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Augmented Reality in Manufacturing & Maintenance
The Opportunities & Challenges of Adoption

Abstract

Manufacturing companies need to find advance and improved processes  to support rapidly changing market demands. Manufacturing companies need to decide which Industry 4.0 technologies can help them improving product quality & their aftermarket services. 
This short report introduces the topic of Augmented reality - one of the Industry 4.0 technologies – and characterises some of the main features and benefits. It also highlights the key challenges associated with creating and utilising Augmented reality in the real world.
Specially in aviation industry products are manufactured at advance factory locations. But users are spread all across the world. Airlines and service providers are operating all over the world. Preventive & breakdown maintenance can be needed at any remote location. It’s very difficult to have maintenance expert available when needed. Augmented reality can be useful to overcome these challenges. In After-market service replacement of faulty or damaged parts within shorter timeframe is critical. Finding out potential defects in the product can help in avoiding costly breakdown & dangerous accidents.
This report is aimed at those who have yet to start Augmented reality adoption journey. When it comes to recommendations, one topic has been singled out for reader’s attention. 

Introduction
This report will look at the use of augmented reality in manufacturing industry &  maintenance in aviation industry. As one of the core Industry 4.0 technologies, augmented reality has the potential to enhance the performance of all manufacturing & maintenance operation (Breakdown & preventive maintenance). This will be beneficial to improve aftermarket service & them ultimately customer satisfaction.
This report will look at integration of hardware & software for the successful implementation of augmented reality. 



Background Research

The term Augmented reality 
Augmented reality technology was invented in 1968, with Ivan Sutherland’s development of the first head-mounted display system. However, the term ‘augmented reality’ wasn’t coined until 1990 by Boeing researcher Tim Caudell. From NASA simulations to immersive marketing experiences, augmented reality makes tasks easier – and definitely more fun. Poetker (2019). 

What is Augmented reality?
Augmented reality (AR) is an enhanced version of the real physical world that is achieved through the use of digital visual elements, sound, or other sensory stimuli delivered via technology.
Augmented reality (AR) involves overlaying visual, auditory, or other sensory information onto the world in order to enhance one's experience.
Retailers and other companies can use augmented reality to promote products or services, launch novel marketing campaigns, and collect unique user data.  
Unlike virtual reality, which creates its own cyber environment, augmented reality adds to the existing world as it is. Augmented reality uses the existing real-world environment and puts virtual information on top of it to enhance the experience.
Hayes (2020)

History of Augmented reality
1974: Myron Kruger, a computer researcher and artist, built a laboratory at the University of Connecticut called ‘Videoplace’ that was entirely dedicated to artificial reality
1990 to 2010 : Louis Rosenburg, a researcher in the USAF Armstrong's Research Lab, created ‘Virtual Fixtures’, which was one of the first fully functional augmented reality systems
Julie Martin, a writer and producer, brought augmented reality to the entertainment industry for the first time with the theater production titled Dancing in Cyberspace
Sportsvision broadcasts the first live NFL game with the virtual 1st & Ten graphic system – aka the yellow yard marker. The technology displays a yellow line overlayed on top of the feed to that views can quickly see where the team just advance to to get a first down

NASA created a hybrid synthetic vision system of their X-38 spacecraft. The system leveraged AR technology to assist in providing better navigation during their test flights
Esquire Magazine used augmented reality in print media for the first time in an attempt to make the pages come alive
2013 to 2017 
Volkswagen debuted the MARTA app (Mobile Augmented Reality Technical Assistance) which primarily gave technicians step-by-step repair instructions within the service manual
Google unveiled its Google Glass devices, a pair of augmented reality glasses that users could wear for immersive experiences
Microsoft starts shipping its version of wearable AR technology called the HoloLens, which is more advanced than the Google Glass, but came with a hefty price tag. It’s definitely not an everyday type of accessory.
IKEA released its augmented reality app called IKEA Place that changed the retail industry forever 
Poetker (2019).

Augmented reality in Manufacturing & Maintenance 
All kind of complex manufacturing can be benefited by the use of Augmented reality. Augmented reality can be applied in large and complex assembly manufacturing, inspection, Installation & Maintenance. Complex harness routings, cosmetic inspection, quality check of painting, setting up for procedures, final assembly of complex products can be done more efficiently & accurately with the help of augmented reality.
In the Made Smart Review (The Department for Business, Energy and Industrial Strategy, 2017, p. 13,25), Augmented reality is proposed as one of the technologies to be explored and developed under the Transformational Digital Demonstrator Programme suggesting that Augmented reality can be used in upskilling and training the existing and future workforces; this will help to create a high-skills economy for the future. 
Aviation industry is already supporting the development and adoption of Industry 4.0 technologies which will define the industrial digitalisation revolution & Augmented reality is one of them. 
Safran electrical & power showcased augmented reality capability at 2017 Paris air show. Augmented reality is used at Safran for installation of power wiring in the aircraft. It can be then useful to check any defect in the wiring which not visible from outside. Reflectometry is used to send wave through the wiring & allows to detect location of the defect as well as the distance between the defect & reflectometry case. Then this information is coupled with the 3D numerical mock up. Then the defect can be identified & localised. Then its geographical position in the aircraft can be confirmed. Thus, helps in identifying potential maintenance issues in advance & correct them before any accident happens. (Safran E & P website video)

US Air Force Aircraft Maintenance Training with Augmented Reality : US air force providing training to its maintenance staff for servicing a C5 aircraft starter control valve using manifest procedures & help documentation.  Taqtile (2020)


Reality check: inspections with augmented reality  at Ericsson
Another benefit of augmented reality within a manufacturing environment is the impact on quality inspections. It provides human inspectors with visualizations that increase accuracy and reduce time spent checking, and uses real-time hazard and maintenance sensing to ensure product quality remains high. (Ericsson website)

Conclusions

Drawing on the research which has been summarised above, this section will set out the adoption opportunities and challenges for augmented reality manufacturing industry & maintenance in the aviation industry. 

Opportunities

Augmented reality benefits to Manufacturing industries & maintenance operations:
To accompany operators in real time (Gestures, Decision making)
To boost, measure & trace quality of manufactured product.
To standardize work instruction documents (Quality documents, process sheets, inspection reports)
To assist in the assembly & Installation
Prepare assemblies for test or treatments
Checking for missing or damaged parts which is very important in maintenance. Major breakdown or accidents can be avoided. 
More importantly at remote location maintenance can be done by unskilled operator with the help of expert sitting at geographically different location. Training & remote maintenance can be the biggest areas of opportunities for augmented reality applications.

   Industry 4.0 advance technologies like virtual Reality/Augmented Reality & digital twin combined together can provide a whole new way to train operational staff who run, maintain and manage the whole lifecycle of products. Right from Design, Manufacturing, Installation, commissioning, in-service issues & maintenance everything can be optimised & accurately managed. Quality & durability of the product can be maintained throughout the lifecycle. As defects can be found out at early stage, future issues like breakdown, accident, damage to the environment can be controlled or reduced. Ultimately It can help in reducing carbon footprint & saving our environment.
Challenges

Although Augmented reality is being discussed from many years there are some challenges in implementing it at large scale. Biggest challenge is interoperability between hardware and software platforms. And important part is amount of manual intervention required to develop & deploy content effectively. All the software data need to be with detailed information with accuracy. Advance CAD software’s like CATIA, UG NX need to be used for the development of  complete Assy CAD data. Detail design, routing of electrical wiring, painting, post treatments need to be accurately & sequentially maintained in the software.
As Augmented reality is still under development everyone is using their own methodologies. Industry level standardisation is needed for augmented reality application. Furthermore, connectivity to enable VR/AR devices, along with the effective collection of data from across the factory floor is essential in creating beneficial and accurate virtual environments for activities such as training and maintenance activities. (MADE Smart review p. 107)

Recommendation

Businesses will experience more technology-driven change in the next ten years than in the last forty. Artificial intelligence, augmented reality, blockchain, the Internet of Things, 5G networks, and autonomous machines will combine to reshape every industry. To stay competitive, all businesses will have to embrace these technologies to evolve their offering and transform operations. (Brown, 2020)
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