transitioning from Building Information Modeling (BIM) to Augmented Reality (AR)
involves meticulous attention to detail to ensure the viaduct's digital model integrates
seamlessly into the AR environment. This process begins with creating a detailed 3D model of
the viaduct using Revit 3D software. This model goes beyond just architectural features to
include mechanical and electrical components, providing a comprehensive representation. The
goal is to create a realistic digital version that forms the foundation for the AR experience. Each
element, from arches to conduits, is carefully crafted to imbue the model with authenticity. This
thorough approach lays the groundwork for a smooth blending of digital and physical realities,

enhancing the immersive nature of the AR experience.
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Figure 8.0: 3D Model from Revit

After the meticulous crafting of the 3D model, the subsequent phase revolves around
developing an image tracker to facilitate the implementation of Augmented Reality (AR). This
pivotal step involves the utilization of a QR code, strategically employed as a marker within
the AR landscape, facilitating the precise tracking of the viaduct model within the digital

environment. The integration of this image tracker is crucial for enhancing the user's AR
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experience, as it serves as a point of reference, enabling the AR system to accurately overlay

digital content onto the physical world.

Incorporating the QR code as an image tracker necessitates seamless integration with
Vuforia Target Manager, a robust platform essential for managing and optimizing image targets
for AR applications. Vuforia Target Manager plays a pivotal role in this process, providing
developers with the necessary tools and functionalities to effectively utilize the QR code as a
tracking mechanism within the AR environment. Through its intuitive interface and
comprehensive features, Vuforia Target Manager streamlines the integration process, ensuring

the seamless functionality of the QR code as a reliable marker within the AR landscape.

Figure 8.1: QR Code as Image Tracker

By leveraging Vuforia Target Manager, developers can optimize the performance and
accuracy of the image tracker, thereby enhancing the overall AR experience for users. This
integration enables the AR system to accurately recognize and track the QR code, facilitating
the real-time alignment and positioning of the viaduct model within the digital environment.
As a result, users can interact with the viaduct model seamlessly, exploring its intricacies and

gaining valuable insights within the immersive AR environment.
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Figure 8.2: Vuforia License Key For Image Tracker

After the successful generation of the image tracker using Vuforia, the subsequent step
involves integrating it with Unity 3D to bridge the gap between the viaduct model and Unity's
AR capabilities. This integration is pivotal for enabling the viaduct model to interact seamlessly
within the AR environment. Achieving this integration necessitates the installation of the
Vuforia plugin within the Unity 3D environment. This plugin serves as a vital conduit,
establishing a robust connection between the image tracker and Unity's AR functionalities,

thereby facilitating the incorporation of AR elements into the project.

Once the integration between Vuforia and Unity 3D is established, the next phase
involves importing the viaduct's 3D model into Unity. This model, exported from Revit in the
FBX format, undergoes a transformative process as it is imported into the Unity 3D
environment. However, an important consideration arises during this phase: the FBX file lacks
material properties, which are essential for preserving visual fidelity and enhancing realism
within the AR experience. Consequently, manual application of textures to the 3D models from
Revit becomes imperative within the Unity 3D environment. This meticulous process involves
carefully assigning textures to various components of the viaduct model, ensuring that each
element is visually cohesive and accurately represents its real-world counterpart. By
meticulously applying textures, developers can enhance the immersive quality of the AR
experience, enabling users to interact with the viaduct model in a more lifelike and engaging

manner.

Simultaneously, as the imported image tracker, represented by the QR code, finds its
place within Unity 3D, it assumes a critical role as the anchor point for the viaduct model within
the augmented reality (AR) space. Through meticulous placement and calibration within the
Unity 3D environment, the viaduct model seamlessly aligns atop the image tracker. This precise

alignment ensures that the viaduct model maintains a cohesive integration within the AR
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environment, allowing users to interact with it seamlessly and intuitively. By serving as the
reference point for spatial recognition, the image tracker enables the AR system to overlay the
digital viaduct model onto the physical world accurately, enhancing the overall immersion and

realism of the AR experience.

Furthermore, integration with the AR camera asset from the Vuforia plugin further
enriches the functionality of the application within the Unity 3D environment. This asset plays
a pivotal role in empowering developers to seamlessly incorporate AR features into their
projects, thereby enhancing the user experience and fostering immersive interactions. By
leveraging the AR camera asset, developers can harness advanced functionalities such as image
recognition, plane detection, and virtual object placement, allowing for dynamic and engaging
AR experiences. The AR camera asset serves as the lens through which users view and interact
with the AR content, facilitating seamless integration between the digital and physical worlds.
As a result, users can enjoy a more immersive and interactive AR experience, enriched by the

seamless blending of virtual and real-world elements.

@ BIM AR - SampleScene - Android - Unity 2022.3.29f1 <DX11> - &) X

File Edit Assets GameObject Component Services Jobs Tutorials Window Help

Resources

Figure 8.3: Unity 3D User Interface

To ensure the application's functionality and integrity, comprehensive testing emerges
as a pivotal phase in the development process. Leveraging a webcam, the application undergoes
rigorous testing within a controlled environment to meticulously assess its performance and
functionality. This testing regimen aims to identify and address any potential issues or glitches

that may compromise the user experience. By subjecting the application to various scenarios

31



and stress tests, developers can validate its reliability and robustness, ensuring a seamless and

immersive AR experience for users.

With successful testing completed and any identified issues resolved, the focus
transitions towards deploying the application onto Android devices, expanding its accessibility
to a wider audience. Within the Build & Settings menu of Unity 3D, the platform configuration
is adjusted from PC to Android, preparing the application for deployment onto mobile devices.
This transition involves optimizing the application's settings and configurations to ensure

compatibility and optimal performance across Android devices of varying specifications.

The culmination of this meticulous process involves building and generating the APK
(Android Package) file, the standardized format for distributing Android applications. By
selecting the "Build & Run" option within Unity 3D, the APK file is automatically generated,
streamlining the deployment process. This APK file serves as the vehicle through which the
application is distributed and installed onto Android devices, enabling users to access and

experience the augmented reality (AR) application seamlessly.

Through this final step, the BIM to AR workflow reaches its fruition, as the application
becomes readily accessible to users, seamlessly blending the digital viaduct model with the
physical world through the innovative realm of augmented reality technology. This culmination
represents the culmination of extensive planning, development, and testing efforts, marking the
realization of the vision to seamlessly integrate BIM and AR technologies to deliver immersive

and transformative user experiences.

Compiling Scripts

Figure 8.4: Unity 3D Build Settings
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3.6 BIMAR Application

After successfully installing the BIMAR application on your smartphone, the initial step is to
launch the app by tapping on its icon. As the application begins to load, it will prompt you to
grant access to your device's camera. This permission is essential for the application to function
correctly because the augmented reality (AR) features rely heavily on the camera to capture
and analyze real-world images. Allowing camera access ensures that the application can
seamlessly integrate digital content with the physical environment, providing a cohesive and

immersive AR experience.

Once you have granted the application the necessary permissions to access your camera,
the next instruction you will receive is to aim your smartphone camera towards the designated
image tracker. This image tracker is typically represented by a QR code, which acts as a crucial
reference point for the AR system. The QR code is not just a simple marker but a sophisticated
tool that enables the AR application to overlay digital content accurately onto the real-world
environment. By aligning your smartphone camera with the QR code, you initiate the process
of scanning and recognizing the image tracker, which is vital for the AR functionality to work

correctly.

Figure 9.0: QR Code Image Tracker

Upon successfully scanning the QR code, the AR application springs into action. This
is when the magic happens: the 3D model of the viaduct is smoothly superimposed onto the

live camera feed in real-time. This seamless augmentation allows you to witness the digital
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representation of the viaduct integrated perfectly into your physical surroundings. The
application is designed to ensure that as you move your smartphone, the AR system
continuously tracks the position and orientation of the image tracker. This dynamic tracking
capability is crucial as it ensures that the viaduct model remains accurately aligned and

integrated within your field of view, regardless of how you move your device.

The outcome of this process is a highly engaging and immersive AR experience. You
can interact with and explore the intricacies of the viaduct model within your real-world
environment. The detailed 3D model allows you to examine various architectural elements and
structural details up close, providing a comprehensive understanding of the viaduct's design.
By leveraging the capabilities of your smartphone's camera and the advanced AR technology
embedded within the BIMAR application, you can delve into architectural wonders in a way

that is both dynamic and interactive.

Figure 9.1: Augmented Reality In Real-time

This seamless fusion of digital and physical realms exemplifies the transformative
potential of BIMAR technology. It provides users with an innovative and immersive avenue to
experience architectural designs in their authentic context. The ability to visualize and interact

with a 3D model of a viaduct in real-time, within your own physical environment, offers a new
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perspective on architectural design and engineering. It not only enhances your understanding

of the structure but also allows for a more engaging and educational experience.

In summary, the process begins with launching the BIMAR application and granting it
camera access, followed by aiming your camera at the QR code image tracker. This leads to
the real-time augmentation of the 3D viaduct model, which you can interact with and explore
dynamically. This integration of BIM and AR technologies through the BIMAR application
represents a significant advancement in how we can visualize and engage with architectural

designs, providing a powerful tool for both educational and practical applications.

[ BIM AR Application ]

Run the application on device I

Y 1

Target device camera on image target I

Figure 9.2: BIMAR User Guide Flowchart

3.7 Summary

The methodology chapter provides a detailed exploration of the analytical approach and data
collection methods used in the research. It focuses on evaluating device efficiency through
firsthand observations during the actual execution of activities. The methodology emphasizes

a systematic process route tailored explicitly for the project, ensuring seamless integration with
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the dynamic on-site work environment. The approach is designed to be adaptive, incorporating
improvements based on insights from questionnaire responses and other significant research
components. This dynamic methodology aims to not only collect data but also continuously
refine and enhance the experimental approach in response to real-time observations and

participant feedback.

The integration process of Building Information Modelling (BIM) and Augmented
Reality (AR) is elaborated through a series of steps, starting from the creation of 2D drawings
with AutoCAD to the development of detailed 3D models in Revit. These 3D models are then
integrated into augmented reality using specialized plugins and platforms like Unity 3D and
Vuforia. The workflow includes the use of a QR code as an image tracker, which facilitates the
precise overlay of the digital viaduct model onto the physical environment, enabling users to
interact with the model in real time. This meticulous process ensures a smooth transition from
2D designs to interactive AR experiences, providing stakeholders with powerful tools for

visualization, collaboration, and decision-making throughout the construction project lifecycle.

The chapter also discusses the use of questionnaires as a structured tool for gathering
information from project participants, administered through Google Forms for convenience
and efficiency. The BIM to AR workflow is described in detail, emphasizing the integration of
various platforms and technologies to achieve a seamless augmented reality experience. The
testing phase involves rigorous assessments using webcams to ensure the application's
functionality and integrity. Finally, the chapter outlines the deployment of the application onto
Android devices, highlighting the steps to build and generate the APK file for distribution and
installation. This comprehensive approach aims to deliver an innovative and immersive user
experience by seamlessly blending digital and physical realms through advanced BIM and AR

technologies.
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CHAPTER 4

DATA ANALYSIS

4.1 Introduction

Analyzing the data from a questionnaire is really important because it helps us understand what
the information we collected is telling us. After we get all the answers from the questionnaire,
the next step is to carefully look at the data, figure out what it's showing us, and draw
conclusions. This involves using different tools like charts and graphs to see if there are any
patterns or connections between things. The goal is to find valuable information that can help
us make decisions, improve things, and understand the topic better. By closely studying the
questionnaire data, we can find useful insights, confirm ideas, and give well-informed

suggestions based on what they learn from the answers people give.

4.2 Feasibility Study For A BIM & AR Application

In today's rapidly evolving technological landscape, the integration of advanced systems such
as Building Information Modeling (BIM) and Augmented Reality (AR) in the construction
industry is becoming increasingly essential. This feasibility study aims to evaluate the potential
benefits and challenges of implementing BIM and AR technologies in construction project
management. By collecting and analyzing data from a comprehensive questionnaire, the study
seeks to understand the current level of familiarity and adoption of these technologies among
industry professionals. Additionally, it examines their perceptions regarding the impact of BIM
and AR on decision-making, error reduction, and overall project efficiency. Through detailed
analysis, including various charts and graphs, the study provides valuable insights into the
construction sector's readiness to embrace these innovations and offers recommendations for

their successful integration.
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The study's primary objective is to gauge the extent to which industry professionals are
familiar with and have adopted BIM and AR technologies. By doing so, it aims to highlight the
perceived advantages and potential obstacles that these technologies present. The questionnaire
covers a range of topics, from basic awareness and current usage levels to specific benefits
such as improved decision-making capabilities, reduced errors, and enhanced project
efficiency. The responses are then analyzed to identify trends, common concerns, and areas

where additional training or support might be necessary.

Through the use of detailed charts and graphs, the study visualizes the data collected,
making it easier to identify key insights and patterns. This visual representation helps in
understanding the overall sentiment towards BIM and AR technologies and their perceived
impact on the construction industry. The study concludes with recommendations for effectively
integrating these technologies into construction project management, addressing any identified
challenges, and promoting broader adoption within the industry. By providing a thorough
analysis of the current state of BIM and AR implementation, this feasibility study aims to pave

the way for more efficient and technologically advanced construction practices.

4.2.1 Data Collection

This study details the findings from a quantitative pre-test questionnaire administered through
Google Forms to a diverse group of respondents, including project managers, engineers, site
supervisors, assistant managers, quantity surveyors, and other construction professionals. The
primary objective was to assess the necessity for a Building Information Modeling (BIM) and
Augmented Reality (AR) application in the construction industry. The questionnaire was
distributed to a total of 21 respondents via a Google Forms link, allowing for efficient data
collection and analysis. Through this survey, the study aims to gather insights into the current
needs and perceptions of industry professionals regarding the implementation of BIM and AR

technologies in their workflows.

38



4.2.2 Data Analysis For Feasibility Study

In today's rapidly advancing technological landscape, the integration of Building Information
Modeling (BIM) and Augmented Reality (AR) in the construction industry is gaining critical
importance. This study aims to evaluate the feasibility, benefits, and challenges associated with
implementing these advanced technologies in construction project management. Utilizing a
quantitative method, a pre-test questionnaire was administered via Google Forms to a diverse
group of 21 construction professionals, including project managers, engineers, site supervisors,
assistant managers, and quantity surveyors. The primary objective was to assess the current
level of familiarity, adoption, and perceptions of BIM and AR technologies among industry
professionals. By analyzing the collected data through various charts and graphs, this study
provides valuable insights into the readiness of the construction sector to embrace these
innovations and offers recommendations for their successful integration. The findings aim to
highlight the potential of BIM and AR in enhancing decision-making, reducing errors, and

improving overall project efficiency. Table below shows the result from the questionnaire

carried out.
Response Description
Age This pie chart indicates that
21 responses
majority of the respondents are
@ 20-29
© 039 aged from 20-39 years old. This is
40-49
@ 50-59 . . . . .
@ 60 and above significance as this generation is
known to be familiar with today’s
technologies.
Position This pie chart indicates the
21 responses .
percentage of the position of each
@ Managers
® Engineers respondents.
Site Supervisor
°

\

28.6%
28.6%

39




Work Experiences
21 responses

@ Less than 3 years
@ 2-5 years

® 6-10 years

@ 10-15 years

@ More than 15 years

This pie chart indicates the work
experiences of each of the

respondents.

How familiar are you with Building Information Modelling (BIM) and Augmented Reality (AR)

technologies?
21 responses

5 (23.8%)

This bar chart shows the familiarity
of respondents towards BIM and
AR technology with 1 (Unfamiliar)
to 5 (Very familiar). This is
significant as it provides a clear
snapshot of the respondents’
awareness and understanding of
these advanced technologies,
offering valuable insights into the
baseline knowledge within the

surveyed population.

Have you previously used integrated BIM and AR solutions in construction or related fields?

21 responses
® Yes
61.9% ® No
8.1%

This pie chart shows us that the
majority of the respondents have
never used BIM and AR solutions.
This
highlights

insight is crucial as it
a potential gap in
adoption or familiarity within the

surveyed group.

In your opinion, what is the primary advantage of integrating BIM and AR in construction project

management?
21 responses

@ Enhanced collaboration
@ Real time visualization

Improved decision making
@ None

\

9.5%

42.9%

This pie chart reveals that a
significant majority of respondents
acknowledge the potential
enhancement of decision-making
and real-time visualization in
construction project management
through the integration of BIM and

AR.
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To what extent do you believe standardized protocols are essential for successful BIM and AR
integration?
21 responses

13 (61.9%)

5 (23.8%)
1(4.8%)

This bar chart reveals that the
respondents agree that
standardized protocols are very
essential for a successful BIM and

AR integration.

How effective do you think BIM and AR integration is in reducing errors in construction projects?
21 responses

13 (61.9%)

This bar chart reveals that the
respondents concur that the
integration of BIM and AR is
effective in mitigating errors in

construction projects.

How optimistic are you about the future adoption and evolution of BIM and AR integraticn in the
construction industry?
21 responses

@ Very optimistic
@ Mot optimistic

The pie chart indicates a positive
outlook  among  respondents
regarding the future prospects of
integrating BIM and AR within the

construction industry.

How likely are you to recommend BIM and AR integration to colleagues or industry professionals?
21 responses

@ Very likely
@ Unlikely

The pie chart illustrates that a
significant majority of respondents
express a favorable inclination to
recommend the integration of BIM
and AR in the -construction

industry.

Table 2.0: Questionnaire & Responses

The analysis encompasses a range of visual data representations. One pie chart reveals

that the majority of respondents fall within the 20-39 age range, suggesting a largely tech-savvy

demographic. Another pie chart details the job positions held by the respondents, while a third

illustrates their varying levels of work experience. Additionally, a bar chart assesses

respondents' familiarity with BIM and AR technology, ranging from 1 (unfamiliar) to 5 (very

familiar), offering valuable insights into their baseline knowledge of these advanced

technologies. Notably, a separate pie chart highlights that most respondents have never used
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BIM and AR solutions, pointing to a potential gap in adoption or familiarity within the group

surveyed.

Further analysis shows that a significant portion of respondents believe that integrating
BIM and AR could greatly enhance decision-making and real-time visualization in construction
project management. A bar chart indicates a strong consensus on the importance of
standardized protocols for the successful integration of BIM and AR. Another bar chart reveals
agreement among respondents on the effectiveness of these technologies in mitigating errors
in construction projects. Additionally, a pie chart reflects an optimistic outlook on the future
integration of BIM and AR in the construction industry, with a substantial majority indicating

a willingness to recommend their adoption.

In summary, the data analysis highlights key trends and sentiments among respondents,
providing a comprehensive understanding of their attitudes towards BIM and AR technologies

and their potential impact on the construction industry.

4.3 Feedbacks For BIMAR Apps

The integration of Building Information Modeling (BIM) with Augmented Reality (AR)
technology is revolutionizing the construction and architecture industries. This section explores
the statistical reliability and user perceptions of BIM with AR, emphasizing its impact on
project visualization, collaboration, and efficiency. With a strong majority of respondents rating
the ease of use and intuitiveness of BIM with AR highly, and unanimous agreement on its
benefits in enhancing visualization, saving time, and facilitating better collaboration, the data
underscores the technology's effectiveness. Additionally, the integration is seen as significantly
aiding in risk mitigation, improving coordination, reducing errors, and supporting the
maintenance and management of mechanical and electrical systems. These insights highlight
the transformative potential of combining BIM with AR, fostering a robust belief in its

capability to enhance project outcomes and stakeholder experiences.
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4.3.1 Reliability Statistics

Reliability statistics encompass a variety of quantitative approaches utilized across diverse
fields to evaluate the consistency, stability, and trustworthiness of measurements, tests, or data.
The primary objective is to determine whether outcomes obtained from a specific tool or
process can be relied upon as accurate and consistent across different circumstances and over
time. This assessment of reliability is particularly critical in disciplines such as psychology,
education, social sciences, and engineering, where precise measurements are crucial for

making informed conclusions and decisions.

Key reliability metrics include measures of internal consistency, which assess how
effectively various items within a test or survey correlate with one another in measuring the
same underlying concept. For instance, Cronbach's Alpha is a widely employed measure for
quantifying internal consistency, where higher values indicate stronger reliability. Test-retest
reliability evaluates the stability of measurements by administering the same test or instrument
to the same individuals on multiple occasions. Inter-rater reliability examines the consistency
or agreement among different raters or evaluators assessing the same subjects, ensuring that

subjective assessments are reliable and consistent.

No Coefficient of Cronbach’s Alpha Reliability Level
1 >0.90 Excellent
2 0.80 - 0.90 Good
3 0.70 - 0.79 Acceptable
4 0.60 -0.69 Questionable
5 0.50-0.59 Poor
6 <0.50 Unacceptable

Table 3.0: Cronbach’s Alpha Coefficient

Additional methods encompass parallel forms reliability, which compares the
consistency of results from different yet equivalent versions of a test administered to the same
group, and split-half reliability, which divides a test into halves to verify if both yield consistent
outcomes. Overall, reliability statistics provide numerical indicators that assist researchers and
professionals in assessing the consistency and reliability of their data and measurements,

thereby supporting robust and valid interpretations in their respective fields of study or practice.
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Case Processing Summary

N %
Cases Valid 41 89.1
Excluded 5 10.9
Total 46 100.0

Table 3.1: Case Processing Summary

The "Case Processing Summary" table offers a clear snapshot of the data handling involved in
the statistical analysis. It details the number of valid and excluded cases, along with their
corresponding percentages, providing insight into the dataset's completeness and reliability. In

this context, "cases" refers to the individual data records or responses that were analyzed.

According to the table, out of a total of 46 cases, 41 were valid, accounting for 89.1%
of the dataset. These valid cases met all the criteria necessary for inclusion in the analysis, with
no missing values for any of the required variables. This high percentage of valid cases
indicates that most of the data was complete and ready for analysis, which supports the

generation of reliable conclusions.

On the other hand, 5 cases were excluded from the analysis, representing 10.9% of the
total dataset. These exclusions were due to missing values in one or more of the variables
required for the analysis. The note at the bottom of the table explains that these exclusions were
made using listwise deletion. Listwise deletion is a method in which any case with a missing
value in any of the required variables is completely excluded from the analysis. Although this
method ensures that only complete cases are analyzed, maintaining the integrity of the dataset,

it also decreases the sample size, potentially affecting the statistical power of the analysis.

In conclusion, the table clearly outlines the data processing steps, showing that the
majority of the dataset was complete and suitable for analysis. The valid cases, making up
89.1% of the total, form a solid base for accurate statistical analysis. However, the exclusion
of 10.9% of cases due to missing data highlights the significance of thorough data collection
and the impact of missing values on the analysis. This comprehensive overview aids in
understanding the dataset's quality and the rationale behind the inclusion and exclusion of

certain data points.
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Cronbach’s Alpha Cronbach’s Alpha Based N of Items
On Standardized Item
0.868 0.896 23
Table 3.2: Cronbach’s Alpha Coefficient Level Result

The provided table illustrates the reliability metrics of a specific set of items assessed using
Cronbach's Alpha, which is crucial for determining the internal consistency within a test or
survey. Internal consistency refers to how well these items collectively measure a single

construct or concept.

Cronbach's Alpha, a widely accepted metric ranging from 0 to 1, quantifies this internal
consistency. A higher value signifies greater reliability. In this case, the Cronbach's Alpha value
of 0.868 suggests a strong internal consistency among the items, indicating they are closely

related and effectively measure the same underlying construct.

Additionally, the table reports the Cronbach's Alpha Based on Standardized Items as
0.896. Standardizing items involves converting them to a common scale and recalculating
Cronbach's Alpha based on these standardized scores. The slightly higher value of 0.896
indicates that standardizing the items further enhances their internal consistency, demonstrating

increased reliability.

The table also notes that the reliability analysis includes 23 items. The quantity of items
is significant as it can influence the Cronbach's Alpha value; typically, more consistent items

lead to a higher reliability coefficient.

In summary, the table confirms high internal consistency among the 23 items, with
Cronbach's Alpha values of 0.868 and 0.896. These values affirm that the items reliably
measure the same construct, making the test or survey a dependable tool for assessing the

intended concept.

Just as Cronbach's Alpha ensures the reliability of survey items assessing the same concept, the
integration of BIM and AR in construction and architecture must also prioritize reliability and
consistency. Seamless integration of BIM and AR technologies aims to deliver accurate,

consistent, and reliable information.

In the context of BIM and AR integration, reliability can be likened to Cronbach's Alpha
values. A high level of integration reliability indicates that data and functionalities from both

technologies are well-aligned, offering users a cohesive experience. For example, robust
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internal consistency in a BIM-AR system might indicate how accurately AR visualizations

depict BIM data, thereby enhancing the tool's reliability in practical applications.

Similar to a higher Cronbach's Alpha value indicating stronger consistency and
reliability of survey items, a well-integrated BIM-AR system would be characterized by
dependable performance, consistent data representation, and user confidence in the accuracy
of augmented visualizations. Ensuring such high integration reliability is critical for effectively
leveraging these technologies to enhance project outcomes, coordination, and visualization in

the construction industry.

4.3.2 Frequency Statistics

Frequency statistics, in its essence, revolves around the analysis and interpretation of the
occurrence of events or data points within a given dataset. In the realm of continuous data,
where variables can take on an infinite number of values within a range, frequency statistics
provides a means to understand the distribution and patterns within this data. It involves
counting the number of times each value or range of values occurs and representing these
counts in various forms such as histograms, frequency tables, or density plots. These statistics
are pivotal in uncovering insights about the central tendency, variability, and shape of the data
distribution. By examining the frequencies of different values or intervals, researchers can
identify peaks, clusters, outliers, and trends within the dataset, aiding in making informed
decisions or drawing meaningful conclusions in fields ranging from scientific research to
business analytics. Moreover, frequency statistics serves as a foundation for more advanced
statistical analyses and modeling techniques, contributing significantly to our understanding of
complex phenomena and aiding in the development of predictive models and strategies. The
tables and pie charts shown below are the result from the questionnaire carried out for this

project.
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4.3.1 How would you rate the ease of use and intuitiveness of BIM with AR technology?

Cumulative
Frequency Percent Valid Percent Percent
Valid Neutral 1 2.2 2.2 2.2
Easy 27 58.7 58.7 60.9
Very easy 18 39.1 39.1 100.0

Total 46 100.0 100.0

Table 4.0: Ease Of Use Analysis
The table provides data on respondents' ratings of the ease of use and intuitiveness of BIM
(Building Information Modeling) with AR (Augmented Reality) technology. Out of 46
respondents, 27 (58.7%) rated it as "Easy," and 18 (39.1%) rated it as "Very easy." Only 1
respondent (2.2%) was neutral, with no respondents rating it as difficult. This shows a strong
majority find BIM with AR technology to be user-friendly and intuitive. The cumulative
percentages highlight that 60.9% find it at least easy, and 100% find it either easy or very easy,

reflecting positive user experiences with the technology.

4.3.2 Do you agree or disagree that BIM with AR significantly enhances project

visualization?
Cumulative
Frequency Percent Valid Percent Percent
Valid Agree 26 56.5 56.5 56.5
Strongly agree 20 43.5 43.5 100.0

Total 46 100.0 100.0

Table 4.1: Project Visualization Enhancement Analysis
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@ Strongly disagree
@ Disagree
Neutral
® Agree
@ Strongly agree

Figure 10.0: Project Visualization Enhancement Chart

The data clearly illustrates a strong consensus among respondents regarding the perceived
benefits of integrating Building Information Modeling (BIM) with Augmented Reality (AR)
for project visualization. Specifically, 56.5% of respondents expressed agreement, while an
additional 43.5% indicated strong agreement with this integration. This distribution highlights
a unanimous positive perception among the participants, as none chose to disagree or remain

neutral on the matter.

Such overwhelming support suggests that the majority of respondents believe in the
substantial advantages offered by combining BIM and AR technologies. This unified
perspective underscores the perceived effectiveness of AR in enhancing the visualization of
construction projects when integrated with detailed BIM data. The absence of dissenting views
or neutral responses further emphasizes the consensus reached among the survey participants
regarding the benefits and potential of this technological integration in the construction and

architecture sectors.

4.3.4 Do you agree that integrating BIM with AR saves time during the project planning

phase?
Cumulative
Frequency Percent Valid Percent Percent
Valid Agree 26 56.5 56.5 56.5
Strongly agree 20 43.5 43.5 100.0

Total 46 100.0 100.0

Table 4.2 Time Saving Analysis
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Figure 10.1: Time Saving Analysis Chart

The table and pie chart illustrate respondents' agreement with the statement that integrating
Building Information Modeling (BIM) with Augmented Reality (AR) saves time during the
project planning phase. Out of 46 respondents, 56.5% (26 individuals) agreed, and 43.5% (20
individuals) strongly agreed. No respondents disagreed, strongly disagreed, or were neutral
about the statement, indicating a unanimous positive perception among the participants. The
cumulative percentage confirms that all respondents (100%) support the time-saving benefits

of BIM with AR integration in project planning.

4.3.5 Do you agree that BIM with AR facilitates better collaboration among project

stakeholders?

Cumulative
Frequency Percent ~ Valid Percent Percent
Valid Agree 14 30.4 32.6 32.6
Strongly agree 29 63.0 67.4 100.0
Total 43 93.5 100.0
Missing System 3 6.5
Total 46 100.0

Table 4.3: Facilitate Collaboration Analysis
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Figure 10.2: Facilitate Collaboration Analysis Chart

The table and pie chart show the respondents' agreement with the statement that BIM with AR

facilitates better collaboration among project stakeholders. Out of 46 respondents, 43 provided

valid responses, while 3 responses were missing. Among the valid responses, 32.6% (14

respondents) agreed, and 67.4% (29 respondents) strongly agreed, indicating a strong

consensus that BIM with AR enhances collaboration. The cumulative percentage confirms that

100% of those who responded agree with the statement, demonstrating a significant belief in

the collaborative benefits of integrating BIM with AR in project management.

4.3.6 Do you agree that the learning curve for using BIM with AR is manageable?

Cumulative
Frequency Percent Valid Percent Percent
Valid Agree 13 28.3 28.9 28.9
Strongly agree 32 69.6 71.1 100.0
Total 45 97.8 100.0
Missing System 1 2.2
Total 46 100.0

Table 4.4: BIMAR Learning Curve Analysis
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Figure 10.3: BIMAR Learning Curve Analysis Chart

The table and pie chart illustrate respondents' opinions on whether the learning curve for using
BIM with AR is manageable. Out of 46 total respondents, 45 provided valid responses while 1
response was missing. Among the valid responses, 28.9% (13 respondents) agreed, and 71.1%
(32 respondents) strongly agreed, indicating that the majority find the learning curve
manageable. The cumulative percentage shows that 100% of the valid responses support the
statement, highlighting a strong consensus that learning to use BIM with AR is not overly

challenging for project stakeholders.

4.3.7 Do you agree that there are sufficient resources and support available for using BIM

with AR?

Cumulative
Frequency Percent Valid Percent Percent
Valid Agree 8 17.4 17.4 17.4
Strongly agree 38 82.6 82.6 100.0

Total 46 100.0 100.0

Table 4.5: Resources Availability Analysis
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Figure 10.4: Resources Availability Analysis Chart

The table and pie chart present respondents’' agreement with the statement that there are
sufficient resources and support available for using BIM with AR. All 46 respondents provided
valid responses, with 17.4% (8 respondents) agreeing and 82.6% (38 respondents) strongly
agreeing. The cumulative percentage shows that 100% of the respondents believe there are
ample resources and support for using BIM with AR. This unanimous positive feedback
indicates a strong confidence among the participants in the availability and adequacy of

resources and support systems for integrating BIM with AR.

4.3.8 Do you agree that BIM with AR aids in identifying and mitigating project risks?

Cumulative
Frequency Percent Valid Percent Percent
Valid Neutral 1 2.2 2.2 2.2

Agree 11 239 24.4 26.7

Strongly agree 33 71.7 73.3 100.0
Total 45 97.8 100.0

Missing System 1 2.2
Total 46 100.0

Table 4.6: Identifying & Mitigating Risk Analysis
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Figure 10.5: Identifying & Mitigating Risk Analysis Chart

The table and pie chart show the respondents’ opinions on whether BIM with AR aids in
identifying and mitigating project risks. Out of 46 respondents, 45 provided valid responses,
while 1 response was missing. Among the valid responses, 2.2% (1 respondent) were neutral,
24.4% (11 respondents) agreed, and 73.3% (33 respondents) strongly agreed. The cumulative
percentage confirms that 97.8% of the respondents believe that BIM with AR is effective in
risk identification and mitigation. This demonstrates a strong consensus among the participants

on the positive impact of BIM with AR in managing project risks.

4.3.9 Do you agree that AR significantly enhances the visualization of mechanical &

electrical systems within the BIM model?

Cumulative
Frequency Percent Valid Percent Percent
Valid Agree 8 17.4 17.4 17.4
Strongly agree 38 82.6 82.6 100.0

Total 46 100.0 100.0

Table 4.7: Enhancing M&E Visualization Analysis

@ Strongly disagree
® Disagree
Neutral
® Agres
@ strongly agree

Figure 10.6: Enhancing M&E Visualization Analysis Chart
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The table and pie chart present respondents' agreement with the statement that AR significantly
enhances the visualization of mechanical and electrical systems within the BIM model. All 46
respondents provided valid responses, with 17.4% (8 respondents) agreeing and 82.6% (38
respondents) strongly agreeing. The cumulative percentage shows that 100% of the
respondents believe that AR significantly improves the visualization of these systems in the
BIM model. This unanimous positive feedback indicates a strong consensus among participants
on the effectiveness of AR in enhancing the visualization capabilities within BIM for

mechanical and electrical systems.

4.3.10 Do you agree that AR provides effective guidance for the installation of mechanical

& electrical components?

Cumulative
Frequency Percent Valid Percent Percent
Valid Neutral 1 2.2 2.2 2.2

Agree 8 17.4 17.8 20.0

Strongly agree 36 78.3 80.0 100.0
Total 45 97.8 100.0

Missing System 1 22
Total 46 100.0

Table 4.8: M&E Components Installation Guidance Analysis

® strongly disagree
@ Disagree
Neutral
@ Agree
@ Strongly agree

Figure 10.7: M&E Components Installation Guidance Analysis Chart
The table and pie chart illustrate respondents' agreement with the statement that AR provides
effective guidance for the installation of mechanical and electrical components. Out of 46
respondents, 45 provided valid responses, with 2.2% (1 respondent) being neutral, 17.8% (8

respondents) agreeing, and 80% (36 respondents) strongly agreeing. One response was
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missing, accounting for 2.2% of the total. The cumulative percentage indicates that 100% of
the valid responses support the statement, showcasing a strong consensus among participants
that AR is highly effective in guiding the installation process for mechanical and electrical

components.

4.3.11 Do you agree that AR aids significantly in troubleshooting issues with mechanical

& electrical components?

Cumulative
Frequency Percent Valid Percent Percent
Valid Agree 7 15.2 15.6 15.6
Strongly agree 38 82.6 84.4 100.0
Total 45 97.8 100.0
Missing System 1 2.2
Total 46 100.0

Table 4.9: Troubleshooting Aid Analysis

@ strongly disagree
@ Disagree
Neutral
® Agree
@ Strongly agree

Figure 10.8: Troubleshooting Aid Analysis Chart
The table and pie chart present respondents' agreement with the statement that AR aids
significantly in troubleshooting issues with mechanical and electrical components. Out of 46
respondents, 45 provided valid responses, with 15.6% (7 respondents) agreeing and 84.4% (38
respondents) strongly agreeing. One response was missing, accounting for 2.2% of the total.
The cumulative percentage confirms that 100% of the valid responses support the statement,
indicating a unanimous belief among participants that AR is highly effective in troubleshooting
problems related to mechanical and electrical components. This strong consensus underscores

the perceived value of AR in identifying and resolving technical issues in these systems.
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4.3.12 Do you agree that AR improves the coordination between mechanical and electrical

systems within the BIM model?

Cumulative
Frequency Percent Valid Percent Percent
Valid Agree 8 17.4 17.8 17.8
Strongly agree 37 80.4 82.2 100.0
Total 45 97.8 100.0
Missing System 1 2.2
Total 46 100.0

Table 4.10: Coordination Improvement Analysis

@ sStrongly disagree
@ Disagree
Neutral
® Agree
@ Strongly agree

Figure 10.9: Coordination Improvement Analysis Chart

The table and pie chart illustrate respondents' agreement with the statement that AR improves
the coordination between mechanical and electrical systems within the BIM model. Out of 46
respondents, 45 provided valid responses, while 1 response was missing. Among the valid
responses, 17.8% (8 respondents) agreed, and 82.2% (37 respondents) strongly agreed. The
cumulative percentage shows that 100% of the valid responses support the statement,
indicating unanimous agreement among the participants. This consensus underscores the
strong belief that AR significantly enhances the coordination of mechanical and electrical

systems in the BIM model.
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4.3.13 Do you agree that using AR with BIM can reduces errors during the installation of

mechanical and electrical components?

Cumulative
Frequency Percent Valid Percent Percent
Valid Neutral 1 2.2 2.2 2.2

Agree 5 10.9 11.1 13.3

Strongly agree 39 84.8 86.7 100.0
Total 45 97.8 100.0

Missing System 1 2.2
Total 46 100.0

Table 4.11: Error Reducing Analysis

@ Strongly disagree
® Disagres
Neutral
® Agree
@ strongly agree

Figure 10.10: Error Reducing Analysis Chart

The table and pie chart display respondents' agreement with the statement that using AR with
BIM can reduce errors during the installation of mechanical and electrical components. Out of
46 respondents, 45 provided valid responses, with 2.2% (1 respondent) being neutral, 11.1%
(5 respondents) agreeing, and 86.7% (39 respondents) strongly agreeing. One response was
missing, accounting for 2.2% of the total. The cumulative percentage shows that 97.8% of the
respondents believe that AR with BIM helps in reducing installation errors. This strong
consensus highlights the perceived effectiveness of AR in minimizing mistakes during the

installation process of mechanical and electrical components.
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4.3.14 Do you agree that AR aids in the maintenance and management of mechanical and

electrical systems?

Cumulative
Frequency Percent Valid Percent Percent
Valid Agree 9 19.6 19.6 19.6
Strongly agree 37 80.4 80.4 100.0

Total 46 100.0 100.0

Table 4.12: Maintenance & Management Aid Analysis

@ Strongly disagree
® Disagres
Neutral
® Agres
@ strongly agree

Figure 10.11: Maintenance & Management Aid Analysis Chart

The table and pie chart show respondents' agreement with the statement that AR aids in the
maintenance and management of mechanical and electrical systems. Out of 46 respondents, all
provided valid responses. Among them, 19.6% (9 respondents) agreed, and 80.4% (37
respondents) strongly agreed. The cumulative percentage indicates that 100% of the
respondents support the statement, demonstrating unanimous agreement. This consensus
highlights a strong belief among participants that AR is highly beneficial for the maintenance
and management of mechanical and electrical systems, improving efficiency and effectiveness

in these areas.
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4.3.15 Do you agree that AR enhances the efficiency of inspection

mechanical and electrical installations?

processes for

Cumulative
Frequency Percent Valid Percent Percent
Valid Neutral 1 2.2 2.2 2.2
Agree 9 19.6 19.6 21.7
Strongly agree 36 78.3 78.3 100.0
Total 46 100.0 100.0

Table 4.13: Enhancing Inspection Process Efficiency Analysis

@ strongly disagree
@ Disagree
Neutral
@ Agree
@ Strongly agree

Figure 10.12: Enhancing Inspection Process Efficiency Analysis Chart

The table and pie chart display respondents' agreement with the statement that AR enhances

the efficiency of inspection processes for mechanical and electrical installations. Out of 46

respondents, all provided valid responses. Among them, 2.2% (1 respondent) were neutral,

19.6% (9 respondents) agreed, and 78.3% (36 respondents) strongly agreed. The cumulative

percentage shows that 100% of the respondents support the statement, highlighting a strong

consensus that AR significantly improves the efficiency of inspection processes. This

widespread agreement underscores the perceived value of AR in optimizing the inspection and

quality assurance of mechanical and electrical installations.
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4.3.16 Do you agree that AR helps in visualizing complex mechanical and electrical

systems that are otherwise difficult to interpret?

Cumulative
Frequency Percent Valid Percent Percent
Valid Neutral 1 2.2 2.2 2.2

Agree 9 19.6 20.0 22.2

Strongly agree 35 76.1 77.8 100.0
Total 45 97.8 100.0

Missing System 1 2.2
Total 46 100.0

Table 4.14: Visualizing M&E Systems Analysis

Figure 10.13: Visualizing M&E Systems Analysis Chart

@ strongly disagree
@ Disagree
Neutral
® Agree
@ sStrongly agree

The table and pie chart depict responses to the question, "Do you agree that AR helps in

visualizing complex mechanical and electrical systems that are otherwise difficult to interpret?"

Out of 46 respondents, 45 provided valid answers, and 1 response was missing. Among the

valid responses, 76.1% (35 respondents) strongly agree, 19.6% (9 respondents) agree, and 2.2%

(1 respondent) are neutral. The cumulative percentage for those who agree and strongly agree

is 100%, indicating a strong consensus that AR significantly aids in visualizing complex

systems. The pie chart visually emphasizes that the vast majority of respondents strongly agree

with the statement.
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4.3.17 Do you agree that AR can facilitate on-site adjustments to mechanical and electrical

installations based on real-time data?

Cumulative
Frequency Percent Valid Percent Percent
Valid Agree 9 19.6 19.6 19.6
Strongly agree 37 80.4 80.4 100.0

Total 46 100.0 100.0

Table 4.15: On-site M&E Adjustments Analysis

® Strongly disagree
® Disagres
Neutral
® Agree
@ Strongly agree

Figure 10.14: On-site M&E Adjustments Analysis Chart

The table and pie chart present responses to the question, "Do you agree that AR can facilitate
on-site adjustments to mechanical and electrical installations based on real-time data?" Among
the 46 respondents, 9 (19.6%) agree, while a significant majority of 37 (80.4%) strongly agree.
This data illustrates that all respondents affirm AR's utility in making real-time adjustments
on-site, with no neutral or disagreeing responses. The pie chart further highlights this strong
consensus, showing that 80.4% of respondents strongly agree with the statement, reinforcing

the high level of confidence in AR's effectiveness for this application.
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4.3.18 Do you agree that AR aids in the seamless integration of mechanical and electrical

components with other building systems?

Cumulative
Frequency Percent Valid Percent Percent
Valid Neutral 1 2.2 2.2 2.2
Agree 8 17.4 17.4 19.6
Strongly agree 37 80.4 80.4 100.0

Total 46 100.0 100.0

Table 4.16: M&E Components Integration Analysis

@ strongly disagree
@ Disagree
Neutral
@ Agree
@ Strongly agree

Figure 10.15: M&E Components Integration Analysis Chart

The table and pie chart illustrate responses to the question, "Do you agree that AR aids in the
seamless integration of mechanical and electrical components with other building systems?"
Of the 46 respondents, 37 (80.4%) strongly agree, 8 (17.4%) agree, and 1 (2.2%) is neutral. No
respondents disagreed or strongly disagreed. This data indicates a robust consensus that AR is
highly effective in facilitating the seamless integration of various building components. The
pie chart visually emphasizes the overwhelming agreement, with 80.4% strongly agreeing and

17.4% agreeing, underscoring AR's perceived value in this application.

The survey data on the integration of Building Information Modeling (BIM) with
Augmented Reality (AR) highlights a strong positive consensus among respondents about the
technology's benefits. A significant majority find BIM with AR user-friendly and intuitive, with
58.7% rating it as "Easy" and 39.1% as "Very easy." Furthermore, 100% of respondents agree
or strongly agree that this integration significantly enhances project visualization, with 56.5%
agreeing and 43.5% strongly agreeing. This unanimity extends to the perceived time-saving

benefits during project planning, with 56.5% agreeing and 43.5% strongly agreeing. In terms
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of collaboration, 32.6% of respondents agree and 67.4% strongly agree that BIM with AR
facilitates better stakeholder collaboration. The manageable learning curve of BIM with AR is
acknowledged by 28.9% who agree and 71.1% who strongly agree, and 100% of respondents
believe there are sufficient resources and support available. The integration also aids
significantly in identifying and mitigating project risks, with 24.4% agreeing and 73.3%
strongly agreeing. The technology's ability to enhance the visualization of mechanical and
electrical systems is also well-regarded, with 17.4% agreeing and 82.6% strongly agreeing.
Effective guidance for installation is supported by 97.8% of respondents, and 84.4% strongly
agree that AR aids in troubleshooting issues. Additionally, AR is believed to improve the
coordination between mechanical and electrical systems within the BIM model by 82.2% who
strongly agree. The technology is seen as reducing installation errors (86.7% strongly agree)
and aiding in the maintenance and management of systems (80.4% strongly agree). Lastly, AR
is highly regarded for enhancing the efficiency of inspection processes (78.3% strongly agree)
and helping visualize complex systems (77.8% strongly agree). Overall, the survey indicates
that the integration of BIM with AR is widely perceived as beneficial, enhancing various
aspects of construction project management and fostering a strong belief in its effectiveness

and efficiency among respondents.

4.4 Summary

This chapter centers on analyzing data from a questionnaire designed to evaluate the feasibility
of incorporating Building Information Modeling (BIM) and Augmented Reality (AR)
technologies in the construction sector. The main goal was to assess the potential advantages
and obstacles of deploying these technologies by exploring the current familiarity, adoption
rates, and perceptions among industry professionals. The study employed various charts and
graphs to present the data visually, facilitating the identification of significant insights and

trends.

The analysis revealed that most respondents, predominantly aged between 20 and 39,
are well-versed in modern technologies. A substantial number of them recognized the potential
of BIM and AR to enhance decision-making, minimize errors, and boost overall project
efficiency. The study underscored the need for standardized protocols and effective integration

strategies to encourage broader adoption of these technologies within the industry.
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Furthermore, the feedback from respondents highlighted positive attitudes towards the
ease of use, time-saving benefits, and collaborative enhancements offered by BIM and AR. The
data also stressed the importance of consistent and reliable performance, as evidenced by high

Cronbach's Alpha values, indicating strong internal consistency among the survey items.

In conclusion, the study provided recommendations for successfully integrating BIM
and AR technologies, addressing identified challenges, and promoting their adoption. These
recommendations aim to pave the way for more efficient and technologically advanced

construction practices, ultimately transforming the industry.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 Introduction

It is crucial to consolidate the main findings and insights gleaned from the data analysis and
literature review. By synthesizing these key points, this chapter aims to provide a
comprehensive summary of the research results, focusing on the potential benefits and
challenges of integrating Building Information Modeling (BIM) and Augmented Reality (AR)
technologies in the construction sector. This consolidation will highlight how these
technologies can revolutionize construction practices, improving accuracy, efficiency, and
collaboration among stakeholders. The thorough overview will serve as a foundation for
understanding the current landscape of BIM and AR adoption, as well as identifying areas

where further development and support are needed.

Furthermore, this chapter will offer actionable recommendations for industry
professionals and stakeholders to effectively adopt and implement BIM and AR technologies.
These recommendations will be based on the analysis of data and insights gathered from
industry practitioners, emphasizing best practices and strategies for successful integration. By
providing practical guidance, the chapter aims to address common obstacles such as technical
challenges, training needs, and standardization issues. The goal is to equip industry
professionals with the knowledge and tools necessary to leverage BIM and AR technologies to
their fullest potential, thereby enhancing project management, decision-making, and overall

operational efficiency in construction projects.

The insights from this study underscore the transformative power of BIM and AR,
setting the stage for more innovative and technologically advanced practices within the
industry. As the construction sector evolves, the adoption of these cutting-edge technologies
will play a pivotal role in shaping its future. By embracing BIM and AR, construction

professionals can achieve greater precision in planning and execution, reduce errors, and foster
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a more collaborative and integrated approach to project management. The study's findings
highlight the importance of continued investment in technology and training, as well as the
need for industry-wide standards and protocols to ensure seamless integration. Ultimately, the
successful adoption of BIM and AR technologies promises to elevate the construction industry

to new heights of efficiency, sustainability, and innovation.

5.2 Conclusion

In conclusion, this research paper has shed light on the profound significance and the
potentially transformative impact associated with the integration of Building Information
Modelling (BIM) and Augmented Reality (AR), with a specific focus on the mechanical and
electrical components within structures. The in-depth exploration of the current adoption
landscape within the industry, coupled with the identification of both technical challenges and
opportunities, emphasizes the ever-evolving nature of technological integration in the
construction sector. By employing BIM software and augmented reality tools, the study has
conducted a thorough examination, providing nuanced insights into the optimization of the

amalgamation of BIM and AR in construction projects.

The anticipated outcomes, which include feedback from industry professionals, are
poised to yield meaningful recommendations aimed at enhancing project efficiency and
refining decision-making processes. This research not only contributes valuable insights to the
expanding body of knowledge in the field but also advocates for the strategic integration of
BIM and AR as a catalyst for innovation and efficiency within the construction industry. This
advocacy is particularly relevant in the intricate domains of mechanical and electrical
components within structures, where the seamless integration of these technologies holds the
potential to drive notable advancements in construction practices. Overall, the research
underscores the dynamic nature of technology's role in shaping the future of construction,
urging industry stakeholders to embrace and leverage the synergies between BIM and AR for

sustained innovation and improved operational efficiency.
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5.3 Recommendations

Developing and implementing standardized protocols for the integration of Building
Information Modeling (BIM) and Augmented Reality (AR) is essential for achieving seamless
and efficient workflows in construction projects. Standardized protocols ensure that all
stakeholders, including architects, engineers, and construction managers, adhere to a unified
set of guidelines, thereby minimizing inconsistencies and enhancing collaboration. These
protocols should cover various aspects such as data formats, interoperability standards, and
communication procedures. By establishing a common framework, the construction industry
can facilitate smoother data exchange, reduce the risk of errors, and improve overall project
coordination. Additionally, standardized protocols can serve as a foundation for developing
best practices and training materials, further supporting the widespread adoption of BIM and

AR technologies.

Creating comprehensive training programs is crucial to ensure that industry
professionals are proficient in using BIM and AR technologies. These training programs should
be tailored to different roles within the construction industry, from designers and engineers to
project managers and site supervisors. The curriculum should cover the fundamentals of BIM
and AR, advanced application techniques, and practical case studies that demonstrate their
benefits in real-world scenarios. By offering hands-on training sessions, workshops, and
continuous learning opportunities, organizations can equip their workforce with the necessary
skills to effectively leverage these technologies. Furthermore, partnerships with educational
institutions and professional associations can help standardize training efforts and ensure that

the curriculum remains up-to-date with the latest advancements in BIM and AR.

To enhance the effectiveness of feedback mechanisms, it is important to employ
advanced data collection methods. Utilizing tools such as digital surveys, real-time monitoring
systems, and analytics platforms can provide more accurate and comprehensive insights into
the performance and impact of BIM and AR technologies. These methods can capture a wide
range of data, including user experiences, system efficiency, and project outcomes. By
analyzing this data, stakeholders can identify areas for improvement, measure the success of
implemented strategies, and make informed decisions for future projects. Additionally,
incorporating feedback from all project participants, including end-users, can ensure that the

technologies meet the needs and expectations of everyone involved.
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Improving the compatibility and integration of BIM and AR tools is vital for
maximizing their potential in construction projects. Developers and software providers should
focus on creating interoperable solutions that can seamlessly connect with various platforms
and applications used in the industry. This includes ensuring that BIM models can be easily
imported into AR environments and that data can be synchronized in real-time across different
tools. Enhanced software integration can lead to more efficient workflows, reduce the
likelihood of data silos, and enable a more cohesive project management approach.
Collaboration between software developers and industry stakeholders is key to identifying
integration challenges and developing solutions that address the specific needs of the

construction sector.

Assessing the long-term impact of BIM and AR technologies on efficiency, cost, and
error reduction is essential for understanding their true value in construction projects.
Longitudinal studies and comprehensive evaluations should be conducted to track the
performance of these technologies over extended periods. Key metrics such as project
timelines, budget adherence, error rates, and overall productivity should be monitored and
analyzed. By examining the long-term effects, stakeholders can gain insights into the return on
investment (ROI) and identify areas where further improvements are needed. Additionally,
sharing the results of these evaluations with the broader industry can promote knowledge

exchange and support the development of best practices.

Ensuring adequate resources for the implementation and maintenance of BIM and AR
technologies is critical for their successful adoption. This includes allocating sufficient budget,
personnel, and technical support to manage these technologies effectively. Organizations
should establish dedicated teams or departments responsible for overseeing BIM and AR
initiatives, providing technical assistance, and addressing any challenges that arise.
Additionally, investing in the necessary hardware and software infrastructure is essential to
support the robust operation of these technologies. By securing the required resources,
organizations can create a sustainable environment for the continuous use and evolution of

BIM and AR, ultimately driving innovation and improving project outcomes.
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APPENDIX B — FEASIBILITY STUDY QUESTIONNAIRE

Integration of BIM & AR

Hello there! I'm Muhammad Amir Firdaus bin Faridil Akbar, a final-year student pursuing a
Bachelor's degree in Civil Engineering Technology with Honours at Politeknik Ungku Omar.
Currently, 'm immersed in my Work-Based Learning (WBL) experience at the RTS Link
project in Johor Bahru, working with the fantastic team at Sunway Construction Group Sdn.
Bhd. As part of my studies, specifically for the BCT70285: Technology and Innovation
Management course, I'm delving into the design thinking process for my Final Year Project.
I've crafted this Google Form to gather your valuable feedback on my project. Your insights
are greatly appreciated. Thank you for taking the time!

xamirfirdausx@gmail.com Switch accounts feo)

3 Notshared

* Indicates required question

Gender *

O Male
(O Female

Age *

O 2029
(O 3039
O 4049
(O 5059

O 60 and above

Position

O Managers
O Engineers

(O site Supervisor

O Other:
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Work Experiences *

(O Lessthan3years
(O 2-5years

(O 6e10years

O 10-15 years

(O More than 15 years

How familiar are you with Building Information Modelling (BIM) and Augmented
Reality (AR) technologies?

Unfamiliar O O O O O Very familiar

Have you previously used integrated BIM and AR solutions in construction or
related fields?

O Yes
O No

In your opinion, what is the primary advantage of integrating BIM and AR in
construction project management?

O Enhanced collaboration
(O Real time visualization

O Improved decision making

O Other:
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To what extent do you believe standardized protocols are essential for successful *

BIM and AR integration?

1 2 3 4 5

Extremely important O O O O O Not important

How effective do you think BIM and AR integration is in reducing errors in
construction projects?

Very effective O O O O O Not effective

How optimistic are you about the future adoption and evolution of BIM and AR *

integration in the construction industry?

(O Very optimistic

(O Not optimistic

How likely are you to recommend BIM and AR integration to colleagues or
industry professionals?

O very likely

(O unlikely

Opinion on improvement

Your answer

Clear form
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APPENDIX C — BIMAR FEEDBACKS QUESTIONNAIRE

Integration of BIM & AR Apps Feedbacks

Dear Participant,

1 am a final year student pursuing a Bachelor in Civil

Engineering Technolagy at Politeknik Ungku Omar. As part of my final year
project, | am conducting research on the application of Building Information
Medelling (BIM) in Augmented Reality (AR). This study aims to explore the
effectiveness, usability, and potential improvements of integrating BIM with AR
technologies in the construction industry.

This survey consists of 2 sections:
Section A: Demographic Questions
Section B: Feedbacks

Section C: Future Imtention

‘Your participation in this survey is invaluable and

will significantly contribute to the success of my project. The guestionnaire

will take approximately 10 minutes to complete, and your responses will remain
confidential and anonymous.

Thank you for taking the time to provide your
feedback. Your insights are greatly appreciated and will help advance the
imegration of innovative technologies in civil engineering.

Sincerely,
Muhammad Amir Firdaus bin Faridil Akbar

Final Year Student, Bachelor in Civil Engingering
Technology

Politeknik Ungku Omar

xamirfirdausx@gmail.com Switch accounts [
E3 Mot shared
Mext Clear form
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We would like to begin by collecting some demographic information to help us better
understand the diverse backgrounds of our respondents. This information is important for
analyzing the results of this guestionnaire and ensuring that our findings are representative
of different groups. Please be assured that all responses will be kept confidential and used
zolely for research purposes. Your cooperation is greatly appreciated.

Age

O Under 25 years old
() 2534yearsold
O 35-44 years old
() 45-54yearsold

O 55 years old and above

Gender

() Male
O Female

What is your highest level of education?

O Diploma
() Bachelors Degres
O Master's Degree

() Doctorate
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How many professional experience do you have in the engineering field?

O Less than a year
1-3 years
4-6 years

7-10 years

O
@)
O
() More than 10 years

What is your role/position at site?

O Site Supervisor
O Site Engineer
(O Project Manager
O Architect

(O) Design Engineer

How familiar are you with Building Information Modelling (BIM)?
1 2 3 4 5

Not familiar O O O O O Very familiar

How familiar are you with Augmented Reality (AR
1 2 3 4 5

Not familiar O O O O O Very familiar

Back Mext Clear form

In this section, we seek your feedback on various aspects of using BIM with AR technclogy.
‘Your insights and experiences are invaluable in helping us understand the effectiveness,
challenges, and benefits of this integration. Please provide your honest opinions to help us
improve and innovate in this field. Your responses will remain confidential and will only be
used for research and development purposes. Thank you for your time and valuable input.

How would you rate the ease of use and intuitiveness of BIM with AR technology?
Very difficult O O O O O Very easy

Do you agree or disagree that BIM with AR significantly enhances project
visualization?

O

Strongly disagree

Disagree

Agree

O
O Neutral
O
O

Strongly agree
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Do you agree that integrating BIM with AR saves time during the project planning
phase?

(O) strongly disagree
() Disagres
() Meual
() agree

O

Strongly agree

Do you agree that using BIM with AR improves the accuracy of project designs and
implementations?

o Strongly disagree
() Disagree

o Meutral

() Agree

o Strongly agree

Do you agree that BIM with AR facilitates better collaboration among project
stakeholders?

(O) strongly disagree
() Disagres
(O MNeural
() agree

O

Strongly agree
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Do you agree that the learning curve for using BIM with AR is manageable?

() strongly disagres
O Disagree

() Neutal

O Agree

(O) strongly agree

Do you agree that there are sufficient resources and support available for using
BIM with AR?

O Strongly disagree
(O Disagree

() Neutral

() Agree

O Strongly agree

Do you agree that BIM with AR aids in identifying and mitigating project risks?
() strongly disagres

O Disagree

() Neutal

O Agree

(O strongly agree
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Do you agree that AR significantly enhances the visualization of mechanical &
electrical systems within the BIM model?

ONONONONG]

Strongly disagree
Disagree

Meutral

Agree

Strongly agree

Do you agree that AR provides effective guidance for the installation of mechanical
& electrical components?

(OO ONONO!

Strongly disagree
Disagree

Neutral

Agree

Strongly agree

Do you agree that AR aids significantly in troubleshooting issues with mechanical &
electrical components?

©CO0OO0O0O0

Strongly disagree
Disagree

Neutral

Agree

Strongly agree
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Do you agree that AR improves the coordination between mechanical and electrical
systems within the BIM model?

O Strongly disagres
Disagree
Meutral

Agree

O O 0O

Strongly agree

Do you agree that using AR with BIM can reduces errors during the installation of
mechanical and electrical components?

(O) strongly disagres
O Disagree

() Neutal

O Agree

() strongly agree

Do you agree that AR aids in the maintenance and management of mechanical and
electrical systems?

Strongly disagres
Disagree
Meutral

Agree

O O0O0O0O0

Strongly agree
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Do you agree that AR enhances the efficiency of inspection processes for
mechanical and electrical installations?

(O) strangly disagres
() Disagree
() el
() Agree

@)

Strongly agree

Do you agree that AR helps in visualizing complex mechanical and electrical
systems that are otherwise difficult to interpret?

(O) strongly disagres
() Disagree
() Neutral
() Agree
O

Strongly agree

Do you agree that AR can facilitate on-site adjustments to mechanical and
electrical installations based on realtime data?

(O) strongly disagree
O Disagree

() Neutral

() Agree

O Strongly agree

Do you agree that AR aids in the seamless integration of mechanical and electrical
components with other building systems?

Strongly dizagree
Disagree
Meutral

Agree

OO0 00O0

Strongly agree

Back MNext Clear form
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Future Intention

In this section, we aim to understand your future intentions regarding the use of Building
Information Modeling (BIM) with Augmented Reality (AR). ¥our responses will help us
gauge the potential adopticn and long-term impact of this technology in your projects.
Please share your plans and expectations candidly, as your insights are crucial for shaping
future developments and support mechanisms. Thank you for your participation and
thoughtful respenses.

| plan to use BIM with AR in my future projects.
Strongly disagree

Disagree

Meutral

Agree

OO0O00O0

Strongly Agree

| would recommend using BIM with AR to other professionals in the construction
industry.

O Strongly disagres
() Disagree

() Neutral

() Agree

O Strongly Agree

Qverall, | am satisfied with my experience using BIM with AR.
(C) strongly Disagree

O Disagree

() Neutal

O Agree

() strongly Agree

Back MNext Clear form
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