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1.1 Introduction

The application and foundations of both Augmented Reality (AR) and Virtual Reality (VR) will be described in detail in my work. It will examine key areas within the construction industry as to where these technologies can be used to full effect.

Visual and assistance at any stage of a building project can be viewed using these technologies
The research will highlight different ways the construction industry may benefit from these new technologies as well as any existing constraints the industry may face that will potentially limit the capabilities of these technologies within the industry. These technologies have the ability to be paired with other technologies to further enhance the capabilities of both AR and VR. 
I will use surveys and have conversations with construction professionals with different roles to gather as much information I can.










1.2 Background

The inability to anticipate and see potential issues that may arise during a construction project is a massive issue within the industry, these issues can cost a lot of money and delay the project. From personal experience, the longer the delay, the more the project will cost and client contractor relationships start to fall apart as both sides clash. The ability to use AR and VR with BIMS clash detection will hopefully save contractors a lot of time and money in the future.
My research is based around new and upcoming technologies was carried out as AR and VR are relatively new to the industry and many people do not have the knowledge and competency to be able to get the full potential out of them. Despite the lack of knowledgeable personnel within the industry, numbers are beginning to climb, this is evident in the company I work for. there is ‘A race to digitalise the construction industry and new technologies are being used such as BIM and analytical tools.’ As these technologies are complicated, it will require people will the right qualifications and will also require a lot of training to maximise the potential. I have decided on highlighting what I feel are the most important areas in which both AR and VR can be used to its full potential. (Stone, 2023)
Research Questions 
My research on the use usage of AR and VR within construction and current applications of VR and AR it led me to a few main questions on the matter all of which the research has been conducted to follow and meet. 
1. How can Augmented and Virtual Reality aid construction with a focus on services and installation? 
2. How can they be progressed and engineered further in the future? 
3. Can AR and VR aid health health and safety within the industry?
These questions will be analysed to ensure the research is developed to a focus of answering the above. 
1.3 Aim and Objectives 
The purpose of this research is to understand and identify how Augmented and Virtual Reality can be used to identify methods in which they can aid in a buildings design period, installations and can aid in quality checks. I will be researching information and gathering opinions from specialists within the construction sector in order to get a better understanding and create a solid conclusion on the chosen subject.

Limitations
Throughout my research, the main limitations I faced was my personal lack of first hand experience and knowledge within the fields. I have not worked on a project that heavily utilizes augmented/virtual reality; however, I think that it is a growing aspect in construction and will be heavily depended on in the future. Time constraints was another main barrier to myself due to other assignments that I had to complete. Therefor restricting my time on my research project was sacrificed until last to ensure other units were completed for their deadlines. I am unable to use much software as the job I am currently working on requires no AR/VR. Equipment is very expensive and is hard to come across. However, as construction progresses, there will be a greater use and will allow site teams to work closer together and will be able to use and understand the common data environment and BIMs sharing benefits. Not all parts of the site team are involved with these technologies as it is currently only digital engineers, designers and architects along with BIM experts are typically the main personnel involved in AR & VR. Due to the lack of competent operatives that currently work with these new technologies.

2.0 Research Methods

2.1 Introduction 
The research methodology will firstly highlight what research is and what is involved in gathering the evidence. The research consists of reviewing and critiquing literature from present and past then finding where the industry lacks knowledge and concepts for the future. This methodology includes a literature review and information on the questionnaire survey produced. 
2.2 Literature Review 
To guarantee that sufficient data was gathered to enable my research and findings drawn are of a high calibre with appropriate support and justification, a wide variety of sources were used in various formats. Past research can further validate the study. I came up with specific topics like health and safety to put a building project's perspective on after reading a variety of online literature/information. The research I carried out was challenging to understand due to a lot of new software and systems being introduced into the construction industry.  

2.3 Questionnaire Survey 
To enable myself to support the research and justify why. I created a questionnaire with the aim of discovering what usage and possible methods available with AR & VR in how they can aid health and safety within the industry. All methods identified will be broken down to highlight advantages and disadvantages in order to clearly see where new technologies can be integrated. Technology should be focused upon with the greatest benefits. The questionnaire that I produced was given to different professionals within the company I currently work for. I have decided on this as I can get a clear and non-bias set of results due to the relationships I have with these individuals. I chose a wide range of individuals from construction manager, design managers, BIM specialists, planners, defect managers, M&E managers and more.  I chose a wide range of individuals with different roles within construction to gather a wider field of results to enable me to get more of an understanding on how certain people may favour or be against Augmented reality and Virtual reality. 
3.0 Literature review

Literature reviews allows us to discover where there are particular areas of which there were previous gaps. Through doing this literature review allows discoveries and findings to be made which may assist in filling in any voids in the research, allowing for a more evidence-based argument and allowing for a more accurate conclusion. When reviewing current literature, I could highlight different sections of work of which AR & VR can be used and be successful. 



Although it has recently become a reality, augmented reality has been researched and explored since it was first developed. “Augmented reality was invented in the 1960s by Ivan Sutherland. Sutherland was an electrical engineer and computer scientist and won the Turing award, a reward given to one person a year for contribution to technologies in the computing world.  He invented the Sword of Damocles, a head mounted display which allowed us to experience computer generated graphics alongside normal sight” 

Through the usage of eyeglasses or a headset, these technologies can bring a project to life by mapping out the area of the project that requires attention. These visuals can be viewed on a computer by simply sharing the file. (Liu, n,d)
Like augmented reality, virtual reality also involves the ability to visualise a project, technology such as BIM and CAD (Computer Aided Design). The use of BIM for the construction industry has significantly improved areas such as design. Augmented reality is typically paired with appliances like the DAQRI smart helmet which is a piece of equipment used to view projects using Augmented reality. DAQRI introduced its main technologies in 2017 but have since stopped trading and are out of business. DAQRI changed the way that AR can be used within the sector and has since continued to grow.  DAQRI equipment allows for many large improvements in the construction sector. ‘DAQRI Guide is an application that is part of Work sense, a set of augmented reality (AR) applications that allows basic Augmented reality jobs, aiding users in significantly improving processes within the workplace. DAQRI Guide brings site plans, guides and discovers issues and puts them into Augmented reality. The guide assists in providing workforces with accurate information to allow accuracy when conducting works’. 
XYZ reality are the newest large company to continue what DAQRI left behind. XYZ reality has “aided in $12 Billion worth of projects that have been successful with their real time and precise technologies” (XYZReality.com)
The ability to use both AR and VR and get the most out of both technologies ability to be compatible allows for maximum assistance to the user. 
3.1 Findings 
I presume that Augmented reality will be pushed within the industry and used consistently within the industry throughout the future and within the next couple of years I believe there will be major improvements involving the use AR and VR in the industry especially with the ability for BIM to be incorporated to AR & VR. I have noticed similarities from my questionnaire between age and job role and people’s views on AR & VR after many conversations on site with the relevant individuals however I feel this will soon become less as the the chances for younger people within construction increased.

3.2 Analysis of the data 
Thirteen of the twenty people that conducted the questionnaire voted that Augmented and virtual reality can aid construction which results in a majority vote. Then when I analysed the data further of the twenty people these individuals that were to not support AR & VR were mostly of a greater age than the rest, through this I discovered a direct link between views on the subject and age, although I feel this is only present due to the high average age in construction of which of decreasing each year due to more opportunity within the sector for younger people to work. I feel that each year it can be considered that both VR & VR will be more widely supported within construction as times are changing and these newer technologies can hopefully significantly aid the industry. The split opinions on the usage of AR and VR and how it can benefit the industry, seven of the 20 people all voted that health and safety would be the greatest aspect where AR & VR can be used. In my opinion this highlights that Health and Safety within construction is overlooked despite all of the precautions currently set in place. When the individuals were asked about the usage of AR and VR in an M&E context, 5 people said it would be the most beneficial. I further questioned them on their opinions and had very similar answers across the board. To summarise, everyone most in favour of AR and VR for M&E works all said it would be greatly beneficial due to the high chances of getting M&E works wrong. As M&E is often a massive aspect of a project (Often worth up to 30% alone) there is a lot that has the possibility to go wrong. These opinions have come from designers, BIM experts and M&E managers with everyone sharing similar on site issues that AR and VR could really assist in limiting.
3.3 Questionnaire
 I created the questionnaire to further enhance my research and gather a stronger understanding of my colleague’s views and opinions on the the usage of new technologies withing the industry. The questionnaire I created presented three different questions with different answers usually in an A. B. C. answer format, firstly the question was asked if they thought AR & VR could benefit the construction industry, this simple yet effective question will instantly give us an insight of peoples thoughts before getting more information on why they are for or against it. 
Secondly, I questioned the areas in which both pieces of technology can be used within the industry.
A. Health and safety 
B. M&E accuracy
C. Other
Lastly, I questioned if my colleagues were knowledgeable in and around the field of AR and VR and if they have had any previous experience with these technologies already. By receiving answers to each of these questions it allowed me to fully review my findings allowing me to justify any views I previously collected. This further assisted my initial findings of the links between job titles and views or age.
My results allowed me to highlight health and safety and M&E assistance as the main areas AR & VR can benefit the industry. 
4.0 Implications to construction

4.1 Virtual Reality 
Virtual reality represents the future of emerging construction technologies within the industry, through many different methods VR is revolutionizing the current industry applications in ways such as scaling, efficient collaboration and effective client project visuals through use of BIMs 3D CAD modelling. 
Virtual realist can be experienced and used both on or off site have and have two different sections of compatibility which are either non-immersive described as operating software in an office through a table or desktop with system unit. The other usage of virtual reality is the higher level is classed as immersive which entails collaboration with the usage of head mounted displays similar to glasses or goggles (HMD) such as devices like Oculus Rift or Samsung Gear VR.  Google.com. (2019). bim virtual reality - Google Search. 
The collaboration and addition of the CDE (Common data environment) assists in virtual reality  to aid the industry as it allows clear visualization of a project before the construction phase begins to a fully finished project almost instantly, this allows for site teams to share so all parties can suggest new ideas and discuss different views and question ideas together without having to meet on site which can become a slight issue if the project is complicated, often there is never a real chance to get every competent individual in for a discussion as people are often working on different projects and are based everywhere. 
Another area in which VR is increasing in population is not only amongst only main and sub contractual teams but client’s teams and consultancy teams. Customer/client personal visuals VR is able to provide to the client long before the team even arrive on site, benefits of this include both time and money savings for the main contractor and client due to decreased rework and by giving the client the ability to raise any queries and re consider or plan any changes before site teams arrive. 
The usage of VR from a main contractors perspective is it’s ability to assist in winning jobs. For example if two companies are bidding for work then the contractor that can provide a VR walkthrough or images of the planned construction will be more in contention to win the work. It helps clients see and understand that the contractor fully understands what the scope of works is and how the finished product will look. “Virtual reality gives the ability to visualise sequences of construction and view different options to minimise re design/work” (retailtechninnovationhub.com, 2024)

4.2 Augmented Reality 
‘Augmented reality (AR) is the integration of digital information with the user's environment in real time. Unlike virtual reality (VR) that portrays a made up environment, AR users are able to experience a real-world environment with all necessary information along with it. Augmented reality has many different uses, from assisting in the design stage of a project  to enabling managers to see exact locations on site as to where certain things need to be places.AR is able to show visual elements and sound to the user through devices like a smartphone, glasses or a headset.” (Gillis) 
 
AR & VR are two different technologies despite the near perfect collaboration, this often leads to confusion between the two. The design stage is essential as it results in efficient or an inefficient construction of a building project due to importance of adequate design in construction. With the ability to integrate 3D modelling of virtual reality we can use BIM to combine both virtual reality with augmented reality. This gives us the opportunity to view BIM with the information already given to use from virtual reality provides us. These technologies will be able to be shown and presented in meeting onto screens to give clients or subcontractors a very clear view of what is expected of them. This again will help in reducing project design issues and therefore save time and money that is valuable to both parties. 
Similarly, both virtual reality and augmented reality share the same objective of assisting in accuracy and costs. Its application to the construction industry allows us to create a clear and accurate image of the proposed building. Without the usage of Augmented Reality and Virtual reality we are limited to information provided by drawings and models created by designers. These drawings and models will include significantly less information. Technologies allow us to view standards, maximum and minimum tolerance levels and many more aspects that may become an issue during the construction phase . 
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