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ABSTRAK 

 

Industri pembinaan adalah salah satu sektor yang paling penting di Malaysia, khususnya 

dari segi sumbangannya kepada Keluaran Dalam Negara Kasar (KDNK) Malaysia dan 

pemudahan industri lain untuk meningkatkan hasil produktiviti mereka dengan membina 

bangunan dan kemudahan untuk mereka. Bagaimanapun, proses pembinaan bangunan 

dan kemudahan akan mengambil masa yang lama jika dilakukan mengikut amalan 

konvensional. Disebabkan oleh keadaan ini, penubuhan Objek Rangkaian Internet (ORI) 

dalam pembangunan pembinaan adalah bermanfaat untuk meningkatkan tahap 

produktiviti dan mengurangkan masa pembinaan serta kos. Oleh itu. tujuan kajian ini 

adalah untuk mewujudkan Pemeriksaan Rebar Menggunakan Aplikasi Augmented 

Reality. Pemeriksaan Rebar Menggunakan Aplikasi Augmented Reality telah dibuat 

menggunakan alat BlippAR. Menggunakan tinjauan dalam talian yang diubah suai 

daripada soal selidik Model Penerimaan Teknologi (TAM), yang merangkumi empat 

pembolehubah TAM yang paling terkenal—kebolehgunaan yang dirasakan, kebergunaan 

yang dirasakan, sikap terhadap penggunaan teknologi dan niat tingkah laku untuk 

digunakan—aplikasi ini dinilai untuk kebolehgunaan dan keberkesanan oleh kakitangan 

syarikat. Ujian-T berpasangan dan min digunakan untuk menganalisis data. Keputusan 

ujian-t berpasangan menunjukkan bahawa Pemeriksaan Rebar Menggunakan Aplikasi 

Realiti Diperkukuh berbeza dengan ketara daripada pendekatan semasa. Ini menunjukkan 

bahawa, jika dibandingkan dengan cara semasa, Pemeriksaan Rebar Menggunakan 

Aplikasi Realiti Tertambah adalah lebih berkesan dari segi kebolehgunaan. Adalah 

dinasihatkan untuk menggunakan perisian ini untuk mengurus penyelarasan berkesan 

orang dan prosedur dalam projek pembinaan. 

 

Kata Kunci: Konvensional, Objek Rangkaian Internet (ORI), BlippAR, Mod Penerimaan 

Teknologi 
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ABSTRACT 

 

The construction industry is one of the most significant sectors in Malaysia, specifically 

in terms of its contribution to the Malaysian Gross Domestic Product (GDP) and 

facilitation of other industries to enhance their productivity outcome by constructing 

buildings and facilities for them. However, the process of constructing buildings and 

facilities will take a long period of time if done according to conventional practices. Due 

to this circumstance, the establishment of the Internet of Things (IoT) in construction 

development is beneficial to improve productivity levels and reduce the construction time 

as well as the cost. Hence. the purpose of this study was to create Rebar Inspection Using 

Augmented Reality Application. The Rebar Inspection Using Augmented Reality 

Application was created using the BlippAR tool. Using an online survey modified from 

the Technology Acceptance Model (TAM) questionnaire, which includes four of the most 

well-known TAM variables—perceived usability, perceived usefulness, attitude towards 

using technology, and behavioral intention to use—this application was evaluated for 

usability and effectiveness by the company's staff. Paired T-Test and mean were used to 

analyze the data. The results of the paired t-test demonstrated that the Rebar Inspection 

Using Augmented Reality Application differs significantly from the current approach. 

This indicates that, when compared to the current way, the Rebar Inspection Using 

Augmented Reality Application was more effective in terms of usability. It was strongly 

advised to use this software to manage the effective coordination of people and 

procedures inside a construction project. 

 

Keywords: Conventional, Internet   of   Things (IoT), BlippAR, Technology Acceptance 

Mode 
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

1.1 Introduction 

      Civil engineering technicians and technologists work with civil engineers to help plan, 

design, and build infrastructure and development projects. Civil engineering technicians can 

advance their careers by learning how to design systems for a variety of projects, such as 

storm sewer and sanitary systems, as well as traffic light systems. Civil engineers should also 

be able to comprehend plans and profiles, which are graphical representations of upcoming 

projects.  

      Civil engineering technologists' job responsibilities include determining structure sizes, 

reading, and analyzing project drawings and blueprints, consulting engineers for assistance 

in drafting plans, engineers supervising the use of computer-aided design tools, examining 

field conditions prior to construction, observing construction sites, and assessing contractors' 

work to identify design flaws. Prepare reports, keep track of project data and activities, and 

create and maintain project files and records. Civil engineering technicians often work under 

the direction of certified civil engineers. These specialists support civil engineers by 

monitoring jobsite progress, collecting data, and generating periodical reports to track project 
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activities. Because civil engineering technicians are not licensed, they cannot approve 

designs or supervise the entire project.  

      In a perfect world, quality control or inspection to assure compliance with project 

drawings, project specifications, material standards, and building codes would not be 

necessary since the project drawings and project specifications would be complete without 

errors or omissions, the materials would be manufactured exactly to the material standards, 

and the field workmanship would be precise. However, in the real world, quality control 

programs are recommended with inspection usually mandated to ensure compliance with a 

regulatory agency’s policies. (Harsha Slhankarrao Khode, 2019) stated that inspection of the 

reinforcing bars installed in the forms is done by visual examination of the layout pattern, 

and by measurement of spacing and counting of bars. The bar diameter and the bar shape, if 

bent, can be visually checked. Bar lengths, bar spacing’s, embedment’s, and bearings on 

walls or beams are normally checked by measurement. In a slab, the total number of pieces 

can be counted with the spacing of the slab bars verified by measurement, all checked against 

the approved placing drawings in conjunction with the structural drawings. Similarly, beam 

longitudinal bars, column vertical bars, and stirrup and tie spacing’s are checked visually and 

by measurement, as required. 

      Project management has evolved to plan, coordinate, and control the complex and diverse 

activities of modern industrial, commercial, and management change, as well as information 

technology (IT) projects (Badiru, 2008). All projects have one thing in common: the 

transformation of ideas and activities into new ventures. Because of the ever-present element 

of risk and uncertainty, the events and tasks leading up to completion can never be predicted 

with absolute certainty. There are numerous examples of projects that have vastly exceeded 

their budgets, finished late, or even been abandoned before completion. Such failures are all 

too common in all types of projects in industry, commerce, and (apparently, especially) the 

public sector. 

      This proposal contains five chapters, chapter 1, for introduction that will explain or 

describe the beginning of the chapter, such as problem statement, objective, the scope of the 

study, the significance of the study, expected outcome, and conclusion. Besides, chapter 2 is 

a literature review that will explain the study that has a connection with this project. 
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Meanwhile, chapter 3 is a methodology that contains the method used when ongoing this 

study. Chapter 4 will describe the result of this project, and chapter 5 will explain the 

discussion, conclusion, and suggestion. Chapter 1 will be focusing on solving the problem or 

issues in the construction site, especially regarding the management issues in the area. This 

study will focus on inspection work for reinforcement bar in site construction due to the 

issues detected in the company placed for the WBL programme. The issues that had been 

seen are the inefficient way to do inspection work in the site because those method are not 

effective to ensure the quality of work in construction. The issues will be solved by creating 

an application to analyze and measure the quality of the work. By using this application, it 

will make project engineer, site supervisor and inspector of work works easier. 

 

1.2 Problem Statement 

      A construction project might run into a lot of difficulties. It is the responsibility of project 

managers to maintain a site's quality, efficiency, safety, timeliness, and budget. This request 

can be very challenging at times. Establishing a precise management approach and 

implementing a comprehensive management system that emphasizes progress, safety, 

quality, cost, and other aspects is crucial during building construction projects. In addition, 

process supervision should be strengthened to ensure that the project adheres to established 

standards. To achieve this, construction personnel must perform a scientific analysis of the 

overall construction objectives, establish, and enhance the bidding management mechanism 

during the design phase, and select top-tier suppliers. In preparation for a construction 

project, it is essential to conduct a thorough evaluation of the construction design, analyzing 

the construction site environment and relevant data, and meticulously examine all aspects of 

the construction process using the appropriate data models. These steps are necessary to 

formulate a comprehensive design and organizational plan. Throughout the construction 

process, cost control is critical, and the management of materials, equipment, and personnel 

at all stages must be closely monitored, including pre-construction, construction, and 

completion. In addition, the budget must be implemented and evaluated quantitatively to 

ensure that it meets the design requirements, optimize resource allocation, and minimize 

waste (Ajayi et al., 2017). A serious lack of planning is one of the most frequent problems 
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contractors have when starting a site preparation project. The inclination, terrain, and general 

land arrangement differ from site to site. No matter how skilled a professional, every 

preparation work will inevitably create different difficulties. Poor planning directly leads to 

inefficiencies. There is an issue if the contractor you employ merely shows up on site and 

wants to get started right immediately, even if they have a team of experts dressed in identical 

uniforms. The right team will want to come out and provide some form of analysis if you 

engage them. They will not just show up and start setting up the site because they cannot 

determine which machines will function best or what strategy will work best prior to looking 

at the location. 

      Ineffective site management may cause project delays and slower growth. Regardless of 

how difficult the project is, delays happen in majority of construction projects. Delay in 

construction projects is the lengthening of the project's completion time. In other terms, a 

delay is when a project isn't finished on schedule and within the allocated money, as specified 

in the contract (Dulaimi et al., 2003). In this problem statement shows a problem that often 

occurs in construction which is delay is a big common issue that often happens in works on 

construction sites in any project across the country. The importance of delay in construction 

projects and the factors affecting delay are explored by many researchers in the past. The 

author was reviewed and described those 25 recent articles and based on the review, 

identified most important factors that are affecting delay in construction comes from small 

issues and poor administration (He et al., 2020). One of the major challenges faced in 

construction projects is the improper installation of rebars, leading to wastage of time for 

engineers. This issue becomes even more difficult when specific zoning requirements are 

necessary for casting on a given day, compounded by limited knowledge and manpower. The 

utilization of poor construction practices on construction sites has a detrimental impact on 

the quality of the concrete produced. To address this problem, it is essential to establish 

effective guidelines for controlling these practices and ensuring proper construction 

standards are followed. A wide variety of poor construction practices, resulting from bad 

workmanship and inadequate quality control and supervision, which lead to many troubles 

in production and performance of concrete, can be categorized as under (Surahyo, 2019). 

Many engineering structures must be inspected or monitored throughout their serviceable life 

to ensure their safe operation. In the case of reinforced concrete structures, the most common 
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cause of premature failure is corrosion of the steel reinforcement bars that must be pre-

empted (Masri et al., 2017). The arrangement effect of bar reinforcement to deformations and 

cracking behavior of concrete elements subjected to short term loading especially on slab, 

beam, and column (Rimkus, 2018).  

      Researchers have made several solutions to the issues that contribute to inefficiencies, 

which have caused numerous issues for both contractors and other parties. Effective material 

management is crucial in construction projects as it can lead to cost savings and improved 

quality. To enhance material management in construction, measures such as controlling 

material prices, prohibiting shoddy work, implementing a robust purchasing process, creating 

a scientific purchase plan, and ensuring the purchased materials meet quality requirements 

are necessary. These actions can help minimize construction costs and improve construction 

quality (Lima et al., 2021). Afterwards, in Malaysia some project construction management 

in terms of aspect time, cost, quality, and project scope are the main determinants of project 

success. Because they lacked effective management at the time, majority of projects in the 

past had trouble with those essential indicators in finishing a project within the time frame 

stated with a constrained budget. 

      Poor detailing of rebar work was found to be an important cause of variation in concrete 

cover thickness. This type of error is attributed to faulty design, for example, insufficient 

provision of details regarding steel bending or required concrete cover (Katz, 2018), that 

leads to rebar placement according to the steel-placer’s best judgment. These issues happened 

in our site which is at Sunway Belfield Project. However, there are a lot of solution that has 

been made for these issues. For example, (Katz, 2018) investigated the accuracy of 

steelworks in walls and columns and stated that poor detailing and poor inspection attributed 

to this poor detailing of rebar works. The inspection work that has been done also require a 

lot of paper work and this cause the usage of paper in construction work increases every day. 

According to the Paperless Project, “the average office worker continues to use a staggering 

10,000 sheets of copy paper every year,” despite digital technology that, in theory, would 

facilitate offices going paperless. No conversation about sustainability in the office can be 

complete without discussing paper waste. Engineers doing inspection by referring to a lot of 

drawings and makes them take quite a time to read and understand the detailing in a drawing. 

Therefore, the purpose of this study is to produce an application for inspection. 



7 
 

Table 1.1 Research Finding on IOT 

 

      Nowadays, the construction industry has been focusing on the concept of the Industrial 

Revolution (IR) which has become a central topic in recent times. The term 'Industrial 

Revolution' was coined by the founder and executive chairman of the World Economic 

Forum, who defined it as a shift from traditional methods to modern ones, incorporating 

advanced or smart technologies to enhance productivity to its maximum potential (Davis, 

2016). The Fourth Industrial Revolution is an extension of the Third Revolution, which 

introduced computers and automation during its course (M. Xu et al., 2018). The primary 

focus of the Fourth Industrial Revolution lies in digitalization, which is achieved through the 

implementation of Cyber-physical Systems, Internet of Things (IoT), and networking. This 

Authors (Year) Findings Remarks (Strength/Weakness) 

(Surahyo, 2019)A.  Improper placement 

of reinforcement 

bar 

i. Reduce the strength and life of structure 

ii. Structure failure 

(Harsha 

Slhankarrao Khode, 

2019) 

Inspection of rebar 

is done by visual 

examination of the 

layout pattern 

i. Some misplacement will occur 

 

(Masri et al., 2017) Damaged steel 

reinforced on beam 

i. Premature failure in beam 

(Rimkus, 2018) Reinforcement 

layout plays an 

important role in 

deformations and 

cracking  

performance of the 

concrete elements. 

i. Effect the bond stress on the cover thickness and 

deformation range of the reinforcement 

(Katz, 2018) Rebar placement 

and its effect on 

service life 

i. Poor detailing of rebar work was found to be an 

important cause of variation in cover concrete 

thickness 

(Liu et al., 2021) 

 

Improper rebar 

layout in reinforced 

concrete. 

i. Resulting higher labour cost, low efficiency, 

and low accuracy. 
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transformative process is supported by nine key pillars: advanced robotics, additive 

manufacturing, augmented reality, simulation, system integration, IoT, cloud computing, 

cyber-security, and big data analytics. The integration of these pillars has brought about 

significant changes in the construction industry, enabling more efficient and effective 

management and control of the entire construction process. Each industrial revolution has 

had socio-economic implications for various industries, including both positive and negative 

effects. In the construction industry specifically, the adoption of smart and digital 

technologies has yielded positive outcomes, leading to improved project performance and 

increased productivity. These technologies have helped in saving construction time, reducing 

costs, minimizing defects or clashes, improving construction quality (including safety and 

client satisfaction), and streamlining the project management lifecycle. Building Information 

Modelling (BIM) is an example of a smart technology that has played a crucial role in these 

positive impacts (Mannino et al., 2021). 

      Although with the IoT application, product development is easier to handle because the 

entire project progress is digitally tracked through the visualization of the 2D & 3D model. 

Project management can better utilize project resources, monitor project progress, identify 

faults and conflicts sooner, give real-time reporting, and control project scheduling and 

expenses thanks to the digitalization of 3D models. However, not many of the researchers 

involved in the early studies used BlippAR App in their progress work. Therefore, the 

purpose of this study is to develop Rebar Inspection Using Augmented Reality Application 

using BlippAR Application that can help and easier to conduct the work. 
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1.3 Objectives 

      In terms of planning for construction stage, the goal of this project is to offer a better 

project management solution. With the use of just a mobile application, this system enables 

engineers, site supervisor, consultant, and sub-contractor to access all information about the 

reinforcement bar at anytime and anywhere. The specified objective includes: 

i. To identify application of beam reinforcement bar information and details that can 

allows users to access information on the details of reinforcement bar. 

ii. To develop a rebar inspection of beam application using the Augmented Reality 

Application. 

iii. To validate the effectiveness of Augmented Reality application for inspection work 

in construction. 

 

1.4 Scope of Study 

      The Sunway Belfield Project consists of three high-rise buildings divided into three 

zones: A, B, and C. Figure 1.1 illustrates the location of the project site, while Figure 1.2 

depicts the zoning areas for each tower. The project engineers, acting as Block Masters, are 

responsible for generating daily reports to be submitted to the office and maintained as data 

for the planner engineer. This study specifically focuses on the inspection work conducted 

by engineers on the rebar. To streamline the inspection process, an application will be 

developed to provide engineers with quick access to rebar data and its placement, making 

inspections more convenient. By utilizing the stored data in the database, analysis of the 

information becomes much more manageable. 
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Figure 1.1 The Location of Sunway Belfield 

Belfield 

Figure 1.2 The Zoning Area 
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1.5 Significant of Study 

      According to the study, one of the common mistakes made by management is a lack of 

planning. To address this issue, the implementation of an augmented reality application for 

rebar inspection can greatly assist project managers and engineers in accessing information 

anytime and anywhere within the project location, specifically for inspection tasks. This 

application provides users with easy access to detailed project information. 

      Furthermore, this application will enable project managers, engineers, and other 

stakeholders to gather essential details regarding rebar, particularly in beam reinforcement. 

By utilizing this application, valuable time can be saved, and project delays can be avoided 

as all reinforcement bar details can be thoroughly studied in advance. Moreover, users of this 

application can ensure the precise execution of required tasks, as it facilitates easy access to 

work results on the construction site. 

 

1.6 Expected Outcomes 

      The primary objective of this study is to develop an application that streamlines and 

enhances the inspection and job processes for site engineers, site supervisors, and work 

inspectors. The application will primarily focus on analyzing information and details 

pertaining to reinforcement bars. Users, including site engineers and project engineers, will 

utilize the application to gather relevant data and information. 

      To automate and streamline the data collection process, IoT-based inspection systems 

will be implemented. This technological advancement eliminates the need for manual data 

recording, reducing the time and effort required for inspections. As a result, the inspection 

process becomes more efficient, leading to faster turnaround times and improved 

identification of potential issues. 

     The integration of IoT technologies allows for remote monitoring of reinforcement bars, 

enabling inspectors and engineers to access real-time data from any location. This remote 

accessibility enables prompt actions to be taken in response to critical events or abnormal 

conditions. Stakeholders can set up alerts and notifications to ensure timely risk mitigation 

measures and ensure the safety of the structure. 
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      Furthermore, the application not only contributes to sustainability efforts but also 

introduces companies to the principles of Industry 4.0. By encouraging the use of digital 

applications instead of traditional paper-based methods, the application promotes the 

adoption of digital practices and prepares companies for the era of technological 

advancements. 

      In summary, this study aims to develop an application that simplifies and enhances the 

inspection and job processes for site engineers, site supervisors, and work inspectors. 

Through the implementation of IoT-based inspection systems and remote monitoring 

capabilities, the application improves efficiency, facilitates prompt actions, and supports the 

transition to digital practices in line with the principles of Industry 4.0. 
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CHAPTER 2 

 

 

 

LITERATURE REVIEW 

 

 

2.1 Introduction 

      The construction industry has seen the evolution of Building Information Modelling 

(BIM) into a vital digital tool. Concurrently, advancements in Artificial Intelligence (AI) 

have enabled effective handling of extensive data in complex and uncertain scenarios. The 

combination of BIM and AI can enhance construction management and add value. The 

concept of production planning is being considered in construction since Koskela pointed out 

the importance of the flow and value production as impartible components of the production 

system. The production system is defined as a set of resources, such as labour, equipment, 

tools, and information, defined for the design and production of a product (goods or services) 

that is valuable to customers (Abd Jamil & Fathi, 2020). The construction industry is 

therefore exposed to greater risks in comparison with other industries due to their unique 

features such as long project durations, complicated processes, financial intensity, 

environment constraints and dynamic organization structures. As a result of this, many 

constructions work in Malaysia consists of a high-risk process that requires a proper follow-

up operation involving supervision, implementations, and project completion. These risks are 
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generally considered as incidences that influence the principal objectives of a particular 

project such as the time, cost and quality as reported by (Badiru, 2008). 

      The construction industry has been the subject of academic research, but most studies 

focus on technology-driven design rather than product demand. This lack of research can 

impact consumer demand and hinder industry growth, which has been performing worse than 

the overall economy during recessions. Understanding the correlation between economic 

growth and the construction industry's output components, including commercial, residential, 

and civil engineering, is critical. The construction industry is a significant economic sector, 

involving large investments, high costs, and multiple components. Therefore, conducting a 

demand analysis for each product type is essential to determine the economic impact on 

Malaysia's construction sector. A thorough investigation of the industry's development trends 

is necessary to plan and organize systematically and proactively to face the industry's 

challenges during a recession. 

      Nevertheless, a nation that is at the vanguard of developed nations is greatly impacted by 

new technology. Make use of Malaysian development construction technology to simplify 

all the work that has to be done. It is still possible to minimize the use of conventional 

construction methods in this technological area. As a result, the use of technology in the 

construction industry will be advantageous because it can increase productivity and save 

time. Furthermore, it can be used anywhere and makes daily work easier with the touch of a 

finger thanks to innovations like applications or software systems. To identify current 

research knowledge, the researcher will present a summary of the literature on the conclusion 

of ongoing study in this chapter. Predicting a superior resolution to the issue is also 

appropriate in addition to the previous point. A better answer for the researcher might come 

from a prior case study involving the other researcher.       

      The construction industry has attracted researchers, but most of the studies carried out in 

the construction industry are based on the study of technology as a design analysis. The lack 

of study will affect product demand and the development of the construction industry. This 

is probably one of the causes of surplus output growth falling in the building sector, and the 

construction industry is worse off than the national economy at a time of economic downturn. 

The analysis of product demand and the relationship between economic growth and the 
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construction industry has been shown. Research examines the development of the 

construction industry and the correlation with the output components to be carried out, such 

as commercial, residential, and civil engineering. As the construction industry involves 

investments or high costs and various components, it is often linked to the output of the 

request. Demand analysis for each type of product development is very important to know 

the extent of the economic impact on the development of the construction industry in 

Malaysia. Analyze of the trends in construction industry and its relationship with the demand 

for its products to be made. This will give a clear picture of the development of the 

construction industry in the past, but also to estimate its future. The close relationship 

between the construction industry and the economic growth of a country is often mentioned. 

The instability of the construction industry in Malaysia has led people to worry about making 

an investment. A detailed analysis is made to study the development of the construction 

industry in Malaysia in order to plan and prepare systematically in advance in order to 

overcome the problem of the construction industry during the recession. As the construction 

industry as a major economic sector in Malaysia, a detailed study should be made so that its 

development trends can be identified (Ibrahim et al., 2021). 

      Nevertheless, new technology also has an exquisite impact on a country in the lead of 

developed countries. Refer to development construction technology in Malaysia and facilitate 

all work completed in this development. Even with this technology field, it can minimize 

conventional use in construction. In this construction sector, therefore, the application of 

technology will have an advantageous impact in which it can improve efficiency and save 

time. Moreover, by applying technologies such as apps or software systems, it can be opened 

anywhere and simplifies everyday work with just a fingertip. In this chapter, the researcher 

will provide an overview of the literature on the completion of ongoing research to identify 

current research knowledge. Apart from that, it is also appropriate to predict a better solution 

to the problem. The researcher could also find a better solution through a previous case study 

using the other researcher. 

      The aim of the work reported in this paper was therefore to study the trends, opportunities 

and challenges involved when developing and using smart applications in the construction 

sector. A specific goal of the work was to identify and present a comprehensive overview of 

existing application areas that demonstrate potential to benefit from these technologies. 
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Although the review was focused on construction, its findings may also apply to the wider 

context of ‘industry 4·0’ (Lampropoulos et al., 2019), civil engineering, smart homes, cities, 

communities, transport and similar. 

 

2.2 Construction Technology 

      The Construction Industry Institute defines construction technology as 'the collection of 

innovative tools, machines, modifications, software, etc. used during the construction phase 

of a project that enables advancement in field construction methods, including semi-

automated and automated construction equipment' (He et al., 2020). 

       New construction technologies are currently being developed at a breakneck pace. What 

appeared to be future tech 10, 20 years ago as connected equipment and tools, telemetric, 

mobile apps, autonomous heavy equipment, drones, robots, augmented and virtual reality, 

and 3D printed buildings are here and are being deployed and used on workplaces around the 

world. 

      Today there are software and mobile solutions to help manage every aspect of a 

construction project. From preconstruction to scheduling, from project management and field 

reporting to managing your back office, there is a software solution out there to help 

streamline your processes and improve productivity. Most software solutions are cloud-

based, allowing changes and updates to documents, schedules, and other management tools 

to be made in real time, facilitating better communication and collaboration.  

      Besides, mobile technology allows for real-time data collection and transmission between 

the jobsite and project managers in the back office. Cloud-based solutions enable on-site 

employees to submit timecards, expense reports, and requests for information (RFIs), work 

records, and other verified documentation. This can save hundreds of hours per year in data 

entry and automatically organizes critical files—no more shuffling through files looking for 

old reports. More and more software providers are forming strategic partnerships to allow 

people to seamlessly integrate the data with other software solutions, making it easier than 

ever to run the business. 
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2.3 Technology IR 4.0 

      The Fourth Industrial Revolution, which has often been mentioned now, calls for changes 

to be made within the construction industry, in tandem with the rapid development of 

technology and smarter systems. This revolution marks the emergence of a physical cyber 

system that will change the future of the construction process. Emphasis on the use of 

technology plus the need to enhance skills and knowledge is a vital basis for dealing with 

these changes. Significant to the situation, the Ministry of Works/Kementerian Kerja Raya 

(KKR) through CIDB and in collaboration with stakeholders in the construction industry are 

amid the development of Construction Strategy Plan 4.0 (2021 – 2050) to help the 

construction. 

      Construction Strategy Plan 4.0 is a five-year CIDB short-term plan that will form the 

basis for a draft plan framework that will boost the capacity of the construction industry in 

the 4.0 Industrial Revolution. The strategic plan is being developed in line with Shared 

Prosperity Vision 2030/Wawasan Kemakmuran Bersama (WKB) 2030 and National 4.0 

Industry Policy (Industry4WRD)/Dasar Industri 4.0 (Industry4WRD). It also supports and 

complements other national policies, including the National IoT Strategic Roadmap/Pelan 

Hala Tuju Strategik Internet of Things (IoT) Kebangsaan, Malaysia Smartcity Framework/ 

Rangka Kerja Bandar Pintar Malaysia and, Digital Economic Policy/ Dasar Ekonomi Digital.  

     The Construction Strategy Plan 4.0 has also identified 12 key technologies, also known 

as 'disruptive technologies,' which will change the future of the construction landscape and 

which are: 

i. Building Information Modeling (BIM) 

ii. Pre-fabrication and Modular Construction 

iii. Autonomous Construction 

iv. Augmented Reality & Virtualization 

v. Cloud and Real-time Collaboration 

vi. 3D Scanning and Photogrammetric 

vii. Big Data & Predictive Analysis 

viii. Internet of Things 

ix. 3D Printing and Additive Manufacturing 
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x. Advanced building materials 

xi. Block chain 

xii. Artificial Intelligence 

            

      Complex and dynamic changes are needed in the 4.0 Industrial era in order to be in line 

with the flow of technological revolution that we will eventually face in the future. The 

situation calls for effective governance and excellent cooperation between the various parties, 

including government, industry, academia, and society (Zambon et al., 2019). 

 

2.4 Internet of Things (IoT) 

      The triumvirate of internet of things (IoT), artificial intelligence (AI) and cloud 

technologies offers new opportunities for the development of new applications in many 

industrial domains. It stimulates a new wave of highly dependable, available, reliable, safe, 

secure, and performing smart applications. These technologies have already been used in 

parts or jointly to build applications that provide various benefits, such as improved logistics, 

safety, and security in industrial settings. While smart applications have already been 

demonstrated in different industrial sectors, there is a general impression that the construction 

sector is lagging. An initial review of the literature showed a consistent lack of studies 

involving the joint use of IoT, AI and cloud technologies.  Pretz has indicated that the Internet 

of things (IoT) is a thing connected network, where things are wirelessly connected via smart 

sensors (Lampropoulos et al., 2019), IoT is able to interact without human intervention. Some 

preliminary IoT applications have been already developed in healthcare, transportation, and 

automotive industries. Currently, IoT technologies are at their infant stages; however, many 

new developments have occurred in the integration of objects with sensors in the cloud-based 

Internet (Hepp et al., 2006). The development of IoT involves many issues such as 

infrastructure, communications, interfaces, protocols, and standards. I am motivated to 

summarize the research progress achieved so far in the development, standardization, and 

security assurance of IoT enabling technologies, and to identify critical research topics and 

future research directions of IoT.  
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2.4.1 The Concept of IoT 

           Kevin Ashton firstly proposed the concept of IoT in 1999, and he referred the IoT as 

uniquely identifiable interoperable connected objects with radio-frequency identification 

(RFID) technology. However, the exact definition of IoT is still in the forming process that 

is subject to the perspectives taken (Hepp et al., 2006). IoT was generally defined as 

“dynamic global network infrastructure with self-configuring capabilities based on standards 

and interoperable communication protocols; physical and virtual ‘things’ in an IoT have 

identities and attributes and are capable of using intelligent interfaces and being integrated 

as an information network” (Y. Li et al., 2012). Basically, the IoT can be treated as a superset 

of connecting devices that are uniquely identifiable by existing near field communication 

(NFC) techniques. The words “Internet” and “Things” mean an inter-connected world-wide 

network based on sensory, communication, networking, and information processing 

technologies, which might be the new version of information and communications 

technology (ICT), (Ud Din et al., 2019).  

           Despite the argument on the definition of IoT, it has been discussed widely and 

corresponding technologies have been rapidly developed by various institutions (Hepp et al., 

2006) in particular, intelligent sensing and wireless communication techniques have become 

part of the IoT and new challenges and research horizons have emerged (Paul & Jeyaraj, 

2019). The International Telecommunication Union (ITU) discussed the enabling 

technologies, potential markets, and emerging challenges and the implications of the IoT 

(Wortmann & Flüchter, 2015). The evolvement of IoT can be illustrated by several phases as 

shown in Figure 2.1. 
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Figure 2.1: The Evolution of the IoT. (Source: A survey of Internet of Things, (S. Li et al., 

2015) 

      The IoT is initiated using RFID technology, which is increasingly used in logistics, 

pharmaceutical production, retail, and diverse industries (Al-Fuqaha et al., 2015). The 

emerging wirelessly sensory technologies have significantly extended the sensory 

capabilities of devices and therefore the original concept of IoT hence is extending to ambient 

intelligence and autonomous control. To date, several technologies are involved in IoT, such 

as wireless sensor networks (WSNs), barcodes, intelligent sensing, RFID, NFC, low energy 

wireless communications, cloud computing, and so on (C. Z. Li et al., 2018). The IoT 

describes the next generation of Internet, where the physical things could be accessed and 

identified through the Internet. Depending on various technologies for the implementation, 

the definition of the IoT varies. However, the fundamental of IoT implies that objects in an 

IoT can be identified uniquely in the virtual representations. Within an IoT, all things can 

exchange data and if needed, process data according to predefined schemes.  
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2.4.2 Emerging Smart Construction Application 

      The highlighted improvements in the mainstream ICT area were then linked to a selection 

of publications addressing construction-related issues in the following phase of the review 

process. Several possible smart application areas were found, including construction 

monitoring, construction site management, workplace safety, early warning of accidents, and 

resource and asset management. A mind map summarizing the identified application areas is 

shown in Figure 2.2. In the following sub-sections, representative works are presented.  

 

Figure 2.2: Converging internet of things, artificial intelligence, cloud, fog, and edge 

computing technologies will provide the necessary dependability to time-critical smart 

construction applications. (Source: A review of technologies and applications for smart 

construction (C. Z. Li et al., 2018).) 
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i. Construction Monitoring 

    Construction monitoring aims at preventing the occurrence of errors in the stability and 

durability of the buildings under construction. Only a few relevant applications have been 

identified, as follows.  

     An application has been developed to determine the exact position of the arm of a trencher 

(Lampropoulos et al., 2019). The identified position is used to prevent the tearing of wires, 

water pipes and gas pipes during operation. The developed algorithm calculates the 

difference between the existing mechanical, electrical and plumbing (MEP) systems and the 

intended operation area of the trencher. 

       One of the aims of the study was to develop a low-cost alternative to existing systems 

that determine the position of reinforcement bar on slab. Instead of determining the rebar on 

slab by visual, which are usually embedded in construction practices, this application uses a 

camera system and reference markers to determine the position of the reinforcement bars. 

With the current level of technology readiness, this application could be conveniently 

developed by using IoT and cloud technologies.  

        Another application (Lin et al., 2015) is used to facilitate automated measurements of 

the thickness of road layers. Its purpose is to prevent adverse effects on vehicles due to poorly 

maintained roads. This infrastructure-monitoring application is used to identify such road 

sections, properly mark them, and use the information for road maintenance and 

signalization. In the context of ‘big data’ an application like this can be integrated in road 

network information systems.  

     Construction vibrators are used widely in construction. They consist of an electric motor 

with eccentric rotation mass, packed into a hermetically sealed container, which causes 

vibrations while spinning. They are used to remove packets of air trapped in poured concrete. 

An envisioned smart application (Štefanič & Stankovski, 2019) uses a real-time wireless-

sensing-based internal vibrator tip tracking system that supports intelligent concrete 

consolidation operations. Using ultra-wideband radio waves, it determines the location of the 

construction vibrator, which prevents trapped air being missed. Real-time positioning is 
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achieved through data integration from various sources, such as a combination of video 

streams and three-dimensional (3D) data visualization.  

      Video streams coming from stereo cameras have been used for 3D reconstruction of 

terrain (Harty, 2005). The resulting 3D images have then been used by construction workers 

to visualize current construction status. This represents a fast and robust 3D terrain-

reconstruction system. The algorithms employed to analyze video streams start with the 

generation of multiscale descriptors (MSD), and continue with a plot consisting of triangles. 

The product of the application is a 3D real-time terrain reconstruction, which has the potential 

to become an integral part of many high-tech solutions in the construction industry.  

ii. Construction Progress Tracking 

     Numerous studies on construction site management have been conducted. In general, their 

purpose is to gain a thorough understanding of existing building processes while lowering 

the amount of time, subjectivity, and mistakes caused by physical labor. A collection of such 

works is shown below.  

      An application automatically compares the state of a construction with its plan based on 

stereo photogrammetry (Braun & Borrmann, 2019). The collected data represent a dense 

point cloud. This requires the fusion of disparity maps created with semiglobal matching 

(SGM) with the target state provided by a four-dimensional (4D) building information model. 

An application like this requires the integration of various cameras with software tools, such 

as building information modelling (BIM) tools, which can be achieved seamlessly through 

the usage of cloud technology.  

      An application has been developed for tracking, analysis, and visualization of as-built 

status of buildings under construction, and comparison against a 4D BIM model (Schiavi et 

al., 2021). Photographs taken daily from the construction site are used as input to the 

application. This application type is suitable for the use of AI methods such as TensorFlow.  

      Another application is used for progress tracking at construction sites (Ahmed, 2019). 3D 

object models are built by using a 3D laser scanner. These are then combined with a 4D 

object-oriented progress-tracking system. The application demonstrates a high degree of 

accuracy for automated progress tracking that meets or exceeds typical manual performance. 
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Additional integration with other data sources may contribute to even higher accuracy of the 

application. 

     Construction progress can be recorded in 4D computer-aided design (CAD) models, 

which may be updated timely and accurately during construction. This makes it possible to 

align progress with schedule (Rankohi & Waugh, 2013). 

      Video analysis can be used to determine workers’ positions from video clips (Tang et al., 

2020). The application does not require any additional equipment for the tracking. The 

analysis of the video is sufficient since specifically implemented algorithms recognize 

movements, shape, and color. The application can be used for, but is not limited to, measuring 

productivity of workers, analyzing the sequence of activities, and improving site safety. 

Dependability is obviously an important property of applications such as this one, which must 

be obtained when realizing the same software service by way of the cloud. This, however, is 

a nontrivial problem in the cloud computing domain. 

 

2.4.3 IoT Elements 

      Understanding the IoT building blocks helps to gain a better insight into the real meaning 

and functionality of the IoT. In the following sections we discuss six main elements needed 

to deliver the functionality of the IoT as illustrated in Figure 2.3. Table 2.1 shows the 

categories of these elements and examples of each category. 

 

Figure 2.3: Elements of IoT (Source: Internet of Things: A Survey on Enabling 

Technologies, Protocols, and Applications (Al-Fuqaha et al., 2015) 
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i. Identification 

    Identification is crucial for the IoT to name and match services with their demand. Many 

identification methods are available for the IoT such as electronic product codes (EPC) and 

ubiquitous codes (uCode) (Deepika et al., 2021). Furthermore, addressing the IoT objects is 

critical to differentiate between object ID and its address. Object ID refers to its name such 

as “T1” for a particular temperature sensor and object’s address refers to its address within a 

communications network. Distinguishing between object’s identification and address is 

imperative since identification methods are not globally unique, so addressing assists to 

uniquely identify objects. In addition, objects within the network might use public Ips and 

not private ones. Identification methods are used to provide a clear identity for each object 

within the network. 

 

ii. Sensing 

    The IoT sensing means gathering data from related objects within the network and sending 

it back to a data warehouse, database, or cloud. The collected data is analyzed to take specific 

actions based on required services. The IoT sensors can be smart sensors, actuators, or 

wearable sensing devices. For example, companies like Wemo, revolve and SmartThings 

offer smart hubs and mobile applications that enable people to monitor and control thousands 

of smart devices and appliances inside buildings using their smartphones (Deepika et al., 

2021). 

 

iii. Communication 

    Internet of Things (IoT) devices communicate is dozens of different ways, using hundreds 

of different protocols. That is because how they communicate depends on what they are, 

where they are, what other devices and systems they need to talk to, and what they have to 

say. There is no single best protocol, which is essentially the common "language" used to 

route messages from one IoT device to another. The right choice always depends on the 

application’s specific needs (Akinlabi et al., 2021). 
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     The IoT communication technologies connect heterogeneous objects together to deliver 

specific smart services. Typically, the IoT nodes should operate using low power in the 

presence of lossy and noisy communication links. Examples of communication protocols 

used for the IoT are Wi-Fi, Bluetooth, IEEE 802.15.4, Z-wave, and LTE-Advanced. Some 

specific communication technologies are also in use like RFID, Near Field Communication 

(NFC) and ultra-wide bandwidth (UWB). RFID is the first technology used to realize the 

M2M concept (RFID tag and reader). Some specific communication technologies are also in 

use like RFID, Near Field Communication (NFC) and ultra-wide bandwidth (UWB). RFID 

is the first technology used to realize the M2M concept (RFID tag and reader). The RFID tag 

represents a simple chip or label attached to provide object’s identity. The RFID reader 

transmits a query signal to the tag and receives reflected signal from the tag, which in turn is 

passed to the database. The database connects to a processing center to identify objects based 

on the reflected signals within a (10 cm to 200 m) range (Lombardi et al., 2021). RFID tags 

can be active, passive, or semi-passive/active. Active tags are powered by battery while 

passive ones do not need battery. Semi-passive/active tags use board power when needed. 

      Another communication technology is Wi-Fi that uses radio waves to exchange data 

amongst things within 100 m range (Lombardi et al., 2021). Wi-Fi allows smart devices to 

communicate and exchange information without using a router in some ad hoc 

configurations. Bluetooth presents a communication technology that is used to exchange data 

between devices over short distances using short-wavelength radio to minimize power 

consumption (Silva et al., 2018). 

 

iv. Services 

    Overall, IoT services can be categorized under four classes (Al-Fuqaha et al., 2015), which 

are Identity-related Services, Information Aggregation Services, Collaborative-Aware 

Services and Ubiquitous Services. Identity-related services are the most basic and important 

services that are used in other types of services. Every application that needs to bring real 

world objects to the virtual world must identify those objects. Information Aggregation 

Services collect and summarize raw sensory measurements that need to be processed and 

reported to the IoT application. Collaborative-Aware Services act on top of Information 
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Aggregation Services and use the obtained data to make decision and react accordingly. 

Ubiquitous Services, however, aim to provide Collaborative-Aware Services anytime they 

are needed to anyone who needs them anywhere. With this categorization, view some 

applications of the IoT in the following paragraphs. The ultimate goal of all IoT applications 

is to reach the level of ubiquitous services.  

      Apart from that, industrial automation (Wollschlaeger et al., 2017) is computerizing 

robotic devices to complete manufacturing tasks with a minimal human involvement. It 

allows a group of machines to produce products quickly and more accurately based on four 

elements: transportation, processing, sensing and communication. The IoT is utilized in 

industrial automation to control and monitor production machines’ operations, 

functionalities, and productivity rate through the Internet. For instance, if a particular 

production machine encounters a sudden issue, an IoT system sends a maintenance request 

immediately to the maintenance department to handle the fix. Furthermore, the IoT increases 

productivity by analyzing production data, timing and causes of production issues. 

 

Table 2.1: Building Blocks and Technologies of the IoT 
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v. Semantics 

         Semantic in the IoT refers to the ability to extract knowledge smartly by different 

machines to provide the required services. Knowledge extraction includes discovering and 

using resources and modeling information. Also, it includes recognizing and analyzing data 

to make sense of the right decision to provide the exact service (Paul & Jeyaraj, 2019). Thus, 

semantic represents the brain of the IoT by sending demands to the right resource. 

 

2.4.4 Big Data Analytics, Cloud and Fog Computing in Support of the IoT 

      Connecting many physical objects like humans, animals, plants, smart phones, PCs, etc. 

equipped with sensors to the Internet generates what is called “big data.” Big data needs 

smart and efficient storage. Obviously, connected devices need mechanisms to store, process, 

and retrieve data. But big data is so huge such that it exceeds the capability of commonly 

used hardware environments and software tools to capture, manage, and process them within 

an acceptable slot of time.  

       Cloud services allow individuals and companies to use remote third-party software and 

hardware components (Lee & Lee, 2015). Cloud computing enables researchers and 

businesses to use and maintain many resources remotely, reliably and at a low cost. The IoT 

employs many embedded devices, like sensors and actuators that generate big data which in 

turn requires complex computations to extract knowledge (Lampropoulos et al., 2019). 

Therefore, the storage and computing resources of the cloud present the best choice for the 

IoT to store and process big data. 

 

i. Big Data Analytics in Support of the IoT 

      What makes big data an important asset to businesses is that it makes it possible to extract 

analytics and consequently knowledge, by which a business can achieve competitive 

advantage. There are some platforms for big data analytics like Apache Hadoop and SciDB. 

However, these tools are hardly strong enough for big data needs of IoT (Lampropoulos et 

al., 2019). The amount of IoT data generally is too huge to be fed and processed by the 
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available tools. In support of the IoT, these platforms should work in real-time to serve the 

users efficiently. For example, Facebook has used an improved version of Hadoop to analyze 

billions of messages per day and offer real-time statistics of user actions (Kumari et al., 2018). 

Instead of providing application specific analytics, IoT needs a common big data analytic 

platform which can be delivered as a service to IoT applications. Such analytic service should 

not impose a considerable overhead on the overall IoT ecosystem.  

 

ii. Cloud Computing for IoT 

    Cloud computing (CC) offers a new management mechanism for big data that enables the 

processing of data and the extraction of valuable knowledge from it. Employing CC for the 

IoT is not an easy task due to the following challenges: 

i. Synchronization: Synchronization between different cloud vendors present a 

challenge to provide real-time services since services are built on top of various cloud 

platforms.  

ii. Standardization: Standardizing CC also presents a significant challenge for IoT 

cloud-based services due having to interoperate with the various vendors.  

iii. Balancing: Making a balance between general cloud service environments and IoT 

requirements presents another challenge due to the differences in infrastructure.  

iv. Reliability: Security of IoT cloud-based services presents another challenge due to 

the differences in the security mechanisms between the IoT devices and the cloud 

platforms.  

v. Management: Managing CC and IoT systems is also a challenging factor since both 

have different resources and components. Enhancement: Validating IoT cloud-based 

services is necessary to ensure providing good services that meet the customers’ 

expectations. 

     IoT can utilize numerous cloud platforms with different capabilities and strengths such as 

ThingWorx, OpenIoT, Google Cloud, Amazon, GENI, etc. For example, Xively (formerly 

known as Cosm and Pachube) represents one of the first IoT application hosting service 

providers allowing sensor data to be available on the web. Xively aims to connect devices to 
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applications securely in real-time. Xively provides a Platform as a Service (PaaS) solution 

for the IoT application developers and service providers. It can integrate devices with the 

platform by ready libraries. It could also integrate with other platforms using Java, JS, 

Python, and Ruby libraries. The automated parking lot presented is a sample of using Xively 

to implement IoT applications. Some of the features that made Xively one of the preferred 

cloud-based service providers for IoT service offerings are: 

i. Open source, free and easy to use as it exposes accessible Application Programming 

Interfaces (APIs). 

ii. Interoperability with many protocols, environments, and its ability to manage real-

time sensors and distribute data in numerous formats such as JSON, XML and CSV. 

iii. Enables users to visualize their data graphically in real-time using a website to 

monitor activities based on data sensors. Also, it enables users to control sensors 

remotely by modifying scripts to receive an alert. 

 

Table 2.2: IoT Cloud Platforms and Their Characteristics. (Source: (Alptekyn & Alptekin, 

2018), “A framework for customer-oriented IoT product design” 2018) 

iv. Supported by many Original Equipment Manufacturers (OEM) like Arexx, Nanode, 

OpenGear, Arduino, and mBed. 
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     Table 2.2 summarizes some characteristics of several publicly available Cloud platforms 

for IoT (in the table, “+” stands for support and “−” stands for lack of support) (Alptekyn & 

Alptekin, 2018). The evaluation metrics include: supporting gateway devices to bridging the 

short-range network and wide area network, supporting discovery, delivery, configuration 

and activation of applications and services, providing proactive and reactive assurance of 

platform, support of accounting and billing of applications and services, and finally support 

of standard application protocols. All the platforms support sensing or actuating devices, a 

user interface to interact with devices, and a web component to run the business logic of the 

application on the cloud. Also, none of them supports the DDS protocol. 

 

iii. Fog Computing in Support of IoT 

    Fog Computing (a.k.a. cloudlets or edge computing) can act as a bridge between smart 

devices and large-scale cloud computing and storage services. Through fog computing, it is 

possible to extend cloud computing services to the edge devices of the network. Because of 

their proximity to the end-users compared to the cloud data-centers, fog computing has the 

potential to offer services that deliver better delay performance. It should be emphasized here 

that, typically there is a significant difference in scale between the fog and the cloud such 

that the cloud has massive computational, storage and communications capabilities compared 

to the fog (Pan & Zhang, 2021). Figure 2.4 illustrates the roles that the cloud data-centers 

and the cloudlets (fog computing) play to deliver IoT services to end-users. Mobile network 

operators are the potential providers of fog computing since they can offer fog services as 

one of IaaS, PaaS, or SaaS models to the enterprise businesses by providing services at their 

Service network or even cell tower (Al-Fuqaha et al., 2015). 
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Figure 2.4: The role of the cloud and fog resources in the delivery of IoT services. (Source: 

Internet of Things: A Survey on Enabling Technologies, Protocols, and Applications. Ala 

Al-Fuqaha, 2015) 

Fog computing can serve as an optimal choice for the IoT designers for the following 

features: 

i. Location: Fog resources are positioned between smart objects and the cloud data-

centers; thus, providing better delay performance.  

ii. Distribution: Since fog computing is based on “micro” centers with limited storage, 

processing and communication capabilities compared to the cloud, it is possible to 

deploy many such “micro” centers closer to the end-users as their cost is typically a 

small fraction compared to cloud data-centers.  

iii. Scalability: Fog allows IoT systems to be more scalable such that as the number of 

end-users increase, the number of deployed “micro” fog centers can increase to cope 

with the increasing load. Such an increase cannot be achieved by the cloud because 

the deployment of new data-centers is cost prohibitive.  

iv. Density of devices: Fog helps to provide resilient and replicated services. Mobility 

support: Fog resources act as a “mobile” cloud as it is located close to the end-users.  

v. Real-time: Fog has the potential to provide better performance for real-time 

interactive services. Standardization: Fog resources can interoperate with various 

cloud provides.  



33 
 

vi. On the fly analysis: Fog resources can perform data aggregation to send partially 

processed data as opposed to raw data to the cloud data-centers for further processing. 

     Therefore, fog computing has the potential to increase the overall performance of IoT 

applications as it tries to perform part of high-level services which are offered by cloud inside 

the local resources. 

 

v. Mobile Phone for Supporting IoT 

    A mobile device (e.g., tablet or laptop) is a portable device with an operating system (OS) 

that can run applications, such as business, enterprise resource-planning, and finance 

applications. Most portable devices are equipped with Wi-Fi, Bluetooth, Near-Field 

Communication (NFC), and Global Positioning System (GPS) capabilities that allow 

connections to the Internet and other devices. Mobile devices can also be used to provide 

location-based services (Abbas et al., 2020). Smartphones and personal digital assistants are 

suitable for users who want to utilize some of the conveniences of a traditional PC at a 

location where moving one would be impractical. Digital business partners can further 

enhance the accessible components for business users by integrating data capture devices, 

such as barcode, RFID, and smart card readers (Rajeswari & Anbalagan, 2020). Nevertheless, 

mobile devices are vulnerable to threats and attacks, such as tracking, corruption, and 

deletion. 

 

vi. Internet 

    The Internet is the global arrangement of interconnected computers that uses the traditional 

Internet protocol (IP) suite (TCP/IP) to connect billions of devices globally. This arrangement 

consists of a network of networks, such as private, public, academic, business, and 

government networks, from a local to a worldwide scope that are connected by an extensive 

collection of electronic, wireless, and optical networking technologies. A broad range of 

information and services are provided by the Internet, such as the connection between 

hypertext files and the World Wide Web application, e-mail, communication, and distributed 

systems for document sharing (Mahmud et al., 2018). The Internet communication 
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framework consists of hardware components and software layers that control various aspects 

of the framework. The Internet serves as a platform for millions of constrained devices 

connected to communicate and share resources (Alaba et al., 2017). However, the Internet is 

exposed to several common security and privacy challenges, such as confidentiality 

encryption, viruses, cyberbullying, hacking, identity theft, reliability, integrity, and consent. 

 

vii. Sensor Gateway 

    Sensor gateways deal with wireless network and collective data from various distributed 

WSN nodes. Every gateway includes a 2.4 GHz IEEE 802.15.4 radio for communication. 

WSN involves the collection of dedicated transducers with a communication framework for 

checking and recording the conditions of any sensor device at different positions/locations. 

The following parameters are checked regularly: temperature, humidity, pressure, wind 

direction and speed, light strength, vibration strength, sound strength, power-line voltage, 

chemical concentrations, pollutant levels, and dynamic body functions. The wireless 

communication channel involves radio communication, transmitters, and receivers for the 

data exchange between two or more devices. This channel enhances user access, network 

expansion, mobility, and collaboration. Nevertheless, this channel leads to several threats and 

attacks, such as misconfiguration, hacking, signal lost, DoS, war dialing, protocol tunneling, 

man-in-the-middle attack, interruption interception, and modification fabrication (Y. Li et 

al., 2012). Table 2.3 compares the IoT communication channels from a security perspective 

with focus on the most common technologies used in the IoT, such as RFID, sensor nodes, 

and sensor gateways. 

Table 2.3: Comparison of IoT communication channel regarding security 

Type of Security RFID Sensor Nodes Sensor Gateway 

Encryption Weak Fair None  

Authentication Fair Strong Strong 

Authorization Fair Strong Strong  

Privacy Fair Fair Weak 
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2.5 Challenges of Implementing IoT in Construction Projects 

     IOT has been extensively applied in different fields such as consumers, commercial and 

infrastructure (Lee & Lee, 2015). In the construction sector, it is difficult to adopt and 

embrace new technology because of the complexity of construction projects and the high 

risks of failure, which constrains the application. Despite all these difficulties, IOT has been 

used in the construction industry, and one of the leading applications are monitoring and 

controlling of project executions in a different type of projects such as bridges, railways, 

tunnels, onshore and offshore facilities (Ghimire et al., 2017). Further, it has been used to 

monitor building performance during disasters, real-time safety warnings and risk detections. 

Chandanshive and Kazi (2017) investigated the wide range of IOT applications in 

construction, which includes the design of smart cities, smart dwelling and smart 

transportation. The BIM engineering US (2018) highlighted the most widespread 

applications of IOT in the construction industry as follows:  

i. Preventive Maintenance: This is important for machineries on site where any 

breakdown is monitored by the embedded system and sensor in the machine to report 

any need of fix that requires maintenance.  

ii. Reduction Of Admin Expenditure: By offering data driven choice that helps to 

produce accurate forecast whereby the data are used to make fast and precise 

decisions  

iii. Real Time Monitoring and Observation: The information attained from sensors and 

embedded systems can be used to monitor the process of construction and that also 

helps to produce accurate decision.  

iv. Construction Management: IOT helps to avoid downtime and helps to provide 

advanced communication with all things such as materials and trucks by helping 

decisions makers to cut back the cost overrun that incurred because of the excessive 

use of materials and machinery.  

v. Human Resource Monitoring: IOT helps tracking the labor hours estimated for any 

assignments. Safety On Site: IOT helps to track labor on site and monitor their 

mobility which helps to detect any hazard might occur. 
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      An analytical study of previously published literature related to IOT. They resulted in 

identifying the challenges of implementing IOT, which are described in detail in Table 2.4; 

it illustrates the challenges identified through the study of literature, and the descriptions were 

developed based on these references. These challenges are from different industries 

worldwide and will be numerically evaluated for the case of Malaysian construction industry. 

 

Table 2.4: Research Finding of Implementing IoT in Construction Project. 

Challenges of 

implementing IOT in 

construction projects 

Factors Reference 

Lack of robustness in 

Connectivity  

It refers to the inability of 

existing systems to cope 

with errors while 

functioning. 

(Stankovic, 2014) 

 

 

Interoperability issue Described as the 

incompatibility between 

IOT 

systems and devices and the 

difficulty to communicate 

and share services. It is also 

described as the challenge to 

adopt new systems into the 

application 

(Noura et al., 2019) 

 

Lack of documented 

standards 

 

 

 

Refers to the shortage of 

unified standards which 

shapes the method of IOT 

application 

 

(Al-Qaseemi et al., 2017) 

 

 

 

 

Naming and identity 

management issues 

Naming refers to the scheme 

of identification of computer 

(Zhu & Badr, 2018) 
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Challenges of 

implementing IOT in 

construction projects 

Factors Reference 

across networks and 

resources, whereas identity 

management refers to the 

service provider that 

identifies the resources or 

users in a specific domain 

Lack of safety and security It is the difficulty of 

safeguarding connected 

devices, information, and 

entities of IOT components 

and layers from external 

threat and attacks because of 

the connectivity to the 

internet. 

Hence, IOT is vulnerable to 

constant attacks if not 

protected 

(Babar et al., 2010), (Lee & 

Lee, 2015), (L. Da Xu et al., 

2014), (Kumar et al., 2016) 

  

Lack of data confidentiality 

and encryption 

Described as the 

susceptibility of attacking 

the privacy of data and lack 

of efficient encryption 

methods 

(Matharu et al., 2014) 

(Mahmud et al., 2018) 

(Chahid et al., 2017) 

Big data issue Big data refers to the 

massive volume of data, 

which is complex and 

difficult to understand. 

Hence, in IOT, it is difficult 

(Matharu et al., 2014) 
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Challenges of 

implementing IOT in 

construction projects 

Factors Reference 

to extract the relevant data 

required for certain function 

Improper introduction of 

IOT 

Refers to the improper 

selection of methods used to 

apply IOT in the industry 

 

(Mahmud et al., 2018) 

Inaccuracy of data  The data are extracted from 

big data, which causes 

inaccuracy of data selection 

to execute a certain 

function 

 (Matharu et al., 2014) 

The negative impact on 

society 

IOT has a negative impact 

on the society, whereby it 

prioritizes things over social 

aspects. Furthermore, IOT 

caused seismic 

transformation on all the 

societal norms such as the 

way we communicate, work, 

deal and use the information 

(Gamil et al., 2020) 

(Riggins & Wamba, 2015) 

 

The requirement of extra 

budget to acquire IOT 

technologies 

Companies are required to 

have the extra fund for 

acquiring technology and 

training for their employees 

(Matharu et al., 2014) 

The complexity of use/ 

technology is not user 

friendly 

The IOT deals with big data, 

which makes the process 

more complex to execute 

(Al-Qaseemi et al., 2017) 
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Challenges of 

implementing IOT in 

construction projects 

Factors Reference 

Poor network connectivity Refers to the level of 

connectivity in the targeted 

area where, in most cases, 

the availability of network 

coverage in construction 

sites remains a challenge 

(Mahmud et al., 2018) 

Information privacy issues Described as the lack of 

information security 

because all things are 

connected to the internet, 

which makes them 

vulnerable to external 

attacks 

(Matharu et al., 2014) 

Lack of training centers Refers to the shortage of 

training centers specialized 

in IOT tuition 

(Tang et al., 2019) 

Lack of IOT technology Refers to the unavailability 

of network and technology 

in the construction site 

(Tang et al., 2019) 

Lack of IOT knowledge Refers to the lack of 

educational resources to 

embark IOT knowledge 

(Mahmud et al., 2018) 

Poor collaboration among 

construction parties 

The poor collaboration 

among the project parties 

can be a challenge to 

implement IOT because it 

requires all parties to work 

together 

(Ghimire et al., 2017) 

(Tang et al., 2019) 
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2.6 Augmented Reality 

      Augmented Reality (AR) is a technology that enables the integration of real-time images 

and virtual information using a mobile interface (Zhou et al., 2008). This technology has 

found widespread application in industries such as entertainment, retail, travel, advertising, 

and social communication (Wang et al., 2013). The growing accessibility and affordability 

of AR technology have made its application in the construction industry more viable. 

Simultaneously, the potential of these tools to enhance efficiency and productivity has 

garnered significant interest from the architecture, engineering, construction, and facility 

management (AEC/FM) sector (Golparvar-Fard et al., 2011). In recent AR applications, 

tracking configurations can be categorized into two types: "marker-based" and "marker-less." 

Marker-based tracking relies on the detection of markers that can be reliably identified by 

mobile cameras. These markers are designed to facilitate quick alignment for efficient 

tracking. On the other hand, marker-less tracking configurations enable tracking of various 

targets without the need for markers. This type of tracking can utilize technologies such as 

GPS, orientation, face/image detection, and 3D maps. For the purpose of this research, the 

ID markers tracking configuration is adopted due to its suitability for both outdoor and indoor 

environments. ID markers are 2D markers with a black border that can be easily and reliably 

detected in straightforward applications. 

 

Table 2.5 Augmented Reality (AR) Tools 

Product 

Name 

Manufacturer Supplier Web Link 

Layar Layar www.layar.com/  

Hyperspaces AR-media www.armedia.it/  

Wikitude 

SDK 

Wikitude www.wikitude.com/  

D’Fusion 

Studio 

Total immersion www.t-immersion.com/  

http://www.layar.com/
http://www.armedia.it/
http://www.wikitude.com/
http://www.t-immersion.com/
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2.7 Safety at Work 

      Ensuring a safe and healthy environment for workers is the main collective concern of 

construction companies (Jalaei & Jrade, 2014). It involves both humanitarian and economic 

considerations. In the literature, various applications involving safety and health aspects were 

found. Some of these are presented in the following. 

      Construction may take place in hot weather, where a combination of high temperature 

and high moisture can pose a risk to the workers’ health. An application has been built to 

warn about extreme work conditions (Speed et al., 2015). It uses sensor data including 

moisture, temperature, the workers’ on-site location and their heart rates. A decision 

algorithm based on a neural network also considers the exposure time and basic health data 

of individual workers. 

       Automatic detection of hazardous areas on construction sites may prevent many injuries. 

A new application has been built (Teizer & Cheng, 2015) to compare optimal workers’ paths 

across construction sites (the shortest possible footprints obtained from a BIM model) with 

actual tracking of workers’ paths, with a real-time positioning system. Differences in these 

two paths reveal obstacles and potentially dangerous areas on the site. Consequently, the site 

security plan is continuously updated and does not solely depend on the security engineer. 

      One way to improve security at construction sites is to increase collective knowledge, 

which can be achieved by establishing a social network dedicated to the exchange of data on 

work-related accidents (Van-Tien Dao et al., 2014). The application archives data about falls 

from height and classifies and analyses the data statistically. It can quickly and accurately 

Product 

Name 

Manufacturer Supplier Web Link 

ALVAR VTT Technical Research 

Cenre of Finland 

http://virtual.vtt.fi/virtual/proj2/

multimedia/index.html  

maxReality Vuzix www.vuzix.eu/  

ARToolKit DAQRI ARTruth CO. Ltd http://artoolkit.org/  

BlippAR Blippar Group https://www.blippar.com/  

http://virtual.vtt.fi/virtual/proj2/multimedia/index.html
http://virtual.vtt.fi/virtual/proj2/multimedia/index.html
http://www.vuzix.eu/
http://artoolkit.org/
https://www.blippar.com/
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identify weak points in protecting the life and health of workers at construction sites. The 

integration of smart construction environments with the world wide web is therefore a 

necessity, which contributes to greater safety. 

      Using a similar approach to the smart construction vibrator application, a new application 

has been developed to determine the position of construction elements through ultra-

wideband radio waves (Hwang & Yeo, 2011). In this approach, sensors are positioned on the 

functional parts of the cranes, and the information is used to prevent collisions. 

 

2.8 Green Element Implementation  

      By applying this software at the site, the user would have a great benefit and this 

application also could implement sustainability along with it. Some of the benefits in this 

application are reduce the quantity of paper usage which is sustainable for environment, it 

also could reduce the time and cost consume for completing the inspection work and lastly it 

is easy to handle and work become easier to manage in term of increase the productivity of 

users on construction project.  

 

2.8.1 Sustainable System 

       The implementation of this system will significantly reduce the reliance on paper usage 

by the users. With all the necessary information and details about materials stored within the 

application, the need for paper-based documentation will be greatly diminished. This shift 

towards digital processes and reduced paper usage not only contributes to environmental 

sustainability but also promotes the growth and preservation of trees. 

     By minimizing paper consumption, the application actively supports efforts to conserve 

natural resources and reduce deforestation. The decreased demand for paper contributes to 

the preservation of forests, ensuring their long-term sustainability and protecting the 

biodiversity they harbor. Moreover, by reducing the amount of paper waste generated, the 

application aids in maintaining a healthier environment and promotes improved air quality. 
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      In summary, the utilization of this system reduces paper usage and promotes 

environmental well-being by minimizing deforestation and improving air quality. By 

embracing digital processes and reducing reliance on paper-based documentation, the 

application plays a significant role in supporting a more sustainable and environmentally 

friendly approach to construction and inspection processes. 

 

2.8.2 Time and Cost Management 

      Another significant advantage of using this application is its ability to enhance time 

management for on-site inspection work. By utilizing the application, users can optimize the 

efficiency of their reinforcement bar inspections on beam, reducing the time required for 

these tasks. The user-friendly nature of the application ensures that the inspection process is 

streamlined and straightforward, allowing for quicker and more efficient completion of tasks. 

      Furthermore, the portability of the application enables users to carry it anywhere without 

the fear of misplacing or losing important documentation. This convenience and mobility 

facilitate easy access to information and ensure that the application is readily available 

whenever needed, further contributing to time savings during on-site inspections. 

     Additionally, by reducing reliance on paper-based processes, the application helps in 

minimizing costs associated with paper wastage. The elimination of paper usage not only 

leads to cost savings but also reduces the environmental impact caused by paper production 

and disposal. 

      The researcher believes that the implementation of this system has the potential to 

significantly reduce both time and cost wastage. The efficient and streamlined nature of the 

application, combined with the elimination of paper-based processes, supports improved time 

management and cost-effectiveness in the inspection work. 

      In summary, this application offers time management benefits by optimizing the 

efficiency of on-site inspections. Its portability ensures accessibility and reduces the risk of 

misplacement. Furthermore, the elimination of paper usage not only saves costs but also 

contributes to a more sustainable and environmentally friendly approach. Overall, the system 
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has the potential to reduce time and cost wastage, benefiting users and enhancing the 

efficiency of inspection work. 

 

2.8.3 Improve Productivity 

      Another key benefit of using this system is its ability to enhance work efficiency. By 

utilizing the application, the inspection process becomes more-streamlined and prompt, 

eliminating delays in on-site inspections. This efficiency improvement leads to faster 

completion of tasks, ensuring that projects progress smoothly and meet designated timelines. 

      Furthermore, the application's versatility allows it to be utilized not only by internal staff 

but also by clients and consultants. This inclusivity in usage promotes effective collaboration 

and communication among all stakeholders involved in the project. It enables better 

organization of work processes and ensures that everyone is aligned and working towards 

common goals. 

      The ease of use and accessibility provided by the system contribute to improved work 

performance and productivity. Staff and users will find it easier to carry out their tasks, 

resulting in increased efficiency and output. The systematic nature of the application also 

ensures that work processes follow a structured and organized approach, minimizing errors 

and enhancing overall work quality. 

      In summary, the implementation of this system brings about increased work efficiency 

through prompt inspections and minimized delays. The application's usage by clients and 

consultants promotes better organization and collaboration. The ease of use and accessibility 

positively impact productivity, while the systematic approach ensures a streamlined work 

process. These benefits collectively contribute to improved efficiency, productivity, and 

overall work performance. 
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2.9 Sustainable Technology 

      Sustainable development was coined as a key concept governing development in the “Our 

common future,” which is also known as the Brundtland report (WCED, 1987). Sustainable 

development was defined here as development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs, and subdivides it 

down into three aspects; environmental sustainability, social sustainability, and economic 

sustainability.  

      Over the years the three aspects of sustainability have also evolved from environmental 

sustainability to resource management, social sustainability to design for human, and 

economic sustainability to life-cycle design with relation to building construction industry 

(Sev, 2008). By utilizing the Augmented Reality Application, the construction industry can 

improve the overall quality of work in inspection processes. This technology enables a more 

accurate and efficient examination of construction elements, ensuring that inspections are 

carried out with precision and attention to detail. The application's capabilities in providing 

real-time information and visual aids enhance the accuracy and effectiveness of inspections, 

contributing to improved work quality and adherence to industry standards. 

      Furthermore, the adoption of the Augmented Reality Application aligns with 

sustainability strategies within the construction and property sectors. By utilizing technology-

driven solutions, such as augmented reality, the industry can reduce resource consumption, 

minimize waste, and enhance overall environmental performance. This application offers a 

more sustainable and efficient approach to inspection work, contributing to the industry's 

sustainability goals. 

     In summary, the implementation of the Augmented Reality Application on the Sunway 

Belfield site aligns with sustainability objectives in the construction and property industries. 

The application's use improves work quality by facilitating accurate and detailed inspections. 

Moreover, by leveraging technology, the industry can enhance sustainability practices and 

reduce environmental impact.  
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2.10 Conclusion 

      The building sector is now embracing technology, and construction companies that adopt 

and leverage technology experience increased productivity, improved collaboration, and 

timely project completion within budget. These factors ultimately lead to higher gross 

margins. Conversely, businesses that fail to invest in cutting-edge technologies and solutions 

are at risk of lagging behind their competitors. Construction firms that do not embrace new 

technologies are likely to face challenges and struggle to survive. 

      Furthermore, the digital revolution in the construction industry presents exciting 

opportunities, including gaining a competitive edge, enhancing working conditions, and 

reducing the industry's carbon footprint. The researcher predicts that in the future, the 

adoption of modernization technology will become a requirement for all corporate 

businesses, and the construction industry will reach a point where it is no longer an option 

but a necessity. 

      The adoption of technology in the building sector is proving to be crucial. Construction 

firms that actively develop and utilize technology are experiencing several benefits, such as 

increased production, improved collaboration among teams, and the ability to complete 

projects on time and within budget. These positive outcomes ultimately lead to higher gross 

margins for the firms. 

 

      On the other hand, businesses that neglect to invest in innovative technologies and 

solutions are falling behind their counterparts. The construction industry is evolving rapidly, 

and firms that fail to adapt to these changes are at risk of collapse. 

      Moreover, the digital revolution in the construction industry opens up numerous exciting 

prospects. Embracing technology not only helps companies gain a competitive edge but also 

contributes to improving working conditions for employees and reducing the industry's 

overall carbon footprint. It is predicted that in the future, the adoption of modernization 

technologies will become a mandatory requirement for all corporate businesses. The 

construction industry will reach a point where technological advancements are no longer 

optional, but rather an essential component for success. 
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CHAPTER 3 

 

 

 

METHODOLOGY 

 

 

3.1. Introduction 

      A design process is the process of transforming a brief requirement into a finished product 

or design solution. The design process involves a high level of creativity, but it is controlled 

and directed by the process so that it is channeled towards producing a viable, practical 

solution to the design problem, meeting or exceeding the stated aims of the brief. While 

creativity is important in design, design is an activity that serves both economic and creative 

goals. The design process aids in ensuring that a design meets all these criteria. The process 

is critical for generating many potential solutions and employs a variety of techniques or 

mechanisms that encourage participants to think outside the box in the pursuit of a creative 

or innovative solution (Dong et al., 2021). 

       Many people and organizations have discovered the power of Design Thinking in the 

creation of innovations in recent years. This method combines user perspectives, 
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technological feasibility, and business perspectives to create innovative solutions that go 

above and beyond what is expected. Design Thinking has the potential to change the way we 

work by altering how we think, approach problems, and develop products and services 

(Elsbach & Stigliani, 2018). 

 

3.2 Design Research 

      A researcher's research design is the framework for the methods and techniques he or she 

will use to conduct research. The design enables researchers to focus on research methods 

that are appropriate for the subject matter and to set up researcher studies for success. This 

method is critical for planning any observation. Implementation steps should be monitored 

to identify potential problems. If there is a critical issue that is a major cause of failure in the 

implementation of the work, changes must be made. Following that, control measures must 

be implemented in order to maintain a constant flow. 

Table 3.1 Research Design 

Objectives Method Material 

To identify application of beam 

reinforcement bar information and 

details that can allows users to access 

information on the details of 

reinforcement bar. 

Identify 

Survey 

Interview 

i. Background Company 

ii. 2D Plan of the Building 

iii. Details of 

Reinforcement Bar on 

slab 

iv. Autodesk AutoCad 

To develop a rebar inspection of beam 

application using the Augmented 

Reality Application. 

Develop i. BlippAR 

To validate the effectiveness of 

Augmented Reality Application for 

inspection work construction. 

Survey i. Survey 

ii. Questionnaire 

 

      Furthermore, in order to create a solution, design thinking must be applied in order to 

achieve the desired outcome. Design Thinking is an iterative process in which researchers 
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seek to understand the user, challenge assumptions, and redefine problems in order to identify 

alternative strategies and solutions that may not be immediately obvious based on our initial 

level of understanding. Simultaneously, Design Thinking offers a solution-based approach 

to problem solving. It is a way of thinking and working, as well as a set of practical methods.  

      Design Thinking is based on a strong desire to understand the people for whom the 

researcher is creating products or services. It enables the researcher to observe and develop 

empathy for the target user. Design Thinking assists researchers in the process of questioning: 

questioning the problem, the assumptions, and the implications. Design Thinking is 

extremely useful in tackling ill-defined or unknown problems by re-framing the problem in 

human-centric ways, brainstorming many ideas, and taking a hands-on approach to 

prototyping and testing. Sketching, prototyping, testing, and trying out concepts and ideas 

are all part of Design Thinking. Design Thinking has five stages, which are as follows:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3 Development of Research 

      This study's research framework is design thinking. Figure 3.1 depicts a research 

framework in which the flow of the study considered for this project is depicted. Research 

development is a set of strategic, proactive, catalytic, and capacity-building activities that 

Empathy 

Define 

Ideate 

Prototype 

Testing  

With the users 

Researcher user’s needs, the problem and 

researcher insight. 

by challenging assumptions  

and creating ideas for innovative  

solutions To start creating solution 

Solution 
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assist individual faculty members, teams of researchers, and central research administrations 

in attracting extramural research funding, building relationships, and developing and 

implementing strategies to improve institutional competitiveness. In this section, the 

researcher thoroughly explained how the application worked from the beginning to the end 

of the product. Before beginning the application, it was necessary to create a flowchart design 

to help with understanding. 

 

 

Figure 3.1 Flow of research framework 
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      This study's methodology is divided into several phases, which will be explained in detail. 

In addition, other methods are used to conduct interviews, read the results of literature review 

research studies, create a questionnaire, and preview the project's progress. Throughout the 

project completion process, three phases of methodology will be involved.  

 

For example: 

Phase 1 – Discovery of problems and review of literature 

Phase 2 – Data Collection Method 

Phase 3 – System production (Data Testing, Analysis, and Interpretation of Data) and 

Recommendation and Conclusion. 

 

3.3.1 Phase 1 (Problem Discovery and Literature Review) 

      The most important aspect of this phase is planning the design and analysis of the project 

that will be created. This phase focuses on gathering the information needed for project 

development as well as discussions with the supervisor and mentor. It took at least two weeks 

to complete this phase.  

 

3.3.2 Phase 2 (Method of Data Collection) 

      The main goal of this phase is to analyze and compare the previous and most recent 

applications on the market. The analysis included both the fact-finding technique, the 

questionnaire, and the interview method. The information gathered will be used to create the 

product. 

i. Primary Source 

To obtain difficult facts, the interview and observation were conducted using a questionnaire. 

This interview process is critical to obtain certainty and detailed information about the 

analyzed factors based on survey feedback. This information is gathered through direct 

contact with those involved in construction projects involving contractors and professionals. 
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ii. Secondary Source 

This data emphasizes the importance of this study. Furthermore, these data are required to 

obtain additional information about this study. Additional information obtained as project-

related material. Gather the materials for future reference. 

 

3.3.3 Phase 3 (Method of Data Analysis) 

      Some activities that will be implemented immediately following the completion of the 

entire innovate in the system will be tested to ensure that the software execution is error-free. 

The project's catalogue materials will also be collected.  

 

3.4 System Design and Development 

      The process of designing the components, modules, interfaces, and data for a system in 

order to meet specific criteria is known as system design. The process of creating or altering 

systems, as well as the procedures, techniques, models, and methodologies required to do so, 

is referred to as system development (Holder & Wang, 2021). The researcher revealed all the 

critical breakdowns on how the system was designed and developed in this section. During 

the application's initial launch, this section was taught one by one, including how to sign up 

and how it worked.  

 

3.4.1 System Design 

     Blippar Blippbuilder is a software development kit that enables the creation and execution 

of augmented reality experiences on mobile web browsers. Using WebAR BlippBuilder and 

A-Frame or PlayCanvas, it is simple to develop AR experiences that interact realistically with 

objects and environments. WebAR Blippbuilder is also a class library that interacts with 

several application programming interfaces (APIs) to produce a distinct set of augmented 
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reality and plane detection capabilities that can be implemented into third-party apps. It also 

employs device motion sensors to track and stabilize an item on any surface. 

      Developers may use the WebAR Blippbuilder to build and publish augmented reality 

content in their online environment. While augmented reality allows virtual items to be 

rendered in the real world, WebAR Blippbuilder provides for exact positioning and tracking 

of such elements in order to create an immersive online experience. It is compatible with 

online content standards such as HTML and WebGL that offer 2D and 3D graphics. It may 

use numerous JavaScript-based library and framework capabilities in AR apps (Chrome, 

Safari, etc.) to develop AR on mobile web browsers that comply to web standards.  

      To use the WebAR Blippbuilder will need a License which is log in to personal Google 

Account. This will always be FREE to get started, additionally during our Beta period you 

will also be able to build Unlimited WebAR experiences within your infrastructure viewed 

Unlimited* times. These AR experiences work on every mobile device browser. 

 

 

Sign Up or Login 

 

If already sign up, choose Google 

Account to Login. 
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Once login, you can click on 

‘Create a New Project’ to create 

your augmented reality content. 

 

Give your project a name and 

enter the domain where you will 

host the AR experience. WebAR 

Blippbuilder will always be free 

to get started with, and it is free 

to publish with unlimited views. 
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3.4.2 System Development 

      The rebar inspection application was created step by step to ensure the application's 

success. This application was for users especially Engineers, Inspector of Work (IoW) and 

Site Supervisor to use during beam reinforcement bar inspection work. The steps for using 

Rebar Inspection work are shown in the table below. 

Table 3.2 System Development 

Prototype Explanation 

 

Login to BlippAR. Click ‘Select 

Marker’ tab as shown in the 

image on the left. 

  

 

Click ‘Browse and Upload’ 

markers 

Choose the desired marker you 

wish to upload. It can 

alternatively ‘Drag and Drop’ 

your marker as shown in the 

image above. Up to 3 markers 

images can be tracked one at a 

time. 
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Prototype Explanation 

 

Click ‘Browse and upload’ 

markers or alternatively ‘drag 

and drop’ desired marker in the 

section as shown in image.  

The uploaded markers can be 

seen in the ‘Manage Marker’ 

section. 

Click on the bin icon to delete 

an uploaded marker as shown in 

the image below.  

After that, click Confirm. 

 

Upload all information of the 

Sequence for loading bay. 

 

To preview your project, scan 

the QR Code. 

Scan your photo by clicking on 

the icon. 

Success to access blippAR 

Able to access all information 

that had be upload on BlippAR 
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Prototype Explanation 

 

After Scan the QR Code on your 

Smartphone, it will directly 

access to BlippAR application. 

Click ‘Ok’ on the application to 

continue review the content. 

 

Click ‘Allow’ to access camera 

on that BlippAR application. 



58 
 

Prototype Explanation 

 

Click ‘Allow’ on the screen to 

continue preview the content in 

the application. 

 

3.5 Architecture Diagram 

The Architecture Design of this application is created by using Excel. 

 

 

. 

 

 

 

 

 

 

Figure 3.2 Architecture Diagram of the Application 
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3.6 Testing of Product 

      Rebar Inspection using Augmented Reality Application has been invented to enable users 

to be tested. The Rebar Inspection using Augmented Reality Application was specifically 

designed to undergo a trial period to assess its effectiveness among company staff and other 

relevant individuals who can utilize the product for testing purposes. This trial period allows 

the application to be employed in real-world scenarios, enabling users to provide valuable 

feedback and insights regarding its efficiency.  

      In order to assess the effectiveness of the application, participants were invited to 

participate in an online survey that was meticulously crafted to collect data on multiple facets 

of the application's performance and usability. The primary objective of the survey was to 

gauge how well the application addresses the company's problem and whether it provides 

satisfactory outcomes in comparison to existing methods. By utilizing both pre and post 

methods, a thorough evaluation of the innovation was conducted, ensuring precise and 

reliable results. 

       The survey primarily centered around key aspects such as the application's user-

friendliness, usefulness, attitudes towards adopting technology, and intentions to use the 

Rebar Inspection using Augmented Reality Application. These variables were derived from 

the reputable Technology Acceptance Model (TAM) questionnaire, a widely recognized tool 

for evaluating users' acceptance and adoption of new technologies. By collecting feedback 

from participants, the company can acquire valuable insights into the application's strengths, 

weaknesses, and areas that require improvement. This feedback can subsequently be 

employed to refine and enhance the application, thereby increasing its effectiveness in 

addressing the specific problem it aims to solve. 

       In order to ensure that the Rebar Inspection using Augmented Reality Application meets 

the expectations and requirements of users, conducting a trial period and gathering feedback 

through an online survey is of utmost importance. This approach allows for the identification 

of any potential issues or challenges that need to be addressed before the application is fully 

implemented. 
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        In conclusion, the trial period and subsequent online survey are vital steps in evaluating 

the effectiveness of the Rebar Inspection using Augmented Reality Application. By involving 

company staffs and other relevant individuals, their feedback and experiences provide 

valuable insights into the application's usability and efficiency. This feedback-driven 

approach ensures that the final product is customized to address the specific needs of the 

company and effectively resolves the identified problem. 

 

3.7 Data Collection and Analysis 

     The product was tested using online questionnaire. This product was developed using 

BlippAR and were tested among 13 employees from Sunway Construction SDN BHD, 

TYlin, IRC Builder, Primetech, IDH, Potential SDN BHD, and CSBS SDN BHD. They are 

consisting of engineer, site supervisor, inspector of work. The questionnaire was adapted 

from Technology Acceptance Model by Davis (1988). Technology Acceptance Model 

(TAM; Davis, 1989) has been one of the most influential models of technology acceptance, 

with two primary factors influencing an individual’s intention to use new technology: 

perceived ease of use and perceived usefulness (Granić & Marangunić, 2019). The sample 

size was determined using Krejcie and Morgan Table (1970) whereby for population of 13 

respondents, 13 samples were adequate. TAM seeks to explain and predict individuals' 

acceptance and adoption of new technologies based on their perceived usefulness and 

perceived ease of use. The model has been widely used in the field of information systems 

and technology research to understand users' attitudes and behaviors towards technology. 

The key components of the Technology Acceptance Model (TAM) are as follows: 

i. Perceived Usefulness (PU): This component refers to the user's perception of how 

much a particular technology or application can enhance their job performance or 

productivity. It assesses the extent to which users believe that using the technology 

will be advantageous to them. 

ii. Perceived Ease of Use (PE): This component evaluates the user's perception of how 

easy it is to learn and use the technology. It measures the user's belief regarding the 

simplicity of operating the technology and the ease with which they can become 

proficient in using it. 



61 
 

iii. Attitudes Towards Technology Adoption (ATU): This component focuses on the 

user's general attitude towards adopting new technologies. It assesses their openness 

and willingness to try new technologies and their belief in the potential benefits that 

can be derived from adopting them. 

iv. Behavioral Intention to Use (IU): This component measures the user's intention to use 

the technology in the future. It assesses their willingness to use the technology on a 

regular basis and their intention to recommend it to others. 

 

       These components are interrelated, and they collectively contribute to the user's 

acceptance and adoption of a new technology. The TAM provides a framework to understand 

and predict user behavior towards technology by considering these key components. TAM 

has gained significant popularity in studying the acceptance and adoption of various 

technologies, ranging from software applications and e-commerce systems to mobile apps 

and more. Over the years, researchers have extended and modified TAM by incorporating 

additional factors and variables to better explain users' attitudes and behaviors towards 

technology. This framework proves invaluable in understanding technology acceptance, 

thereby aiding the design, development, and implementation of new technologies to enhance 

user adoption.  

       To determine the appropriate sample size, researchers referred to the Krejcie and Morgan 

Table (1970), which recommended a sample size of 15 for a population of 15 respondents. 

Additionally, a simulation study conducted by De Winter (2013) demonstrated that using a 

regular t-test with extremely small sample sizes does not pose any fundamental objections. 

Notably, De Winter emphasized that even a sample size as small as 2 can be used without 

significant issues.  

      The researchers opted to collect data for their study by utilizing a Google form. This 

method allowed them to provide the respondents with a user-friendly and convenient 

platform to complete the questionnaire. After the data collection phase, the researchers 

extracted the collected data from Microsoft Excel software for further analysis. To analyze 

the data, they chose to employ Paired T-test software, which was accessible through a 

statistical analysis online software. The selection of Paired T-test software was based on its 
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efficiency and user-friendly features, enabling the researchers to derive meaningful insights 

and actionable conclusions from the collected data. 

       The analysis process involved several steps, starting from extracting the data from 

Microsoft Excel and proceeding to perform the Paired T-test analysis using the designated 

software. This statistical analysis will provide a comprehensive assessment of the 

application's effectiveness by comparing the responses before and after the implementation 

of the Rebar Inspection using Augmented Reality Application. By employing this 

methodology, the researchers aim to gather valuable data on the usability and effectiveness 

of the application. The questionnaire served as an essential instrument for data collection, 

providing insights into the participants' perceptions and acceptance of the new technology. 

 

3.8 Identifying Application for Beam Reinforcement Bar  

      The purpose of the Rebar Inspection Using Augmented Reality application is to simplify 

the tasks previously performed through conventional methods and provide real-time updates 

on a mobile device. In the past, engineers, supervisors, and consultants had to conduct 

inspection of beam by using traditional methods such as refer to 2D drawing on A3 size of 

paper. These methods were time-consuming and non-sustainable resulting in delays in 

processing casting or addressing any issues related to the accuracy of reinforcement bar in 

beam. This inefficient process lacked systematicity and was not suitable for long-term use. 

To address these challenges, the Rebar Inspection Using Augmented Reality application was 

designed as a solution, streamlining communication, and providing a systematic approach to 

conducting inspection in construction site.  
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Figure 3.3: Flowchart of Design Rebar Inspection using Augmented Reality Application 

using BlippAR. 

       The Rebar Inspection Using Augmented Reality application provides engineers, site 

supervisor and other relevant stakeholders with convenient access to information regarding 

the reinforcement bar details. By utilizing this application, time can be saved, and project 

delays can be minimized since all tasks related to the mega column work and casting progress 

can be efficiently pre-planned. Furthermore, the application empowers users to ensure the 

accurate completion of required tasks. Real-time results can be seamlessly accessed while 

working on the construction site, enabling users to effectively track and monitor progress. 
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3.9 Developing Rebar Inspection Using Augmented Reality Application via BlippAR 

      BlippAR is an Augmented Reality (AR) application that offers an immersive and 

interactive user experience. It allows users to overlay digital content, such as 3D models, 

videos, or animations, onto the real world through their mobile devices or AR-enabled smart 

glasses. BlippAR utilizes computer vision technology to recognize and track objects or 

markers in the physical environment, enabling the seamless integration of virtual elements 

into the user's surroundings.  

       The application has various applications across industries, including marketing, 

advertising, education, and entertainment. It enables brands to create engaging AR 

campaigns and experiences, allowing consumers to interact with products and access 

additional information or promotional content. In the educational realm, BlippAR 

Buildbuilder can be utilized to enhance learning by providing interactive and visual 

explanations of complex concepts.  

      BlippAR offers a user-friendly interface and intuitive controls, making it accessible to a 

wide range of users. It leverages the power of AR to bridge the gap between the physical and 

digital worlds, opening new possibilities for immersive and interactive experiences. 

Table 3.3 Rebar Inspection Using Augmented Reality Application Design 

Prototype Explanation 

 

Login to BlippAR. Click ‘Select 

Marker’ tab as shown in the 

image on the left. 
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Prototype Explanation 

 

Click ‘Browse and Upload’ 

markers 

Choose the desired marker you 

wish to upload. It can 

alternatively ‘Drag and Drop’ 

your marker as shown in the 

image above. Up to 3 markers 

images can be tracked one at a 

time. 

 

Click ‘Browse and upload’ 

markers or alternatively ‘drag 

and drop’ desired marker in the 

section as shown in image.  

The uploaded markers can be 

seen in the ‘Manage Marker’ 

section. 

Click on the bin icon to delete 

an uploaded marker as shown in 

the image below.  

After that, click Confirm. 

 

Upload all information of the 

Sequence for loading bay. 
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Prototype Explanation 

 

To preview your project, scan 

the QR Code. 

Scan your photo by clicking on 

the icon. 

Success to access blippAR 

Able to access all information 

that had be upload on BlippAR 

 

 

After Scan the QR Code on your 

Smartphone, it will directly 

access to BlippAR application. 

Click ‘Ok’ on the application to 

continue review the content. 
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Prototype Explanation 

 

Click ‘Allow’ to access camera 

on that BlippAR application. 

 

Click ‘Allow’ on the screen to 

continue preview the content in 

the application. 
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Prototype Explanation 

 

The first preview will show this 

content which has 3 zoning 

areas and for google form. 

1. Zone 1 (Units B, E, and C) 

2. Zone 2 (BM, EM, and CM 

Units) 

3. Zone 3 (Unit D, A1, A2 and 

DM) 

4. Google form after checking. 

 

Click on Zone 1 button, it will 

directly show this content which 

is showing the type of units. 
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Prototype Explanation 

 

Click on button “Unit E” and all 

the beam detailing will pop up 

just as shown in the picture. 

 

Click on the beam detailing 

button, it will directly show all 

the information needed for the 

beam.  

Click “Home button” when 

inspection for the beam is done. 
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3.10 Evaluating the effectiveness of the Rebar Inspection Using Augmented Reality 

Application 

       The final product underwent testing through an online questionnaire. The product was 

developed using BlippAR Buildbuilder and was tested among a group of 13 employees from 

Sunway Construction SDN BHD, including engineers, site supervisors, construction 

managers, and consultant. The purpose of the testing was to identify areas for improvement 

in the conducting inspection for beam reinforcement bar. The surveys were conducted with 

the 13 respondents, and the results obtained will be presented in a comprehensive manner 

through tables, graphs, and figures, highlighting key information and providing a thorough 

analysis of the study. 

       The questionnaire utilized in this study consisted of four sections: Section A, Section B, 

Section C, and Section D. Section A gathered demographic information from the 

respondents. Section B focused on questions related to the effectiveness categories. Section 

C assessed the perceived ease of use of the technology. Lastly, Section D explored the 

intention to use the technology. 

         The questionnaire employed in this study was based on the well-known Technology 

Acceptance Model (TAM) proposed by Davis in 1989. TAM is widely used for 

understanding the acceptance of new technologies, with a particular emphasis on two key 

factors: perceived ease of use and perceived usefulness, which both influence an individual's 

intention to use a new technology. The variables measured in this study align with TAM, 

including perceived ease of use, perceived usefulness, attitude towards using technology, and 

behavioral intention to use. 

         The sample size for this study was determined based on the Krejcie and Morgan Table 

from 1970. As the population consisted of 16 respondents, a sample size of 16 was deemed 

adequate. Therefore, all individuals in the population were included in the study. 

Furthermore, a simulation study conducted by De Winter in 2013 showed that even with very 

small sample sizes, such as 2, there were no significant issues when using a regular t-test.  
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         The subsequent section of the questionnaire delved into the demographic data, 

providing background information about the respondents. This section comprised five items, 

including: 

i. Gender 

ii. Age Group 

iii. Organization 

iv. Designation 

v. Work Experience 

 

i. Gender 

Table shows the number of respondents who obtained in this study. The total number of 

respondents was about 13 persons. Table 3.4 and Figure 3.4 below show the number of 

respondents by gender.  

Table 3.4: The number of respondents by gender 

No  Gender No respondent Percentage (%) 

1 Male  13 100% 

2 Female  0 0% 

Total 13 100% 

 

              

Figure 3.4 The number of respondents by gender 
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     Out of the total respondents, 13 individuals were male, while there is no respondent from 

female. This translates to a percentage rate of 100% for male respondents and 0% for female 

respondents. The data clearly indicates that there was a higher representation of male 

respondents in the construction site compared to female respondents. 

 

ii. Age Group 

    Table presents the age categories of the respondents who participated in this study. The 

researchers categorized the respondents into four age groups to ensure effective data analysis 

and to better understand the demographic distribution at the construction site. The 

corresponding percentages based on age can be observed in Table 3.5 and Figure 3.5. 

 

Figure 3.5 The number of respondents by age 
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Table 3.5 The number of respondents by age 

No  Gender No respondent Percentage (%) 

1 20 - 30 2 15.4% 

2 31 – 40 7 53.8% 

3 41 - 50 4 30.8% 

4 51 - 60 0 0% 

5 61 and above 0 0% 

Total 13 100% 

 

      Through the findings, the high percentage is the range of 31-40 years representing 53.8%. 

The percentage of 41-50 years of age was reduce by 3 person and age group 20-30 years only 

with the percentage of 15.4%. 

 

iii. Organization 

      Table 4.4 below show the number of respondents organization that involved in this 

construction. The total was 13 persons. Table 3.6 and figure 3.6 below show the number of 

respondents by every organization. 

 

Table 3.6 The number of respondents by organization 

No  Organization No respondent Percentage (%) 

1 Sunway Construction 2 15.4% 

2 TYlin  4 30.8% 

3 IRC 2 15.4% 
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No  Organization No respondent Percentage (%) 

4 CSBS SDN BHD 1 7.7% 

5 Primetech 1 7.7% 

6 Potential 2 15.4% 

7 IDH 1 7.7% 

Total 13 100% 

 

    

Figure 3.6 The number of respondents by organization 

 

      Based on this finding, the high percentage of respondents is TYlin that interest in this 

product. The range of respondents for TYlin is 30.8% followed by Sunway Construction, 

IRC and Potential 15.4%. This showed that 2 organizations quite interested in this product. 
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iv. Designation 

     The third item in the demographic data is the position at construction site, where there are 

various positions of Project Engineer, Resident Engineer, Site Supervisor, and Inspector of 

Work (IOW) where is responsibility and follow up the progress of Rebar Inspection 

Application. Figure 3.7 and Table 3.7 below appointment pie chart illustration and table. 

Table 3.7 The number of respondents by designation 

No  Designation No respondent Percentage (%) 

1 Director/Manager 0 0.0% 

2 Inspector of Work 5 38.5% 

3 Project Engineer/Resident 

Engineer/Executive/Coordinator 

4 30.8% 

4 Site Supervisor 4 30.8% 

Total 13 100% 

 

            

Figure 3.7 The number of respondents by designation 
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      In Table 3.7 above, the number of respondents is an Inspector of Work with the majority 

registering a as much as 38.5%. Followed by the Project Engineer/Resident 

Engineer/Executive/Coordinator and Site Supervisor which has the percentage of 25%.  

 

v. Work Experience 

The last item for section A in the demographic data is the duration of current position, where 

there is various duration of current positions of less than 1 year, 2-5 years, 6-10 years, ≥11 

years, and more than 1 year. Figure 3.8 and Table 3.8 below appointment pie chart illustration 

and table. 

Table 3.8 The number of respondents by work experience 

No  Work Experience No respondent Percentage (%) 

1 Less than 1 year 0 0% 

2 2-5 years 7 43.8% 

3 6-10 years 8 50% 

4 More than 11 years 1 6.3% 

Total 13 100% 

 

         

Figure 3.8 The number of respondents by work experience 
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3.11 Conclusion 

      The concluding chapter of the study focuses on the information and data collection 

strategy employed, summarizing the findings of the data analysis. It highlights details such 

as the study's location, the characteristics of the respondents, the research techniques utilized, 

and the interpretation of the collected data. Moreover, it emphasizes the progress made 

throughout the review process, particularly in terms of digital utilization, suggesting that the 

current state of digital use is superior to previous practices. Overall, the chapter underscores 

the preference for digital utilization and its advantages over traditional approaches.  

       Considering modern technology, the present method of identifying issues with rebar 

inspection via WhatsApp and dealing with irrelevant communications is evidently not 

beneficial, as indicated by the findings of surveys and interviews conducted. Furthermore, it 

is recommended that all industries, including the construction sector, adopt technology to 

support human efforts. Applications have proven to be valuable in enhancing established 

practices by significantly improving productivity, efficiency, and time management. The 

subsequent chapter will present a comprehensive explanation of the data analysis conducted 

in the study. 
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CHAPTER 4 

 

 

 

RESULT 

 

 

4.1 Introduction 

      The chapter primarily centers on data analysis, result interpretation, and discussions 

pertaining to the research project. The main goal of the project is to improve project 

management by enhancing the planning process for site work inspection. To accomplish this 

objective, the researchers have created the Rebar Inspection Using Augmented Reality 

Application, which functions as a solution to offer access to information concerning the 

specifics of reinforcement bar in beam. The project's specific objectives are outlined as 

follows: 

i. Designing the Rebar Inspection Using Augmented Reality Application: The 

researchers aimed to design an application that enables users to access information 

related to site work inspection. This involves creating an intuitive and user-friendly 

interface that provides relevant details and updates. 

ii. Developing the Rebar Inspection Using Augmented Reality Application: The project 

involves the development of the Rebar Inspection Using Augmented Reality 

Application using the BlippAR Website. The researchers would have worked on 
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implementing the necessary features and functionalities to ensure the application 

meets the requirements and objectives outlined. 

iii. To evaluate the effectiveness of the Rebar Inspection Using Augmented Reality 

Application, the researchers conducted a usability evaluation. It is probable that they 

utilized a survey based on the Technology Acceptance Model (TAM) questionnaire, 

which included variables such as perceived ease of use, perceived usefulness, attitude 

towards technology usage, and behavioral intention to use. The collected data from 

the evaluation were then subjected to statistical analysis, including paired t-tests and 

mean comparisons, to assess the effectiveness of the application compared to existing 

methods. 

 

      By achieving these objectives, the researchers aimed to offer a comprehensive and 

efficient solution for effectively conduct inspection in construction projects. The 

implementation of the Rebar Inspection Using Augmented Reality Application is anticipated 

to enhance coordination, streamline access to information, and improve accuracy installation 

of reinforcement bar in beam. 

 

4.2 Data Analysis 

     Next, the following section discussed the concerns with the previous conventional 

method. Respondents were instructed to circle the appropriate scores on a scale of 5 to 1. The 

scoring scale was as follows: 

i. Strongly agree - 5 

ii. Agree - 4 

iii. Slightly agree - 3 

iv. Disagree - 2 

v. Strongly disagree – 1 

 

      Section B of the Pre- FYP questionnaires included questions about respondent’s attitudes 

toward the existing method of Rebar Inspection work. Table 4.1 below contains the data for 
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Section B of the Pre-FYP questionnaires. Questions 1 (P.U 1) through 4 (P.U 4) collected 

information on the perceived effectiveness of the existing traditional procedure. According 

to the findings, most respondents believe that the present traditional strategy is ineffective. 

In response to question 1 (P.U 1) 7.1% of respondents slightly agree with the existing 

customary procedure, with % strongly disagreeing. For question 1 (P.U 2), 7.1% of 

respondents slightly agree, with 42.9% disagreeing. In response to question 1 (P.U 3), 14.3% 

of respondents slightly agree, with 21.4% disagreeing. Finally, for question 1 (P.U 4), 7.1% 

of respondents slightly agree, with 25% disagreeing and 8.3% strongly agree. This 

demonstrates that the current standard method is ineffective. 

      Questions 2 (P.E.U 1) to 2 (P.E.U 4) collected information on the existing method's 

perceived ease of use. According to the findings, the majority respondents believe that the 

present traditional strategy is ineffective. For issue 2 (P.E.U 1), 14.3 % of respondents 

slightly agree with the existing conventional procedure, 37.5% disagree and 21.4% strongly 

disagree. For question 2 (P.E.U 2), 42.9% of respondents disagreed that learning to utilize 

the existing method would be simple for users, while 7.1% is slightly agreed. For issue 2 

(P.E.U 3), 66.7% of respondents slightly agree, with 14.3% disagreeing that the interaction 

with the existing technique was obvious and intelligible. Finally, for issue 2 (P.E.U 4), 37.5% 

of respondents disagree, while 21.4% strongly disagree and 14.3% strongly agree that it 

would be straight forward for users to manage their project using existing methods. 

      Questions 3 (I.U 1) through 3 (I.U 3) collected information on the intention to employ 

the existing conventional approach. According to the findings, the majority respondents 

believe that the present traditional strategy is ineffective. In response to question 3 (I.U 1), 

42.9% of respondents disagree with the existing customary procedure, while 37.5% slightly 

agree and 14.3% agree. For question 3 (I.U 2), which is whether the user will utilize the 

existing method frequently, 37.5% disagree, while the remaining 21.4% strongly disagree 

and 14.3% strongly agree. Finally, on question 3 (I.U 3), 28.6% of respondents disagree, with 

21.4% agree and 21.4% strongly agree. This demonstrates that people have little intention of 

using the existing method due to its complexities and are exploring for alternatives. 

     Questions 4 (A.U 1) to 4 (A.U 4) gave information on the current conventional method's 

actual application. According to the data, the majority respondents believe that the existing 
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traditional procedure is unsuitable for practical application. For question 4 (A.U 1), Existing 

approach makes work more fascinating, 42.9% of respondents disagree with the existing 

conventional way, 37.5% slightly agree. 35.7% disagree with question 4 (A.U 2), while 

14.3% strongly agree with the Working with Existing Method is Fun. In response to question 

4 (A.U 3), 42.9% of respondents disagree, while 14.3% agree. Finally, 14.3% of respondents 

strongly agree and agree with question 4 (A.U 4), while 7.1% slightly agree and 35.7% 

disagree and 28.6% strongly disagree. This proves that the existing conventional system is 

unsuitable for actual application, and an alternative is required to prepare progress of mega 

column work on the construction site. 

 

Table 4.1 Existing Method Survey Data 

No. Survey to identify 

effectiveness of Existing 

method on Project 

management at a 

construction site. 

Strongly 

Agree 

 

 

 

(5) 

Agree 

 

 

 

 

 

 

(4) 

Slightly 

Agree 

 

 

 

(3) 

Disagree 

 

 

 

 

(2) 

Strongly 

Disagree 

 

 

 

(1) 

1 Using existing method would 

enhance my effectiveness in 

work (P.U 1) 

14.3% 28.6% 7.1% 35.7% 14.3% 

1 Using the existing method 

would improve my 

performance in work (P.U 2) 

7.1% 35.7% 7.1% 42.9% 7.1% 

1 Using existing method would 

increase my productivity (P.U 

3) 

21.4% 21.4% 14.3% 28.6% 7.1% 

1 I found the existing method 

useful (P.U 4) 

14.3% 14.3% 7.1% 35.7% 28.6% 

2 I found existing method easy 

to use (P.E.U 1) 

7.1% 21.4% 14.3% 35.7% 21.4% 

2 Learning to use Existing 

method would be easy for me 

(P.E.U 2) 

7.1% 28.6% 7.1% 42.9% 14.3% 
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No. Survey to identify 

effectiveness of Existing 

method on Project 

management at a 

construction site. 

Strongly 

Agree 

 

 

 

(5) 

Agree 

 

 

 

 

 

 

(4) 

Slightly 

Agree 

 

 

 

(3) 

Disagree 

 

 

 

 

(2) 

Strongly 

Disagree 

 

 

 

(1) 

2 My interaction with Existing 

method was clear and 

understandable (P.E.U 3) 

7.1% 14.3% 35.7% 42.9% 0.0% 

2 It would be easy for me to 

manage my project using 

Existing method (P.E.U 4) 

14.3% 14.3% 14.3% 37.5% 21.4% 

3 I intend to use Existing 

method during my work (I.U 

1) 

7.1% 14.3% 35.7% 42.9% 0.0% 

3 I will use Existing method 

often. (I.U 2) 

14.3% 14.3% 14.3% 37.5% 21.4% 

3 I intend to use Existing 

Method frequently. (I.U 3) 

21.4% 21.4% 14.3% 28.6% 7.1% 

4 Existing method makes work 

more interesting (A.U 1) 

7.1% 14.3% 35.7% 42.9% 0.0% 

4 Working with Existing 

method is fun. (A.U 2) 

14.3% 14.3% 7.1% 35.7% 28.6% 

4 I feel comfortable using 

Existing method (A.U 3) 

7.1% 14.3% 35.7% 42.9% 0.0% 

4 I look forward to those 

aspects of my job that require 

me to use existing method 

(A.U4) 

14.3% 14.3% 7.1% 35.7% 28.6% 

 

 

       Section B of the Post - FYP questionnaire included questions about respondents' 

satisfaction with using the Rebar Inspection Using Augmented Reality Application to access 

information on the details of site preparation at the construction site. Table 4.2 below contains 

the data for Section B of the Post - FYP questionnaire. Questions 1(P.U 1) through 1 (P.U 4) 
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collected information on the perceived usefulness of accessing the Rebar Inspection Using 

Augmented Reality Application to get information on the intricacies of site preparation 

planning. According to the data, the majority respondents believe that the Rebar Inspection 

Using Augmented Reality Application is advantageous to project management on the 

construction site. For question 1 (P.U 1), 92.3% of respondents strongly agree with the Rebar 

Inspection Using Augmented Reality Application and 7.7% agree that the Rebar Inspection 

Using Augmented Reality Application method would improve their work effectiveness. 

Next, for question 1 (P.U 2), which is if using the Rebar Inspection Using Augmented Reality 

Application would boost users' work performance, 76.9% strongly agree, with 23.1% 

agreeing. For question 1 (P.U 3), 69.2% of respondents strongly agree, with 30.8% agreeing 

that adopting Rebar Inspection Using Augmented Reality Application would boost their 

productivity. Finally, for question 1 (P.U 4), 92.3% of respondents strongly agree, with 7.7% 

agreeing. This demonstrates the Rebar Inspection Using Augmented Reality Application’s 

for project management on a construction site. 

       Questions 2 (P.E.U 1) to 2 (P.E.U 4) will offer statistics on the perceived ease of use of 

the Rebar Inspection Using Augmented Reality Application to project management on the 

construction site. According to the data, majority of respondents believe that the existing 

method is ineffective. For question 2 (P.E.U. 1), 84.6% of respondents strongly agree with 

the Rebar Inspection Using Augmented Reality Application, and 15.4% agree think that it is 

simple to use. For question 2 (P.E.U 2), saying that learning to utilize the Rebar Inspection 

Using Augmented Reality Application would be simple for users, the result was 92.3% 

strongly agree, with 7.7% agreeing. All respondents felt that using Rebar Inspection Using 

Augmented Reality Application was obvious and intelligible in response to question 2 (P.E.U 

3). Finally, for question 2 (P.E.U. 4), 92.3% strongly agree, while 7.7% agree believe that it 

would be simple for users to manage their project using Rebar Inspection Using Augmented 

Reality Application. 

        Questions 3 (I.U 1) to 3 (I.U 3) offered information on the aim to use the Rebar 

Inspection Using Augmented Reality Application to allow visitors readily acquire 

information on the project's details and procedure. According to the findings, majority of 

respondents believe that the present key is ineffective. In response to question 3 (I.U. 1), 

92.3% of respondents strongly agree and 7.7% agree with the Rebar Inspection Using 
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Augmented Reality Application. Then, in response to question 3 (I.U 2), all respondents 

agree that they will use the Rebar Inspection Using Augmented Reality Application 

frequently. Finally, for question 3 (I.U 3), 100% of respondents strongly agree think that 

Rebar Inspection Using Augmented Reality Application makes work more fascinating. 

       Questions 4 (A.U 1) to 4 (A.U 4) offered information on how the Rebar Inspection Using 

Augmented Reality Application was used for project management on the construction site. 

According to the data, the majority respondents believe the Rebar Inspection Using 

Augmented Reality Application is adequate for actual use. In response to question 4 (P.U 1), 

100% of respondents strongly agree with the use of Rebar Inspection Using Augmented 

Reality Application, 0% agree, and 0% neither agree nor disagree. In response to question 4 

(A.U 2), 100% strongly agree, while believe that working with Rebar Inspection Using 

Augmented Reality Application is enjoyable. Then, for question 4 (A.U 3), 100% of 

respondents strongly agree with that the users comfortable using the Rebar Inspection Using 

Augmented Reality Application. Finally, all respondents agree to use Rebar Inspection Using 

Augmented Reality Application for question 4 (A.U 4). 100% strongly agree and 0.0% agree. 

This proves that the Rebar Inspection Using Augmented Reality Application system is 

suitable for actual application, and an alternative is required to do inspection work on the 

construction site. 

 

Table 4.2 Feedback after using Rebar Inspection using Augmented Reality 

Application 

No. Survey to identify 

effectiveness of Rebar 

Inspection Using 

Augmented Reality 

Application 

Strongly 

Agree 

 

 

 

(5) 

Agree 

 

 

 

 

 

 

(4) 

Natural 

 

 

 

 

(3) 

Disagree 

 

 

 

 

(2) 

Strongly 

Disagree 

 

 

 

(1) 

1 Using Rebar Inspection 

using Augmented Reality 

Application would enhance 

92.3% 7.7% 0.0% 0.0% 0.0% 
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No. Survey to identify 

effectiveness of Rebar 

Inspection Using 

Augmented Reality 

Application 

Strongly 

Agree 

 

 

 

(5) 

Agree 

 

 

 

 

 

 

(4) 

Natural 

 

 

 

 

(3) 

Disagree 

 

 

 

 

(2) 

Strongly 

Disagree 

 

 

 

(1) 

my effectiveness in work 

(P.U 1) 

1 Using Rebar Inspection 

using Augmented Reality 

Application would improve 

my performance in work 

(P.U 2) 

76.9% 23.1% 0.0% 0.0% 0.0% 

1 Using Rebar Inspection 

using Augmented Reality 

Application would increase 

my productivity. (P.U 3) 

69.2% 30.8% 0.0% 0.0% 0.0% 

1 I found Rebar Inspection 

using Augmented Reality 

Application useful.  

(P.U 4) 

92.3% 7.7% 0.0% 0.0% 0.0% 

2 I found Rebar Inspection 

using Augmented Reality 

Application easy to use. (P.E 

1) 

84.6% 15.4% 0.0% 0.0% 0.0% 

2  Learning to use Rebar 

Inspection using Augmented 

Reality Application would 

be easy for me. (P.E 2) 

92.3% 7.7% 0.0% 0.0% 0.0% 

2 My interaction with Rebar 

Inspection using Augmented 

Reality Application was 

clear and understandable. 

(P.E 3) 

    92.3%     7.7%       0.0%      0.0%       0.0% 

2 It would be easy for me to 

manage my project Rebar 

    92.3%     7.7% 0.0% 0.0% 0.0% 
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No. Survey to identify 

effectiveness of Rebar 

Inspection Using 

Augmented Reality 

Application 

Strongly 

Agree 

 

 

 

(5) 

Agree 

 

 

 

 

 

 

(4) 

Natural 

 

 

 

 

(3) 

Disagree 

 

 

 

 

(2) 

Strongly 

Disagree 

 

 

 

(1) 

Inspection using Augmented 

Reality Application (P.E 4) 

3 I intend to Rebar Inspection 

using Augmented Reality 

Application during my 

work.  

(I.U 1) 

    92.3%     7.7% 0.0% 0.0% 0.0% 

3 I will use Rebar Inspection 

using Augmented Reality 

Application often. (I.U 2) 

    92.3%     7.7% 0.0% 0.0% 0.0% 

3 I intend Rebar Inspection 

using Augmented Reality 

Application frequently. (I.U 

3) 

   100.0%     0.0% 0.0% 0.0% 0.0% 

4 Rebar Inspection using 

Augmented Reality 

Application makes work 

more interesting. (A.U 1) 

 100.0% 0.0% 0.0% 0.0% 0.0% 

4 Working with Rebar 

Inspection using Augmented 

Reality Application is fun. 

(A.U 2) 

 100.0% 0.0% 0.0% 0.0% 0.0% 

4 I feel comfortable Rebar 

Inspection using Augmented 

Reality Application. (A.U 3) 

 100.0% 0.0% 0.0% 0.0% 0.0% 

4 I look forward to those 

aspects of my job that 

require me to use Rebar 

Inspection using Augmented 

Reality Application (A.U 4) 

 100.0% 0.0% 0.0% 0.0% 0.0% 
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     Table 4.3 shows respondent level of usability toward using existing method whereby 

analysis shows for all variables tested the mean score were less than 3.50 meaning that the 

usability level of existing method was low. Whilst Table 4.4 shows respondent level of 

usability toward using Rebar Inspection Using Augmented Reality Application whereby 

analysis shows for all variables tested the mean score were more than 4.00 meaning that the 

usage of Rebar Inspection Using Augmented Reality Application much easier compare with 

the existing method. 

Table 4.3: Usability Level of existing method among respondents 

 
Variables 

 
Mean 

 
Interpretation 

 Perceived Ease of Use  3.10 Low 
 Perceived Usefulness   2.90 Low 
 Attitude Towards Using Technology 2.70 Low 
 Behavioural Intention to Use 2.50 Low 

 

Table 4.4 Usability Level of Rebar Inspection Using Augmented Reality Application 

among respondents 

 
Variables 

 
Mean 

 
Interpretation 

 Perceived Ease of Use  4.80 High 
 Perceived Usefulness   4.90 High 
 Attitude Towards Using Technology 4.70 High 
 Behavioural Intention to Use 4.80 High 

 

        In order to evaluate the effectiveness of Rebar Inspection Using Augmented Reality 

Application in the project, a paired sample t test was performed. Results as shown in Table 

4.5, respondent preferred using Rebar Inspection Using Augmented Reality Application 

whereby all variable measured,  Perceived Ease of Use (Mean = 4.80), Perceived Usefulness 

(Mean = 4.90), Attitude Towards Using Technology (Mean = 4.70) and Behavioral Intention 

to Use (Mean = 4.80) were more higher compared with existing method, Perceived Ease of 

Use (Mean = 3.10), Perceived Usefulness (Mean = 2.90), Attitude Towards Using 

Technology (Mean = 3.10) and Behavioral Intention to Use (Mean = 3.10). A paired sample 

t-test found this difference to be significant for all variables being measured, the value of t of 

Perceived Ease of Use is 22.18 and the value of p is < .00001. The result is significant at p < 
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.05. The value of t of Perceived Usefulness is 16.75 and value of p is < .00001. The result is 

significant at p < .05. The value of t of Attitude Towards Using Technology is 21.52 and the 

value of p is < .00001. The result is significant at p < .05. The value of t of Behavioural 

Intention to Use is 15.65 and the value of p is < .00001. The result is significant at p < .05. 

This suggests that using Rebar Inspection Using Augmented Reality Application was much 

easier and resourceful compared with existing method. This mean that Rebar Inspection 

Using Augmented Reality Application was more effective compare with the existing method. 

 

Table 4.5: Paired sample t-test 

 
Pair 

 
Paired Different 

 
t 

 
Significant 
(two tailed) Mean 

Perceived Ease of Use - Existing 
Method 

2.03 22.18 .000 

 
Perceived Usefulness - Existing 
Method 

 
2.03 

 

16.75 

 

.000 

 
Attitude Towards Using 
Technology- Existing Method 

 
2.03 

 

21.52 

 

.000 

 
Behavioural Intention to Use- 
Existing Method  

 
2.30 

 

15.65 

 

.000 
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4.3 Conclusion 

      The construction industry, despite its long history, has faced challenges in adopting 

cutting-edge technologies on job sites. Outdated processes and fragmented communication 

have hindered the sector, leading to inefficiencies in projects. This emphasizes the crucial 

role of technology in enhancing quality and productivity within the industry. Project 

managers acknowledge that integrating the right technologies can create a more productive 

work environment. 

     The findings from the survey of Sunway Construction SDN BHD employees, including 

engineers, site supervisors, and inspector of work (IOW), revealed a consensus that the Rebar 

Inspection Using Augmented Reality Application is more effective compared to the existing 

method. The current method of using paper for reference was considered outdated and 

difficult to manage. The respondents expressed a high level of agreement, with a mean score 

greater than 4.00, indicating that the Rebar Inspection Using Augmented Reality Application 

is user-friendly and that they have the intention to use it for obtaining information on 

reinforcement bars especially when doing inspection. 

     The effectiveness of the Rebar Inspection Using Augmented Reality Application was 

evaluated using a paired t-test, analyzed through the Social Science Statistics online website. 

The results demonstrated a significant difference between the application and the existing 

method, indicating that the Rebar Inspection Using Augmented Reality Application is not 

only more effective but also easier to use. Therefore, it is highly recommended for gaining 

all necessary information on reinforcement bars. 

      Overall, the construction industry recognizes the importance of technology in improving 

quality and productivity. The Rebar Inspection Using Augmented Reality Application 

presents a valuable solution to the challenges faced in the industry. It streamlines processes, 

reduces reliance on outdated methods such as paper, and enhances efficiency. Given these 

advantages, the application is highly recommended for use in construction site information 

management. 
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CHAPTER 5 

 

 

 

CONCLUSION, DISCUSSION & SUGGESTION 

 

 

5.1 Introduction 

      The primary objective of the study was to address the common issue of inadequate 

inspection methods for reinforcement bars by developing the Rebar Inspection Using 

Augmented Reality Application. This application was developed using the BlippAR 

Buildbuilder programming tool and its usability and effectiveness were evaluated among the 

staff of the company through an online survey. 

      The survey incorporated four variables derived from the Technology Acceptance Model 

(TAM) questionnaire: Perceived Ease of Use, Perceived Usefulness, Attitude Towards Using 

Technology, and Behavioral Intention to Use. The data collected from the survey were then 

analyzed using paired t-tests and mean calculations. 

      The findings from the paired t-test demonstrated a significant difference between the 

Rebar Inspection Using Augmented Reality Application and the existing method. This 

suggests that the application outperformed the existing method in terms of usability, 

indicating its effectiveness and superiority. 
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      Based on these results, the study highly recommended the implementation of the Rebar 

Inspection Using Augmented Reality Application for managing and coordinating individuals 

and processes within construction projects. The application's enhanced usability and 

effectiveness make it a valuable tool for improving inspection work related to reinforcement 

bars, ultimately contributing to the success and efficiency of construction projects.       

      By implementing the Rebar Inspection Using Augmented Reality Application, 

contractors can overcome the challenges posed by inadequate methods and enhance their 

project management practices. This application serves as a comprehensive platform that 

integrates various crucial factors for effective construction management, including 

coordination, communication, and process management. It offers features that improve the 

ease of use, usefulness, and overall attitude towards adopting technology in construction 

projects. 

     The positive feedback received from the staff through the survey indicates the 

application's potential to streamline and optimize the management of construction projects. 

Its implementation can lead to improved efficiency, reduced errors, and enhanced 

coordination among team members involved in the inspection of reinforcement bars. By 

leveraging technology and addressing the limitations of traditional methods, contractors can 

benefit from a more streamlined and organized approach to construction management. 

      The survey results further validate the usability of the Rebar Inspection Using Augmented 

Reality Application, providing strong support for its adoption in the construction industry. 

By embracing this application, contractors can significantly improve project outcomes and 

address the challenges associated with inadequate inspection methods. 

      In conclusion, the study successfully developed and tested the Rebar Inspection Using 

Augmented Reality Application, demonstrating its superiority over existing methods in terms 

of usability. Its implementation is highly recommended to improve project management 

practices, enhance coordination, and mitigate the challenges posed by insufficient methods 

in inspection work. By leveraging this technology, contractors can achieve better project 

outcomes and establish a more efficient and effective construction process. 
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5.2 Discussion 

       To tackle the challenges faced by the company, proactive measures were taken, including 

the application of the design thinking process. As part of the empathy stage, the researcher 

engaged in interviews with various construction practitioners such as project managers, site 

engineers, site supervisors, inspector of work (IOW), suppliers, and consultants. This enabled 

a deep understanding of the challenges encountered in the construction industry and served 

as a foundation for developing a viable solution. 

       Based on the insights gained from the interviews, a mock-up of the proposed solution 

was created. This mock-up was then distributed among construction personnel for 

competence testing, ensuring that the solution met the required standards and addressed the 

identified challenges effectively. The feedback and input received from the construction 

personnel were invaluable in refining and improving the solution before its final handover to 

the company. 

      By employing the design thinking process and actively involving construction 

practitioners in the development and testing stages, a comprehensive and user-centric 

solution was crafted to address the company's challenges. This approach not only ensured 

that the solution was tailored to the specific needs of the construction industry but also 

increased the likelihood of successful implementation and acceptance among the company's 

personnel. 

      Two questionnaires were administered to collect feedback on both the traditional, 

outdated method used for inspecting beam reinforcement bars and the newly developed 

Rebar Inspection Using Augmented Reality Application. The analysis of the questionnaire 

responses revealed that the usability level of the existing method was notably low, as 

respondents expressed difficulties in effectively carrying out their inspection work using this 

approach. 

      Conversely, the feedback received regarding the Interactive Rebar Inspection Using 

Augmented Reality Application demonstrated that it was significantly easier to use compared 

to the previous method. The mean scores for key variables such as Perceived Ease of Use, 
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Perceived Usefulness, Attitude Towards Using Technology, and Behavioral Intention to Use 

were consistently higher for the application. 

      These findings highlight the superiority of the Rebar Inspection Using Augmented 

Reality Application in terms of usability and user satisfaction. The application's enhanced 

ease of use, perceived usefulness, positive attitude towards technology, and increased 

intention to use make it a highly preferred choice over the old-fashioned method for 

inspecting beam reinforcement bars. 

      According to the findings in Table 4, respondents preferred using Augmented Reality on 

reinforcement bars inspection, with all variables measured Perceived Ease of Use (Mean = 

4.80), Perceived Usefulness (Mean = 4.90), Attitude Towards Using Technology (Mean = 

4.70) and Behavioral Intention to Use (Mean = 4.80) being significantly higher than the 

existing method. Perceived Ease of Use (Mean - = 3.10), Perceived Usefulness (Mean = 

2.90), Attitude Towards Using Technology (Mean = 2.70), and Behavioral Intention to Use 

(Mean = 2.50). A paired sample t-test revealed that this difference was significant for all 

variables studied. The value of t for Perceived Ease of Use is 22.18 and the value of p is < 

.00001. 

      The outcome is significant at p.05. Perceived Ease of Use has a t value of 22.18 and a p 

value of.00001. The outcome is noteworthy at p.05. The t value of Behavioral Intention to 

Use is 15.65, while the p value is.00001. significant at p < .05. The value of t of Perceived 

Usefulness is 16.75 and value of p is < .00001. The result is significant at p < .05. The value 

of t of Attitude Towards Using Technology is 21.52 and the value of p is < .00001. The result 

is significant at p < .05. This suggests that using Rebar Inspection Using Augmented Reality 

Application was much easier and resourceful compared with existing method. This mean that 

Rebar Inspection Using Augmented Reality Application was more effective compare with 

the existing method. 

      The Rebar Inspection Using Augmented Reality Application emerged as valuable assets 

for the company, particularly for its Quality Assurance and Quality Control (QAQC) 

department in effectively managing and ensuring the quality of work. The positive feedback 

received and the significant improvements observed through its implementation reinforced 

the recommendation for widespread utilization of the application within the company. 
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      The application brought about enhanced organization, increased usefulness, and 

improved user-friendliness in the inspection processes. It eliminated the reliance on paper-

based methods, streamlining and digitizing the workflow. With a reliable internet connection, 

personnel were able to access and stay updated on building site plans, fostering a more 

efficient and informed approach to their tasks. 

     The Rebar Inspection Using Augmented Reality Application, with its notable benefits and 

positive impact on quality control, emerged as an indispensable tool for the company. Its 

adoption promises to elevate the overall quality of work, boost productivity, and enable a 

more streamlined and technologically advanced approach to construction site inspections. 

 

5.3 Suggestion/Recommendation 

Based on the presented findings, the researcher proposes several recommendations to 

enhance the usage of the Rebar Inspection Using Augmented Reality Application and guide 

future actions: 

1. Expand the Application Scope: Expanding the application's coverage beyond the 

Sunway Belfield construction site area to encompass other projects undertaken by the 

organization would bring numerous advantages and benefit a broader range of 

stakeholders. 

 

2. Enhance Security Measures: To ensure the confidentiality of sensitive information 

handled by the application, it is imperative to enhance its security features. One 

crucial step is to implement robust access controls and establish a mandatory login 

system for users. By doing so, the application can protect the confidentiality of 

reinforcement bars data, allowing only authorized individuals to access and interact 

with the information. 

 

3. Utilize Advanced Application Development Tools: In order to enhance the Rebar 

Inspection Using Augmented Reality Application, it is recommended to explore 

alternative software platforms beyond BlippAR Buildbuilder. Platforms such as 
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BlippAR SDK, Zappar, RE'FLEKT, Plattar, or Snap can offer more advanced 

features and capabilities, enabling users to develop applications with increased 

flexibility and functionality.By considering these alternative platforms, users can 

leverage a wider range of tools and technologies, allowing for the creation of a more 

robust and tailored application. Additionally, adopting these platforms presents an 

opportunity for users to acquire new skills, such as coding and blockchain integration, 

which can further enhance their expertise and expand their capabilities in the field of 

augmented reality application development. 

 

4. Embrace Technology for Construction Excellence: Embracing technology is essential 

for the efficient delivery of high-quality construction projects. The implementation 

of the Rebar Inspection Using Augmented Reality Application holds immense 

potential for streamlining reinforcement bar inspection work progress on construction 

sites, resulting in significant time savings. Adopting such technological 

advancements not only improves the company's services but also enhances its 

competitiveness in the construction industry by attracting a larger user base. 

Furthermore, the utilization of advanced technology in construction activities can 

contribute to the overall economic growth of Malaysia. By staying at the forefront of 

technological innovation, the country can position itself favorably against other 

industrialized nations, establishing its presence as a leader in the construction sector. 

This heightened competitiveness on the global stage has the potential to attract 

investments, drive economic development, and create new opportunities for growth 

and advancement. 

 

      By incorporating the recommended measures, the company can unlock additional 

benefits and optimize the Rebar Inspection Using Augmented Reality Application. One of 

the key advantages is the improved project management across multiple sites. By expanding 

the application's coverage to various projects undertaken by the organization, it becomes a 

centralized platform for monitoring and tracking rebar inspection work progress. This 

enables better coordination, streamlined communication, and efficient resource allocation 

across different construction sites. Moreover, the implementation of strict access controls and 
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a login system ensures the confidentiality and security of sensitive information related to 

reinforcement bars. This safeguards the integrity of the data and prevents unauthorized access 

or tampering, reinforcing the trust and reliability of the application. 

      Additionally, by embracing technology and leveraging the advanced capabilities of the 

Rebar Inspection Using Augmented Reality Application, the company can enhance 

construction processes. Augmented reality provides a visual overlay of information onto the 

real-world environment, enabling engineers, site supervisors, and project managers to have 

a clear and accurate understanding of rebar placement. This reduces errors, minimizes 

rework, and improves overall construction efficiency.  

       Furthermore, the utilization of technology in construction activities can lead to enhanced 

outcomes and better project deliverables. The Rebar Inspection Using Augmented Reality 

Application ensures that reinforcement bar placement adheres to design specifications and 

industry standards, ultimately resulting in higher-quality construction projects. This not only 

improves customer satisfaction but also strengthens the company's reputation for delivering 

excellence. 

       In summary, by implementing the suggested measures, the company can optimize the 

Rebar Inspection Using Augmented Reality Application, leading to improved project 

management across multiple sites, heightened security of sensitive data, enhanced 

construction processes, and superior project outcomes. These advancements contribute to 

increased efficiency, better work quality, and ultimately, the company's overall success in the 

construction industry. 
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5.4 Conclusion 

      The study conducted at Sunway Construction SDN BHD revealed that the employees, 

including engineers, site supervisors, inspector of work (IOW), and project managers, 

unanimously agreed that the Rebar Inspection Using Augmented Reality Application was 

superior to the existing method. The current method, which relied on PDF drawings and 

paper as references and submissions, was considered outdated and challenging to manage. 

The employees found the application to be easy to use and expressed their intention to utilize 

it for obtaining information on the placement of reinforcement bars, as indicated by the high 

mean scores (>4.00). 

      To establish the effectiveness of the Rebar Inspection Using Augmented Reality 

Application, a paired t-test was conducted with the assistance of the Social Science Statistics 

online website. This statistical analysis revealed a significant difference between the 

application and the existing method, confirming that the application was not only more 

effective but also easier to use. This finding strongly supports the recommendation to use the 

application for managing all information related to construction inspection work progress 

concerning rebar placement. 

      Furthermore, the Rebar Inspection Using Augmented Reality Application is available as 

a mobile application, providing convenience and ease of use for all employees. This 

accessibility allows employees to access the application on their smartphones or tablets, 

making it readily available on-site, enhancing efficiency and productivity.  

      The researcher concludes that technology plays a crucial role in the construction business, 

facilitating the production of high-quality projects. By adopting the Rebar Inspection Using 

Augmented Reality Application, Sunway Construction SDN BHD can reap several benefits. 

Firstly, the company can reduce paper expenses by transitioning from physical drawings to 

digital representations. This not only saves costs but also contributes to environmental 

sustainability. Additionally, the application saves time by streamlining the inspection 

process, allowing employees to quickly, and accurately access information on rebar 

placement. 
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      Moreover, the application enhances the overall work quality by providing a more 

systematic approach to managing construction inspection work progress. The digital platform 

ensures that accurate and up-to-date information is readily available to all relevant 

stakeholders, reducing the chances of errors or miscommunication. This leads to improved 

project outcomes and customer satisfaction. 

      Furthermore, the incorporation of technology, such as the Rebar Inspection Using 

Augmented Reality Application, can also attract more customers to the company's services. 

Clients are increasingly seeking construction companies that embrace innovative solutions, 

and by leveraging technology, Sunway Construction SDN BHD can showcase its 

commitment to delivering cutting-edge solutions. 

      Lastly, embracing technology in construction activities not only benefits the company but 

also contributes to the country's economic growth. By adopting advanced technological tools, 

Malaysia can keep pace with other successful countries worldwide in the construction sector. 

This positions Malaysia as a competitive player in the global market and attracts foreign 

investment, ultimately driving economic development and creating job opportunities. 

      In summary, the study's findings highlight the superiority of the Rebar Inspection Using 

Augmented Reality Application compared to the existing method. The application's ease of 

use, effectiveness, and potential for cost and time savings make it a valuable tool for Sunway 

Construction SDN BHD. By leveraging technology, the company can enhance work quality, 

attract more customers, and contribute to Malaysia's economic growth in the construction 

sector. 

 

 

 

 

 

 



99 
 

REFERENCES 

Abbas, A., Seo, J., & Kim, M. (2020). Impact of Mobile Augmented Reality System on 

Cognitive Behavior and Performance during Rebar Inspection Tasks. Journal of 

Computing in Civil Engineering, 34(6), 1–12. https://doi.org/10.1061/(asce)cp.1943-

5487.0000931 

Abd Jamil, A. H., & Fathi, M. S. (2020). Enhancing BIM-Based Information 

Interoperability: Dispute Resolution from Legal and Contractual Perspectives. Journal 

of Construction Engineering and Management, 146(7), 1–12. 

https://doi.org/10.1061/(asce)co.1943-7862.0001868 

Ahmed, S. (2019). A Review on Using Opportunities of Augmented Reality and Virtual 

Reality in Construction Project Management. Organization, Technology and 

Management in Construction: An International Journal, 11(1), 1839–1852. 

https://doi.org/10.2478/otmcj-2018-0012 

Ajayi, S. O., Oyedele, L. O., Bilal, M., Akinade, O. O., Alaka, H. A., & Owolabi, H. A. 

(2017). Critical management practices influencing on-site waste minimization in 

construction projects. Waste Management, 59, 330–339. 

https://doi.org/10.1016/j.wasman.2016.10.040 

Akinlabi, E. T., Agarana, M. C., & Akinlabi, S. A. (2021). Advances in Manufacturing, 

Laser Additive Techniques: Case Study. Modeling and Optimization in 

Manufacturing, 253–302. https://doi.org/10.1002/9783527825233.ch10 

Al-Fuqaha, A., Guizani, M., Mohammadi, M., Aledhari, M., & Ayyash, M. (2015). Internet 

of Things: A Survey on Enabling Technologies, Protocols, and Applications. IEEE 

Communications Surveys and Tutorials, 17(4), 2347–2376. 

https://doi.org/10.1109/COMST.2015.2444095 

Al-Qaseemi, S. A., Almulhim, H. A., Almulhim, M. F., & Chaudhry, S. R. (2017). IoT 

architecture challenges and issues: Lack of standardization. FTC 2016 - Proceedings 

of Future Technologies Conference, December, 731–738. 

https://doi.org/10.1109/FTC.2016.7821686 



100 
 

Alaba, F. A., Othman, M., Hashem, I. A. T., & Alotaibi, F. (2017). Internet of Things 

security: A survey. In Journal of Network and Computer Applications (Vol. 88, pp. 

10–28). Academic Press. https://doi.org/10.1016/j.jnca.2017.04.002 

Alptekyn, S. E., & Alptekin, G. I. (2018). A framework for customer-oriented IoT product 

design. Proceedings - 2018 2nd European Conference on Electrical Engineering and 

Computer Science, EECS 2018, 1, 260–265. https://doi.org/10.1109/EECS.2018.00056 

Babar, S., Mahalle, P., Stango, A., Prasad, N., & Prasad, R. (2010). Proposed security 

model and threat taxonomy for the Internet of Things (IoT). Communications in 

Computer and Information Science, 89 CCIS, 420–429. https://doi.org/10.1007/978-3-

642-14478-3_42 

Badiru, A. B. (2008). Project management. In Operations Research Applications. 

https://doi.org/10.1145/1082983.1082987 

Braun, A., & Borrmann, A. (2019). Combining inverse photogrammetry and BIM for 

automated labeling of construction site images for machine learning. Automation in 

Construction, 106(January), 102879. https://doi.org/10.1016/j.autcon.2019.102879 

Chahid, Y., Benabdellah, M., & Azizi, A. (2017). Internet of things protocols comparison, 

architecture, vulnerabilities and security: State of the art. ACM International 

Conference Proceeding Series, 0–5. https://doi.org/10.1145/3167486.3167554 

Davis, N. (2016). What is the Fourth Industrial Revolution? Manufacturers´Montly, Jan, 1–

3. https://agenda.weforum.org/2015/12/the-fourth-industrial-revolution-what-it-means-

and-how-to-respond/ 

Deepika, M., Kavitha, M., Kalyan Chakravarthy, N. S., Rao, J. S., Reddy, D. M., & 

Chandra, B. M. (2021). A Critical Study on Campus Energy Monitoring System and 

Role of IoT. 2021 International Conference on Sustainable Energy and Future 

Electric Transportation, SeFet 2021, 5–10. 

https://doi.org/10.1109/SeFet48154.2021.9375715 

Dong, Y., Zhu, S., & Li, W. (2021). Promoting sustainable creativity: An empirical study 

on the application of mind mapping tools in graphic design education. Sustainability 



101 
 

(Switzerland), 13(10). https://doi.org/10.3390/su13105373 

Dulaimi, M. F., Ling, F. Y. Y., & Bajracharya, A. (2003). Organizational motivation and 

inter-organizational interaction in construction innovation in Singapore. Construction 

Management and Economics, 21(3), 307–318. 

https://doi.org/10.1080/0144619032000056144 

Elsbach, K. D., & Stigliani, I. (2018). Design Thinking and Organizational Culture: A 

Review and Framework for Future Research. Journal of Management, 44(6), 2274–

2306. https://doi.org/10.1177/0149206317744252 

Gamil, Y., A. Abdullah, M., Abd Rahman, I., & Asad, M. M. (2020). Internet of things in 

construction industry revolution 4.0: Recent trends and challenges in the Malaysian 

context. Journal of Engineering, Design and Technology, 18(5), 1091–1102. 

https://doi.org/10.1108/JEDT-06-2019-0164 

Ghimire, S., Luis-Ferreira, F., Nodehi, T., & Jardim-Goncalves, R. (2017). IoT based 

situational awareness framework for real-time project management. International 

Journal of Computer Integrated Manufacturing, 30(1), 74–83. 

https://doi.org/10.1080/0951192X.2015.1130242 

Golparvar-Fard, M., Peña-Mora, F., & Savarese, S. (2011). Integrated Sequential As-Built 

and As-Planned Representation with D4AR Tools in Support of Decision-Making 

Tasks in the AEC/FM Industry. Journal of Construction Engineering and 

Management, 137(12), 1099–1116. https://doi.org/10.1061/(asce)co.1943-

7862.0000371 

Granić, A., & Marangunić, N. (2019). Technology acceptance model in educational 

context: A systematic literature review. British Journal of Educational Technology, 

50(5), 2572–2593. https://doi.org/10.1111/bjet.12864 

Harsha Slhankarrao Khode. (2019). Case Study Paper on Field Inspection of Rebars &amp; 

Cause for Corrosion by Is/Aci/Astm Norms. International Journal of Civil, Structural, 

Environmental and Infrastructure Engineering Research and Development 

(IJCSEIERD) , 9(6), 55–72. http://www.tjprc.org/publishpapers/2-11-1573448730-

5IJCSEIERDDEC20195.pdf 



102 
 

Harty, C. (2005). Innovation in construction: A sociology of technology approach. Building 

Research and Information, 33(6), 512–522. 

https://doi.org/10.1080/09613210500288605 

He, J., Hennig, K., Lang, E., & Neukranz, N. (2020). COVID-19 Pandemic: The Effects 

and Prospects in the Construction Industry. International Journal of Real Estate 

Studies, 1(25-Nov-2020), 54–61. 

https://www.utm.my/intrest/files/2020/11/2_Final_MS_CRES-Covid-

025.pdf%0Ahttps://rgu-repository.worktribe.com/output/1000407/covid-19-pandemic-

the-effects-and-prospects-in-the-construction-industry 

Hepp, M., Bachlechner, D., & Siorpaes, K. (2006). Harvesting wiki consensus - Using 

wikipedia entries as ontology elements. CEUR Workshop Proceedings, 206, 124–138. 

Holder, E., & Wang, N. (2021). Correction to: Explainable artificial intelligence (XAI) 

interactively working with humans as a junior cyber analyst. Human-Intelligent 

Systems Integration, 3(4), 291–291. https://doi.org/10.1007/s42454-021-00039-x 

Hwang, B. G., & Yeo, Z. B. (2011). Perception on benefits of construction waste 

management in the Singapore construction industry. Engineering, Construction and 

Architectural Management, 18(4), 394–406. 

https://doi.org/10.1108/09699981111145835 

Ibrahim, F. S., Esa, M., & Rahman, R. A. (2021). The adoption of iot in the Malaysian 

construction industry: Towards construction 4.0. International Journal of Sustainable 

Construction Engineering and Technology, 12(1), 56–67. 

https://doi.org/10.30880/ijscet.2021.12.01.006 

Jalaei, F., & Jrade, A. (2014). Construction Research Congress 2014 ©ASCE 2014 140. 

Construction Research Congress 2014, 2008, 140–149. 

Katz, A. (2018). Statistical Variations of Rebar Placement and Its Effect on Service Life. 

Practice Periodical on Structural Design and Construction, 23(3), 1–15. 

https://doi.org/10.1061/(asce)sc.1943-5576.0000379 

Kumar, S. A., Vealey, T., & Srivastava, H. (2016). Security in internet of things: 



103 
 

Challenges, solutions and future directions. Proceedings of the Annual Hawaii 

International Conference on System Sciences, 2016-March, 5772–5781. 

https://doi.org/10.1109/HICSS.2016.714 

Kumari, A., Tanwar, S., Tyagi, S., Kumar, N., Maasberg, M., & Choo, K. K. R. (2018). 

Multimedia big data computing and Internet of Things applications: A taxonomy and 

process model. Journal of Network and Computer Applications, 124, 169–195. 

https://doi.org/10.1016/j.jnca.2018.09.014 

Lampropoulos, G., Siakas, K., & Anastasiadis, T. (2019). Internet of Things in the Context 

of Industry 4.0: An Overview. International Journal of Entrepreneurial Knowledge, 

7(1), 4–19. https://doi.org/10.2478/ijek-2019-0001 

Lee, I., & Lee, K. (2015). The Internet of Things (IoT): Applications, investments, and 

challenges for enterprises. Business Horizons, 58(4), 431–440. 

https://doi.org/10.1016/j.bushor.2015.03.008 

Li, C. Z., Xue, F., Li, X., Hong, J., & Shen, G. Q. (2018). An Internet of Things-enabled 

BIM platform for on-site assembly services in prefabricated construction. Automation 

in Construction, 89, 146–161. https://doi.org/10.1016/j.autcon.2018.01.001 

Li, S., Xu, L. Da, & Zhao, S. (2015). The internet of things: a survey. Information Systems 

Frontiers, 17(2), 243–259. https://doi.org/10.1007/s10796-014-9492-7 

Li, Y., Hou, M., Liu, H., & Liu, Y. (2012). Towards a theoretical framework of strategic 

decision, supporting capability and information sharing under the context of Internet 

of Things. Information Technology and Management, 13(4), 205–216. 

https://doi.org/10.1007/s10799-012-0121-1 

Lima, R., Salvado, F., Silva, M. J. F., & Couto, P. (2021). EXPERIENCE in the FIELD of 

SUSTAINABILITY ENHANCED CONSTRUCTION CLASSIFICATION SYSTEM. 

WIT Transactions on the Built Environment, 205, 15–24. 

https://doi.org/10.2495/BIM210021 

Lin, W., Liu, J., & Liu, J. (2015). Influence of reinforcement placement on the creep of 

concrete. Key Engineering Materials, 629–630, 130–135. 



104 
 

https://doi.org/10.4028/www.scientific.net/KEM.629-630.130 

Liu, J., Li, S., Xu, C., Wu, Z., Ao, N., & Chen, Y. F. (2021). Automatic and optimal rebar 

layout in reinforced concrete structure by decomposed optimization algorithms. 

Automation in Construction, 126(February), 103655. 

https://doi.org/10.1016/j.autcon.2021.103655 

Lombardi, M., Pascale, F., & Santaniello, D. (2021). Internet of things: A general overview 

between architectures, protocols and applications. Information (Switzerland), 12(2), 1–

21. https://doi.org/10.3390/info12020087 

Mahmud, S. H., Assan, L., & Islam, R. (2018). Potentials of internet of things (IoT) in 

Malaysian construction industry. Annals of Emerging Technologies in Computing, 

2(4), 44–52. https://doi.org/10.33166/AETiC.2018.04.004 

Mannino, A., Dejaco, M. C., & Re Cecconi, F. (2021). Building information modelling and 

internet of things integration for facility management-literature review and future 

needs. In Applied Sciences (Switzerland) (Vol. 11, Issue 7). MDPI AG. 

https://doi.org/10.3390/app11073062 

Masri, E. El, Ferguson, N., & Waters, T. (2017). Detecting damaged reinforcement bars in 

concrete structures using guided waves. Procedia Engineering, 199, 1882–1887. 

https://doi.org/10.1016/j.proeng.2017.09.121 

Matharu, G. S., Upadhyay, P., & Chaudhary, L. (2014). The Internet of Things: Challenges 

& security issues. Proceedings - 2014 International Conference on Emerging 

Technologies, ICET 2014, 54–59. https://doi.org/10.1109/ICET.2014.7021016 

Noura, M., Atiquzzaman, M., & Gaedke, M. (2019). Interoperability in Internet of Things: 

Taxonomies and Open Challenges. Mobile Networks and Applications, 24(3), 796–

809. https://doi.org/10.1007/s11036-018-1089-9 

Pan, Y., & Zhang, L. (2021). Roles of artificial intelligence in construction engineering and 

management: A critical review and future trends. In Automation in Construction (Vol. 

122). Elsevier B.V. https://doi.org/10.1016/j.autcon.2020.103517 

Paul, A., & Jeyaraj, R. (2019). Internet of Things: A primer. Human Behavior and 



105 
 

Emerging Technologies, 1(1), 37–47. https://doi.org/10.1002/hbe2.133 

Rajeswari, P., & Anbalagan, P. (2020). Design and deployment of android based mobile 

application for performance analysis of micro strip patch antenna. Microprocessors 

and Microsystems, 77. https://doi.org/10.1016/j.micpro.2020.103111 

Rankohi, S., & Waugh, L. (2013). Review and analysis of augmented reality literature for 

construction industry. Visualization in Engineering, 1(1), 1–18. 

https://doi.org/10.1186/2213-7459-1-9 

Riggins, F. J., & Wamba, S. F. (2015). Research directions on the adoption, usage, and 

impact of the internet of things through the use of big data analytics. Proceedings of 

the Annual Hawaii International Conference on System Sciences, 2015-March, 1531–

1540. https://doi.org/10.1109/HICSS.2015.186 

Rimkus, A. (2018). Effects of Bar Reinforcement Arrangement on Deformations and 

Cracking of Concrete Elements. In Effects of Bar Reinforcement Arrangement on 

Deformations and Cracking of Concrete Elements (Issue January). 

https://doi.org/10.20334/2017-050-m 

Schiavi, B., Havard, V., Beddiar, K., & Baudry, D. (2021). Semi-automatic generation of 

virtual reality procedural scenarios for operation in construction based on 4D building 

information models. In 21st International Conference on Construction Applications of 

Virtual Reality (Vol. 21). 

Silva, B. N., Khan, M., & Han, K. (2018). Internet of Things: A Comprehensive Review of 

Enabling Technologies, Architecture, and Challenges. IETE Technical Review 

(Institution of Electronics and Telecommunication Engineers, India), 35(2), 205–220. 

https://doi.org/10.1080/02564602.2016.1276416 

Speed, D., Westerhoff, P., Sierra-Alvarez, R., Draper, R., Pantano, P., Aravamudhan, S., 

Chen, K. L., Hristovski, K., Herckes, P., Bi, X., Yang, Y., Zeng, C., Otero-Gonzalez, 

L., Mikoryak, C., Wilson, B. A., Kosaraju, K., Tarannum, M., Crawford, S., Yi, P., … 

Shadman, F. (2015). Physical, chemical, and in vitro toxicological characterization of 

nanoparticles in chemical mechanical planarization suspensions used in the 

semiconductor industry: Towards environmental health and safety assessments. 



106 
 

Environmental Science: Nano, 2(3), 227–244. https://doi.org/10.1039/c5en00046g 

Stankovic, J. A. (2014). Research directions for the internet of things. IEEE Internet of 

Things Journal, 1(1), 3–9. https://doi.org/10.1109/JIOT.2014.2312291 

Štefanič, M., & Stankovski, V. (2019). A review of technologies and applications for smart 

construction. In Proceedings of the Institution of Civil Engineers: Civil Engineering 

(Vol. 172, Issue 2, pp. 83–87). ICE Publishing. https://doi.org/10.1680/jcien.17.00050 

Surahyo, A. (2019). Concrete Construction: Practical Problems and Solutions. In Concrete 

Construction: Practical Problems and Solutions. https://doi.org/10.1007/978-3-030-

10510-5 

Tang, S., Golparvar-Fard, M., Naphade, M., & Gopalakrishna, M. M. (2020). Video-Based 

Motion Trajectory Forecasting Method for Proactive Construction Safety Monitoring 

Systems. Journal of Computing in Civil Engineering, 34(6), 1–14. 

https://doi.org/10.1061/(asce)cp.1943-5487.0000923 

Tang, S., Shelden, D. R., Eastman, C. M., Pishdad-Bozorgi, P., & Gao, X. (2019). A review 

of building information modeling (BIM) and the internet of things (IoT) devices 

integration: Present status and future trends. In Automation in Construction (Vol. 101, 

pp. 127–139). Elsevier B.V. https://doi.org/10.1016/j.autcon.2019.01.020 

Teizer, J., & Cheng, T. (2015). Proximity hazard indicator for workers-on-foot near miss 

interactions with construction equipment and geo-referenced hazard areas. Automation 

in Construction, 60, 58–73. https://doi.org/10.1016/j.autcon.2015.09.003 

Ud Din, I., Guizani, M., Hassan, S., Kim, B. S., Khurram Khan, M., Atiquzzaman, M., & 

Ahmed, S. H. (2019). The Internet of Things: A Review of Enabled Technologies and 

Future Challenges. IEEE Access, 7(c), 7606–7640. 

https://doi.org/10.1109/ACCESS.2018.2886601 

Van-Tien Dao, W., Nhat Hanh Le, A., Ming-Sung Cheng, J., & Chao Chen, D. (2014). 

Social media advertising value. International Journal of Advertising, 33(2), 271–294. 

https://doi.org/10.2501/ija-33-2-271-294 

Wang, X., Kim, M. J., Love, P. E. D., & Kang, S. C. (2013). Augmented reality in built 



107 
 

environment: Classification and implications for future research. Automation in 

Construction, 32, 1–13. https://doi.org/10.1016/j.autcon.2012.11.021 

Wollschlaeger, M., Sauter, T., & Jasperneite, J. (2017). The future of industrial 

communication: Automation networks in the era of the internet of things and industry 

4.0. IEEE Industrial Electronics Magazine, 11(1), 17–27. 

https://doi.org/10.1109/MIE.2017.2649104 

Wortmann, F., & Flüchter, K. (2015). Internet of Things: Technology and Value Added. In 

Business and Information Systems Engineering (Vol. 57, Issue 3, pp. 221–224). Gabler 

Verlag. https://doi.org/10.1007/s12599-015-0383-3 

Xu, L. Da, Member, S., He, W., & Li, S. (2014). 9-REVİEW.pdf. 10(4), 2233–2243. 

Xu, M., David, J. M., & Kim, S. H. (2018). The fourth industrial revolution: Opportunities 

and challenges. International Journal of Financial Research, 9(2), 90–95. 

https://doi.org/10.5430/ijfr.v9n2p90 

Zambon, I., Cecchini, M., Egidi, G., Saporito, M. G., & Colantoni, A. (2019). Revolution 

4.0: Industry vs. agriculture in a future development for SMEs. Processes, 7(1). 

https://doi.org/10.3390/pr7010036 

Zhou, F., Dun, H. B. L., & Billinghurst, M. (2008). Trends in augmented reality tracking, 

interaction and display: A review of ten years of ISMAR. Proceedings - 7th IEEE 

International Symposium on Mixed and Augmented Reality 2008, ISMAR 2008, 193–

202. https://doi.org/10.1109/ISMAR.2008.4637362 

Zhu, X., & Badr, Y. (2018). Identity management systems for the internet of things: A 

survey towards blockchain solutions. Sensors (Switzerland), 18(12), 1–18. 

https://doi.org/10.3390/sxx010005 

 

 

 

 



108 
 

 

 

 

 

 

 

 

 

 

APPENDIX 1 

DEVELOPMENT OF APPLICATION SYSTEM 
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Prototype Explanation 

 

Login to BlippAR. Click ‘Select 

Marker’ tab as shown in the 

image on the left. 

  

 

Click ‘Browse and Upload’ 

markers 

Choose the desired marker you 

wish to upload. It can 

alternatively ‘Drag and Drop’ 

your marker as shown in the 

image above. Up to 3 markers 

images can be tracked one at a 

time. 

 

Click ‘Browse and upload’ 

markers or alternatively ‘drag 

and drop’ desired marker in the 

section as shown in image.  

The uploaded markers can be 

seen in the ‘Manage Marker’ 

section. 

Click on the bin icon to delete 

an uploaded marker as shown in 

the image below.  

After that, click Confirm. 
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Prototype Explanation 

 

Upload all information of the 

Sequence for loading bay. 

 

To preview your project, scan 

the QR Code. 

Scan your photo by clicking on 

the icon. 

Success to access blippAR 

Able to access all information 

that had be upload on BlippAR 

 

 

After Scan the QR Code on your 

Smartphone, it will directly 

access to BlippAR application. 

Click ‘Ok’ on the application to 

continue review the content. 
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Prototype Explanation 

 

Click ‘Allow’ to access camera 

on that BlippAR application. 

 

Click ‘Allow’ on the screen to 

continue preview the content in 

the application. 
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APPENDIX 2 

ARCHITECTURE DIAGRAM OF THE APPLICATION 
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APPENDIX 3 

USAGE MANUAL OF REBAR INSPECTION USING AUGMENTED REALITY 

APPLICATION 
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Prototype Explanation 

 

Login to BlippAR. Click ‘Select 

Marker’ tab as shown in the 

image on the left. 

  

 

Click ‘Browse and Upload’ 

markers 

Choose the desired marker you 

wish to upload. It can 

alternatively ‘Drag and Drop’ 

your marker as shown in the 

image above. Up to 3 markers 

images can be tracked one at a 

time. 

 

Click ‘Browse and upload’ 

markers or alternatively ‘drag 

and drop’ desired marker in the 

section as shown in image.  

The uploaded markers can be 

seen in the ‘Manage Marker’ 

section. 

Click on the bin icon to delete 

an uploaded marker as shown in 

the image below.  

After that, click Confirm. 
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Prototype Explanation 

 

Upload all information of the 

Sequence for loading bay. 

 

To preview your project, scan 

the QR Code. 

Scan your photo by clicking on 

the icon. 

Success to access blippAR 

Able to access all information 

that had be upload on BlippAR 

 

 

After Scan the QR Code on your 

Smartphone, it will directly 

access to BlippAR application. 

Click ‘Ok’ on the application to 

continue review the content. 
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Prototype Explanation 

 

Click ‘Allow’ to access camera 

on that BlippAR application. 

 

Click ‘Allow’ on the screen to 

continue preview the content in 

the application. 
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Prototype Explanation 

 

The first preview will show this 

content which has 3 zoning 

areas and for google form. 

1. Zone 1 (Units B, E, and C) 

2. Zone 2 (BM, EM, and CM 

Units) 

3. Zone 3 (Unit D, A1, A2 and 

DM) 

4. Google form after checking. 

 

Click on Zone 1 button, it will 

directly show this content which 

is showing the type of units. 
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Prototype Explanation 

 

Click on button “Unit E” and all 

the beam detailing will pop up 

just as shown in the picture. 

 

Click on the beam detailing 

button, it will directly show all 

the information needed for the 

beam.  

Click “Home button” when 

inspection for the beam is done. 
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APPENDIX 4 

QUESTIONNAIRE (PRE) 
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APPENDIX 5 

QUESTIONNAIRE (POST) 
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APPENDIX 6 

GANTT CHART 
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APPENDIX 7 

INDUSTRY APPRECIATION LETTER OF PRODUCT 
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