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Abstract
Following a PFMEA analysis revealing shortcomings in the existing preventive systems, Aston Martin explored the use of augmented reality headsets as a solution. A SMART Partnership was formed with the University of Wales Trinity St David to facilitate the implementation of this technology at the St Athan facility. A pre-production Aston Martin DBX was relocated to the university, enabling the remote generation of a production-standard augmented reality system using Microsoft Dynamics software and the Microsoft HoloLens hardware.
Change management techniques were considered to ensure a smooth implementation of the technology into production was possible. Lewin's Freeze, Unfreeze, freeze change management technique was utilized to inform production operatives of the program's developments and the company's intention to use augmented reality headsets. Technicians underwent training to familiarize themselves with the HoloLens interface.
While initially intended as a training aid, Aston Martin plans to integrate the augmented reality system into the manufacturing assembly line. To support this, a suitable interface will be acquired to enable communication between the HoloLens/EASE system and the lineside PLC. The team optimized current manufacturing systems using SQL query writing to develop automated control systems for monitoring quality and considered the impact of the technology on internal delivery.
The success of the SMART partnership and digital accelerator project has prompted Aston Martin to explore further opportunities for augmented reality deployment in manufacturing. This includes implementing an automated paint inspection system in the Off tracks area and investigating the feasibility of using augmented reality in the trim and final area for final inspection operations. The envisioned application would display gap and flush allowances of panels, which are currently inspected manually.
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1.0 Introduction to Aston Martin Lagonda Ltd
Aston Martin Lagonda was initially founded by British engineers Lionel Martin and Martin Bamford in 1913, where the consortium traded under the trademark of Bamford and Martin due to Lionel Martin completing the annual Aston hill climb, “Our DNA was forged when Lionel Martin took Victory in the Aston Martin Clinton Hill climb in 1914, just a year after he and Robert Bamford had joined forces to design road cars that were built for racing but with beauty in mind” (AstonMartinCognizantFormulaOneTeam, 2022). The Aston hill climb was a speed hill climb in Buckinghamshire where Martin completed the course In a modified singer car, as seen in Fig 1. 
[image: ]
(Figure 1 – Lionel Martin Racing in the Aston Hill Climb in Buckinghamshire in a modified Singer Car
Reference - (MyAutoWorld, 2023)

Despite the business only being create in 1913, in 1920 Robert Bamford left the business, which saw English racing driver Count Louis Zborwski become majority shareholder. Despite this investment, the business faced financial hardship once more in 1924 when Zborwski passed away during the 1924 Italian Grand Prix. As a result of this, Lionel Martin was forced to sell Bamford & Martin to Anglo Italian car designer/racing Driver Cesare Bertelli who officially renamed the Business as Aston Martin, and changed the business focus to the mass production of sports cars, “From 1926 to 1937 Bertelli was Aston Martin’s technical director and designer. Also a racer himself, he became one of the few people in racing history to be a driver, owner and manufacturer… During this time Aston Martin Motors made cars with 1.5 leter enginers like the “international”, “T-Type”, “Le Mans”, “MK11”, “Ulster” and a 2 liter racer called the “Super Model”. During this time, road cars became Aston Martins focus” (HeacockClassic, 2019)

More notably, the business was purchased by British entrepreneur Sir David Brown in 1946 for £20,500 and amalgamated with Lagonda a year later, where to this day the business is recognized globally as Aston Martin Lagonda, “Sir David Brown was a tractor manufacturer, who purchased Aston Martin along with Lagonda in an effort to get into the road car business. Ever since its been David Brown whose initials have adorned the best Aston Martin has to offer – the DB cars” (Wiltshire, 2015)

The business began being recognized globally in 1964, where the iconic Aston Martin DB5 featured in the James Bond “goldfinger” which began the business’ iconic partnership with the Bond movie franchise.  The brands iconic collaboration with the Bond series raised the profile of the business on a global scale, drastically influencing the business’ sales. The vehicle became a collectable for wealthy car enthusiasts and to this day is one of the most prestigious classical cars ever manufactured, “The Smash success of Goldfinger was also a success for Aston Martin, which saw DB5 sales surge to fuel an unpreccedented level of production” (Sotheby's, 2019). 

[image: Aston Martin Heritage Showroom in Newport Pagnell, U.K.]The Business’ initial manufacturing facility was the Aston Martin Newport Pagnell which was opened via David Brown in 1955, as seen in Fig 2. During the 52 years that Newport Pagnell was open for mass production “a total of over 13,300 cars left the factory destined for customers all over the world” (AstonMartin, 2022). More noticeably, Newport Pagnell was renowned as a hotbed for automotive hand craftsmanship which began the business’ reputation of hand made bespoke luxury vehicles. 
(Figure 2 – Aston Martins Newport Pagnell Manufacturing Facility
Reference - (Lawrence, 2020)
[image: Inside the Aston Martin factory - The Verge]In 2003 Aston Martin launched its world manufacturing Headquarters in Gaydon, England as seen in figure 3. Post the production of the DB9 being launched in January 2004, Gaydon has been responsible for the manufacturing of all Aston Martin sports cars and actively outputs circa 5000 vehicles per annum. During the opening of the Gaydon facility, Aston Martin decided to continue the restoration of classical vehicles through the Newport Pagnell facility, which is still operational to this day.
(Figure 3 – Aston Martins Gaydon  Manufacturing Facility
Reference - (Warren, 2017)

However in 2019 Aston Martin undertook a significant change in direction which saw the business invest in opening a additional Manufacturing facility in St Athan, Wales. The business, due to the release of the Rolls Royce Cullinan, Lamborghini Urus and the Bentley Bentayga opened the state of the art technology center to enter the luxury SUV market, where the Aston Martin DBX was released, as seen in Fig 4.
[image: ] 
(Figure 4 – Aston Martin DBX 707 
Reference - (AstonMartin, 2022)

The launch of the Aston Martin St Athan facility was a significant milestone in the companies history, as it saw the business launch a new facility whilst also launching its first luxury SUV in its 108 year history. To date, The DBX now has three alternative model variants and is responsible for 60% of the companies annual manufacturing output. 



































1.1 Motivation of Research
Aston Martin as a business prides itself on the quality of its product in its continuous desire to become the world’s best luxury vehicle manufacturing company. 
[image: ]
To control and monitor quality the business currently utilizes a customer perception audit on vehicles, where a vehicle is inspected after all known production defects have been rectified. The intention of the audit is to represent a customers’ perspective to both functional and cosmetic defects within the vehicle. As seen in Fig 5 the technicians who raise these defects categories failures into four categories based off of severity.
(Figure 5 - Aston Martin Internal Quality Scoring Matrix
Reference – Microsoft Excel, 2019)

· AMCPA “10” Call – A Aston Martin quality technician would raise a AMCPA 10 call in the instance of a cosmetic/functional defect that 10% of consumers would generally raise to a dealership. From a functionality perspective, if there is a slight reduction in the primary function of a component this call would be appropriate. From a cosmetic perspective, if a minor scratch/dent (only visible under specific light at a specified angle) is apparent a 10 call would be made. The business also considers the consumer impact of the defect in question, where a 10 call would result in a slight customer annoyance where a potential complaint and/or reduced satisfaction with the product may occur. 
· AMCPA “30” Call – A AMCPA 30 call is a defect which would be recognized by up to 30% of consumers receiving DBX’s from the St Athan manufacturing faculty. From a functional perspective, if a component is intermittently failing this severity of defect will be raised. It is important to note, as apart of the technicians standardized reviewing process functional components are tested multiple times to ensure a sufficient standard of repeatability has been achieved. From a cosmetic perspective, a 30 call is appropriate where a major cosmetic defect is apparent which would result in dissatisfaction to the end consumer. With regards to the plants action post a 30 call being raised, the business is to rectify the defect and escalate to the relevant production group leader, where a value stream group problem sheet will be opened against the outstanding issue, which is reviewed daily within the trim and final assembly area. To escape potential defects leaving the manufacturing facility (as offline re-work may re-introduce the issue into the process) these items are also reviewed at the securegate area within the off tracks area, prior to the vehicle being passed to sales. The business deems 15 production days with no outstanding defects raised a acceptable condition to close outstanding project sheets. 
· AMCPA “70” Call – A 70 call is a cosmetic/functional failure the business expects 70% of consumers to recognize. From a functionality perspective, the business will raise a 70 call in the instance of a component within the vehicle losing its primary function, resulting in the consumer becoming increasingly dissatisfied. When considering a 70 call from a cosmetic perspective, the business would result to such scoring if a defect would require a unscheduled dealership visit to rectify the issue. From a plant perspective, in the instance of a 70 call being raised the team would follow the procedures followed from previous calls, whilst also conducting a full line sweep of all vehicles within St Athan from the point of fitment.
· AMCPA “300” Call – The business recognizes a 300 call as the highest severity of potential failure a vehicle can experience. A 300 call highlights a functional defect which affects a safety critical item or a cosmetic legislative requirement which isn’t fitted to the vehicle or is of incorrect specification. A 300 call, whether it be identified on site in St Athan or within the dealership distribution, will prevent a vehicle being sold to a consumer, thus resulting in extreme customer dissatisfaction. Like a 70 call, a 300 call requires a full line sweep to contain the issue whilst group leaders determine if disciplinary action is required to the technician in question (this will be dependent of the failure mode – generically more robust manufacturing process’ are implemented). 
 
During 2022, Aston Martin produced 3072 Aston Martin DBX’s from the St Athan facility into the dealership distribution network. As a standard,  100% of vehicles from within the St Athan off tracks/Vehicle confirmation area were subject to a “Mini Audit”, which includes a brief interior and exterior Aston Martin Customer Perception Audit in a attempt to promote quality within manufacturing. As a standard, the business would audit vehicles prior to entering the wheel alignment and camera adjustment station (first operation within Off tracks), in an attempt to capture defects directly caused by the trim and final assembly area.
[image: ]Prior to passing vehicles to the dealership distribution, the business completes a “YAG” operation as the final working operation. The YAG process, post a vehicle being scanned into the Pryor laser machine, utilizes a yttrium aluminum garnet laser to etch the relevant information (which commonly includes the vehicle identification number) onto legislative stickers which are to be placed within the vehicle. Aston Martin Lagonda’s “full audit” inspection was only conducted on 185 vehicles last year, thus meaning the business only audited 6% of vehicles which had been progressed throughout the YAG operation. The YAG operations primary function is the addition of numerous legislative labels across the vehicle which are derived based upon the vehicles’ territory, and on average include 20 labels per process, as seen in Fig 6.
(Figure 6 – Example of YAG legislative label process’ for European specification vehicles
Reference – Microsoft PowerPoint, 2022)

As Aston Martin currently delivers vehicles to 23 countries worldwide, and there are a average of 20 labels per process, this leaves the business with a potential 460 label variants which technicians must ensure are accurately fitted to ensure the vehicle in question complies with legislative requirements. An internal failure to complete this process will subsequently result in a ACMPA “300” call being raised where a formal investigation would be conducted as to why the failure occurred. In the instance of a vehicle exiting the facility with deficient quality, the business would not be aware of this defect until the dealership raises a warranty claim, which will subsequently result in the vehicle being returned to St Athan for re-work at the cost of the business. 

During 2022, the business experienced 6 external accounts where the incorrect YAG label/no labels were fitted to a vehicle which subsequently resulted in warranty claims being raised against the business as displayed in Fig 7.

[image: ](Figure 7 – YAG Warranty Claims By Territory and Label Type
Reference – Microsoft Power BI, 2022)

Upon conducting PFMEA analysis, as seen in Fig 8, it became apparent the YAG operation currently withholds an RPN score of 420, which is deemed to be 320% over the business’ maximum allowance for a process. As a business, Aston Martin recognizes a RPN score greater than 100 as a immediate risk to the business, despite the utilization of the current manufacturing systems in place. The current systems utilized on station are the following:
· Goldcrest – Goldcrest withholds the vehicle BOM but is not a direct interface technicians utilize during day to day operations. Goldcrest derives which parts require part verification (where a technician has to scan a physical barcode on the part to acknowledge the correct part has been fitted), and the delivery point for DHL representatives to deliver the correct components to the correct fitment stations. It is a valid assumption to believe that all labels printed via the YAG operation are on the car parts table and therefore require a manual scan from the technicians. 
· EASE – EASE Works is the interface which the technicians must utilize during the processing of every manufactured vehicle. The technician, post entering the vehicle build number (internal unique identifier for a vehicle), will be greeted with the required work activities required for this vehicle (this will include specified options the consumer has selected). Post receiving this information, the EASE interface will display to the user the manufacturing process’ which are to be completed on the vehicle in station, the tools required to complete said operation and also any health and safety documentation relevant for the area where processing activities will be completed. Across all manufacturing build stations within the St Athan facility, all technicians have access to the EASE software through a 2D monitor. Through the utilization of EASE it is possible for the Manufacturing Engineering department to notify technicians when a process document has changed (where the process has now been updated) and likewise it is possible for technicians to raise manufacturing change requests to notify the Engineering department where a process document requires updating/is inaccurate

[image: ](Figure 8 – Aston Martin Lagonda YAG PFMEA Analysis
Reference – Microsoft Excel, 2022)

Despite the implementation of these systems, Manufacturing Engineering currently has not provided a visual recognition check to acknowledge the fitment of the YAG labels is sufficient to satisfy quality standards.

Alternatively to this, as the business is currently operating the YAG station within a free area (not constrained to a track),  the current preventative action does not prevent technicians from passing vehicles into the dealership distribution network without subsequently scanning all labels, thus putting the business at increased risk of incorrect part fitment. 

Due to the YAG operation not being constrained to a assembly line, the business is at a increased risk of fitting the incorrect labels to vehicles. As it may be possible to bypass the current EASE scanning system (by scanning the correct labels against the current vehicle active in EASE) the business does not currently  have a preventative quality method to ensure the correct labels have been fitted to the correct vehicle. 
The business also recognizes there is currently no revision history with regards to the condition of the fitment of labels post processing. As a consequence of this, post a vehicle being passed to sales, the business has no proof that the correct specification labels/any labels have been fitted to the vehicle. The business can only assume that no labels are removed internally as this is the penultimate process prior to leaving the facility. 


































1.2 Business Ideology 
[bookmark: _Hlk135243003]As the automotive industry is a ever evolving industry continuously adopting new technologies, Aston Martin as a business recognises the importance of embracing the fourth industrial revolution to aid manufacturing operatives assembly process’, “artificial intelligence progressive impact on different departments in the automotive industry such as manufacturing, transportation, and service is ground breaking. The international market size of the automotive industry with AI is forecasted to reach a whopping $7.5 billion within the next 6 years. The automotive artificial intelligence market will grow at a rate of 21.5% CAGR by 2028 and this will be a revolution in the industry” (Limited, 2022). 

Aston Martin as a business prides itself on a brand image of luxury British manufacturing with the ultimate bespoke personalization options through the Aston Martin Q division, where it is possible for consumers to customize a bespoke vehicle, “Q Is the Aston Martin  bespoke division. Every Aston Martin enjoys a wide scope of specification options but Q allows you to enjoy another level of personalization. It is a world where anything is possible, from a unique stich pattern to a complete one-off Aston Martin. With the guidance of Aston Martins Q designers, we have created a specification that utilizes some wonderful, bespoke features in a careful and considered way” (Walton-on-thames, 2022). 

The business recognizes that as the automotive industry moves towards a future which adopts new technologies, and whilst considering the vast variety of customizability options, a recommendation action based upon the PFMEA analysis completed on the YAG station was the feasibility of implementing a 3D augmented reality  headset into the St Athan manufacturing technology center to aid operatives with they’re manufacturing operations. 

Post initially proposing the augmented reality headset project to both Senior Management and Director level employees within Aston Martin, the business was particularly interested to initially introduce this technology to the YAG station due to the lack of preventative quality systems currently in place. Despite the business looking to utilize this technology for the YAG process initially, Aston Martin also has aspirations as a business to consider other potential applications for  augmented reality in a attempt to further deploy this technology across the production line, in a attempt to promote quality within manufacturing without subsequently hindering delivery. 






2.0 Augmented Reality – Industrial Applications Literature Review
Augmented reality is “the integration of digital information with the users environment in real time. Augmented reality users experience a real-world environment with generated perceptual information overlaid on top of it” (S.Gillis, 2022).  Augmented reality is a emerging technology which is already commonly utilized in the mining,  gaming, education and logistical industry. Within the automotive sector, business such as BMW, Mercedes, Volkswagen and Volvo have began utilizing this technology to both train manufacturing operatives to perform standardized working operations prior to having authorization to working in a live manufacturing environment. Mercedes Benz utilize augmented reality within Engineering to complete virtual manufacturing builds of pre production vehicles, to ensure the vehicle is manufacturable prior to running a live trial within the manufacturing facility, “Mercedes Benz heavily involved with innovative AR design methods, which are used to help designers visualize how components will fit together during the manufacturing process. Augmented reality is also used to enable more experienced engineers and designers to provide remote assistance to newbies and trainees in the engineering environment.” (Forbes, New Customer Experiences, 2023). 

The utilization of this technology allows Mercedes to prevent no build conditions in manufacturing and enables remote training to technicians upon the release of new products, in a attempt to promote quality without subsequently hindering delivery. Similarly, Audi utilize augmented reality within the manufacturing supply chain to increase efficiency within logistics planning, “The “layAR” system (for “layout” and “augmented reality” supports Audi logistics planners when setting up new logistical structures in an existing production hall. The software makes use of existing CAD data for various objects, such as shelves, containers, and parts. LayAR visualizes the “digital twin” as a three dimensional hologram in the AR device and projects it in life size in the actual environment” (Audi, 2020).  Whilst this is common amongst competitors, the implementation of augmented reality within Aston Martin would provide a significant development to advanced manufacturing operations across the assembly line. Contrary to manufacturing, the business has scalability to deploy this technology to the dealership distribution to aid servicing technicians in the even of defects arising on vehicles, thus preventing the business from deploying on site master technicians worldwide to rectify these issues.








2.1 Benefits to Manufacturing - Time Saving.
[image: Graphical user interface, application, table

Description automatically generated]A primary driver for the business to utilize augmented reality within standardized working practices is to aid manufacturing delivery. Currently all Aston Martin employees are required to manually walk to they’re lineside EASE terminal and enter the correct Vehicle Build Number to receive the correct standardized working instructions prior to beginning processing the vehicle in question. From a manufacturing efficiency perspective, the complexity of the YAG process is highlighted as the regional requirements varies per territory, thus meaning the location and type of label to be fitted  to the vehicle also varies extensively. Upon completing a time in motion study on a trained technician, as seen in Fig 9, the business has highlighted 1.27 minutes of non value added activity in a 18 minute cycle time (across process elements 73, 75, 77, 79, 82 and 84).
(Figure 9 – Time in Motion Study for YAG Process based upon a Japanese Specification Vehicle
Reference – Microsoft Excel, 2022) 

The non value added activities highlighted in Fig 9 are predominantly confirmation checks that the technician is completing to ensure all labels have been fitted correctly to the vehicle as per the regional requirements guide/EASE. Based off this study, the business expects a 7% efficiency improvement through the implementation of augmented reality manufacturing guides as a visual confirmation will be provided to the technician upon completing the process. 
[image: ](Figure 10 – Aston Martin St Athan Hourly Costs Per Area Calculator
Reference – Microsoft Excel, 2022)

Based on this efficiency saving, Aston Martins manufacturing business office has predicted a cost per unit saving of £2.21 per vehicle, whilst considering the vehicle confirmation areas direct labor rates and facility overheads as displayed in Fig 10. As the business has released it as intentions of manufacturing 3305 Aston Martin DBX’s in 2023, this would result in a £7304.05 direct cost per unit saving to the business through efficiency improvements. 

The business also recognizes a further cost per unit saving as the YAG process is currently completed via two technicians, a working technician and a on line confirmation technician. The primary function of the vehicle confirmation technician is to ensure all legislative labels fitted to the vehicle are fitted correctly. The business recognizes that the implementation of this technician into the process is non value added, but subsequently employed a confirmation technician as a preventative action to combat the cost of warranty claims/EPDR’s raised via the dealership distribution network. The removal of this technician would also trigger a £45,000 annual salary saving to the business which will subsequently reduce the cost per unit of the DBX.  

Research reinforces that the utilization of augmented reality headsets will allow technicians to complete standardized manual operations in a more effective manor, as previously discovered via K.M Baird and W. Barfield. The researchers conducted a test where 15 students recruited from both undergrade and postgraduate experience (all aged between 20-37, with a average age of 24.6 years) were challenged with the tasks of inserting electrical components into a  computer motherboard, “The experimental task in this study consisted of subjects performing manual assembly, a task that consisted of inserting components (RAM or ROM chips etc) onto a computer motherboard. Inserting components in a computer motherboard was selected as the experimental task because it is a actual task performed within the computer industry” (K.M Baird, 1999) . Post the students completing the process (after receiving one experimental session) it became increasingly evident post analyzing the results that technicians utilizing a augmented reality headset were significantly more effective than that of the students utilizing 2D process instruction documentation, “The mean time for the students to complete the process using the instruction manual, computer-aided-design (CAI), head mounted display, and see through head mounted display were 197.10 seconds, 176.30 seconds, 107.66 seconds and 95.24 seconds respectively. In comparison to the paper instruction manual, the subjects performed the assembly task 52% faster utilizing the opaque head mounted display (K.M Baird, 1999). The above experimental conclusion reinforces the business’ case study to implement industry 4.0 technologies into the St Athan manufacturing facility to aid manufacturing operatives within the assembly process’ of the Aston Martin DBX/DBX707.






















2.2 Benefits to Manufacturing - Error Reduction
Aston Martin also understands the implementation of augmented reality can provide technicians with a visual polka yolk for all manufacturing operations. The business understands that the implementation of augmented reality will provide a additional automated verification check to ensure sufficient quality has been achieved prior to the continuation of further process’ across the manufacturing assembly line. Many studies conducted in alternative manufacturing environments have reported that the utilization of augmented reality to present standardized manufacturing process provided significantly less errors during manufacturing than alternatively using a traditional 2D work instruction.

 This was reinforced as Tactic and Tesic conducted a case study comparing augmented reality and electronic document based maintenance instructions. Whilst comparing augmented reality to traditional standardized 2D work instruction, it became increasingly evident that technicians were able to conduct the complex maintenance activity with greater efficiency whilst utilizing the augmented reality instruction method, “the AR tablet is 34% statistically faster than the PDF tablet. It also shows that error concerning similar objects is reduced when using augmented reality” (Vincent Havard, 2021). This reinforces the business’ school of thought that the implementation of augmented reality, through projection of digital working instructions/videos into a real life environment, can aid Aston Martin technicians to increase process accuracy through highlighting areas of complex process which require additional attention due to complexity. The implementation of this technology also increases process obedience, as technicians must work through the manufacturing process in a sequential fashion. 

Research previously conducted also reinforces the ideology that effective use of augmented reality can provide greater precision to high complexity operations. Whilst reviewing literature, it became increasingly apparent that Ashish Doshi, Ross T. Smith, Bruce H Thomas and Con Bourgas conducted research as to if the utilization of augmented reality could potentially increase the accuracy of spot welding operations within the General Motors Holden production facility. The examination results conducted that there are “gains to be made towards accuracy and precision using the SAR projection system” (Ashish Doshi, 2016). As spot welds completed over a sample size were completed with less radial error, thus increasing the accuracy of the process thus resulting in a increase in quality. This research also reinforces the business’ intention to implement augmented reality into the DBX assembly line to aid manufacturing operatives with complex but repetitive operations. 




2.3 Benefits to Manufacturing - Collaboration 
The utilization of a augmented reality headset within a manufacturing environment also provides greater cross-team collaboration for manufacturing operatives, as augmented reality headsets allow for technicians to connect to support functions live during a operation. Augmented reality also has enormous scalability with regards to promoting efficient collaboration as a potential assembly aid, thus allowing technicians to complete manufacturing process’ in a offline environment prior to distribution onto production vehicles, “In the workplace, AR can enhance the learning and comprehension of both trainees and seasoned workers. Additionally, AR can boost employee engagement and safety awareness, alleviate training costs and lower learning curves” (Forbes, The Benefits of Augmented Reality for Employee Training, 2021). The utilization of augmented reality also allows for technicians to receive assistance remotely from supporting functions during process, as they with hold live video camera connectivity. 

2.4 Benefits to Manufacturing - Mental Workload 
Augmented reality also has the advantage that it significantly reduces the mental workload required to complete standardized working activities. Although the current 2D application method provides users with  sequential work instructions, the augmented reality headset allows the technician to work around the vehicle in sequential fashion, without the added requirement movement of referring to static 2D manufacturing operation process’.



















3.0 Implementation Method
3.1 SMART Digital Accelerator Program
To aid the implementation of the augmented reality technology into the manufacturing facility within Aston Martin Lagonda St Athan, the business alongside the university of Wales Trinity St David partnered to complete a SMART digital accelerator program, to identify where the business can most efficiently deploy this technology into the production process. 

During the SMART partnership collaboration between the university of wales trinity St David and Aston Martin Lagonda, both business’ initially conducted on site reviews to review the organizations current processes, technologies and manufacturing systems. The following findings were identified :
· Thought the organization Aston Martin Lagonda has embedded ISO/TS 16949 quality system management systems, in accordance with the requirements of the automotive manufacturing sector. This positions the business to adopt and embrace advanced digital technologies.
· It became increasingly apparent that the management teams within the organisation are fully committed to embracing new and emerging technologies in the pursuit of enhanced productivity and highest levels of quality.
· Across the business 2D digitalized work instructions (tablet/PC Based) have been developed and deployed. However, the level of customizability and the planned production volumes are untypical for the automotive sector (higher levels of customization and significantly lower production volumes).
·  Vehicle test and sign off/approvals within the off tracks area is currently a manually sequenced process which relies solely on technician awareness. Sample audits however  have identified that the existing, digital support systems are not robust and consequently safety and compliance critical faults are currently at risk of reaching the consumer. 


[image: ]Initially, as seen in Fig 11, the business completed a digital technology diagnostic exercise, to analyze and highlight areas of the business where technology in production is under utilized.
(Figure 11 – Digital Technology Diagnostic
Reference – Microsoft Excel, 2023)

Whilst considering data collection and processing, the business excels in this area of production due to the internal system infrastructure utilized. The business utilizes SQL databases to store all internal data collected, which is stored within a multitude of SQL tables, across multiple servers. SQL (Structured query language) can then be utilized to extract this data instantaneously which can be manipulated to the coders requirements with ease, “Large amounts of data are retrieved quickly and efficiently. Operations like insertion, deletion and manipulation of data is also done in almost no time” (GeeksForGeeks, Advantages and Disadvantages of SQL, 2021). The primary advantage of the utilization of this technology is its interface to current business systems, as all DC Tooling data, Flags Defect inputs, EASE Part verification and SCADA/PLC data which is recorded throughout the assembly process is recorded in a live manor and is inputted into the SQL databases as they are collected directly from the production line. This allows for the business to collect, and extract data into a multitude of business intelligence packages (Predominantly Microsoft Power BI or DOMO), to determine business KPI’s and provide the business with a greater understanding of manufacturing performance. 

With regards to Digital simulation, during the pre-prediction stages of a Aston Martin DBX, the business utilized Vizendo AB to conduct a “dry build” of the vehicle to identify potential no build conditions prior to the purchasing of parts/finalizing design, “Vizendo is a leading provider of virtual operator training for automotive manufacturing. Virtual training enables industrial companies to reduce their training times and launch new products faster and in higher quality” (Shea, 2020). This process is currently completed via the advanced manufacturing engineering team and Aston Martins Research and Development department, and is completed prior to production prototype phase 1. The current process of completing this process is a 2D immersive manufacturing simulation which allows engineers to simulate the build process.  During this segment of the diagnostic the business only achieved 60% of its targeted score. As the business currently has protocol/procedures in place to prevent no build conditions, Aston Martin does recognize the utilization of augmented/virtual reality to immersivity mimic the build process of the car would be far more beneficial to utilize. The implementation of this technology would allow the user to replicate the build process of the vehicle in a virtual environment, to further highlight potential issues within the build sequence of the vehicle prior to introduction to the assembly line which may not be possible in the current 2D manufacturing environment.

Aston Martin as a business recognizes that due to St Athan being a low volume production facility in comparison to other OEM’s, and due to the business’ reputation as a luxury hand built automotive manufacturer with extensive customization options, the implementation of automation within the assembly process is particularly challenging. Despite this, the business does utilize industrial robots throughout the assembly process to aid operatives. Within the Body construction area, the business utilizes a framer which locates and secures the body sides of the vehicle to the tub, prior to the vehicle being passed through the body in white process. Throughout the paint facility, the business utilizes Yaskawa 7 axis robots too automatically apply both water based base (to comply with the conformity of legislation environmental requirements) and solvent based clear coats to both the interior and exterior of all DBX’s passed throughout the assembly process. Within the trim and final assembly area, the business utilizes a automated adhesive glue application method to both the front and rear windscreen of the vehicle, prior to technicians utilizing a Dalmec lift assistor to locate both parts onto the vehicle. Within the vehicle confirmation area, to confirm the vehicle is suitable throughout dynamic testing, the business utilizes a wind noise cell, where 7 axis Kawasaki robots surpasses the vehicle, and replicates the wind concentration the vehicle would experience travelling at 120mph, the technician within the vehicle is then able to flag these defects (whilst being implemented into flags) to notify the road test technicians of the re work which is required. 

The business also utilizes a number of business intelligence packages to effectively report and record business targets, through constant analysis of the current data collected from within the assembly process. The business utilizes Microsoft’s Power Bi for localized reports, which Is a business intelligence and data visualization package that allows users to generate dashboards and reports through interactive reporting strategies, “Power Bi is a business analytics service provided by Microsoft that lets you visualize your data and share insights. It converts data from different sources to build interactive dashboards and business intelligence reports” (Biswal, 2023). Power BI is utilized by the business as it has the capability to be connected to multiple data sources, such as SQL databases and Excel workbooks. To provide Aston Martin with business wide KPI’s, DOMO is utilized as a reporting strategy, due it being a cloud based reporting strategy, “DOMO analytics is a complete cloud analytics platform that was created for large enterprises and small business’. It’s enterprise ready thanks to its deep set of capabilities across the full stack of requirements for security, governance, dashboarding, reporting and data science, all in a collaborative setting” (Graphable, 2023). The business could improve of its utilization of these reporting  resources however, by providing greater training to individuals within the business on how to generate customized dashboards/interface with business intelligence packages.



























3.2 SMART Partnership & Implementation Methodology
Post successful completion of the digital accelerator project, both the University of Wales trinity St David and Aston Martin Lagonda successfully launched a SMART Partnership in a attempt to further develop the use of augmented reality internally at the Aston Martin St Athan facility, please see appendicies to view the full document.

Whilst considering literature and through the recommendation of the university of Wales trinity St David, the business decided to utilize the Microsoft HoloLens in a attempt to generate augmented reality YAG process’ to aid manufacturing operatives. 

As the hardware selected is a Microsoft hardware, the business has utilized the Microsoft MS Guides system to generate mixed reality applications, “Microsoft Dynamics 365 guides is a mixed reality application for the Microsoft Hololens that helps operators learn during the flow of work by providing holographic instructions when and where they’re needed. These instructions cards are visually tethered to the place where the work is done, and can include images, videos and 3D holographic models. Operators see exactly what needs to be done, and where, so they can get the job done faster, with fewer errors and greater skill retention.” (Microsoft, Overview of Dynamics 365 Guides, 2023). Post downloading the software, it was evident that the team would require to generate a unique program per territory. Despite the business receiving the largest quantity of defects (due to more complex process’) on Chinese and Federal vehicles, Aston Martin Lagonda provided the University Of Wales Trinity St David with a pre production Aston Martin DBX with European specification labels, which was located in the university to allow for remote programming. 

Initially, the team utilized Microsoft’s MS Guides authoring PC application, where it  was possible  to generate a step by step application method. Initially, the team specified a single slide overview within the guides environment to replicate that of the current 2D EASE system the business currently utilizes. Similarly to EASE, this system denotes the sequence of operation, but the Guides variation ensures process obedience as it is not possible to progress to the next process prior to the previous process being completed. The Guides provided to the user with a replica of the Aston Martin Regional Requirements guide which specifies the label which is to be fitted to the vehicle and the area of fitment required. 




[image: ]Post generating the process documentation steps within the European specification program, the team utilized the MS Guides “author” application on the HoloLens to allocate Holograms against each individual process step, as seen in Fig 12.
(Figure 12 – Augmented Reality for the front number plate plinth fitment process
Reference – Microsoft Dynamics, 2023)

The Microsoft dynamics author mode allowed the team to utilize the standardized holographic library tools to utilize arrows, circles and rectangular augmented reality visual aids to support the technicians throughout the manufacturing process. It is important to note, these augmented holographic tools were physically placed into the Augmented reality environment by the user and scaled accordingly to accurately represent accurately the area of fitment. The team repeated this process for all labels which have a associated 2D instruction document to ensure all labels were accounted for. 

The implementation of this strategy allows for the technician, once the datum point has been identified,  to receive standardized work instructions which include immersive visual guides for the technicians to utilize. The HoloLens also includes a hands free selection method, where technicians are able to skip through process’ to reduce processing time further, “Operators control the interface with their gaze, using a glance to move to the next step, which leaves their hands free to do the work. Instruction cards follow the operator as they move around equipment. Holograms point to the tools and parts that they need, and show them exactly how and where to use them during the process” (Microsoft, Overview of Dynamics 365 Guides, 2023). From a continuous improvement perspective, the business will benefit from utilizing a standardized modelling package, as there is no specified requirements from the user to have prior knowledge on 3D programming skills to modify/create new programs within the Guides environment, “With Dynamics 365 Guides, you don't need specialized 3D or programming skills. Start with the PC authoring app to create a guide made up of step-by-step instructions, images, videos, and 3D holograms”  (Microsoft, Overview of Dynamics 365 Guides, 2023). As the regional requirement guide is updated and maintained via the Aston Martin legal certification process, and released to production via a engineering release note, the deployment of this technology in this manner allows for manufacturing engineering to take ominous of the updating/maintenance of future augmented reality programs internally, which will inevitably provide more flexibility to the business moving forward. 

[image: ]Prior to beginning the process, the team began considering potential anchor points for the system to reference prior to commencing the process. Within the Microsoft guides environment, anchors are used for spatial awareness which will allow the HoloLens to place holographic content into the users environment accurately consistently. Initially, as the vehicle in question is of European specification, the team proceeded to generate a barcode to identify this specification of vehicle. The team, using the unique barcode as unique identification method, placed the barcode onto the vehicles instrument panel, as seen in Fig 13.
(Figure 13 – Barcode Anchor For initiation of European YAG Process Placed on Vehicle IP
Reference – Microsoft Dynamics 365, 2023)

The team utilized the instrument panel as the datum point as it is central to the vehicle, thus preventing any potential “slipping” from the augmented reality headset post generating the remainder of the augmented reality system. It is important to note this step of the process will be the initial step required to complete during the process, therefore it will be mandatory the technician sits in the front of the vehicle to initiate the program. 
The implementation of this strategy allows for the technician, once the datum point has been identified,  to receive standardized work instructions which include immersive visual guides for the technicians to utilize. The HoloLens also includes a hands free selection method, where technicians are able to skip through process’ to optimize output, “Operators control the interface with their gaze, using a glance to move to the next step, which leaves their hands free to do the work. Instruction cards follow the operator as they move around equipment. Holograms point to the tools and parts that they need, and show them exactly how and where to use them during the process”  (Microsoft, Overview of Dynamics 365 Guides, 2023). From a continuous improvement perspective, the business will benefit from utilizing a standardized modelling package, as there is no specified requirements from the user to have prior knowledge on 3D programming skills to modify/create new programs within the Guides environment, “With Dynamics 365 Guides, you don't need specialized 3D or programming skills. Start with the PC authoring app to create a guide made up of step-by-step instructions, images, videos, and 3D holograms” (Microsoft, Overview of Dynamics 365 Guides, 2023). 

As the regional requirement guide is updated and maintained via the Aston Martin legal certification process, and released to production via a engineering release note, the deployment of this technology in this manner allows for manufacturing engineering to take ominous of the updating/maintenance of future augmented reality programs internally, which will inevitably provide more flexibility to the business moving forward






















4.0 Data Analysis – Report Generation. 
4.1 External Quality – Improved Reporting Strategy. 
Currently Aston Martin Does not withhold any standardized reporting strategy to monitor the causal part number/cost of warranty claims raised from the dealership distribution. To monitor vehicle quality post implementing the augmented reality system into the St Athan Manufacturing facility, the business has generated a automated SQL powered business intelligence tool to allow for greater analysis of field concern issues/warranty claims to be analyzed. SQL code has been utilized to generate the business’ reporting strategy as It collates masses of data and visualizes this information in a clear concise manor for the business to utilize.

When analyzing the SQL code as seen in Fig 14, it can be interpolated into three dimensions:
[image: ](Figure 14 – Automated Aston Martin Lagonda Warranty Claim Report SQL Query
Reference – Microsoft Power Bi, 2023)

· “Select” Clause -This area of the code specifies which columns of data will be visualized within the business intelligence interface for the user to utilize. Importantly, the code allows us to receive the vehicle identification number, territory of which the warranty claim occurred, the dealership that raised the claim, causal part number and the cost of rectification. As this code is a static command, the business will receive continual automated updates live as dealerships raise warranty claims globally, thus providing a central location for all data to be collected and analyzed. 
· “Left join” clause – As briefly discussed, the generation of SQL queries is the amalgamation of multiped data columns over a vast quantity of data tables. The left join segment of the code demonstrates how the coder has joined multiple data tables through communized columns. The merging of multiple tables ultimately creates a unique query tailored to the coders requirements.
· “Where clause” – The where clause is the filtering element within the specified code. As seen in figure 14, the coder has specified that only the last 180 days of data are to be displayed (“[Failure Date] > Dateadd (DD,-180,GETDATE()”). The coder also specifies that only warranty claims surrounding AM8 (Aston Martin DBX) are to be returned. The coder also has removed any ambiguity with regards to blank columns by removing columns of causal part numbers with no value inside of them, which may occur if a dealership accidentally submit a warranty claim with insufficient information.  It is also specifies that vehicles with a warranty claim classification as campaign are not to be included within the data set. 

Post successfully generating the code, it was possible for the coder to visualize this data set within Microsoft Power Bi visualization package, as displayed in Fig 15.
[image: ](Figure 15 – Automated AML Warranty Claim Geographical Location Heat Map
Reference – Microsoft Power Bi, 2023)

The initial page within the report predominantly demonstrates the quantity of warranty claims via country and dealership, which is visualized via a interactive map visualization. The following page on the report visualizes the quantity of warranty claims raised via territory, which is easily visualized by the blue circular pointers placed on the interactive map (the greater the size of the marker the more warranty claims). Post the user selecting the territory of warranty claims raised the report refines the second map visualization to demonstrate the quantity of warranty claims raised via dealerships within the territory selected. The intention of this initial page of the report is to provide a high level visualization to the user of territorial hotspots for warranty claims raised. As seen on the right hand side of the report, the visualizations will amend they’re content based upon the slicers utilized via the coder. It is possible to filter the visualization by date, country of warranty claim (if the user does not want to utilize the interactive map), months in service (months the consumer has had the vehicle) and the car program. The vehicle program allows the user to define between the high performance variant of DBX, straight six variant and standard base performance, thus providing the user with a greater level of data manipulation. 


[image: ](Figure 16 – Aston Martin Warranty Claim Count By Causal Part Number Automated Report
Reference – Microsoft Power Bi, 2023)

The second page of the power bi report, as seen in figure 16 posts a clear focus to the business based on the quantity of failures experienced in the field. The table to the Left of the visualization provides the user with the PMST, Defect category (which defines the area of the vehicle that the warranty claim has been raised against) and the defect category three, which defines the failure mode of the component, which then provides the business will a definitive count of failures. Utilizing pareto analysis, to the right of the report the coder has included a schematic which denotes the quantity of warranty claims raised against the causal part number of the effected part. The coder has also utilized a pie chart to visualize the quantity of claims by region, to allow the user to determine the casual part numbers dealerships are claiming warranty calls against worldwide. Once again, the report utilizes two slicers which allows the coder to filter the report by months in service or territory. 








[image: ](Figure 17 – Aston Martin Warranty Claim Cost By Causal Part Number Automated Report
Reference – Microsoft Power Bi, 2023)

The third page within the report, as seen in Fig 17 provides the business with a clear emphasis/insight as to the cost of warranty claims. This page of the automated report utilizes the same visualization method as per the previous page, but now proposes a clear focus on the cost of warranty claims to the business. The implementation of this page within the report provides the business with a clear visualization as to the highest monetary contributors to warranty and the failure mode associated with the part. The report also allows the user to filter via months in service and the region of vehicle, if the user wishes to investigate a issue which is territory based.


The business has now began implementing the above warranty report as a centralised location to receive, analyze and drive warranty claims back to the manufacturing point of fitment within the Aston Martin St Athan manufacturing facility. The implementation of this report allows the business to receive notifications of new warranty claims globally and provides accurate visualization of these incoming claims, thus allowing production foreman/manufacturing engineers to investigate these issues from they’re original point of fitment. Due to the success of the implementation of this reporting strategy, the business has also generated a replica of the power BI configuration, where the SQL report has been altered to receive warranty data for Aston Martins Gaydon facility. This report has the same reporting strategy, but provides warranty analysis to the business on the current sports car range, thus including the Aston martin Vantage, DB11 and DBS Supperlegera. The business has further intentions of implementing this reporting strategy across our Wellesbourne facility, where the Aston Martin DB5 restorations and Valkyrie are produced. 




































4.2 Internal Quality – Improved Reporting Strategy
Despite the business now having clear visibility of the lead contributors to warranty claims externally throughout the dealership distribution, the business began considering potential internal reporting strategies to mitigate insufficient quality from leaving the St Athan facility.

As a reporting strategy for defects, the business utilizes a “Flags” system which allows operators within the manufacturing process to input defects found when inspecting a vehicle, which commonly includes entering the part of the vehicle where the defect was located and the failure mode of the defect. 

The business utilizes this reporting strategy to report all defects raised throughout the Aston Martin customer perceived audits, but due to the complexity of the interface (provided via the OEM) it became increasingly apparent the data inputted via quality technicians was not utilized efficiently across the business. 

As a result, as Flags also has SQL connectivity, it was possible to locate the relevant data within the affiliated SQL database and generate a conditioned code to present this data in a concise manor in a centralized location to ensure data driven decisions are being made by the business.

As seen in Fig 18, the business utilized a conditioned SQL query to export the relevant data:















[image: ](Figure 18 – Conditioned SQL Query to Monitor Internal Quality
Reference – Microsoft SQL Server Management Studio, 2023)

The code generated in Fig 18 can be denoted into two primary sections:
· “Select” clause – Here, the coder has specified the columns which are required within the data set. Here, the coder has specified that the columns required are the vehicle build number, date/time, station of defect, technician who raised the defect, the section/main part of the vehicle the defect has occurred upon, the part number of which the defect occurred and the repair technician. The information provided in this section will denote the columns the business can utilize when visualizing the data set.
· The “Where” clause utilized within the code denotes the filtering which Is required to be completed via the report prior to visualization. Here, it is apparent the coder has requested that only the Aston martin Customer Perception Audit defects are to be included within the data set (“II.H1 = 'AMCPA' OR H1 = 'AMCPA 2' OR H1 = 'OT CAL 1 INSPECTION'”), and that the report is only to consider the previous 90 days of data from the date of refreshing the data set. This area of the code is relevant as it removes unnecessarily Flags inputs (defects which would have been displayed from the Body in White, Paint and Trim and Final line) and solely includes defects  from the relevant area within a recent time frame. 

[image: ]As a result of the dataset being exported, the business was able to generate a automated visual reporting strategy to monitor the condition of vehicles passed through the AMCPA audit, as seen in Fig 19.
(Figure 19 – SQL Dashboard to Monitor Internal Quality
Reference – Microsoft SQL Server Management Studio, 2023)

As seen in Fig 19, the report includes a pareto chart which displays the highest contributors to damage per vehicle by vehicle main part (Side profile, Seals, Front end profile etc) and subsequently the count of defects by part. The bottom of the report also includes a table which includes the vehicle build number, the defect which has been raised and the date/time upon raising. From a YAG perspective, it is possible to filter the report via part number by utilizing the slicers to the right of the workbook, thus providing the user with a quality report solely surrounding the YAG operation. The report also has notification availability, which will email a reporting team in the instance of a internal CPA call being raised for a YAG label – a function the current OEM’s system does not include. 








4.3 Internal Delivery – Improved Reporting Strategy
Aston Martins currently utilize a Andon strategy to highlight when a technician believes they are unable to complete they’re standardized working process within the designated business TAKT time. Currently the Andon triggers a audible noise across the manufacturing facility to notify Manufacturing engineering and the lineside seek and repair technician that additional support is required. 

[image: ]The business currently utilizes a Main Assembly Andon board which is populated on a daily basis to provide production operatives with daily Andon statistics, as seen in Fig 20.
(Figure 20 – Current Aston Martin Andon Reporting Strategy
Reference – Microsoft Excel, 2023)

Despite the current Andon dashboard fundamentally completing its primary function (providing the business with daily downtime statistics), the report does not offer the business visibility of historical Andon data, thus meaning the business is unable to identify the stations with the greatest quantity of Andon calls/potential downtime. The current reporting strategy also does not allow investigations into individual stations, as the business wishes to monitor the improvement in Andon calls to the YAG station post the implementation of  the augmented reality headset.






[image: ]As a result, the business has generated a automated report utilizing the SQL query, as seen in Fig 21 to extract the relevant information for the associated database, in a attempt to generate a improved reporting strategy for the business.
(Figure 21 – Andon Board SQL Automated Query
Reference – Microsoft SQL Server Management Studio, 2023)

The code derives (through efficient use of the “SELECT” clause that the coder would like to view the station of which the Andon was raised, the build number in station, and the time of which the Andon was raised. The coder has also specified a customized column, where the time difference between the initial Andon call and the time the Andon is completed divided by sixty is the total down time experienced by the business in minutes. 

Within the Where clause the Engineer has specified that only the previous ninety days worth of production days are to be considered from the current date/time. The code also specifies to remove all data which exceeds 9 hours, this is in a attempt to neglect Andon calls which may have been raised by a production operative at the end of a production day and has not been rectified until the following day. 

Effective utilization of the SQL query allowed the business to generate a improved reporting system which will allow for the YAG operation to be monitored concisely post the introduction of the augmented reality headset, as seen in Fig 22.
[image: ](Figure 22 – Improved Aston Martin Lagonda Internal Delivery System
Reference – Microsoft Power Bi, 2023)

Whilst utilizing Microsoft Power Bi’s visualization package, it was possible for the business to utilize Pareto analysis to gain insight into which production station has the greatest downtime, and which station raises the production Andon most frequently. 

The implementation of this system will allow the business to monitor if the use of the augmented reality headset relieves potential delivery strain throughout the YAG station, prior to repeating a time in motion study to confirm a increase in output. 














 5.0 Introducing New Technology Into Production – Change Management 
As the implementation of augmented reality into the manufacturing environment is the launch of industry 4.0 technology into AML as a business, the business incorporated Lewins freeze, unfreeze, freeze change management model to efficiently manage the change into the business, “Kurt Lewin’s force field theory states that restraining forces influence the behavior of both the group and individuals, ultimately deciding the fate of change. The driving forces motivate & steer employees towards the new state. The restraining forces highlight potential resistance to change, acting as the prime barriers to change initiatives. Lewin suggests that it is crucial to balance these forces through effective change communication and employee involvement, by providing employee training to bridge the skill gap. Change agents must implement stress management techniques, ensure compliance is met, and use convincing change reasoning” (Whatfix, 2023). As the introduction of emerging technologies could  potentially cause negative production feedback due to lack of confidence/reluctancy to change, the business utilized a bottom up approach to allow manufacturing operatives to provide feedback and suggestions as to what is required. The utilization of Lewins force field analysis allowed the business to conduct the change over three sequential phases:

· The freeze phase during Lewins change management philosophy possesses a clear emphasis of understanding as to why change is necessary, and how this can benefit the business moving forward, “the unfreezing stage is probably one of the more important stages to understand in the world of change we live in today. This stage is about getting ready to change. It involves getting to a point of understanding that change is necessary, and getting ready to move away from our current comfort zone” (Connelly, 2020). During the initial stages of discussing the requirement of change, the business held a cross functional team discussion with the technician currently completing the YAG process to understand current manufacturing complexities. The business also reviewed the occurrence of failure with the technician, where the suggestion of the implementation of a augmented reality headset was initially raised to provide the technician with a polka yolk system. Upon completing a force field analysis exercise, the business was in mutual agreement that the implementation of industry 4.0 technologies was the optimal solution to generate a robust control method for the misalignment/incorrect fitment of YAG labels.
· The “unfreeze” segment of the change management technique provided a clear emphasis to the technicians as to how the business can benefit from both a quality and delivery perspective through the implementation of augmented reality, “The key to the unfreezing stage is developing a compelling message showing why the existing way of doing things cannot continue. This is easiest to frame when you can point to tangible factors such as declining sales figures,  poor financial results, worrying customer satisfaction surveys for example” (MindTools, 2023). Clear communication was initially provided to the technicians as to how the technology would be deployed to ensure production buy-in was maintained. Post completion of the SMART partnership, the business and the university of wales trinity St David held training seminars for technicians to receive training with the newly developed technology. During this period of the change, open and honest discussions were held between the university and AML employees to gain a further understanding of the technicians working requirements to optimize the system created to aid the technician in question. After numerous iterations of the system, the technician began utilizing the Augmented reality on production vehicles in a isolated environment, to ensure the process instructions provided to the technician was sufficient for use within a live manufacturing environment on European specification vehicles. 
· During the secondary freeze segment, the augmented reality headset became apart of the standardized manufacturing operatives training matrix, where a 20 vehicle sign off was completed. As a result, upon arrival the business has accepted that all technicians will be required to complete Augmented Reality training prior to deployment onto the YAG station. The business however is still working collaboratively with the university of Wales trinity st David to generate programs to satisfy non European vehicles. The business intends to continue the generation process until all remaining territory’s have received  a production standard augmented reality program. 




















6.0 Future Work
As the business intends in the interim to further develop the Augmented reality systems for alternative territory’s, the business is also keen to explore the feasibility of interlocking the Microsoft HoloLens to the St Athan CAL line. The interlocking of this technology would allow the business to add a additional care point into the YAG process to prevent deficient quality being progressed throughout the off tracks area. To interlock the HoloLens, the business intends to utilize the below method, as displayed in Fig 23.

[image: ]
(Figure 23 – AML Proposed System Integration Technique to Interlock The Microsoft HoloLens
Reference – Microsoft Excel, 2023)

Initially, the inputs required from the user would predominantly be standardized practices such as logging into the device, selecting the appropriate process and completing all label process’ accurately within the manufacturing process. Post completing this process, upon research it became increasingly apparent that Microsoft dynamics 365 has SQL connectivity, which allows for data to be stored from within the HoloLens into a SQL database, “You can use the Microsoft SQL server management studio to connect your dynamics 365 data to an SQL server instance. Linked server is a tool of MS SQL server that allows to execute distributed queries to refer tables stored on SQL server database In a single query. With linked servers, you can execute commands against different data sources such as dynamics 365 and merge them with your SQL server database (ODBC, 2023). Post this data being accessible to the business, the business is able to utilize a Cogent/Kepware interface to link the data outputted via the SQL statement to the PLC.

As the business currently utilizes SQL databases, the business would require a extension to the current cogent/Kepware communication which currently exists. To do this, the business would amalgamate the existing EASE database (which is linked to the PLC currently) with the HoloLens database, thus allowing one communized SQL database to be formed. It is important to note, the business may face difficulty in completing this communication as SQL tables are joinable based on communized data sets, and as EASE utilizes a Vehicle build number as a identifier whereas the HoloLens does not. Although this may not be feasible, the business could potentially link the tables within the database on date/time and territory, as this will allow for a unique identifier for a vehicle on station to be identified. Post the tables being joined, it will be possible to utilize Cogent/Kepware to update the communication method between EASE and the PLC to include the HoloLens also, “Kepware provides a portfolio of software solutions to help businesses connect diverse automation devices and software applications (Solutions, 2022). Updating the system in this manner will allow for the business to maintain its current systematic technique used in other areas of the business, by providing an interlock between the EASE database and the PLC, whilst using the HoloLens as an extension. 

As a result of this, the business has committed to purchasing a additional Kepware/Cogent license for the off tracks area, as seen in Fig 24. The implementation of this strategy will allow the business to interlock part verification process’ to the CAL line in the interim, with the intention of completing further manufacturing interlocks through the Microsoft HoloLens/dynamics 365.







[image: ](Figure 24 – MAC Solutions Quotation for Cogent Interface to allow HoloLens Interlock
Reference – MAC Solutions, 2023)

To further reduce potential insufficient quality departing the YAG station, the business has also revised the flow of material/process’ throughout the Off tracks area within Aston Martin St Athan.

To further control the business’ outputted of quality completed via the YAG technician, the business made the decision to re-introduce the CAL inspection line into the Off tracks area. The CAL line was deactivated by the business in September 2020 due to the lack of field control concerns raised to the business. Whilst re-introducing the CAL line the business understands that this further increases the WIP within the Off tracks area, but due to a compromise in quality outputted via the YAG process the business opted to re introduce the CAL line as a quality embedded production line. 

To prevent defects being passed throughout the process, the 11 stations activated on the CAL line were manned with I/O inspectors, where the quality/specification of the vehicle is confirmed as being correct. The current CAL line stations primary operations are :
· Station 5210 – Exterior Inspection. Primary function of process is to ensure all gaps and profiles on the vehicle are satisfactory to the visual inspection specification for both gap and flush conditions between panels. This station also includes a specification check for the front and rear number plate plinth (which varies by territory), as this is the most commonly raised internal defect. This process is included as a “flexible operation” and is reviewed on a monthly basis. The intention of this process is to ensure that all vehicles leaving the manufacturing facility are fitted and to the correct specification, as failure to do so will result in a failure to comply with legislative requirements in the desired territory of the vehicle. The technician is to input defects detected into flags.
· Station 5220 – Interior inspection. The primary function of this process is to ensure there is no visible damage to the interior of the vehicle, whilst also ensuring that the jewelry pack fitted to the vehicle is correct to the vehicle specification sheet. The technician is to input defects detected into flags.
· Station 5230/5240/5250. – Re-Work. Based upon the defects inputted via the interior and exterior inspection, the technician is to rework all raised defects on each vehicle to ensure no defects are passed to sales within the vehicle. 
· Station 5260 – Non-Working Station. 
· Station 5270 – YAG. The YAG process, to further reduce the occurrence of the incorrect labels/no labels being fitted to the vehicle, the business has now re introduced the YAG process onto the CAL line. Changing the geographical location of this station from a floor layout area to a fixed conveyor now allows the business to interlock the part verification scans for the YAG process to a fixed conveyor – which was previously not possible. In this instance, if the lineside technicians EASE process has not experienced all manual scans from all barcodes of labels printed, the assembly line will not index, thus stopping the production line. The technician will have visibility of this failure mode on the lineside HMI. 
· Station 5280 – Legislative Confirmation. The primary function of this operator is to manually ensure that the previous YAG process has been completed to business standard. Once again, the implementation of this technician to confirm the quality of the vehicle is sufficient prior to passing the vehicle to sales.

The business intends to utilize the cogent interface to interlock the current EASE system to the production line. Previously, as the YAG process was not completed on a conveyor system, this interlock was not possible prior to the vehicle being passed to sales. Although the implementation of this strategy improves the business’ preventative measures, this does not mitigate the failure mode of the labels not being fitted to the vehicle (despite the technician visually confirming he has the correct labels). However, this activity is beneficial to the business as it provides a physical interlock in the instance that process obedience is not adhered too.

Alternatively, the business is accepting a cost per unit increase in hiring a operative to confirm the YAG process has been completed correctly within Station 5290. Whilst also accepting this is a non value added work station, the business is utilizing labor as a current preventative measure to ensure sufficient quality is provided to the Sales team from a YAG perspective. Successful implementation of a augmented reality headset would allow for the integration of individual technician quality buy off thus resulting in a cost per unit saving to the business, of which the business has committed to December 2023 to implement.



































7.0 Further Opportunities to Implement Augmented Reality into Aston Martin
[image: ]When completing the smart digital accelerator analysis, it became increasingly apparent it would be beneficial to the business to utilize a AI vehicle inspection system as seen in Fig 25, to validate the specification of the vehicle aligns to that of the bill of materials and to allow for the detection of paint defects to be possible, “De Gould automated vehicle inspection systems are powered by AI damage detection algorithms. We base our artificial intelligence technology on a market-leading database with over 100 million vehicle image data sets. Our focus is to ensure we offer robust automated vehicle inspections that automatically check for vehicle defects that can affect your business and your customer experience” (DeGould, 2022). 
(Figure 25 – De Gould Augmented Reality 
Reference – MAC Solutions, 2023)

Post the vehicle travelling throughout the De Gould, the system proceeds to take high resolution images of the vehicle which are stored in a cloud based database. These images are processed via the De Gould system which populates a dashboard for the lineside technician to review, as displayed in Fig 26.




[image: ](Figure 26 – De Gould Augmented Reality Defects Dashboard
Reference – De Gould, 2023)
The De Gould System also has the capability of completing specification checks across the vehicle through the use of Augmented Reality and can achieve accuracy rates of 99.5% when recognizing that the incorrect specification of component has been fitted to a vehicle, “accuracy rates of >99.5% are typically achieved for common and high confidence feature sets” (DeGould, 2022). 
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(Figure 27 – De Gould Augmented Reality Specification Check
Reference – De Gould, 2023)
The business’ current specification check is completed manually by a manufacturing operative, where he is constrained within the 18 minute Takt time to complete specification checks of the vehicle. The utilization of the De Gould would allow the business to complete and receive a full vehicle specification authentication check within three seconds, therefore resulting in a cost per unit reduction. 

As a result, the business has implemented a De Gould system within its Gaydon faculty, where the system is utilized across the production of the Aston Martin Vantage, DB11 and Supperlegera, as displayed in Fig 28.
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(Figure 28 – De Gould Augmented Reality System Within AML Gaydon
Reference – De Gould, 2023)

The only consideration the business evaluate by utilizing this equipment is the teaching of the defect algorithm across a multitude of current and future production vehicles. As a result of this, the business intends to fund a SMART partnership, which will allow for the allocation of a designated research associate, embedded within the business, to provide adequate training to the De Gould system. This would benefit AML as a business in transitioning towards the use of artificial intelligence supported production system, by also ensuring the vehicle is to the correct specification/standard prior to dealership distribution. The business intention is to commit to x2 De Gould systems within the St Athan Off tracks area, one of which is intended to highlight paint defects within the minor paint repair line and the other to complete vehicle final checks/specification checks prior to dealership distribution. 





































8.0 Conclusion
To conclude, Aston Martin Lagonda has worked collaboratively with the University of Wales Trinity St David to generate a 3D augmented reality manufacturing process for a European specification YAG label fitment operation. 

The YAG process’ the penultimate process within the St Athan facility, which produces both the base and high power variants of the Aston Martin DBX. The yttrium aluminum garnet label process includes the addition of legislative labels across the vehicle, which in the instance of mis fitment results in subsequent warranty claims being raised against the business. Due to the process not being constrained to a assembly line, the business does not have a robust preventative interlock to ensure all labels have been fitted to every vehicle prior to dealership distribution. 

The business’ intent to deploy a augmented reality headset initially became prevalent post conducting PFMEA analysis on the area, where it became increasingly apparent the current preventative systems in place did not protect the consumer of insufficient quality. As a result, the team contacted the university of Wales Trinity St David regarding the potential of utilizing a SMART Partnership to aid the implementation of the technology into the Aston Martin St Athan facility. 

As a result, Aston Martin relocated a pre production Aston Martin DBX to the University of Wales trinity St David to allow for remote generation of the augmented reality system to be possible. Through the SMART partnership, the team successfully generated a production standard augmented reality utilizing the Microsoft Dynamics software within the Microsoft HoloLens hardware. 

During the generation of this system, the team considered change management techniques to ensure a bottom-up approach was considered when implementing this technology into production. As a result, the business utilized Lewins Freeze, unfreeze, freeze change management technique to ensure production operatives were aware of developments in the program and the business’ intention of utilizing a Augmented reality headset. Prior to deployment of the program, the business withheld training days for technicians where they were able to familiarize themselves with the HoloLens’ interface and complete example guides systems.

Despite the business intending on utilizing the system as a training aid initially, the business does have aspirations of interlocking this technology to the manufacturing assembly line, which will prevent manufacturing technicians beginning to process the net vehicle until the HoloLens process has been completed. As a result, the business has committed to purchasing a cogent interface to allow communication between the HoloLens/EASE system and the lineside PLC. 

As this is the business intent, the team has also optimized current manufacturing systems through efficient use of SQL query writing to generate automated control systems to monitor both external and internal quality, whilst also considering the impact the technology will have to internal delivery. 

As a result of the SMART partnership and digital accelerator project, the business has begun considering alternative opportunities to deploy augmented reality within manufacturing. The business has recognized the requirement of implementing a automated paint inspection system within the Off tracks area, which has subsequently lead to a alternative SMART partnership to aid the installation of this technology into St Athan. The business also has aspirations of investigating the feasibility of utilizing this technology within the trim and final area to complete final inspection operations. The business envisions this technology displaying the gap/flush allowances of panels which is currently completed manually by Aston Martin technicians. 
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SELECT all II.[keyserial] [Build Number]
-1 [datestamp] [Time & Date]
LIL[r] [station]

LTE] [Technician]
SILIA] [section]

(TE[C] [Main Part]

SILIG] [Part]

[TI[Ca] [Defect]
LII.[repairzone] [Repair Zone]
LI1.[rh1] [Reapir Location]
SIL[rh2] [Repair Tech]
TI.[rcoment] [Comment]

FROM [FLAGS Reporting]. [dbo]. [vInspectIIssueall]IT

WHERE
IIHL - 'ANCPA' OR HL = "AMCPA 2' OR HL
and datestamp> dateadd(dd, -90,GETDATE ()

OT CAL 1 INSPECTION'

order by datestamp desc
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SELECT
AH.[StationNo]
,AH. [BuildNo]
LAH. [Start]
,AH.[InAttendance]
,AH. [Resolved]
, (DATEDIFF(SECOND,AH.Start,AH.Resolved)) / 6@ [Total Down Time Minutes]
,AH. [Technicians]
,AH. [Comments]
LAH. [LineID]
--,AH.Start, AH.Resolved = SUM(DATEDIFF(MINUTE, :00:00",WrkHrs))

FROM [MS_STA_ANDON] . [dbo] . [AndonHistory JAH

WHERE

AH.Start > dateadd(dd,-90,GETDATE ())

AND AH.InAttendance > dateadd(dd,-98,GETDATE ())
AND AH.Resolved > dateadd(dd,-9@,GETDATE ())

AND (DATEDTFF (SECOND,AH.Start,AH.Resolved) < 32400 )
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Pricing

COG10- COG10 - DHLOG : Cogent DataHub v10 dyear | | |£143500| £143500
DHLOG ‘add-on : DataHub DA Logger
COG10- COG10 - DHLOG-SUPP - Support Renewal Additional £18700 |  £187.00
DHLOG-SUPP_| for Cogent COG10 - DHLOG for 12 months 078years
COG10- 'COG10 - ADDBRG - Cogent DataHub v10) year| | |£124500 | £124500
|ADDBRG ‘add-on  Data Bridging add-on
COG10- COG10 - ADDBRG-SUPP - Support Additional £16400 |  £16400
ADDBRG- Renewal for Cogent COG10 - ADDBRG for 078years
SUPP 12 months
KWP-SIEMSO- | KWP-SIEMS0-PRD: KEPServerEX v6 - £102000 | £1,02000
PRD Enterprise Perpetual OPC Server Licence:

Siemens Suite
KWM-SIEMSO- | KWM-SIEMSO-ATT: Mandatory Support 178 years £37000 [  £37000
ATT Agreement purchased with Siemens Stite

Licence

Total Price | £4,421.00
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1.Industry 4 Awareness

Highlevels of Industry 4.0 awareness exist within the Saint Athan site of Aston Martin Lagonda.
‘Significant planning and deployment have been invested in Industry 4.0 technologies,
partculariy i the felds of data management and communication systems ffom sensors.

1.2.Key Business Points

As can be seen from the overall analysis emanating from the digital technology diagnostic, high

scores are recorded for nearly all the categories analysed
However, opportunities exist for improvement to the end-of

simulation technology.

e inspection systems using digital

Technology in Production
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1.3.Key Observafions

‘The Digtal accelerator team has spent time on-site reviewing the organisation, its processes,
technologies, and systems of operation. The following findings were identified

+ Throughout the organisation, ISOTS 16949 qualty systems management has been
embedded, in accordance with the requirements of the automotive manufacturing sector.
‘This positions the company vell, to adopt and embrace advanced digital technologies

+ Itis clear that the leadership and engineering teams within the organisation are fully
committed to embracing new and emerging technologies in the pursut of enhanced
productvity and the highest levels of qualy.

+ In many areas, standardised work instruction has been developed. However, it should be
noted that the degree of customisation and the planned production volumes are untypical
for the automolive sector (nigher levels of customisation and significanty lower production
volumes),

+ Digitised work instruction (tablet-based) has been deployed.
+ The company has worked vith EASE, a third-party manufacturing software developer to
construct and deploy a specialised production system support platiorm. This system has

digitised many of the ‘paper-based operations and aciviies associated with vehicle
production

ttps: . sase o/case:stud-video-aston marti.reles-on-ease-manufacturing softwa

+ The organisation has adopted the Goldcrest Enterprise Resource Planning (ERP)
software system.

+ Vehicle test and sign-offiapproval (off-racks' area) is currently a sequence manual
processes which rely heavily on irained technicians. Sample audits have identified that,
the existing, digital, Support systems are not robust and, consequently, safety/compliance
citical fault are able to reach dealerships or end-users undstected. This is a priority
concern for the organisation.

) - B /M
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4. Current Manufacturing Practices

“The SMART digial technology diagnostc showed impressive performance fevels for most of e,
categories analysed.

Organisation and Process

However, some areas where further enhancement of their control systems through adoption of|
more sophisticated technology were idenified, and these are outined in the sections outined
below.

1.5 Current Inspection Wedia

Within the facilty at St Athan each station! bay will have an operators/ technicians sign off every.
task completed vith a visual inspection with is logged withn their system. But there are also twio
types of visual inspections that are completed via audits. The first is a standard audit that is
‘completed on every vehicle, while the second is an extended full audit that is completed on 30%
of what it produced at the site. It has been noted that this system is not perfect and an area of|
interest for digital ransformation through Augmented Reality and Artficial Intelligence.

1.6.Overall Manufacturing Benchmarking

During iniial discussions its was mentioned that there where issues within the supply chain on
site this was impart to extemal suppliers/ couriers impacting manufacturing. This s in conjunction
with an interal operation system that is causing a delay in parts being released from inventory!
storage to the assembly areas.
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2.1.Areal Process

*YAG’ Operation

Situated within the ‘Off-Tracks' production area, the "YAG' operation, sees region specific
instruction and notation (abelling) added to each vehicle, prior o final testing and shipment. As
this is both a legislative and safely requirement, non-compliance events in this area are
considered among the most serious and costy to rectiy, if not detected, prior to dispatch.

Although the term ‘YAG' s derived from the laser technology, iitially deployed to mark the
vehicle and region-specific information, this term is now used throughout the organisation, to
describe the entire process of labeling the vehicles.

Currently the 'YAG' operation Takt time is 34 minutes. It s currently supported through a digitised
work instruction, provided by the EASE system, and is accessed by a trained technician, on a
handheld tablet. Hoviever, the type/configuration, number, position, and orientation of legisiative
and safely labelling varies significantly depending on the vehicle's destination region. Due to both
the criicality and the intricate nature of the "YAG' operation, currenty, only 3 fechnicians have
been signed-off as fully trained and competent n ths area.

Although 100% of vehicles are subject to a ‘mini-audit, this takes place prior o the YAG
operation. Only 6% of vehicles are subject to a ‘ful-audit where the ‘YAG' operation is also
checked. During the period January 2022-December 2023, five fully audited vehicles have been
identiied as having incorrectly positioned, misalgned, incorrect fegion, or omitted
safetyicompliance labelling

A Process Failure Modes Effects Analysis (PFMEA) has been carried out and the resulting Risk
Priority Number (RPN), for the "YAG' operation, is 540. Within the organisation, RPN numbers
exceeding 100 identiy areas/process wihich require additional, corrective actions to mitigate or
ameliorate risks of their effects. For these reasons, this area vil be targeted for mprovement
through the application of advanced digital technologies.

2.2, Areal Process

Final Inspection

Prior to inal sign-off and dynamic testing, all vehicles are subject to a visual inspection, in which
the following are be checked:

+ Panel indentations
+ Paint finish inconsistencies, scratches, or marring
« Panel gap limits and consistency.

« Trim finish and fit.

\’:’,G"

o QE/AME
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Currently fhese fime-consuming final inspeciion processes are carried out manually, by ramed
technicians and are subject to the inherent inconsistencies associated with this approach

“This is partcularly true for inconsistencies in checking for gaps and flush characteristics.
Furthermore, the company would see value in verifying and recording the status of each vehicle
atthe point of final inspection and prior to shipment

It recommended that the ‘OF-Tracks engineering team consider the dployment of, one or more, Arifical
Inceligence (Al enabied vision systems for complete vehicle exteior inspaction such as those produced by
DeGoud DeGould | AIfor Automatad Vehicls Inspection Solutions.

3.1, Areal Process
Froject Benefit:

*YAG’ Operation
‘Although the current 'YAG' Iabelling process is well documented vith standardised procedures
and detalled viork instructions (with accompanying) visual aids, the non-compliances identified
through ‘ull vehicle audits' highiight the requirement for a more robust, error proofed process.

It recommended that the organisation, consider the deployment of augmentedimixed reaty
(ARIMR) technology to provide technicians and operatives with the a ‘head-up’ display wihich
has the following characteristcs:

+ Dynamic work instruction which ilustrates the label type and ighlights, within the field of
view, precisely the correct location on the vehicle for label placement (ive on the vehicle
body structure

+ Live, real-time digital (AR/MR based) Poka-Yoke, checking position, alignment, and
orientation of labeling, during 'YAG process.

+ Synchronised interface vith Aston Martin Lagonda's exisiing EASE and Goldcrest SQL
database systems to allow Bill of Materials (BOM) for each vehicle (including destination
region) and digital work instructions. This would further remove opportunity for error in
selecting the incorrect region at the "YAG station

Scope of Activites

+ Itis suggested that exploratory wiork is underiaken through a SMART Digital Accelerator
‘Technology Adoption project (35-40 days recommended).

+ The scope of this work would allow Mixed / Augmented Reality hardware to be deployed
line-side at Aston Matin Lagonda’s St Athan production facilty.

+ Avariety of hardware platforms can be tialled and evaluated on a discrete number of
Iabeling applcation (tme would not permit fulldeployment for al labels for al regions).

+ Following on from the SMART Digital Accelerator Technology Adoption Project,tis
recommended that the company engage vith a SMART Parinership vith a suitable
tesearch instiute or university n order that a mixed/augmented reality application cab be
developed for allregions and all labels. It is suggested that a SMART Parinership is
‘Sought, rather than using a thrd-party consultant or company. This i to ensure that
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Fnowledge gained, and new capabillies developed are embedded within the production
engineering teams. This is important, as there are numerous other production operations
at both the St Athan and Gaydon sites

3.2, Areal Process

Froject Benefit:

Final Inspection
Al vehicle inspection systems, such as those produced by DeGould, require a period of ‘raining’
in order that they are able to recognise and characterise faults. Furihermore, this training and
faul characterisation wil be required for each ‘face-lft model and new vehicle/derivative
produced by the company in the future. For this reason, it is advised that the organisation
employ a dedicated Research Associate to lead the research and development work. It will be
citical that the leaming and knowledge gained in this area, s retained, and embedded within the
organisation. A SMART Partnership, with an appropriate university or Research Insitute, would
beneiit the organisation in transitioning towards the use of Arificial Intelligence supported
production systems.

Scope of Actiities
+ Investigate the specifications of the training data needed to drive the Al driven inspection
system
+ Determine the variable and outcomes necessary for Aston Martin Lagonda to validate the
use ofthis system.
+ Testing validations and improving the deep leaming model over an extended period of
time.

3.3, Areal Process

Froject Beneflt:

Network Resilience
Itwas discovered through the diagnostic assessment that Aston Martin Lagonda s already making
use of digital equipment and tools within the assembly process. These tools and equipment get
sentinformation and specifications from an online data based hosted onste, it was identified that
there are occasional network dropouts disrupt the use of loT-enabled hand tools, leading to
downtime losses.

Scope of Activites

+ Suggested the possible that this work can be carried out through a SMART Partnership
with 2 time scale of 3 - 6 months.

+ Toinvestigate the current state of the internal netvork that provides communication to the
factory floor focusing on the areas this equipment is used.

+ Identify and explore possible solutions for this project possibly leading the reconfiguring
the current network to ensure a high-level qualty of service or deployment hardware and
creating a sub-network for these devices to provide reliabilty and integrity of use during
production

NG © /AN
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34 Areal Process

ther areas identified where igital schnologies could be evaluated INciude:
i Process Optimisation/ Erfor Handing
Due to the high level of quality and prestige of the product each process in operated by hand
with minor assistance from automation robotics. While each station is visually inspected and
signed off by the operatorf technician there is a notable impact to production due to human
ermor. The theory for this is to use simulation to generate ‘what if scenarios based on the
production processing the train operations and lower the risks of human efror.
i Supply Chain issues
Examples of integrated supply chain problems were identified (ie., the switch from onsite
inventory to kit box/JIT methodology) has given fise to issues such as: delays in receiving kit
boxes, incorrect parts in kit boxes, uncommunicated part/component revisions efc.
il Potential for using VR methods for training in assembly.
Expanding the use case of VR for the YAG Operations into furiher development. Deploying the
‘same idea and technology to provide on the job training and digial assistance across multiple
departments within the site at St Athan.

4.1, Areal Process
Feasiilty Data: YAG Operation

It has been determined that the current process needs improvements, though the process is vill
documented with visual aids errors stil occur due 1o the nature of how the tasks are performed.
While the errors only being discovered at the end of the manufacturing, the new method of
completing the tasks s to ullise igital technology to assist and ovenwaich the process.

Retum of Investment
Any faulls because of this process are viewed as a severe incident due to the legal requirement
that surround this operation. The deployment for a more robust, error proofed process through
visual technology wil decrease the number of vehicles call backs as viell as improve the
performance of that given station. Given the opportunity to depioy a variation {o other depariments

4.2, Aroal Process
Feasibilty Data: Al driven Inspection System

‘There are two stages for the current inspection process firs s  standard inspection audit that is
completed on every vehicle that is assembled at St Athan, the second s a complete inspection
that due to ime required for completion only around 30% of the vehicles produced go through this
complete inspection

Retum of Investment.
‘The training and deployment of this Al driven system s recognised as a key field to use technology
to improve production. The deployment of this system will empower the inspection team at St
Athan to increase the percentage of vehicles that can undertake  complete inspecion, enforcing
the practices of high-qualty manufacturing and ensuring that vehicles that leave the factory vill
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01 be refumed provided digial records hat all manufacturing and Iegal requirements ave been
met,

4.3, Aroal Process
Feasibilty Data: Network Resiience

Some areas of the assemble process makes use of digitally assisted tools that rely on specification
for a given task to be automatically downloaded from a database (EASE). The current network
infrasiructure deployed at the St Athan is proving to be inefficient as the equipment s often unable
to connect Which causes production at these stations o cease as operators are reliant on the
specification being provided by the database

Retum of Investment.
‘The improved quality of service and availabilty of a reconfigured netwiork would provide the digital
equipment with the resilience required for continuous operation. It would overal improved
production through the decrease in equipment downtime and providing an infrasiructure for the
expansion of this and other digital equipment to be deployed on site.

5.1. Areal Process
Support Requirements: YAG Operations

“The creation of a fobust, error proofed process utising visual immersive technology, to improve
the current manual process of the YAG labelling process. An association with the institute or other
research facilty could provide the hardware and knowledge to successiuly prototype and deploy
this project within the production facilty.

Scope of Actiites
+ Toinvestigate a variety of hardware platforms that can be tralled and evaluated on a
discrete number of labeling application within a given test environment.
+ To deployment a viable method of deployment of Extended Reality hardware line-side at
‘Aston Matin Lagonda's St Athan production facily.
+ Toensure that knowledge gained, and new capabiliies developed are embedded within
the production engineering teams

5.2, Areal Process
‘Support Requirements: Al Diiven Inspection System

An improved digital technology driven audit system for complete vision inspection at Aston
Martin Lagonda St Athan. This would require assistance from an institute as well as an associate
capable of training and testing of the Al model to be able to recognise and characlerise fauits
and have the capabilty to expand its knowledge to cover future vehicles and configurations
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Scope of Actvilies

+ Investigate the specifications of the training data needed to drive the Al driven inspection
system

+ Determine the variable and outcomes necessary for Aston Martin Lagonda to validate the
use ofthis system.

+ Testing validations and improving the deep learning model over an extended period of time.

5.3, Areal Process

Support Requirements: Network Resiience

Due to the continued adoption of digital technology and equipment the network deployed within
the facilty at St Athan is struggling to provide a high qualiy of Services without providing the
necessary redundancies to ensure confinuous production. An investigation in collaboration with
the IT department and networking expelise will be needed to ensure that e network can cover
any future expansion of the facilty as well as future implementation of digital technology.

Scope of Activites
+ Investigate the current network nfrastructure and determine the cause of the disruption in
the quality of service and availabiity.
+ Provide solution and altemative to improve the network connectivity with the purpose of
allowing this network to be deployed o provide communication for current and future digital
equipment.

+ To deploy the new infrastructure and configuration with minor distributions within the
production facilty
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