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[bookmark: _Toc133597982]Executive Summary 
This report looks into AI technology, how it has improved over recent years, and how it can be incorporated into AML to improve their Quality Control Processes, focusing on the end-of-line inspection which is the last chance of detecting exterior damage on the vehicle before it reaches the customer. This report looks at quantifying the warranty claim issue at Aston Martin, looking at how efficient the current process is at detecting exterior defects and comparing this with an AI vision system, before putting a business case forward to justify implementation of the new system.
This report then investigates different vendors of systems, both local and domestic, before deciding on which system best meets the needs of Aston Martin. It then goes on to test the system, comparing it to the current process and placing controls in place so upon installation of the system, the workforce buy into the project, ensuring its long-term success.
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[bookmark: _Toc133597984]Chapter 1: Project Introduction & Problem Definition
[bookmark: _Toc133597985]1.1 Introduction into Aston Martin 
Aston Martin is one of the lead luxury sport cars manufactures in the world, based in the United Kingdom, within which there are two main production sites which are Gaydon, Warwickshire and St. Athan, Barry. What makes Aston Martin unique and ultra-luxury is that every car is hand built in the UK and almost fully customisable to the customer’s needs, meaning no two cars on the production lines are identical.  Aston Martin has undergone a massive restructuring as they have set themselves a target to sell 10,000 cars a year by 2025; this goal aims to further the company’s profitability and has seen the volume of production in St. Athan go from 66 units per week to 120 in the space of a few months.
[bookmark: _Toc133597986]1.1.1 History of the Company 
Aston Martin is a British luxury sports car manufacturer that was founded in 1913 by Robert Bamford and Lionel Martin in a small London workshop. Both men had a passion for motor racing, and the name Aston Martin was created after one singular motoring event in Buckinghamshire, England (Olando, 2023), where Lionel Martin won the Aston Clinton Hill Climb thus creating Aston Martin as we know it today.

[image: ]From its creation back in 1913, Aston Martin have always had close ties to motor racing, from its iconic 1959 24 hour of Le Mans win, to most recently winning the Le Mans in 2022 with the Vantage GTE. After 61 years out of the sport (JAMIN, 2023), Aston Martin have also returned to the Formula One paddock in 2021 driven by four times world champion Sabastian Vettel and Launce Stroll, aiming to establish themselves as one of the biggest teams in Formula One.[bookmark: _Toc133181513][bookmark: _Toc133592700]Figure 1 - Aston Martin Hill Climb (Olando, 2023)

Another reason the brand is so widely recognised is due to its association with the James Bond movies as it is the car that the fictional British spy drives; this has grown the brand over the years, making the cars more desirable and increasing its fan base. Furthermore, it has also made the 1965 DB5 one of, if not the, most famous cars in the world.

[image: ]Aston Martin over the years has changed hands many times and is a company that has always struggled to make profits due to low volume of cars produced. Some of the most notorious owners are:[bookmark: _Toc133181514][bookmark: _Toc133592701]Figure 2 - Aston Martin DB5 (Forbes, 2020)

· David Brown 1947 to 1972 – Under his ownership Aston Martin created the DB range, which is still going strong today. Currently, they are producing the DB11 and DBS which are manufactured in Gaydon. (Olando, 2023)
· Ford Motor Company 1991 to 2007 – During this period, Aston Martin was incorporated into its premium auto motive group along with Land Rover and Jaguar.
· David Richards 2007 to 2018 – During this period, Aston Martin signed a deal with Mercedes where they would supply a lot of the components in the car including the high performance V8 engines. They are also becoming stake holders in the company with around 12% of shares. In this time, Aston Martin also become publicly listed on the London Stock Exchange and was valued at 5 billion pounds.
·  Lawrence Stroll 2022 to present – The Canadian businessman led a consortium of investors, including the likes of Mercedes race team principal and CEO Toto Wolff, to buy a large stake hold in the company. Stroll helped the company, that was struggling financially (Ziady, 2020), with a large injection of cash flow and aims to make Aston Martin profitable and compete with brands such as Ferrari. He also rebranded his racing team, meaning once again after 60 years Aston Martin will compete in Formula 1.   
[bookmark: _Toc133597987]1.1.2 Aston Martin St. Athan
In 2016 Aston Martin chose a former MOD Royal Air Force base in the Vale of Glamorgan, South Wales, that was previously used to service Vulcan, Phantom, Tornado, and Harrier jets as the new location for manufacturing (Aston Martin Media, 2019). The reasoning behind this was that the land that the Gaydon site is based on is owned by Land Rover Jaguar and the space to expand it further is limited, so the South Wales 90-acre site was the perfect location to launch its new car, the Aston Martin DBX, and join the SUV market.  

[image: Aston Martin's new St Athan factory to be brand's EV base | Auto Express]After three years of building on 6th December 2019, the site officially opened, creating 750 highly skilled jobs in the area and launching DBX. Since opening, the site has seen highs and lows, from redundancies in 2020 due to low sales as a result of the coronavirus, to in 2022 hiring over 150 employees and doubling its production volume due to high sales demands.[bookmark: _Toc133181515][bookmark: _Toc133592702]Figure 3 - Aston Martin St. Athan (Burn, 2018)


[bookmark: _Toc133597988]1.1.3 Aston Martin DBX 
The Aston Martin DBX has the base price of £158,000 with its closest rivals in market share being the Lamborghini Urus and Bentley Bentayga. Currently, the DBX is seeing success in the market with over 20% of all luxury SUVs sold being a DBX. Aston Martin has also brought out a few variations, such as the Straight-Six which is a smaller V6 engine only sold in China, and the 707 which is the world’s fastest SUV, boasting a 0 to 60 in 3.1 seconds and a top speed of 193mph. The DBX accounted for more than 50% of all Aston Martin sales in 2021 (O'Connor, 2022) as the popularity continues to grow and demand increases.
[image: 2022 Aston Martin Dbx 707 £POA 20 miles Satin Titanium Grey | JCT600]The main difference between the 707 and the standard DBX is the increase in performance from 542 to 707 BHP. To cope with the level of power, there is also a new 9 speed wet clutch gearbox and large ceramic brake discs. Externally, the size of the front grill has been increased to improve airflow to the engine and avoid it over heating, and modification to the exterior trim has been carried out to make the car look more like a sports car. This car is forecasted to be 70% of the DBX sales.[bookmark: _Toc133181516][bookmark: _Toc133592703]Figure 4- DBX707 (CNBC, 2022)

[bookmark: _Toc133597989]1.2 Overview of the Off-Tracks Area 
The area within the plant known as Off-Tracks is directly after Trim & Final. At this point in the process, the car is fully built and as the car progresses through the process in Off-Tracks, it will be adjusted/tested to ensure that there are no issues with the car before it leaves the plant. Figure 5 (below) shows the layout of the Off-Tracks area.  
[image: ]Pass To Sales Barrier, Final Point of Detection
OUTPUT TO TRANSPORT 
[bookmark: _Toc133181517][bookmark: _Toc133592704]Figure 5- Off tracks layout
INPUT FROM T & F


Above displays the Facilities layout of the Off-Tracks area. This area takes up around 1/3 of the plant and is where vehicles are tested, audited, and prepped for the customer; any quality issues found will then be reworked and rectified before the vehicle gets to the pass to sales gate. The pass to sales gate is the last point of detection for any damage or defects, as after this point the car is bagged and sent to transport.
[bookmark: _Toc133597990]1.3 Goldcrest ERP 
Operating systems like Goldcrest are a software management system, otherwise known as ERP (Enterprise Resource Planning) systems, that can integrate business functions. Below shows the functions that can be integrated on an ERP system.
[image: Best Enterprise Resource Planning (ERP) Software][bookmark: _Toc133181518][bookmark: _Toc133592705]Figure 6- Functions within an ERP (Adler, n.d.)









ERP systems connect Finance, Purchasing, Data Service, Engineering, Human Resources, Access Control and Customer Relationship Management (CRM). In the cast of Aston Martin, the software can achieve the following:
· Goldcrest provides overall real-time information on finances that can be accessed remotely and help Aston Martin track and regulate compliance. It can also generate the order request of customers, reducing the amount of manual input and thus reducing human errors. This order request is then associated with a 150 percent BOM (Bill of Materials). This is all the components needed to create the car which gets sent to the production software EASE. As the EASE system sends back check complete signals to Goldcrest for a station, Goldcrest then knows the quantity and parts that have been fitted at that station and it adjusts the stock quantity accordingly. This process is known as ‘backflushing’ of parts in the system.
· When details are needed for a vehicle or component, it can be searched for in Goldcrest. A few of the functions that Goldcrest can be used for are showing the user vehicle information, BOM, part numbers, suppliers, cost, delivery dates, when the part was released and by what engineer, and control the inventory levels by reordering low stock consumables, amongst many more. This programme speeds up the whole process, reduces excess inventory levels, reduces the chances of components going missing, and ensures critical spaces are available. This system is the core of the Aston Martin business. 
· Goldcrest also prints out all the labels that are placed on the vehicle and all the legal paperwork. This is critical, as without this the car cannot be transported or sold; there is a £50,000 fine if a car is sent to China missing a label, and the whole shipment would be rejected and sent back to the factory. 


[bookmark: _Toc133597991]1.4 Current Manufacturing Systems
The main manufacturing systems used within Aston Martin currently are:
· Ubisense (Tracking & Reporting)
· Flags (Quality)
· EASE (Production)
All these systems run from in-house servers and use Microsoft SQL databases. Data is transferred in several different ways, using either a 3rd party programme, network packets, or SQL to SQL data transfer, converting XML documents to SQL and all applications are on the LAN Aston Martin network.
[image: Graphical user interface, application, Word
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[bookmark: _Toc133181519]Figure 7 - System Integration Diagram
[image: Graphical user interface, text, application

Description automatically generated]Figure 8 is an XML data packet which is sent from EASE to Goldcrest showing all build numbers, station numbers, operator, time/date, and all the part verify they have completed. This is done via XML document; the document is created once the user checks complete and then posts to a file on the Ease database in an XML format. In the Goldcrest table in SQL the table will contain all the columns, e.g., Part verify, user, etc, which is the same as the file, in the correct format, then a query is executed on a update trigger. When the file has information posted in it, it runs the query in Figure 9 which will then retrieve the data from the file and post it into the Goldcrest table.[bookmark: _Toc133181520][bookmark: _Toc133592707]Figure 8- XML File Transfer

[image: Graphical user interface, application, Word

Description automatically generated][bookmark: _Toc133181521][bookmark: _Toc133592708]Figure 9 - Database Query to consume file 





This is just one way data can be transferred from system to system, which will be an important part of the project. For it to be successfully implemented, the new quality vision system must be integrated with current quality systems (Flags).
[bookmark: _Hlk123708390][bookmark: _Toc133597992]1.4.1 EASE System
EASE is known as the production system. There are 3 different programmes under EASE: View EASE, Process Plan, and MDM Editor.
MDM Editor – This is where a group leader or engineer sets all the supportive documentation for the station; for example, any quality checks, safety checks, or first line maintenance documentation. Then a frequency is selected, and an operator must complete this on View EASE before continuing. If any fails are recorded, it is sent to the group leader so that the issue can be investigated and resolved by the relevant team/department. 
[image: Graphical user interface, application, Word
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[bookmark: _Toc133181522]Figure 10 - First Line Maintenance Check on EASE
Process Plan – This is the program where engineers link process to stations, also known as a process deck. First level is to add in the step-by-step instructions, then add in the tools needed for the operation, the timing study, and the reference document. Not all processes are necessary as there are different models and variants, so option codes would be added to the processes to ensure only the correct processes are shown for the car in station. Also, the stations workload will be balanced by moving processes from one station to another to ensure it is under the set takt time, which is currently 17 minutes 30 seconds. Once all of this has been set up, and once the build number is entered into View EASE, it will show all correct step-by-step processes for the car in station and the tools required.

[image: Graphical user interface, application, Word
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[bookmark: _Toc133181523]Figure 11 - Example of process document
View EASE – This is the program interface that the end user sees and interacts with, as previously explained. View EASE will show the process documentation for the car set by an engineer in Process Plan and the station documents set by an GL/Engineer from MDM. The programme also has a lot of useful functions that are a critical part to the production of cars within Aston Martin such as:
Part Verify – Some parts will be set to part verify in the BOM; once the part is required for a vehicle, EASE will prompt the user to scan the barcode on the part to ensure the correct parts are fitted to the car. If the wrong barcode is scanned, the screen will indicate ‘incorrect for build’ and it will not progress until the correct barcode has been scanned.
[image: Graphical user interface, application, Word
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[bookmark: _Toc133181524]Figure 12 - Example of part verify
[image: Graphical user interface, application, Word
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[bookmark: _Toc133181525]Figure 13 - Completing a part verify
Serial Scan – Similar to how the Part Verify works above, some parts are set to serial scan meaning that the serial number of the parts, e.g. airbags, needs to be recorded. Firstly, the user will scan the part number. It will then ask for the serial number to be scanned; in the system this will be a serial tracked part, meaning that as soon as that part is fitted to a vehicle, that serial number cannot be scanned again, as it is unique to that car. This data is then transferred back to Goldcrest, as if a car is missing one of its serial scans, it cannot be sold.
Andon Call – Linked to the PLC, if there was an issue at a station, an operator would press the Andon call to set off an alarm and be visible on the production Andon boards. It would also stop the line moving as a safety precaution. Amber is raising an issue and red is in attendance.
[image: Graphical user interface, application, Word
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[bookmark: _Toc133181526]Figure 14 - Different types of Andon Calls
Part shortages - When a car goes into a station and the part is not available to fit, or the part is damaged during fitting, the user would use EASE to raise a part shortage. As the system has logged what parts are fitted at that location for that model, it would give the relevant list of parts to select from. Once the part is selected, the part number and quantity can be selected, and a comment can be input. This is then linked to the build number and the data is sent to the part shortage board (Ubisense) and Flags. The shortage board is used by DHL and Supply Chain to actively manage shortages within plant, and it is also raised on Flags meaning the car will not pass through the secure gate until the component has been fitted and closed on Flags. 
[image: Graphical user interface, application, Word
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[bookmark: _Toc133181527]Figure 15 - Raising a Part Shortage
Vehicle Trim & Options – EASE also receives the Trim and options codes and descriptions from Goldcrest, which are used mainly in Substation/Trim areas to ensure correct components are fitted; this allows for a quick visual check to gather the correct components.
[image: Graphical user interface, application, Word
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[bookmark: _Toc133181528]Figure 16 - EASE Trim options

DC Tool interlocks – DC Tools are automatic torque tools triggered by EASE which sends them the VIN Number of the vehicle in station. This allows an operator to, for example, tighten bolts up to 80NM. Once CVI Net has recorded the torque and is happy with the results, an OK signal is sent to EASE so the car can move on. If the outcome is a failed result, then the vehicle will not move out of the station, which ensures critical components are torqued up to the correct newton meters value. EASE acts as a software interlock to prevent cars from progressing with missing data. 
 Request of change (RFC) – The RFC function is used as a way for an operator to raise an issue at a station e.g. documents missing, or it can be also used to suggest an improvement. An RFC can be raised through the screen, which will notify an engineer, who would then accept or reject a change that has been proposed.
Next Build Function – In sub-areas, to make sure it is built to the correct sequence to the production line, triggers are set in the database that add the build numbers into lists. Once the production hall has been entered on substations, an operator can only follow the pre-set, which avoids out of sequence builds. 
EASE is a very reliable MES tool that was tailored to Aston Martin’s needs. The system is used throughout the plant from operation 0005 to 4680 and is integrated with the other MES system, PLC, ERP, and some manufacturing tools to send and receive data to assist production with the building of cars. It also ensures that the process is easy to follow when building the DBX, reduces the risk of human error, and improves quality and productivity.  
[bookmark: _Toc133597993]1.4.2 Ubisense System
Ubisense is another IoT (Internet of Things) system used for tracking real time location of assets within Aston Martin. On occasion, the plant may have up to 500 cars in the WIP (work in progress), all at different stages of being built; this means that tracking the location and status of the cars is a critical business function, and this is the core fundamental that Ubisense offers Aston Martin. 
RFID Tracking of assets (Smart Space) - Whilst a car is on the production line, data is sent directly from EASE so that Ubisense can identify which car is in each station. However, it is not able to track the car’s location once it has left the production line, which is why a car is fitted with a RFID tracker when it gets to the last section of the track in TRIM. This then syncs with the vehicles information in the database and can track the car to within a one-meter location using the GPS tags and antennas that are situated around the building’s interior and exterior perimeter. 

[image: Graphical user interface, application, Word
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[bookmark: _Toc133181529]Figure 17 - Example of a car displaying the RFID tag & Tip Bay screen
Once a tag is associated with a vehicle, it will stay with the car until it is sold. All part shortages/ issues raised in the Flags system also get passed over to Ubisense which provides a visual representation of defects and shortages on a vehicle to the repair team in the tip bays and Off-Tracks as shown below. Using this, a team would repair the issues or blue them forward on Flags and clear them on Ubisense. Once that is complete, the car would be green to pass through the barrier to the next area. If there is any outstanding defects or shortages not acknowledged, the barrier would remain closed preventing it from moving on as a no faults forward policy.  
Figure 17 shows car 817951 in tip Bay 5 with a list of shortage and faults. It also indicates how long the car has been in the bay which provides data for an engineer to analyse and to work out the MTTR.

Secure gate barrier - Figure 18 shows the Off-Tracks secure gate that is operated by Ubisense and prevents cars leaving the factory that have open defects or shortages against them. This is the last line of protection, as when a car passes this point it is bagged and sold. Using the RFID tag, the system knows which car is waiting for the barrier to open and using the data sent from Flags, determines if the car will pass or fail.
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[bookmark: _Toc133181530]Figure 18 - secure gate end-of-line
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Description automatically generated][bookmark: _Toc133181531][bookmark: _Toc133592718]Figure 19 - Ubisense smart space map

Figure 19 shows a real time map location of cars in the plant. With this asset tracking tool, the system also generates several reports to support production, such as:
· Showing the vehicle trail of the cars and the time spent at areas within the factory.
· Showing the vehicle age of the cars within plant.
· The Sanky diagram showing the process flow of the cars within the plant to see if the car deviated from the standard process.
· Top 10 faults or shortages on vehicles.
· Showing priority cars within the plant so that production can easily locate and prioritise orders.
· Area/model specific reports detailing MTTR.
· Setting email notifications when a vehicle reaches a location or when a car exits a station/location.
These are just some reports that Ubisense offers, and they help the business operate and make informed decisions on business-critical activities.
Part shortage board – Ubisense also supplies the part shortage board which is used by Supply chain and DHL. When a shortage is raised through EASE or directly on the system, it stores all the information. This shows all open and closed shortages in the plant and all of the information related to the shortage, e.g. supplier, delivery date etc. This makes it easier to use tools to help manage part shortages. 
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[bookmark: _Toc133181532]Figure 20 - part shortage board
[bookmark: _Hlk123806522][bookmark: _Toc133597994]1.4.3 FLAGS System
Flags is a smart quality system used by Aston Martin, Land Rover Jaguar, and Bentley. It is a great way to track and manage the DPV (Defect Per Vehicle) and is split up into two sections:
Flags Shopfloor – This is the programme technicians use on tablets. The production line is made up of Inspection, Seek & Repair, and Buy off stations, and towards the end of a process the car would be audited at an inspection station. It is at this point that a technician would input any defects found, which could be anything from a paint defect to a missing component, which would then be stored on the report of that vehicle. At Seek & Repair bays, a technician would fix the default raised for sign off to allow it to continue to the end of the process area e.g., Paint, Trim & Final, Off-Tracks, where it is either diverted or sent to the next area of the process. This is how quality is controlled as a vehicle passes through the production process and prevents any defects reaching the customer. Some more functions on Flags shopfloor includes:
· SIP Checks – These can be set by the man systems team requested by production or engineering and are containment checks. For example, if an issue has been reported and in Body In White (BIW) with panel alignment, the check can be added to the tablet including working instructions on how to perform the check. This could be a user inputting a measurement into Flags, such as a 1mm panel gap, and Flags would then report if it was a pass or fail or an operator could complete a visual check and decide on whether it passes or fails. After a set number of days without a failure, the check is automatically removed from the system.
· Photos – Flags also can allow an inspector to take photos of defects and include them into the vehicle report. This function allows a repairman to easily identify an area that needs attention and engineers can use the images to assist with the investigation.
Flags reporting – The reporting element of Flags is more for an engineer, similar to Ubisense in regard to giving a user custom report, except it is more centred around the quality of the vehicles, as it shows the open/closed defects, if there are overrides, the areas a vehicle has passed through, and the next stage of the process. When a technician adds faults on a vehicle using Flags shopfloor, which can be completed by selecting a part on the imagery where an issue appears, this can be viewed in Flags reporting as well as the technician who has raised and signed off the defects, all of which is date stamped. 
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[bookmark: _Toc133181533]Figure 21 - Flags reporting
Above shows car 818100; a quick glance at the data shows that there are 131 raised faults on the vehicle, a further 124 which have been signed off, and 7 overrides.  It is possible to view all defects on a vehicle, when and who raised them, location of the defect on the car, when they were signed off, and the severity level of the faults raised, whether it was a 30, 70, or 500 call. Flags reporting, as well as tracking the quality of the cars produced, also shows a lot of information that can be used in data analysis of this report, as it summarises top issues reported using data from all cars that have been run through the system between specified dates. It also shows FTT and average DPV per area which can all be used in project justification.

[bookmark: _Toc133597995]1.5 Project Initiation Document (PID)
Project Initiation Document (PID) is a high-level plan and is one of the first stages of a project written by a project manager. This defines the purpose of a project and how it can be implemented successfully. It can sometimes be referred to as project charter, which includes:
· An overview of the project 
· Justification of the project 
· Project scope including goals and objectives
· Proposed deliverables
· The team that will work on the project and level of participation
· Approval
Once a PID is completed, it is then reviewed in a PRM (Project Review Meeting). The meeting will be with project stakeholders and sponsors, and from there it is approved or rejected by higher management.
[bookmark: _Toc133597996]1.5.1 Document Control
The control of documentation is critical when delivering a project to ensure accurate data is presented. For this reason, the first part of all Project Initiation Documents should be document control, in which all changes to the document are recorded and stakeholders must sign off and approve the project. 
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[bookmark: _Toc133597997]1.5.2 Problem Statement 
“Warrant Liabilities is one of the biggest problems facing Aston Martin, the combination of lack of evidence to prove otherwise and high levels of exterior damage that reaches the customer has caused the company to fail to meet its delivered quality, Cost per unit and defect per unit targets. This has had a negative impact on the brand with poor customer perception and warranty claims effecting the company’s profitability and share price” 
[bookmark: _Toc133597998]1.5.3 Business Case 
The current process of detecting exterior damage is completed via visual inspection at the end of paint, start of Off-Tracks or MRP line. However, the issue with this is that the cars are moved around and there can be extra processing after this point. Furthermore, cars can be waiting for weeks sometimes, unprotected from the elements outside whilst waiting for part shortages that are retrospectively fitted. All of this causes potential risks of damage to the exterior of the car. Exterior Paint claims are the number one issue the aftersales team deals with, and over the past 24 months there has been £1,304,213 of paint damage claims across all Aston Martin models, and £309,184 of warranty claims for the DBX in the previous year alone. This shows that there is a major issue with the Quality Management System (QMS) if vehicles can progress throughout the plant and exterior damage is not picked up until it arrives at the customer. As for capturing the condition of the car leaving the plant, this is done currently by a technician photographing the exterior of the car, however due to several reasons, the imagery captured is too poor to use and provides little to no benefit to the company.
A further level of detection that could be added to the current off-tracks process is an integrated vision system into Flags, which would raise exterior damage detected as a defect and prevent the car being sold. The system would have two main uses for the company:
1. Damage detection – Ability to detect all forms of exterior damage from dents, scratches, scuffs, and chips in paint work.
2. Evidence for warranty claims – Ability to create a 360-imagery portfolio of the car leaving the factory which will aid in the investigation to determine if the damage was caused in plant or through transit. This would help to determine whether the cost of repair would then be liable to the transport company or AML. 
A rough estimate of the systems cost is £100,000 to £300,000 depending on specification, however, if it has a 100% efficiency rating, the system will pay for itself within a year. Even with a 50% efficiency rating, the system would pay for itself within two years. Further to this, the system will provide another level of protection from poor quality products reaching customers and damaging the reputation of the company. In 2022, a study was carried out by the company Deliotte, surveying 300 executives and board directors from some of the largest companies in the world. They highlighted brand reputation as the highest strategic risk area for a company, over competition, business model, and impact economic trends  (deloitte, 2022) (Coleman, 2022). Aston Martin has gone bankrupt 7 times in its history, however due to the power of the brand, it has always drawn in investors (Winton, 2022) and built a reputation as a producer of some of the most luxurious and sought after cars on the market, a  reputation that the company would like to keep. “It takes many good deeds to build a good reputation, and only one bad one to lose it.” – Benjamin Franklin
[bookmark: _Toc133597999]1.5.4 Voice of the Customer (VOC)
“Voice of Customer is the customer’s voice, expectations, preferences, comments, of a product or service in discussion. It is the statement made by the customer on a particular product or service.” (sixsigma institute, 2017). The voice of a customer is a critical aspect for any business for it to be successful, and failure to take on board a customer’s opinion can lead to failure. Customers can be internal, such as the next process or area, or it can be external, such as dealerships or end customers. 
There are several different ways in which the customers perception can be captured. Some of these methods include: (Feldman, 2018)
· Surveys
· Focus Groups
· Interviews
· Observations
· Warranty Data
· Consumer Reports
· Customer Specifications
· Field reports
· Complaint logs
In order to ensure a customer of the project is satisfied with the outcome, firstly their needs and expectations need to be understood. The internal customer of the project is the Off-Tracks production team; this is the location and department that will be responsible for the system after installation and set-up is complete. The external customer of the project is the dealerships and purchasers of the DBX. 









	Customers
	Method
	Feedback

	Off-tracks Production Team
	Observation
	“Need a better way to inspect the bodywork of the car as due to the high variation in colours and finishes its hard to notice all the defects, this is also a very time-consuming process”

	[bookmark: _Hlk124832450]Aston Martin Newport Beach Dealerships
	Interview backed by warranty data
	“We have received a high number of cars in the past year with paint defects particularly on the hood and wheels of the car”

	[bookmark: _Hlk124774975]Dave Moore Production Manager
	Observation
	“The current process of capturing imagery of cars, requires myself to remove the memory card in the camera and then spend time downloading the imaged and linking this to build numbers in folders, it takes too long”

	James Cayzer aftersales Data Analyst 
	Interview
	“Current imagery captured is to such a low standard we cannot determine if the damage was done in plant, transit or in the dealership, so we end up accepting all responsibility”














[bookmark: _Toc133598000]1.5.5 Critical to Quality Requirements
Critical to Quality (CTQ) definition:
“The service/product characteristics that is important to the customer from the customer’s point of view”. (businessdictionary, 2018)
The CTQ are key measurable characteristics taken from the VOC Statement, as sometimes the VOC statement can be unclear and not precise. It is written by the project manager and is a way for a team to digest information from the VOC and gives a clear understanding of the customer. Below is in reference to the VOC:
	Feedback from
	Quality Driver
	Requirements

	Off-Tracks Production Team
	Time
	Need a solution that will inspect the car within TAKT time of the production line.

	
	Time
	There needs to be an increase in automation to reduce the time consumption of user input.

	
	Variations
	The new process needs to be able to pick up defects on all AML paint colours.

	
	Variation
	The new system must recognise defects on matt and satin vehicles.

	
	Quality
	System needs to increase the detection rate of damage to become more efficient than the current process.

	Aston Martin Newport Beach Dealerships
	Quality
	Need to reduce the amount of paint defects reaching the dealership.

	
	Performance
	The system will need to detect damage on wheels to a high degree of efficiency.

	
	Performance
	The system will need to detect damage on the vehicle hoods to a high degree of efficiency.

	David Moore Production Manager
	Time
	Needs to automate to reduce workload of the production manager.

	
	Performance
	Need to link photos with build numbers in order to be traceable.

	James Cayzer Aftersales Data Analyst
	Cost
	Reduce volume of warranty claims which, in turn, will drive down expenditure costs.

	
	Quality
	Improve quality of imagery taken/stored.



[bookmark: _Toc133598001]1.5.6 Goal / Vision 
Analyse and investigate the current exterior damage detection process and the extent of defects reaching the customer and research the impact this has on the business before implementing a new damage detection system to prevent warranty claims and to pick up any faults before they leave the factory.
[bookmark: _Toc133598002]1.5.7 Project Scope Statement
This project will be investigating the current quality control process, analysing current data from warranty claims & AMCPA (Aston Martin Customer Perception Allowance) Reports before looking into the implementation of a damage detection vision system. It will also look at how this new technology, which has already been adopted by the likes of Bentley and Rolls Royce, can increase productivity, increase quality, and reduce the amount of warranty claims Aston Martin receives. The project team will oversee managing the installation and commissioning the system with the chosen third-party company and integrating the current system into the current AML quantity system Flags.
[bookmark: _Toc133598003]1.5.8 Acceptance Criteria 
Acceptance criteria can be defined as “The set of requirements you must meet before being able to say a task or project is complete” (Newell, 2020). Typically these are based on the project objectives and are normally delivering a product, meeting customer requirements, or hitting targets or deadlines. These criteria will make up part of the product design specification which is sent to the vendor; agreeing the criteria with all parties can avoid misunderstanding. Below are the equipment’s acceptance criteria of the vision system, created using the data captured from the VOC and project meetings involving all departments affected:
· [bookmark: _Hlk95989604] Varying humidity conditions (Low to High).
· Operating temperatures 0 to 40 degrees.
· System cannot be affected by vibration.
· System must fit within the allocated production space.
· The inspection system must photograph all angles of the car, excluding under-carriage. 
· The inspection booth must be able to pick up defects on all exterior panels e.g. (scratches, dents, chips, scuffs).
· The inspection system must be able to pick up defects on All Aston Martin paint colours.
· Cycle time of system must not exceed 5 minutes.
· 80% damage detection rate (proof via Capability Study prior to sign off)
· Detect all defects 1mm and over.
· Unlimited Cloud storage.
· Unlimited user logins.
· Report/ graph generator to track the defects per car going through the system.



[bookmark: _Toc133598004]1.5.9 Deliverables and Milestones 
Deliverables are all outputs that are submitted with the project scope. They can be internal/external, intangible/tangible, or large or small (York, 2021). Tasks are then the individual activities that go towards the completion of a deliverable, and the purpose of a deliverable is to work towards a project milestone.  

External deliverables – This is what people might initially think of when it comes to deliverables, as this is the outcome of the project, and something that will meet the demands of the customer.

Tangible or intangible – An example of intangible would be employee training. It’s not a physical change, but you need to factor in time to train employees and get them up to speed, which will take time and money.
 
Large or small - This is how big of a task each deliverable is, project dependent.

[bookmark: _Toc133598005]1.5.10 Project Deliverables 
· Analyse current process – Using FMEA and other Six Sigma tools to critically evaluate the current process of identifying defects, analysing data from warranty claims and CPA (Customer perception Audits) to work out the efficiency of the current process.
· Researching into systems on the market – Researching into different Vision systems using tools such as Vendor Matrix to critically evaluate different products to select a product that best suits Aston Martin’s requirements.
· Select the vendor – Select the vendor to work with the team to deliver the project 
· Installation of the system – Installation of the Vision system including mechanically and electrically.
· IT installation – Putting the system onto the AML Network, with software links to relevant databases.
· System integration – This will include linking the system with the current quality system Flags to autonomously raise defects on the exterior damage and integration with Ubisense to pick up which area is in the Vision system using the RFID tags.
· Commissioning phase – Testing the Vision system with capability studies and timing studies to ensure it meets the specification agreed with the provider. This will also be the time to correct any issues.
· Training – Training engineers and technicians on how to operate and maintain the Vision system.
· Sign off the system – Sign off with the vendor that the system has met the specification provided to them and AML are happy to take ownership of the system.
· Go live – Obtain all relevant documentation e.g. reaction plans, process documentation updated, and this will be when the system gets switched on and used.
· Analyse the change - Over the space of a few weeks/months post installation there should be data available to effectiveness of the system and its delivering on the project objectives and satisfying customer’s needs.
· Conclusion - Review of the project six months after install. Reviewing data and concluding if the project was a success or failure: what went well, what could be improved and recommendations.


[bookmark: _Toc133598006]1.5.11 Project Milestones 
Milestones are predetermined points along a project set by a project manager and are normally significant moments within a project, such as an achievement or big decisions that need to be made. Also, the change from one phase to another can be a milestone. The benefits of setting milestones include:
· Provides points where project managers can report status updates to stakeholders.
· Helps the project manager keep track of time and budget. To check the project is not failing behind plan and is still within the budget.
· Can be the signal to pay vendors or release of more funds to signal the start of a new phase.
· Prevent scope creep. Project managers use milestones as references to ensure teams stay on track, stay within scope and work towards the milestones set.
For this project the milestones set are as follows: 

Company approval – This will be a milestone set as the first part of the project and will be defining the issue and justification to carrying out the project.
Installation of the system – The system being installed is a big achievement in the project and will be a good time to report out to the stakeholders and check the project is still on time and to budget.
System integration - Fully set up and integrated with current systems, signed off, and meets the design specification ready for go live. This will also be the point the vendor gets the next installation of payment.
Project go live – This is another big moment in the project as the system should now be able to be fully tested. 
[bookmark: _Toc133598007]1.5.12 Project Exclusions
Project exclusions are what are out of scope for this project. In this project, the exclusions are:
1. Dealership app – The set up and configuration of the dealership app is out of scope for this project.
2. Interior damage detection – Any interior damage equipment or software add on are not required for this project.
3. Training for other users – Only technicians and maintenance will receive formal training.  User manuals will be supplied to the business, but any other departmental training is not included.
4. Non-critical spares – non-critical spares will not be supplied.
5. Vendor support– Critical spares and repair of the system is covered up to twenty-four months after sign-off after this point the spares and repair costs will be passed over to AML.


[bookmark: _Toc133598008]1.5.13 Project Assumptions 
Project assumptions can be defined as “any factor relating to a project that is considered to be true, real or certain – without any empirical proof or demonstration” (Malik., 2022). In this project, the main assumptions are: 
· AI algorithm – The AI algorithm is supposed to pick up on the users input and learn the difference between shadows, lighting and actual damage.
· Photographs storage – It is assumed that all the photos taken on the system are stored and easy to access.
· Compatible with Flags – Flags can receive data numerous ways from database reading or data packets, so the assumption is any system selected could be integrated with Flags.
· Access levels – The assumption is there will be different levels of access with log ins which are job specific.
· Company financially stable - Other than a company check carried out by procurement, the assumption is the company is stable and not in financial difficulty.
· No weekend work – The assumption is all teams will be working on the project Monday to Friday between the hours of 6:30 and 3:30.
[bookmark: _Toc133598009]1.6 Project Team Roles and Responsibilities 
Below is the diagram showing the team that will be responsible for carrying out the project. The engineer manager Phil Morton will be the owner of the system and budget will come from the engineering funds. The engineer manager will set the project objectives, goals, timeframe, and budget for the project manager.
The initial research and investigation will be carried out by Nathan Henry, the project manager, and off-tracks engineer George Griffiths. The project manager will oversee the other members of the team, tracking progress of the project, ensuring the milestones are reached, and that the brief and objectives set by the engineer manager is achieved on time and to budget. The Off-tracks engineer will collaborate with production, ensuring they are trained up on the new system and that it is integrated with the current working processes. They should support in the implementation of the new system to minimise the effect on production.  Jon Carter, the facilities engineer, will oversee the physical installation of the project in the implementation stage.
Elizabeth Cummings, the Network Engineer, will oversee the network & IT installation to ensure the system is on the company’s LAN network. She will also be involved in writing the initial specification to ensure that the project is compliant with the IT standards of the company. The Manufacturing Systems Engineer will oversee the systems integration so that it communicates with the other MES system used in Aston Martin.
Celtic Maintenance will install the system mechanically and electrically. Tim Wallace from Flags will assist Frazer Sawrey in the integration. There will also be network contractors that will run the network cables from the system to the CAB unit. This will then allow the network engineer to patch in the system into the current IT architecture.  
[bookmark: _Toc133598010]1.6.1 Team Structure  
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[bookmark: _Toc133181534]Figure 22 - Project Team
[bookmark: _Toc133598011]1.7 Process Flow & SIPOC
For this report, any references to station 5500 is referring to the end of line inspection in the off-tracks area. This is the source of the project, which will be to improve on the current process which will be detailed later in the report. Figure 23 shows the process flow for off-tracks; this will help the team to understand the process better and will be used by the team to show where and how the Vision System will fit into the current layout if they decide to go down this route. Below this diagram is the key which explains the symbols in the diagram.












[image: ][bookmark: _Toc133181535][bookmark: _Toc133592722]Figure 23 - Process flow diagram
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	Secure gate – These are parking barriers that open only when all the defects/shortages have been signed off in the QMS (FLAGS).
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	Dead station - These are stations that no longer exist in the current line balance.
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	Goldcrest Scan station – This is the ERP (Goldcrest) scanning station which consumes the parts, and triggers work e.g., label printing
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	Flags station – This is the location of a Flags zones: inspect, rectify or sign off faults or shortages raised on the vehicle. 
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	Live station – This is an active workstation with processes against it.
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	Decision – Separates the different paths the vehicle could take.



[bookmark: _Toc133598012]1.7.1 SIPOC
SIPOC which stands for Supplier, Input, Process, Output and Customer is typically used within the ‘Define’ stage of a project to give a high-level overview. SIPOC is an effective process improvement to aid the project team to understand the process and defining the scope. It gives members of the team, who might not necessarily know the process, an idea of how it currently runs. Below is the SIPOC for station 5500:
	S
	I
	P
	O
	C

	Trim And Final

Technical Area (station 5490)
	DBX (Standard)

DBX 707

YAG Label Machine 

Technicians

Flags System

AML /Engine Badge

	Fit Region Labels to cars.

Fit Badges to Car.

Final Inspection for defects

Clear down Flags.
	In no issues are raised in Flags, Technician drives the car to the barrier, and it opens, car move on to sales line (sold).
	Internal Customers
· Station 5510
External Customers

· Car Dealerships.
· Vehicle Owners.
· Transport Company.




[bookmark: _Toc133598013]1.7.2 Project Aims/Objectives 
Now the scope of the project has been captured the next step is to set the aims and objectives of the project.
Project aim – To improve the detection rate of exterior damage, improving quality and reducing warranty claims.
The objectives are:
1. Research AI technology in order to have an understanding how it can be used in the automotive industry.
2. Investigate the current quality control process and how effective this process is at detecting exterior damage and avoiding poor quality reaching the customer.
3. Quantify the warranty claims issue and the effect this is having on the company financially.
4. Evaluate different Vision system suppliers and which would be best to use to help AML achieve its project aim.
5. Critically evaluate the chosen supplier’s system; both testing its credibility and evaluating the system set up.
6. Install the vision system into AML and monitor the results.
7. Create controls in order to ensure the system is fully utilised, maintained and adopted into the manufacturing environment by the workforce.



[bookmark: _Toc133598014]1.8 Project Planning
[bookmark: _Toc133598015]1.8.1 Activities
Below are the activities that will be carried out and contribute to the completion of the project deliverables. In this table it shows the task, the owner who is responsible for the completion of the task, the start and end date, duration, and percentage of completion. This data can show the number of days work that has been completed and how many remain. At the bottom there is a percentage of overall completion of the project and the number of completed days work which can be used to gauge, at a quick glance, whether the project is running on schedule or starting to fall behind plan. The expected completion date of the project is 183 days after it begins.
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[bookmark: _Toc133181536]Figure 24 - Project Activities plan
[bookmark: _Toc133598016]1.8.2 Gantt Chart 
Gantt charts are also used as a planning tool by project managers. The chart gives a good visual representation of the project, as every member sees the same view. It can also be useful when reporting progress to stakeholders and it allows team members to manage their short and long-term activities. Further to this, the chart can be used to show team schedules, delivery dates, and allow the user to see which tasks are dependable on other activities and form some kind of control over directing the project. One of the main draw backs of using a Gantt Chart is that it needs to be regularly updated, as otherwise the information is inaccurate and the project can begin to become out of control with regards to timing. For this reason, there will be project update meetings set every week with team members to report progress and update the charts with accurate information. Below is the project Gantt chart:
[bookmark: _Toc133181537][image: Graphical user interface, application, Word

Description automatically generated] Figure 25 - Project Gantt Chart
[bookmark: _Toc133598017]1.8.3 Project Schedule Network Diagram 
Network diagram, in project management terms, can be defined as “A graphical representation of the logical relationships also referred to as dependencies among the project schedule activities”. This helps a project manager distinguish activities that are dependent, and also shows the durations of the project, flexibility of task as some tasks may have more time than is required, and the critical path of the project. These are the tasks in the project that pose the most risk, as if they are not completed in time the project will fall behind.
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[bookmark: _Toc133181538]Figure 26 - Network diagram of project
Figure 26 shows the network diagram of this project. In red are the critical tasks; this essentially means that there is no leeway, and these tasks need to be completed on time or it will have an effect on the project timing. The tasks that aren’t in red can run over without influencing the project. Arrows depict what tasks depend on others; for example, to start tasks such as installation of equipment, it would first need to be signed off. The diagram displays that if all tasks go to plan, the project will take 121 days from start to finish. It is also worth noting that the critical path of the project can change as the project progresses, as unforeseen work or delays might alter the critical path, which will then need to be completed again. One of the benefits of using this is that it gives a project manager an idea on what areas they need to focus on. It also highlights areas that may cause the project to run over schedule; for example, eight days have been allocated to mechanically and electrically install machinery and obtaining sign off. When liaising with suppliers, this information can be provided by the project manager, at which time if any issues arise in relation to completing the task within the timeframe, the project manager can look at crash costing to reduce the time to deliver the objectives set.
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[bookmark: _Toc133598018]Chapter 2: Literature Review 
Before carrying out the next stage of the report, it is important for the author of the report to complete a literature review. This involves studying publications such as news reports, books, or journal articles on the relevant topics based on this project, with the purpose of providing the author in-depth knowledge around the topic areas of this project. It is also important to not just accept published material as fact, and to critically evaluate all information to assess its relevance to the project.  In order to fully understand the project, a variety of topics needs to be researched and reviewed such as:
· Quality Management Systems 
· Six Sigma tools & methodologies 
· Quality 4.0
·  AI Vision Systems 
· Change Management 
[bookmark: _Toc133598019]2.1 Introduction into Quality
To understand QMS, it is essential to firstly understand what quality means. Dr W Edwards Deming, one of the founders of the TQM (Total Quality Management) philosophy, explains that “Quality does not mean achieving perfection, it means the efficient production of quality that the market expects” (Baghel, 2005). This is important as many people mistake quality for perfection, but this is not the case; quality comes at a cost and the overall goal of quality is to ensure that the product meets the expectation of the customer, but as customers’ expectations and requirements change, so should the organisation.
[bookmark: _Toc133598020]2.2 Quality Management System
Quality Management System can be defined as “a formalized system that documents processes, procedures, and responsibilities for achieving quality policies and objectives” (American Association of Quality, 2019). At a high level, a company will set out its quality policy based on its requirements from external sources, such as government, organisations, and the customer, as well as its own aspirations. This is also a strategic decision on where the company wants to place itself in the marketplace, as if the requirements are higher, the company must deliver on a higher level. An example of this could be selling cars to China, as by entering that marketplace, there is a lot of additional requirements in regards to paperwork from their government that Aston Martin must adhere to, but the company makes the decision to comply with the regulations because the benefit in doing so is an increase in sales and profitability. The best way to summarise QMS is that it is a way to manage quality to ensure the company always meets regulations and the expectation of the customer, which begins with the quality policy that contains objectives the company must meet, and gives a clear direction to the employees in which way the company wants to go (Natarajan, 2017).





[bookmark: _Toc133598021]2.3 How QMS Works Within the Organisation 
Figure 27 best explains the QMS model; Customer requirements, organisational requirements, and relevant interested parties, for example governments, all feed into the QMS. Leadership then control the change using the PDCA (Plan, Do, Check and Action) model to ensure that the changes are made to satisfaction of the customer, which is how the organisation enforces continuous improvement. The PDCA model was created by Walter Shewhart and made popular by Edward Deming (Deming, 1986).
Plan - Plan is one of the most important parts of QMS: understanding what the customer requires and translating this into objectives and continuous improvement opportunities, and understanding the scope of any changes that are made and that leadership need to drive a customer focused approach throughout the organisation (Kozai, 2020). The next part of planning, once the objectives and scope is achieved, is to highlight any risks that are involved within the change. Finally, planning the implementation and identifying the support structure that is needed to carry out the change, which includes resources that might be required or the creation or adaptation of current processes to achieve the desired outcome. 
Do – After planning has been achieved, the next step would be to carry out the work and implementing the change. Once the implementation is completed, a relevant metric should be developed to assess the effectiveness and efficiency of the change.
Check - This involves monitoring and verifying results and comparing the data collected against the expected outcome of the project, validating if the implementation was successful or not. Internal audits are used to assess the effectiveness of the new process/system.
[image: Drafting a hospital quality management system framework patterned after ISO  9001:2015 framework that can be used as a guide for developing a  hospital-wide operations manual | ROJoson's Writings on Hospital  Administration]Act – Any issues, such as non-conformances or corrective actions raised in the check stage, should be addressed in this section. Further improvements can be highlighted and the cycle of PDCA will start again.[bookmark: _Toc133181539][bookmark: _Toc133592726]Figure 27- QMS structure to problem solving (Rahung, 2018)

[image: 3 – PLM and ISO 9001: What Does it Mean? | Rockwell Consults]





[bookmark: _Toc133181540][bookmark: _Toc133592727]Figure 28- QMS documentation hierarchy (Meskovska, 2019)



Figure 28 shows the QMS Documentation hierarchy in a QMS system. This is a top-down strategic approach to dealing with quality as decisions flow down the pyramid and data flows up. The quality policy dictates the quality manual; the top is the vision, and the bottom is the execution. This approach to quality is extremely effective as it engages the whole business and is driven by higher management (American Association of Quality, 2019). This is the standard for ISO9001 & ISO140001.
[bookmark: _Toc133598022]2.3.1 Cost of Quality 
As competition within the luxury automotive industry becomes more competitive, with the likes of the Bentley, Porsche, Lamborghini, and Ferrari all producing luxury SUV’s that rival the DBX, the importance of cost of quality has increased. Cost of quality are the costs that occur within the company to produce goods that meet quality standards, or cost that occur for producing goods that do not meet the quality standards. Below is the PAF (Prevention, Appraisal and Failure) model, which can be internal or external to the company.

[image: ]
[bookmark: _Toc133181541]Figure 29 - the cost of quality model (Robertson, 2021)
[bookmark: _Hlk127474906][bookmark: _Toc133598023]2.3.2 Cost of Good Quality 
Good quality products are products that meet the quality standards and expectation of the customer, the cost of which can be categorised into the following:
Prevention Costs - This can include all costs associated with planning, process control, training, risk assessments, FMEA, design review, and quality audits, which are all activities used to prevent poor quality (Robertson, 2021). Prevention is the first steps to avoid quality concerns and get the fundamentals in place.
Appraisal Costs – These are costs associated with activities that take place to control or check a product or service to ensure the level of quality satisfies the requirements. This includes the following: inspection, document review, process and quality audits, SPC, calibration, and CMM checks (American Association of Quality, 2020).
[bookmark: _Toc133598024]2.3.3 Cost of Poor Quality 
Cost of poor quality can be defined as “the cost associated with producing poor quality products or services for the customer. In other words, it is the total financial losses incurred by the company due to errors and subpar work” (Hessing, 2018).
Internal Failure – This includes scrap, rework, problem solving, unplanned downtime, 100% sorting, retesting, and redesign, all of which are done in-house and are associated with cost. The future of the system is that the more expensive the cost of poor quality becomes, the harder it becomes to use root cause analysis and find the source of the issue.
External Failures - These include late delivery penalties, rework, lost opportunities, warranty claims, complaints, and return of material (Kiran, 2017). This is when the issue is found in field and shows a clear failure in the QMS system. External failures are hard to fully quantify as even if the warranty and rework cost is known, it will still be difficult to identify how this effects the company’s brand image and may deter customers from purchasing any further products from the company in the future.
[bookmark: _Toc133598025]2.3.4 Optimal Level of Quality 
Optimal quality is the point where maximum customers are gained for the lowest possible cost. This maximises the profitability of the product and at the same time satisfies customer needs. This is represented in figure 30 (Kara, 2010). This graph shows that as failure costs reduce, so does the cost of quality, which is due to less scrap, reworks, and all of the points mentioned previously. However, there can be a point where the prevention costs overtake the failure costs and the cost of total quality increases even when no defects are produced the prevention costs are so high, the product fails to be profitable anymore. This can vary in each company but there needs to be a cut off point within which the level of defects is accepted.
[image: Cost of Quality Graphical Representation Many of the COQ costs are hidden and very difficult to identify by formal COQ measurement systems. Many of these costs, if identified, would be considered as the cost of doing business. Three major groups of hidden costs that are not considered in most COQ systems include customer incurred costs, lost reputation costs and customer dissatisfaction costs. While these costs are not captured by normal COQ systems they are most important. Future purchasing decisions by both current and future customers are very dependent on these costs. If external failures are eliminated all of these costs are also eliminated. This puts a higher priority on elimination of the external failure costs. ]
[bookmark: _Toc133181542]Figure 30 - Graph showing the Cost of quality and the Optimal Quality level (Teli, 2010)
 An example of this would be the debate of whether installing a Vision Booth after each area to find defects at source would be a benefit. Installing it would increase the chances of finding faults and no doubt reduce defects even more, however, it would also mean extremely high prevention costs with more employees, higher vendor support contracts, and high installation cost. Therefore, even though it will reduce the volume of poor quality items reaching the customer and reduce rework and scrap costs, it is not a practical solution.
[image: ]Figure 31 demonstrates the sooner a defect or quality issue is found, the lesser the impact it has on production and the cost of rectification is cheaper. Also, the closer to the source, the easier it is to find and rectify the issue, as if extra processing is carried out, it’s sometimes hard to tell where the defect or damage originates (kanbanize, 2016). An example of the escalation of cost of rework as the car continuous the process can be seen below.[bookmark: _Toc133181543][bookmark: _Toc133592730]Figure 31- In Station Quality (American Association of Quality, 2020)




Issue: Faulty Seat Wiring 
Own Process (Seat Build Station 2460) – Cost of changing seat £130.02

Next Process (Seat Marriage) - Cost of a finished seat is £340.82 (this is based on the standard AML seat as Q build, or upgraded seats could cost double this).

End of Line (TIP Bay Repair Area) – Cost of changing a seat in-house at Tip Bay repair is £340.82+ £148 (4hrs labour at £24 per hour) = £436.82.

Final Inspection (Off-Tracks Area) – In this case, the cost of repair would be the same as end-of-line, but it has the potential issue of making the car miss the delivery date, so impact has increased - cost £340.82+ £148 (4hrs labour at £24 per hour) = £436.82

Customer (Warranty Return) – Cost of changing a seat at the dealer network has been estimated at £1100 - £1500, as it would involve rebuilding the seat in-house, testing and sending it to dealership, and paying them to fit. This does not consider the impact of customer dissatisfaction by the owner of the defective vehicle.
To avoid this from happening, all seats undergo Vcats before installation. This software tests all wiring and electrics within the seat and if it fails, the seat leather is stripped, the base is changed, and the seat is rebuilt and tested again. This process helps to avoid any electrical fault in seats escalating to the customer. 
This relates to the project because exterior damage such as paint rework is quick and simple to rectify at source, but it gets more difficult and expensive as it gets further into the process, and by the time it reaches the dealership it can cost thousands and leave customers waiting weeks to receive their cars.
[bookmark: _Toc133598026]2.4 Six Sigma Methodologies & Quality Improvement 
Six Sigma is “a set of management techniques intended to improve business processes by greatly reducing the probability that an error or defect will occur” (Andy, 2018). It makes use of statistics and data analysis to reduce defects or errors within the given process and was developed by Bill Smith in the 1980s and is still widely used in industries today. As zero defects is nearly impossible to achieve, six sigma allows for 3.4 defects per million opportunities for a defect to occur, and to achieve this would be classified as world-class, as like lean it shares the objectives of eliminating defects and waste and improving the quality and efficiency (goleansixsigma, 2010).
[bookmark: _Toc133598027]2.4.1 DMAIC
Previously when explaining QMS, the problem-solving project management structure mentioned was PDCA. This report will look at the Six Sigma alternative explaining what it is and what the differences and similarities are, before assessing which approach would be best to follow in this report. 
The Five Phases to a DMAIC project are:
Define phase 
The define phase is the first phase of the DMAIC approach to problem solving and implementing projects using Six Sigma methodology. Define includes the following:
Define the problem and create a problem statement - This phase is where the project manager will create the problem statement, which summarises the problem into a single statement.
Define the customer – Customers are the groups or individuals that receive the product from the process, of which can be internal or external. The customer can be contacted to understand the requirements needed; this is known as VOC which means Voice of the customer. (sixsigma institute, 2017)
Define the project – When defining the project, it includes project justification which is a short brief explanation on the problem and the effect this is having on the business. This will be used to justify the continued research into resolving the problem using data to highlight the issue. Once the project is justifiable to the business and the customers have been defined, then the aims, objectives and deliverables are stated, objectives are the desirable outcomes, benefits and performance improvements expected from the project. (sixsigma institute, 2017) Deliverables are points tangible and intangible that will contribute to achieving the objectives, and aims are high level statements of intent.
Define the process (process mapping) – Process mapping is used to have a bird’s eye view of the process as it helps the project manager to show a visual diagram to the team and customers. Later on in the project, a new process flow can help aid decisions and highlight areas of interest and identify any risks (Anand, 2023). SIPOC (Suppliers, Input, Process, Output and Customer) is then used to show a more in-depth view of the process.
Measurement Phase 
The measurement Phase involves gathering data to quantify the problem, which gives validity to the project. Data helps to further understand the issue and is used to help identify the root cause of the issue.

Analyse Phase 
Once data has been gathered in the measurement phase, it can then be analysed to find the root cause of the issue. Tools such as FMEA, pareto analysis, 5 Whys, cause and effect diagrams, non-value-added analysis, and Taguchi method are all examples of methods used at this phase of the project. This will help the project manager and the team come up with possible solutions to implement (whatissixsigma, 2019). The team identifies necessary improvements to resolve the problem; statistical analysis, fish bone chart, value- added analysis and cause and effect diagrams are just some of the techniques used in this phase of a project. 
Improvement phase 
After the analysing of the project is completed, the team can then identify possible solutions to resolve the issue and execute the implementation plan. This phase should also include activities such as capability studies or line side trials, then upon the success of testing, the improvement can then be implemented and procedures and processes updated. This is the main part of the project which satisfies the customer and is a significant moment with regards to the project being visible to the customers (whatissixsigma, 2019).
Control phase 
After the successful implementation of the project, this stage ensures the new process is followed. Furthermore, this stage includes activities such as training employees, collecting data to validate whether the improvement was successful or further work is needed, and putting in preventative maintenance schedules to maintain the systems, all of which contribute to the long-term success of the project. 
[bookmark: _Toc133598028]2.4.2 Comparing PDCA to DMAIC
PDCA is the lean approach, which is the most straight forward and easiest to follow, whereas DMAIC is the Six Sigma approach, and normally requires a level of training to implement successfully. Both methods are valid approaches that can be used to help implement and structure a project. On the surface they may seem very similar as they have a lot of cross-over; for example, the Plan stage covers DMA (Define, Measure, Analysis), Do covers the I (improvement) phase, and Check and Act cover the C (Control) phase.
The main goal of DMAIC is to measure performance and analyse data from various sources to identify a root cause and fix it efficiently, whereas the main goal of PDCA is to measure the performance, identify the problem, and take action to prevent it. The reasoning behind choosing DMAIC over PDCA in this project is because it is more data driven, and a large quality issue (M. Sokovic a, 2010) (Mast & Lokkerbol, 2012), the size of which is currently hard to quantify. The step-by-step DMAIC approach would be the better fit as it provides a more in-depth before and after picture to the business, and as this could be an expensive project, it is better to have more data to prove project relevance and validity, which is important to present to the customer.





[bookmark: _Toc133598029]2.4.3 Pareto Analysis 

“A disproportionately large percentage of errors or defects in any process are usually caused by relatively few problems. Pareto analysis helps identify those significant few problems so people can target them for action.” (Bonacorsi, 2011)
The concept of Pareto analysis follows the ‘80-20’ rule, which suggests that 80% of defects come from 20% of causes. This concept was imagined by Vilfredo Pareto in the early 19th century and applies to manufacturing, economics, science, and business. This is a powerful tool that can be used to identify the main causes of a problem and is commonly adopted in the Analyse phase of a lean Six Sigma project (Delers, 2015). In this project, Pareto analysis can be used to analyse the main causes of warranty claims, and from this the top 20% of issues can be resolved which should then show an 80% reduction in warranty claims. However, it is worth considering that this is not always the case. Regardless, this it is still considered to be an extremely effective way for teams to work efficiently to problem solve and improve quality within a process.
[bookmark: _Toc133598030]2.4.4 Failure Mode Effect Analysis (FMEA)
FMEA, which stands for Failure Mode Effect Analysis, was developed by the aerospace industry before being adopted into the automotive industry by Ford. This lean Six Sigma tool is used to identify and assess the severity and likelihood of failures within a product or process. It can be used as an improvement tool on existing systems or at the design phase of a product and is a great way to calculate risks before undertaking any process changes. This is the reasoning for its use in the Analyse phase of this project, as when a suitable solution is found it can be used to calculate the risks involved and actions can be put in place to reduce the likelihood and severity of the issue, or even increase the likelihood of detection (Basu, 2008). FMEA must be carried out by experienced personnel who are subject matter experts to make the results as accurate as possible, and once they have identified all the potential failure modes within a system, they will then need to assess the following:
· Severity – This represents how severe the failure mode, and how hard it would be to resolve and the impact it would have on the business. 
· Occurrence – This is the likelihood of the failure happening, for example, if there was a high chance that the system will fail soon due to the failure mode found, then this would score high. 
· Detection - This signifies how likely the problem is to be identified, assuming the problem has already been discovered in the past. For example, is this easily detectable before reaching the customer and if not, then the failure mode could be high risk.
From these three factors the ‘failure mode’ can be allocate an RPN figure, which stands for Risk Priority Number. This is “a numeric assessment of risk assigned to a process, or steps in a process” (institute from health care improvements, 2017). Below is the calculation to work out the RPN of a failure mode:

RPN = S x O x D

Using the data collected from the customer warranty claims and DPV found in the field in the analysis phase of the project, the likely causes of the paint damage can be scored, after which an improvement can be introduced to reduce the overall RPN, which in turn will improve the quality of the vehicles leaving the plant. Second to this, it can also be used to assess the new process to look for potential issues or further improvements.
[bookmark: _Toc133598031]2.4.5 Overall Equipment Effectiveness (OEE)
OEE is used in a wide variety of industries for measuring manufacturing productivity, and it identifies the percentage of manufacturing time that is productive. OEE originated in the 1960’s from Japanese pioneer and founder of the total productive maintenance system Seiichi Nakajima (Bamber & Castka, 2003). It is split down into measurable elements, which are:
· Performance (Actual output/theoretical output)
· Availability (Actual Production time/ potential production time)
· Quality (Good products/ total products produced)
Once the performance, availability, and quality percentage of a given machine or process timing has been calculated, the factors together will give the overall OEE, which gives the engineer a sense of how efficient the process is and where improvements are needed. Seiichi Nakajik states that world class OEE is 85%, but Gibbons & Stuart (2010) oppose this view and argue that a world class OEE standard cannot be universal for all industries (Gibbons & Stuart, 2010).
Figure 32 below shows an example of how to work out the OEE.[bookmark: _Toc133181544][bookmark: _Toc133592731]Figure 32 - Example of OEE Calculations

To reach 85% OEE requires the score: A93% x P93% x Q99%, which is extremely hard to achieve. Assessing the example in figure 32 shows that all elements of the process would need improving to reach this figure, but mainly the availability and performance, so the engineer should look at SMED (Single Minute Exchange Die) or other methods to increase the uptime of the machine, as this would have the biggest gains in improving the OEE.
OEE will be used in the project to find out how efficient the current process is and after the improvements are implemented the OEE should increase to show the change has made an improvement to the process.



[bookmark: _Toc133598032]2.5 Quality 4.0
Quality 4.0 is “a term that references the future of quality and organizational excellence within the context of Industry 4.0” (Mohd Javaid, 2021). To understand this, firstly there needs to be an understanding of Industry 4.0 and how the manufacturing environment is changing; so what is industry 4.0?
[bookmark: _Toc133598033]2.5.1 Industry 4.0 & AI Technology 
Industry 4.0, also known as the fourth industrial revolution, is the future of the manufacturing environment where more modern-day systems are used to solve real world production issues. These include systems and equipment such as collaborative robots, AI vision systems, 3-D printers, Cloud Operating Systems, IoT (internet of things) devices, and AI technology. Old systems that relied on human input or intervention are now becoming computerised and more efficient, which is having a massive impact in industries such as automotive.
[image: Image result for industry 4.0]Figure 33 shows how the industry has evolved over the years, becoming less labour intensive and more remote and computerised, from the first industrial revolution of the steam power to automation and robots being used. Now industry is at a stage where everything is accessible through the cloud and one trend that was noticed through the COVID pandemic was that most office jobs, even controls and system engineers, can work remotely with no impact on the business due to the advanced systems.
[bookmark: _Toc133181545][bookmark: _Toc133592732]Figure 33 - Industry 4.0 (universal robots, n.d.)

[bookmark: _Toc133598034]2.5.2 Industry 4.0 Technology in Aston Martin 
Unlike some automotive manufacturers that are viewed as being ‘stuck in the past’ due to reliance on old machinery and techniques, paper-based documentation, and having a very manual process, Aston Martin has invested in advanced systems that have rapidly changed the way the company operates today. New departments such as Manufacturing Systems have emerged, which sits halfway between IT and engineering to support the applications in place and to work on engineering projects that may have a heavy IT input. The main systems which would be classified as Industry 4.0 systems are Ubisense, Flags, and EASE, which are the core systems used. However, there are other Industry 4.0 technologies used within Aston Martin which have not been previously mentioned such as:
[bookmark: _Toc133598035]2.5.3 DC Tooling 
DC tooling are automatic tools used to tighten critical joints on a car or engine. Traditionally the operator would tighten using a torque ratchet and when the joint was at the correct torque set, it would slip to avoid over tightening, which would then be written in the build log of the car. This was a slow, manual, and in accurate method, which relied too heavily on the operator, so often data would be missing, or the bolt tightened to the incorrect torque thus causing an issue.
[image: ]
[bookmark: _Toc133181546]Figure 34 - DC tooling
Figure 34 shows wireless DC tools. When a car enters a station, the operator presses the trigger, and the tool automatically tightens the bolt to the correct torque. This is then recorded in the box and transferred using Kepware to a website which engineers can view all results against a particular car, such as pass, fail, etc. It also sends an OK signal to the PLC if the station has passed, allowing the track to move; otherwise, the interlock will prevent the car going forward. There are other functionalities used but this is the core attributes of the DC tools in Aston Martin, and without these the takt time would easily be double what it is today.
[bookmark: _Toc133598036]2.5.4 Cloud Computing
Nearly all servers in the St. Athens site are now cloud based, instead of locally hosted servers, as companies now prefer to host servers externally. The main providers are Microsoft Azure and Amazon AWS. There are pros and cons of cloud-based hosting, with the main benefits being:
· Less large capital to set up and maintain. 
· Quicker recovery time in the event of emergency. If there is a fire or water leak in a data centre, it could cause the whole data centre to go offline. There will be backups, however it will have much more expensive and longer recovery time.
· Less facility costs (no datacentre required) 
· More scalable just requires buying more storage. (Diamond, 2020)
For these reasons, cloud-based computing has become extremely popular, however, there is a monthly fee the company must pay, and it requires a very good stable internet connection, as if the company has a poor network, then cloud based is not recommended. In this project the system will be cloud based on AWS, the same as Ubisense and Flags. This means that AML will have less control over the servers, however, the maintenance and patching will be carried out by AWS and not the internal server team. 
[bookmark: _Toc133598037]2.5.5 E-maint System
Recently Aston Martin have invested in another system for maintenance, which sits on an external cloud server, that has multiple functions, such as work order software. This allows a user to raise work orders and is used to schedule preventative maintenance tasks. The maintenance personnel will then complete the task, take photos, attach if any inventory was used and how long the work took, from which inventory stock is adjusted, and photos and a description of the work is stored and can be easily accessible. This helps the maintenance manager track work throughout AML and ensure that the activities are carried out, and that each task has an owner and deadline.
[bookmark: _Toc7544280][bookmark: _Toc133598038]2.5.6 3D Printers
AML have two 3D printers. Either a product can be scanned and uploaded to CAD software, or a model can be drawn and transferred to the 3D printer. It works by splitting the object into layers or sections; the printer can then print layer by layer until the object has been made. The typical materials 3D printers use are plastic, nylon, or rubber, however, more advanced printers used in the aerospace industry can print with materials such as titanium, titanium alloys, tungsten, steel, and aluminium. AML have used these printers to produce replacement parts that have long lead times or are expensive; for example, O-rings on the fuel pump can take three weeks to order from France and cost up to £50.00 a set, whereas this item can be made within six hours on a 3D-printer and costs approximately £4.30 for material and energy to produce. Therefore, considering that they need to be replaced frequently and AML have over 6 fuel stations, the cost savings over a year can be calculated to be a few thousands in savings and this is only one of the many reasons 3D-printers are used.
[bookmark: _Toc133598039]2.5.7 Power BI
Power BI is a Microsoft application that can be used to better visualise data in the production environment. Using advanced data analytics and process automation, coupled with networking, may significantly increase production efficiency. For example, in AML one of the Power BI functions is to pull results data from Ease relating to data capture on the DC tools, so as soon as a car hits the quality station at the end of powertrain, the Power BI query fetches the data and displays the data capture against the VIN in station. If there is any missing data or failed results, it is displayed to the operator so they can hold the engine for the engineers to investigate. This fail safe has stopped poor quality engines being married to cars many times and has reduced the number of recalls and quality issues.
These are the industry 4.0 equipment used in Aston Martin currently. For this project to achieve the objectives, it requires research into Automated Vision Systems and how they can be used to improve the quality detection within AML.
[bookmark: _Toc133598040]2.5.8 Automated Guided Vehicle 
Figure 35 below shows an AGV in the body shop carrying a platen of components that have been glued; this will follow a set route which has been programmed to collect and deliver parts to different locations. Using Wi-Fi and location sensor technology it can see obstacles in its path, as it gets closer it will then slow down or come to a complete stop to avoid a collision before commencing its journey. In AML, there are 14 AGV all working in unison to collect and deliver parts from one production line to another; this eliminates manual movement and automating the process has proven more effective than having tracks and rotary tables like conventional production lines in companies such as Ford.
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[bookmark: _Toc133181547]Figure 35 - Autonomous guided vehicles
[bookmark: _Toc133598041]2.6 AI Vision Systems 
Vision Systems were once an emerging technology that was rarely used, however, now they are standard machinery used within the automotive industry. The latest progression is the introduction of AI (Artificial Intelligence) and how this can be used to learn and adapt to optimise results.
The term AI is a blanket term that describes a system that can adapt and learn. Most Vision systems on the market use a method called deep learning, which is image recognition in classifying a feature. For example, after a vision system is shown 1000 different dents, it can then classify dent images itself with a high level of accuracy. 
[bookmark: _Toc133598042]2.6.1 Image Recognition Software 
Image recognition is achieved by highlighting and identifying features in static and dynamic data sets, utilising different mathematic models to train the AI algorithm. Initial research into this field was centred around a machine learning model using Linear Discriminant Analysis (LDA); this is a supervised learning algorithm which is used as a pre-processing step for pattern classification (Xiaozhou, 2020).
[image: Introductory Guide to Linear Discriminant Analysis]
[bookmark: _Toc133181548]Figure 36 - LDA Classification (Mahta, 2019)
Figure 36 shows a subset of data pre and post classification. There are some downfalls to this method, such as being time consuming and requiring someone to train the algorithm. With Aston Martin only producing 120 cars per week, it could take years to obtain enough sufficient data for the algorithm to successfully classify defects to a high degree of accuracy. Furthermore, another issue with this method is the covariance of data; this is the relationship between two variables, and the effect on one variant when another changes (Dash, 2021). One variant would be paint colour and finish, and another would be scratches, therefore, depending on the colour of the car, it would have an effect on the size and accuracy of detecting a scratch, as the same scratch may be more visible and pronounced on a dark coloured car, even though they are the same. This could lead to inaccurate data and classification and is one of the main failures of using this method (Jing-Hao Xue, 2008).
Today, research is revolved around Convolutional Neural Networks (R-CNNs), which is best described as the next step of image recognition, providing superior accuracy over the conventional method of isolated LDA. This was made famous by AlexNet in 2012, which was the team lead by architect Alex Krizhevsky that won the ImageNet Large Scale Visual Recognition Competition (Gad, 2021).This is a software competition that has run annually since 2010 and using the new method of (R-CNN) they were able to achieve 84.7% accuracy. This was over 11% higher than second place and the first-time image recognition software got a sub 25% error rate. 
For some context, ImageNet is a database consisting of 15 million images with 22,000 categories. The competition in 2012 was to classify imagery obtained from Flickr and other search engines into the correct one of 1000 possible object category classes; for example, there are 1000 images of people and they must classify them as a male or female (Krause, 2018). The Alexnet is now a benchmark for future AI image recognition models. 
[bookmark: _Toc133598043]2.6.2 Human vs Al in Image Recognition 
[image: Accuracy for ImageNet challenge with different DL models. ]
[bookmark: _Toc133181549]Figure 37 - Error rate of image classification AI (Alom, 2018)
Above is the table from Md. Zahangir Aloms “The History Began from AlexNet: A Comprehensive Survey on Deep Learning Approaches”. It shows that since the new method of image recognition, future models have improved to the point where in 2015, the Al algorithm was more accurate than a human.
[image: Algorithms that won the ImageNet Large Scale Visual Recognition Challenge (ILSVRC) in 2010-2017. The top-5 error refers to the probability that all top-5 classifications proposed by the algorithm for the image are wrong. The algorithms with blue graph are convolutional neural network. Although VGGNet took second place in 2014, it is widely used in studies as its concise structure. Adapted from "A fully-automated deep learning pipeline for cervical cancer classification" by Alyafeai Z., Ghouti L., Expert Systems with Applications Proceedings of the IEEE 2019;141;112951. Copyright 2019 by Elsevier Ltd.]
[bookmark: _Toc133181550]Figure 38 - Improvement year on year of AI based on error rate (Ellis, 2022)
Another paper published by Pham Duong, a computer scientist from the university of Buffalo, New York, shows that in 2017 the error percentage was down to 2.3% (Duong, 2017). These papers suggest one of the main reasons the AI algorithms are becoming so advanced is because of:
· Revolutionary breakthrough of the Alex Net 8-layer model.
· Increase in the data set to train the algorithms.
From this research into AI Algorithms and vision systems, a suggestion to the AML team looking to purchase a vision system would be to find out as much data as possible on how the supplier system recognises features in images, and also how large the data set needs to be to train the algorithm. For example, if they are already being used by other OEM manufactures like Land Rover and Jaguar, they will have a larger pool of data to which they have already trained the system, meaning it will be more accurate on installation.

[bookmark: _Toc133598044]2.6.3 Convolutional Neural Networks
The architecture of CNN consists of multiple hidden layers. Originally it was eight layers, however more layers have been added in recent years. In this model, the input is the high-resolution photo (Saha, 2018) which passes through each layer, producing a predicted output, which could be the dent or scratch recognised in the photo. A user will then identify if the prediction was correct or not. This then adjusts the hidden layers algorithm to learn from the user and become more accurate, until eventually it reaches a level of accuracy within which it can be autonomously run with no intervention.
[image: Training Deep Neural Networks. Deep Learning Accessories | by Ravindra  Parmar | Towards Data Science]
[bookmark: _Toc133181551]Figure 39 - hidden layers of an Ai algorithm (Saha, 2018)
The reason they are called hidden layers is because the user will not fully know each relationship; for example, if the algorithm input is a blue car, and the output says its green, when the technician changes the results it will affect the weighing of relationships in the multiple layers of the model, improving its accuracy.
[image: A computer screen capture

Description automatically generated with low confidence]
[bookmark: _Toc133181552]Figure 40 - Architecture of AI powered imagery classification (Saha, 2018)
Convolutional layers shown in the diagram are the core of CNN; they focus on a specific space on the input image and consider that point in relation to its surroundings. A convolutional layer receives an input and puts a filter on the image, which could be an edge or circle detection, from which it can then recognise relationships and feeds the next layer. As the layers get deeper and deeper, the system becomes smarter, so instead of detecting a shape within an object, it detects features such as eyes, a mouth, and a nose until it can see full objects, like cars or bikes. The filter slides across the image, usually in a 3x3pixel size, in what is referred to as the kernel size; it will move in a 2x2 pixel range in the x and y direction until the whole image is covered (Alex Krizhevsky, 2022). The diagram below best represents a filter; in the middle is the 3x3 pixel size with different weight in each cell, as that passes over each 3x3 pixel on the original image it is multiplied to create an output image on the right, which will then be the input of the next layer and this can be viewed at as pattern detection.
[image: A picture containing map
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[bookmark: _Toc133181553]Figure 41 - Filtering (Alex Krizhevsky, 2022)




[image: A picture containing map

Description automatically generated]This number 7 model is an example Jeremy Howard used to best teach students about fast AI. As shown in figure 42, the number 7 passes through 4 filters each time a different section of the number 7 is highlighted. This represents edge detection; -1 represents dark, 1 light, and 0 grey, which is the weighting of the filter, so essentially in basic form it counts the light and dark pixels to recognise the form of the shape.[bookmark: _Toc133181554][bookmark: _Toc133592741]Figure 42 - How AI is able to classify an image using pixel count (Alex Krizhevsky, 2022)

[bookmark: _Hlk129979687]The above image with the number 7 is a very basic example, but it can apply to all imagery. An example of more complex imagery using this algorithm can be seen below in figure 43; image (c) displays how the image has been stripped away by the AI, which has begun to recognise shapes, pattern angles, and textures. For instance, the fuzzy texture might be recognised as a tree or plant and pass this information on to the next layer. 
[image: A picture containing text, tree, screenshot
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[bookmark: _Toc133181555]Figure 43 - various filters added to an image to allow it to be process and classified by AI (Alex Krizhevsky, 2022)
Once the image has gone through filtering, it is them common for Rectified Linear Units to be applied, which sets minus values to the 0 (grey). This is shown to improve error rate and reduce training time. Max pooling is also commonly mentioned, but this is simply the highest values from the array transfer to the next layer which can be seen in the examples above.

[bookmark: _Toc133598045]2.6.4 Classification 
Classification is the last part of the model before the output is achieved, and involves a process called Flattening; this takes all of the resulting value and flattens in out into a string of data, which then passes through a soft max layer that converts neural network activations to normalised class probabilities (Kumar, 2022) and gives a reading from 0 to 1. This is shown in the diagram below.
[image: A screenshot of a computer

Description automatically generated with medium confidence]
[bookmark: _Toc133181556]Figure 44 - final stage classification and showing a confidence level  (Kumar, 2022)
An example of this is a deep scratch in a car bonnet that could have passed through the algorithm as it could be 0.1 (Scuff), 0.75(scratch) and 0.15 (Dent). This will then classify the image as a 75% chance of it being a scratch, which in the beginning stages would require a human to confirm if it is correct.

[bookmark: _Toc133598046]2.7 Change Management
While project management looks at completing the objectives within the project, change management is more focused on how the changes made are perceived and accepted by those who it effects; change management “focuses on the people impacted by this change and enables them to engage, adopt and use the change” (Haggerty, 2020). Not all changes that are made by the company are welcomed by the workforce; if the employees do not buy into the change, this could then lead to them reverting back to the old process and the project failing. There are a few different change management models that can be used by the team to help implement the project within AML.
[image: Graphical user interface, application, Word
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[bookmark: _Toc70287407][bookmark: _Toc133181557]Figure 45- example of Lewin’s force field analysis in this project
Shown above is Lewin’s force field analysis, used to show what a project manager may face in this project. Both sides of the project have forces acting against the project, some pushing for change and some pushing against change, with the forces being either internal or external. The Lewin model scores both opposing forces to work out if the change is valid. The project manager then looks at how they can reduce the forces opposing the project (Connelly, 2020). For example, uncertainty is an issue in this project as it is a high-tech piece of equipment using AI technology, which is cutting edge. There will also be difficulties faced such as individuals being sceptical on how well it will perform. It is a known fact that other automotive companies like Rolls Royce and BMW already use these systems, so the project manager could consult with them for feedback on their experience or AML could test the equipment at the supplier site prior to purchase. Other opposing factors are cost, as due to the large investment a strong business case may oppose this by showing the potential cost savings, and culture, as employees might perceive this as one less job. The project manager could explain the training element of AI and show it as a change in job roles, rather than an outright loss.

[bookmark: _Toc70287460][bookmark: _Toc133598047]2.7.1 ADKAR Model
[bookmark: _Hlk133083552]ADKAR describes the process of change that individuals go through, whether that is at home or in work. Companies design people management processes around the ADKAR model to help drive changes in the organisation. Figure 46 shows the ADKAR model, which is a 5-stage model involving the enablement zone, giving the employee the reasoning, willingness, and knowledge to carry out the change. The engagement zone is then putting the knowledge into practice, carrying out and reinforcing change if necessary.

[image: Timeline
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[bookmark: _Toc70287408][bookmark: _Toc133181558]Figure 46- the ADKAR model (expert program management, 2016)

With this project, the project manager can use this model through  (expert program management, 2016):
· Awareness – Making all employees aware of the vision system project before it begins. Explain the need of the project to reduce warranty claims and increase product quality to satisfy the customer’s needs.
· Desire – Any issues the employees raise with the change or any questions they may have can be answered by the project manager and the reassurance that the project is in the best intentions for the company and its employees. 
· Knowledge – There will be elements of the project alien to the employee, so giving them the correct understanding and training is important for the success of the project. This might also include updating the standard operating procedures or providing external or internal training.
· Ability – Encourage them to practice what they have learnt and monitor their performance to ensure they are doing it right; the company can then make any adjustments if needed to suit the employees needs or improve the process.
· Reinforcement – Monitor the team’s performance, give them positive feedback and encouragement and ensuring they continue to adopt the new process and mentality.
This needs to be used by the management team to improve the change process. If an employee struggles with the change, then re-training should be considered, and if they become frustrated, management needs to remind them of the importance of the change and benefits for doing so.
[bookmark: _Toc133598048]Chapter 3: Measurement  
The measurement phase of a project is where a data collection plan is formulated as well as all the techniques used to collect the data. This stage is important for a few different reasons, such as giving validity to the project as it gives a baseline performance of the current quality control system and shows the cost and efficiency level of the current process. Data gathered must be critically analysed to ensure it is a true representation of the current process, as the data gathered will be used to justify the reasoning for the project, but to also then gauge the level of the improvement post implementation.
The following will be completed in this phase of the project:
· Collection plan evaluating the data being collected, reason, and relevance of the data, as well as technique used, and scope of the data. 
· Identify any issues with the current quality control process.
· Provide a performance baseline to be used later to evaluate the impact of the project.
· Establish parameters for a capability assessment 
[bookmark: _Toc133598049]3.1 Data Collection 
There are two main types of data that can be collected: qualitative and quantitative. The difference between these types is:
[bookmark: _Toc133598050]Quantitative Data 
Quantitative data can be described as data that is numeric and quantifiable. The two main types of quantitative data are discrete (variable) or continuous (attribute). Discrete data are integers and can only be whole numbers, non-negative and countable (Austin, 2015). An example of this is the number of cars produced this week is 80.  Continuous data is more about accuracy; therefore, it is not always a whole number. It also includes the range between two integers. An example of this could be measuring the 0-60mph of a DBX is 3.3 seconds. Quantitative data is used by researchers and engineers too. 
[bookmark: _Toc133598051]Qualitative Data
Qualitative data is information gathered that is not in numerical form; instead, this is a description. Quantitative data is not directly measurable; an example of qualitative data would be using techniques like 5 whys, as this does not quantity numerically the issue but does give indication to the problem. ‘Coding’ is the process of identifying themes and attaching labels to data, which is used to help remember and for analysis to find re-occurring trends in qualitative data (Wallace, 2023). For example, if in customer feedback exterior paintwork is mentioned as an issue, this would be made a keyword. From this you could then say out of the 300 customers surveys, 150 of them mentioned external paint damage this then provides the analyst with the data to work with.
In this report, the majority of the data is going to be quantitative as is going to accurately interpret the issue with exterior paint damage; this way it will give a base level of performance that can be measured against upon implementation. However, there will also be qualitative data gathers, for example, imagery currently taken from the end-of-line. This will show the level of detail that is currently captured within a photograph and assess whether it can be used to aid in a warranty claim or not.

[bookmark: _Toc133598052]3.2 Data Collection Plan
Data collection plans are used to organise data collected to ensure there is sufficient levels in order to achieve the goals set. Within the collection plan, the project manager has key basic questions that need to be answered to ensure the data is valid.
[bookmark: _Toc133598053]3.2.1 What Data Will be Collected?
There will be multiple different data sets collected in this project including the following:
Historic warranty claims – The best way to review the impact exterior damage is having on the company is to investigate the warranty claims. All claims made are recorded in the database going back to 2015, which should give plenty of data to interrogate and manipulate in order to fully see the extent of the problem. Data is held in the aftersales and quality databases, and is then collected and displayed in DOMO. Data collected will be the following:
· Number of Claims 
· Cost of Claims 
· Damage Classification e.g., interior, exterior, paint or gapping.
· Location on vehicle of damage
Imagery from end-of-line – One aspect of reducing warranty is to keep clear and concise imagery of the DBX leaving the factory. Imagery currently taken will be assessed to review whether it can be used as a warranty claim, and damage after passing to sales is no longer against AML, but rather the third-party transport company or the owner of the dealerships. Also, the time to capture imagery and upload can be reviewed to see how lean the current process is.
Performance data and capability data – Not all cars can go through a full quality control audit in AMCPA (Aston Martin Customer Perception Audit) as the process can take up to 4 hours. This is an extremely thorough inspection in a lab environment, which means the team can take a car after final inspection and compare the faults found with a full AMCPA audit and make a comparison that can be used to show the efficiency of the final inspection. The data collected will include the following model, colour, paint type, and damage, as these four variables can then be analysed.  
[bookmark: _Toc133598054]3.2.2 How Will Data be Collected?
[bookmark: _Hlk130225714]Historic warranty claims - DOMO is software that offers a digital dashboard. All warranty and damage related data from aftersales is collected and input into a database. Using DOMO gives the ability to make digital web-based dashboards that display the data, and it can also be used to interrogate the issue further. For example, looking at the top five warranty claim issues, which region has the most claims, the cost of each individual claim, and the customer. These are the data sets that will be collected for analysis.  
Imagery from end-of-line – This is more qualitative data, of which may not be measurable, but it does give a visual indication of the current images that have been taken as part of evidence held for warranty claims. This process will be timed and critically evaluated based on the quality of the imagery, how lean the process is currently, and how much damage it can identify. A consultation with James Cayzer, who is the Aftersales Analyst in charge of collecting evidence and finding where the cause of where warranty claims lie, would be useful as he is the expert in this field and can give some indication on the effectiveness of the current process and how many times it has been used. 
Performance data and capability data – To work out how effective the current end-of-line inspection is the test will take 12 cars to be examined, both at the end-of-line inspection station 5500 and then at AMCPA. This will give an accurate picture on how effective the current process is, and it will also be a baseline of performance to measure against post implementation.
Also, the process of capturing and storing imagery will be timed as currently it is a manual process which will occur a cost and could be automated within a system. 
[bookmark: _Toc133598055]3.2.3 How Will the Data be Used?
Historic warranty claims – This data will be used as the main reasoning and justification of the project. There are multiple factors in play, such as if the end-of-line inspection is accurate and warranty claims are still submitted then there must be a transport or an issue at the dealership. Alternatively, it could be an issue in all three areas, but this will not be known until the data is analysed. Also, looking at areas causing issues by interrogating not just the overview, but where most of the damage is located when looking at vision systems can analyse its capability to pick up on these issues. For example, if most paint defects are on a particular colour, model or part of a car, how effective will the proposed system be in finding them. This metric will give an overview of the quality standard reaching the customer and the cost associated with quality.
Imagery from End-of-line - This data is going to be collected for two main reasons; (1) are we capturing all the necessary data, and (2) is the data good enough to be used as evidence.
Performance data and capability data – This data will give us a base level on how efficient the current quality control process is, and will then be used as a baseline to which improvements can be made to increase the number of defects found and fixed before reaching the customer.
[bookmark: _Toc133598056]3.2.4 Who is Responsible?
All data collected in this report will be collected by the Author.
[bookmark: _Toc133598057]3.2.5 Sample Size / Timing
Using DOMO gives the ability to look back at data from the start of manufacturing at St. Athan, however all model introductions have teething issues, and staff having less experience would need to be factored in as this would not show a true representation of today’s picture. For that reason, data from DOMO used will be up to 24 months old and imagery captured and displayed will also be within a year old. As for the tests carried out to assess the effectiveness of the end-of-line inspection, twelve cars will be selected with the following criteria and will also be photographed to see how many of the exterior issues can be highlighted in the photo. This can then be compared to a vision system later in product validation.
 
	Number
	Model
	Colour
	Finish

	[bookmark: _Hlk131258499]1
	Standard
	Black
	Gloss

	2
	Standard
	Black
	Matte

	3
	Standard
	White
	Gloss

	4
	Standard
	White
	Matte

	5
	Standard
	Green
	Gloss

	6
	Standard
	Green
	Matte

	7
	707
	Black
	Matte

	8
	707
	Black
	Gloss

	9
	707
	White
	Matte

	10
	707
	White
	Gloss

	11
	707
	Green
	Matte

	12
	707
	Green
	Gloss



With imagery from line 3, cars will be selected at random in the shared folder and the images will be analysed by the aftersales analyst and the project manager to assess the usefulness. The timing will be also done at random on three separate cars over a 3-week period.
[bookmark: _Toc133598058]3.2.6 Measurement System Analysis of the Validity of Data Collected 
All data collection plans need to ensure the data that is being collected is valid and represents the process. The data collected from DOMO will indicate how efficient the end-of-line inspection is and what faults get missed and shipped to the customer. The trial involving twelve cars and AMCPA audits should validate, if for instance DOMO and the line side trails are both not representing the same overall picture of the final inspection process then this will bring into question the validity of the date. The expected outcome is to find warranty claims linked to external damage and then external damage errors to be missed in end-of-line inspection and seen in the field and raised as warranty claims.
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	Ai Vision System Project Data Collection Plan 

	Data Collected
	Relevance 
	Measures
	Data Collection Method
	Timing/ Sample
	Responsibility 

	Historical Warranty Claims 
	This will be the main justification to changing to an automated AI vision system. The data will show the current level of performance and key attributes such as location of damage and current cost of quality that can be analysed.
	· Number of claims 
· Cost of claims 
· Damage location 
· Damage classification
	Using the software DOMO which is a quality/aftersales database for all warranty/quality claims against Aston Martin since 2015.
	Less than 12 months old.
	Project Manager 

	Performance and Capability Data 
	This will give a clear indication of how effective the current process is at identifying defects before leaving the factory. 
	Comparing results with a AMCPA audit of the same car to see the how efficient the process is at identifying defects. 
	12 cars trial to measure the effectiveness of the current process and to look for trends in the data that might prove to be useful when scoping out a system.
	12 car trial using black, white and coloured cars of both gloss and matte finishes. This includes both 707 and standard model DBX.

	Project Manager

	End-of-line imagery 
	To analyse the effectiveness of the data captured and whether it can be used as evidence to reduce warranty claims or help the engineer in problem solving to find the root cause.
To assess how lean the current process is.
	Comparing image pixel density and resolution/ lighting compared to a vision system and using the expert opinion of the aftersales analysis.

Time taken to capture and upload images. 


	Visual assessment from the project manager and data analyst.

Timing the technicians carrying out the process.
	Any imagery less than 12 months old on the system. 
30-minute interview/meeting with an expert asking open ended questions to gain knowledge and opinion. 

Three cars selected at random.
	Project Manager  


[bookmark: _Toc133598059]3.2.7 Data Collection Plan Summary 

[bookmark: _Toc133598060]3.3 Data Collection 
This section will be all the data collected that will then be analysed.
[bookmark: _Toc133598061]3.3.1 Historic Warranty Claims 
Warranty data captured from 04/2022 – 04/2023. 
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[bookmark: _Toc133181559]Figure 47 - Warranty claims accepted 04/2022 to 04/2023
Above is an Excel download from DOMO with all the warranty claims for paint issues from the past 12 months. This data shows: 
· Number of claims
· Cost of rectification
· Damage classification e.g. (scratch, dent etc)
Summary of warranty clams and cost:
	[bookmark: _Hlk131693204][bookmark: _Hlk132365177]AM8
	 
	Cost (PPE) £

	 
	 
	AML Liability 
	Transit Damage

	Total damage warranty claims 04/2022 – 04/2023
	839
	442,338
	25,412

	Exterior
	520
	286,279
	21,476

	Interior
	278
	110,250
	2,696

	Interior & Exterior
	41
	45,809
	1,240







[bookmark: _Toc133598062]3.3.2 Damage Location 
[image: Graphical user interface, application, Word

Description automatically generated]Figure 48 shows data over the past 12 months out of the total number of warranty claims, where the damage is located and the cost of repair.[bookmark: _Toc133181560][bookmark: _Toc133592747]Figure 48 - Damage Location

Figure 49 is an example of filtering down to deep dive into the information available to select only relevant information for this project. For example, applying filters to ignore all other car models except AM8, which is the DBX.
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[bookmark: _Toc133181561]Figure 49 - Filtering data on DOMO




[bookmark: _Toc133598063]3.3.4 Performance and Capability Data 
As previously stated, there will be a 12-car capability study to assess the efficiency of the end-of-line inspection process using Ubisense. As shown in figure 50, the team was able to track all 12 cars and ensure they were of the correct specification to test.

[image: Graphical user interface, application, Word
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[bookmark: _Toc133181562]Figure 50 - Ubisense vehicle summary
The test would require the inspectors end-of-line to carry out their process and to document all of the faults they had found on the car within their 17-minute takt time. The cars will then be fully audited, and results compared. This will give a level of efficiency of the quality process. 
[bookmark: _Toc133598064]Results From Station 5500
[image: Graphical user interface, application, Word
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[bookmark: _Toc133181563]Figure 51 - Data collected from station 5500 end-of-line inspection



[bookmark: _Toc133598065]Results From AMCPA Office 
[image: Graphical user interface, application, Word
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[bookmark: _Toc133181564]Figure 52 - Data Collected from the AMPCA Office
Figures 51 and 52 are the documents filled in by the technicians in AMCPA and station 5500. Some damage detected was gapping issues, which could lead to external damage, so for this reason the paint-related damage column will be analysed instead. Internal and total amount of defects are also not a necessity; they are added as part of a different test and going forward they will also be neglected. 
[bookmark: _Toc133598066]3.3.5 Imagery Taken From End-Of-Line 

[image: Graphical user interface, application, Word

Description automatically generated]The process of capturing imagery (exterior) at the end involves a technician capturing the following imagery:[bookmark: _Toc133181565][bookmark: _Toc133592752]Figure 53 - process of image capturing a Vehicle

· LH Side profile x 2 
· RH Side Profile x 2 
· Bonnet/ Front angle X 2
· Rear of car x 2 
Then they proceed to the internal photos, but externally the company will have 8 photos that can be used to spot warrant issues per vehicle.
 



	[bookmark: _Hlk132139079]Date  
	Technician
	Number of Images taken 
	Time to take images and Upload into system (mins/sec)

	06/12/2022
	1
	8
	5:23

	08/12/2022
	2
	8
	5:15

	14/02/2022
	3
	8
	5:05



Above shows the timing of taking and uploading 8 images into a shared folder. It takes just over five minutes to capture and upload 8 images of the vehicle. This process also involves a lot of walking around the vehicle, to and from the computer and removing and placing a memory card in the reader. 
[image: Graphical user interface, application, Word

Description automatically generated]Example of Photos Captured 
Figure 54 is the online folder where all the photos of vehicles are stored going back to 2019. They are stored against VIN number and accessible by production and aftersales. 
Vehicle 1 Figure 55 – captured 16/03/2023
Vehicle 2 Figure 56 – captured 14/02/2023
Vehicle 3 Figure 57 – captured 02/02/2023



[bookmark: _Toc133181566][bookmark: _Toc133592753]Figure 54- Shared folder of end-of- line photos
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[bookmark: _Toc133181567][bookmark: _Hlk132136210]Figure 55 - Exterior photos (818312) DBX707
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[bookmark: _Toc133181568][bookmark: _Hlk132136841]Figure 56 – Exterior (819111) DBX
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Description automatically generated][bookmark: _Toc133181569][bookmark: _Toc133592756]Figure 57 - Exterior (818640) DBX
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[bookmark: _Hlk132143063][bookmark: _Toc133598067]Chapter 4: Analysis Data Phase 
The Analysis phase of a project is used to critically analyse the data gathered in the measurement phase. It can be utilised for multiple uses, including justification of the actions taken in the improvement phase, offering a baseline to performance to further improve on, and helping to identify the root cause of an issue. Without sufficient data collected and analysed, there is no evidence that the project has worked and improved the current quality management system, thus the project would be a failure.
This section of the report will analyse the data gathered to give a baseline performance of the current process and how effective it is at reducing the defects leaving the factory. Following this, using the data collected it will quantify the warranty costs and assess what areas are contributing the most to warranty claims and will give justification and meaning to carry out the project. Finally, after gauging the quality of the product being supplied to the customer, this section will look at evidence collected in the measurement phase and how effective this can be to reduce warranty claims, or aid the engineers in finding the root cause of the faults found in field.
[bookmark: _Toc133598068]4.1 Analysing Historical Warranty Claims
[bookmark: _Hlk132039531]Below is a summary looking at internal and external damage on the DBX reaching the dealers from 04/2022 to 04/2023. This has been filtered to look at cars between 0-1MIS (Months in Service), as this is considered to have delivered quality to the dealerships.
There are over 800 rows of data in the warrant claims accepted table (Figure 47) to summarise:
	AM8
	 
	Cost (PPE) £

	 
	 
	AML Liability 
	Transit Damage

	Total damage warranty claims 04/2022 – 04/2023
	839
	442,338
	25,412

	Exterior
	520
	286,279
	21,476

	Interior
	278
	110,250
	2,696

	Interior & Exterior
	41
	45,809
	1,240







This data shows the cost of warranty claims that have been accepted by Aston Martin in the past 12 months for the Model AM8 (DBX). There has been £442,338 worth of warranty claims, of which £286,279 have been exterior related. This accounts for 64.72% of the cost associated with warranty claims.
As a percentage of claims, 61.97% of all claims against the DBX have been due to exterior related issues. This data shows the extent of the issue and without evidence or a better method of detecting damage before the car leaves the plant, this issue may have a massive impact on the company financially. This goal of making the car hit 40% profitability per unit is not possible with the extent of warranty claims against the cars in the field.  It is also worth mentioning that relatively speaking there has been little damage associated with the transport of the vehicle, based on the lack of evidence that can be provided for support claims.
The definition of interior and exterior claims is when a customer has made a claim against both interior and exterior issues, as it is hard to separate the costs on the claim. In these incidences typically exterior damage is more expensive to repair, but for the business case the team will multiply this cost by a factor of 0.5 to classify this as exterior costs.
[bookmark: _Toc133598069]4.1.1 Damage Location 
From the data collected, below is a pareto chart that indicates where on the vehicle the paint or body defect is located. The pareto chart shows that 29% of the defects are located on the bonnet or hood of the vehicle, 23% are on the front bumper and 14% are on the rear bumper. So combined, the top three paint damage areas equate to 66% of the total damage claimed costing £194,154.
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[bookmark: _Toc133181570]Figure 58 - Location of damage
Using Pareto analysis will assist the team when liaising with suppliers as they know the top five damage areas equating to £234,010 or 81% of all the paint and exterior damage claims. This means they can prioritise trial runs and test around these areas and focus on implementing a system that detects damage in the five locations well, and in doing so the project would be deemed successful. When the AI algorithm is trained to a level where it is finding most of the defects in these locations, the team can check the data again and find the next five locations to focus, which will drastically reduce the exterior damage claims against AML. Also, when installing the system, the team can ensure they capture images around these locations to use as evidence in warranty claims or help fault find the root cause of the issue.


[bookmark: _Toc133598070]4.1.2 Damage Classification 

[bookmark: _Toc133181571]Figure 59 - Damage Classification
Figure 59 - This shows out of the 520 exterior claims, over half of them have been scratches in the paintwork found at the dealership. The team can use this data when looking at suppliers’ systems to ensure they have the capability to detect and classify the types of damage on the vehicle. This data also corresponds to the tests carried out looking at AMCPA vs End-of-line inspection as it was noticed that it was particularly hard to detect damage such as small scratches on gloss painted cars, due to the shiny reflection from the high concentration of metallic in the paint.
[bookmark: _Toc133598071]4.1.3 Current Month 
Below is the current month of warranty claims 10/03/2023 to 10/04/2023:
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[bookmark: _Toc133181572]Figure 60 - Warranty claims from 10/03/2023 - 10/04/2023
After looking at a full year of data, it is apparent that paint issues are the highest contributor to 0 to 1 MIS warranty claims over the year. Figure 60 looked at a full years’ worth of data and how that compares to this month; the data shows that for the current month there has been over £13,000 worth of paint claims, 73 claims in total, which is 65% of all claim cost, and an average of 2.35 claims a day.
This brings further validity to (1) the size of the issue, and (2) the fact that there has been no improvements through the year to reduce the warranty claims for paint defects on vehicles leaving the factory. Further to this, what is also interesting is if a system could detect paint defects before the car leaves the factory to allow for rework, this month alone AML would have saved £13,049.
[bookmark: _Toc133598072]4.1.4 Comparing Models and Data Trends
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[bookmark: _Toc133181573]Figure 61 - Year to date data all Models
Figure 61 shows that from 1st January 2023 to 4th March 2023, there has been £127,625 of claims against all models since the beginning of January, which is normally a quiet period. As shown in figure 62, Q3 and Q4 is when the company experience the highest jump in warranty claims and can be recognised as a trend in the data, going back as far as 2020, and is when production is under pressure to meet production targets. This shows a clear trade off with quality and production deadlines and the current process is not capable of achieving the quality standards. Also, figure 62 suggests that the issue of exterior damage reaching the customer is across all models, not just the DBX, and it is by far the biggest issue the aftersales team faces. 
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[bookmark: _Toc133181574]Figure 62 - Quarterly view of claims
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Description automatically generated]4.1.5 MIS Funnel [bookmark: _Toc133181575][bookmark: _Toc133592762]Figure 63 - Damage Funnel

This is data extracted from DOMO from 04/04/2022 to 04/04/2023 and shows the percentage of paint claims against vehicles age. For example, 71.7% of all paint claims are against vehicles that are under one month old and is classified as poor quality sent from the manufacturing facilities, as anything older than that could be due to a variety of reasons. This shows that the majority of paint claims originate from the manufacturing facilities on brand new vehicles, meaning the damage could have only been done through transport or manufacturing. This highlights the question around how effective the end-of-line inspection is, if there are so many warranty claims against paint damage on cars less than 4 weeks old. 







[bookmark: _Toc133598074]4.2 Performance and Capability Data
Data captured from the test that involved running twelve cars of all different models, paint finish, and colour through end-of-line inspection and carrying out full audits on the vehicle to determine how many defects were missed and not called at end-of-line. This will provide a level of efficiency for the process and help determine how capable the process is at preventing exterior damage defects reaching the customer.
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[bookmark: _Toc133181576]Figure 64 - Data from EoL vs AMCPA Test
Data from the tests show the following:
· Paint finish – On matte finished cars, damage was found on the exterior of the six vehicles with only 3 defects missed, giving an efficiency rating of 82%. However, out of the twenty-two gloss cars the efficiency rating was only 50% with eleven defects missed over the six cars. These were mainly small scratches on the white and black cars which were hard to detect at first glance, and only discovered when each panel was checked in the AMCPA Lab.
· Colour of car – The three colours selected in this test were white, black, and AML racing green. On the racing green vehicle, only one defect was missed on the vehicle, which was a small scratch on the corner of the bonnet. However, this test has highlighted that it is harder to detect paint defects on white coloured cars as only 46.7% of the defects were found.
· Model – Out of the two different variants’, 707 and standard, standard had the most defects but also a better detection rating, as 71% of the defects found compared to 62% on high powered 707. This could be due to the sharper design and changed features to the exterior making it difficult to see defects.
Overall, the test gave a quality efficiency rating of 64% and 14 defects were missed at the end-of- line inspection. This somewhat explains the poor quality delivered to the customers as defects are progressing out of the manufacturing facility. Rectifying the issues in-house before they are detected by the customer would be far more cost effective and will improve the brand image. This shows that 17 minutes and 30 seconds is not enough time to fully inspect the vehicle and the takt time is compromising the quality of the product. In order to improve the quality of the products reaching the customer, a new method of inspections needs to be used.


[bookmark: _Toc133598075]4.3 Analysing the Imagery Captured on End-Of-Line 
This section looks at how effective and useful the end-of-line imagery is, and if it can be used to prove whether damage was done in the manufacturing facility or by the transport company. 
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[bookmark: _Toc133181577]Figure 65 - Vehicle 1 (818312) DBX707
When speaking to the data analyst regarding figure 65, they gave the opinion that the imagery is far too blurry to notice any minor damage on the vehicle, and the angles that the photos have been taken have not covered the whole 360 perimeter of the vehicle, so even if there was significant damage on the one side of the bumper or bonnet, it would not show in the imagery captured. This is not sufficient evidence that could be used.
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[bookmark: _Toc133181578][bookmark: _Toc133592765]Figure 66 - Vehicle 2 (819111) DBX


When questioned about Figure 66, showing build number 819111, the analyst mentioned that in this instance one side of the car had been completely missed or the image must have failed to upload. Also, highlighted in red are complete sections of the car that had been missed. Furthermore, the angles of the photos are not consistent with the first car, which could possibly be due to a different individual taking the photos, meaning there is not a consistent process in place. This is also supported by the fact that the roof has been captured but half of the rear bumper has been missed out in the process, and the engine hood is semi-open, meaning the gapping cannot be inspected. Again, the image has been classified as being too blurry and the light reflections on the paint make it hard to notice defects.
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[bookmark: _Toc133181579]Figure 67 - Vehicle 3 (818640) DBX

Finally, after viewing vehicle 3, the analyst reiterated that like the first two vehicles all of the imagery is too low quality and had insufficient clarity to be used to find damage on the vehicle, and the images were all taken from differing angles over the three vehicles, reenforcing the view that it is likely that there is no consistent process in place for capturing the images, meaning that sections of the exterior are missed deeming the photos unusable 
Time to capture and upload images:
	Date
	Technician
	Number of Images taken
	Time to take images and Upload into system (mins/sec)

	06/12/2022
	1
	8
	5:23

	08/12/2022
	2
	8
	5:15

	14/02/2022
	3
	8
	5:05



Takt Time   = 17:30 minutes
Average Time to capture imagery = 5.14 minutes 
This shows that the team would have only 12 minutes 16 seconds to complete the end-of-line external audits of the vehicle, which can provide some reasoning as to why the imagery is so poor, and why defects are missed as there is simply not enough time to meet the delivery requirements.

[bookmark: _Toc133598076]4.4 Conclusion to Data Analysis Phase 
After analysis of the data gathered, there is a rich volume of information found regarding the problem that both gives justification to the project and quantifies the issue. There has been £286,279 of warranty claims against the DBX in the past year, with the biggest issue being by far with the exterior damage, with the location of most of the claims being on the bonnet/hood. This is the number one issue across all vehicles in Aston Martin, and 71.7% of all paint claims are against cars less than a month old, thus proving the damage is either not being spotted at end-of-line or it is being done in transport. Unfortunately, due to the poor capturing of images at end-of-line, there is no indication yet as to whether the damage is done in-house, however, the trial with twelve vehicles being inspected at end-of-line and in AMPCA has opened the question into how effective the end-of- line inspection is, as in the test only 64% of the defects were picked up compared to AMCPA and notably in that test gloss and white coloured cars were the hardest to spot defects on. This question could assist when liaising with suppliers as trial runs could be requested to see how effective the proposed systems are at picking up defects on gloss or white coloured cars. The images captured at end-of-line after being analysed by the Project Manager and the Data Analyst both gave the following conclusion: there is no consistency, and the quality of the image is too poor to be used to find any damage. The new system will need 360-degree coverage of the vehicle and will need to have the capacity to take 10 times more images in varying lighting and filters for it to be good enough to use. Overall, the analysis phase has been successful against the objectives set, as the team know the extent of the exterior damage issue and the base-line performance of the current end-of-line inspection. This data will help aid the next phase of the project in finding an improvement.
[bookmark: _Toc133598077]Chapter 5: Improvement Phase
The Analysis phase provided the justification for this project, as exterior damage is the biggest issue the company faces and the current manual vision inspection at the end-of-line is not efficient and is not able to reduce defects reaching the customer. The objectives of this phase will be to complete the following:
· Compare different methods of carrying out end-of-line inspection.
· Selected a preferred method.
· Product design specification.
· Assess three different suppliers.
· Select a preferred supplier.
· Work out the payback of the project.
· Flow diagram of how the new process will work.
· Present the improvement to the company. 
Once all of this has been completed and the company has signed off on the improvement, the work can be carried out to allow the control phase to begin, to ensure the projects long term success.
[bookmark: _Toc133598078]5.1 Possible Solutions to the Defects Reaching the Customer Issue 
A team meeting was held to discuss the findings from the project so far, within which it was agreed that the current process is failing. As a result of this, a team will investigate three different methods of visual inspection in order to achieve the objective of eliminating exterior damage from reaching the customer. The possible solutions suggested are:
· Using a robot to carry out inspections. 
· Using a collaborative robot to carry out inspection. 
· Using a vision booth system.
[bookmark: _Toc133598079]5.1.1 Advantages of These Methods 

[bookmark: _Toc133598080]5.1.2 Disadvantage of These Methods 


[bookmark: _Toc133598081]5.1.3 Conclusion of Different Methods 
Following the discussion of the three possible solutions in the team meeting, considerations have been made regarding the benefits and drawbacks of each method; the cheapest and most practical solution would be to look into different vision booths on the market. This is because vision booths require multiple cameras to be set up to cover every angle, allowing hundreds of photos to be taken within seconds. The photos are then processed through an AI algorithm to detect damage and displace it to the user for confirmation. This method is deemed to be the safest and easiest to maintain, with little to no maintenance required and has been tried, tested, and proven by other OEM manufacturers such as BMW, Roll Royce, Lamborghini, and many more, who have already adopted this into their end-of-line process. Further to this, it is also a new technology that is constantly expanding and improving, as current systems on the market now have the ability to complete specification checks that ensure correct parts have been fitted. However, a disadvantage to this method is that the robot systems cannot check the gap and flush on the vehicle panels, yet this is only a small issue and if it was higher in the priority list then the collaborative robots maybe a more applicable solution. Likewise, if internal damage was an issue, it would be better suited as they could get into a vehicle through a window. To achieve the objectives test in this project, the team has made the decision to look into the different vision booths that are available.



[bookmark: _Toc133598082]5.2 Product Design Specification 
As exterior damage is an Issue for all AML models, the company has made the decision to also install the chosen system in the Gaydon site. Therefore, the requirements are the same, as the company requires two identical systems set up. Below are the operational requirements set by the author of the report and project manager equivalent in Gaydon. 
[bookmark: _Toc133598083]5.2.1 Operational Requirements
The inspection system will be for both the St. Athan and Gaydon sites, and both systems must be identical with the operational process being easy to follow. Below are the features and functions that are required by AML in a new vision system: 
· Varying humidity conditions (Low to High).
· Operating temperatures 0 to 40 degrees.
· System cannot be affected by vibration.
· System must fit within the allocated production space.
· The inspection system must photograph all angles of the car excluding under carriage 
· The inspection booth must be able to pick up defects on all exterior panels e.g. scratches, dents, chips and scuffs.
· The inspection system must be able to pick up defects on All Aston Martin paint colours.
· Cycle time of system must not exceed five minutes.
· 80% damage detection rate (Proof via Capability Study prior to sign off).
· Detect all defects 1mm and over. 
· Unlimited Cloud storage.
· Unlimited user logins. 
· Report and graph generator to track the defects per car going through the system.  

The specification will be sent to the supplier before the meeting to allow them time to review and see the customer requirements. Following this the team, both in Gaydon and St. Athan, can decide which vendor best meets the needs of AML using a supplier selection decision matrix. The full specification is far more detailed and includes all the IT and Manufacturing Systems requirements and can be found in the appendix of this report.

[bookmark: _Toc133598084]5.3 Selecting a Suitable Supplier
Meetings have been arranged by the team with the following suppliers to discuss their systems and how they can benefit Aston Martin. Each company will also be financially checked to assess the risk of bankruptcy before using their services. The companies are:
1. DeGould
2. Proovstation
3. UVEYE




[bookmark: _Toc133598085]5.3.1 DeGould Automated Vehicle Inspection Solution
DeGould is a British based company, headquartered in Exeter, England. The company was created in 2012 by Dan Gould who has a background in digital imaging, and the company since then has had significant investment over the years (Williams, 2021). In 2014, DeGould was approached by Land Rover Jaguar as they required assistance to resolve their manual inspection at handover issue. Since then, the DeGould company has gone from strength to strength, with their main product being used by some of the large OEM car manufactures. Their Auto-compact booth is described as “the ultimate digital vehicle inspection solution, combining industry 4.0 AI damage detection with a small footprint and ultra-high-resolution image capture” (DeGould, 2022). This is the product AML are interested in enquiring about. 
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Description automatically generated]The system is called Auto-Compact, and it has the option to be a drive through system or it can be used on a conveyor belt depending on the company’s preference. The camera highlighted in figure 68 can scan a barcode of a windscreen label (shown in Figure 69) for it to identify which vehicle is entering the system. If purchased, this is how it would be initially set up, but at a later date Ubisense may be used to send the data to DeGould.[bookmark: _Toc133181580][bookmark: _Toc133592767]Figure 68 - DeGould Vison System



[image: ]The system has ten high-resolution full-colour cameras capturing the profiles and roof of the vehicle and a further six Machine Vision Cameras used to capture defects. There are white light diffused lighting panels to enhance the exterior of the vehicle and an LED light to indicate the status of the machine. The system comes with 10 Gigabit ethernet architecture for enhanced upload/download data transfer speed, and it will allow multiple users to see real time data and avoid data bottlenecks (digital journal, 2023). The application is Amazon-cx Cloud based, which is desirable as all server and infrastructure costs will be included in the price of purchase. The system is 4,620mm (W) x 3,915mm (L) x 3,305mm (H) which fits in the desired location and allows the DBX to fit comfortably (Degould, 2022).
[bookmark: _Toc133181581][bookmark: _Toc133592768]Figure 69 - Windscreen Label







[bookmark: _Toc133598086]5.3.2 Proovstation AI Powered Car Inspection
Proovstation is a French-based company headquartered in Lyon, founded in 2016 by Cedric Bernard, Gabriel Tissandier, and Anton Komyza. After developing the algorithm and hardware, they went into production of the Proovstation car inspection in 2019, and they now supply systems to companies based over fifteen countries around the world including the UK, Germany, France, and recently the US. This system is predominantly used by the rental car industry by companies such as SIXT and carnext.com, and the system can be installed within two days and captures high resolution 4K images of the car.
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Description automatically generated]There are over 200 images taken of the vehicle in just twenty seconds by twenty-five cameras situated around the booth. Similar to DeGould, they offer undercarriage detection to capture every detail on the vehicle. The automated system that detects damage can also estimate the cost of repair, and the system uses a camera to read licence plates or a VIN label to obtain the information on the vehicle, like the previous system. Once again, this has accuracy of 1mm precision to detect, identify, and localise damage on the vehicle (ProovStaton, 2023).[bookmark: _Toc133181582][bookmark: _Toc133592769]Figure 70 Proovstation Ai Visual Inspection Booth

The system is 4500mm(W) x 3629mm(H) x 8000mm(L) which is considerably longer than the DeGould Compact system. This is an issue as even though it might fit in St. Athan, historically Gaydon has always struggled with floor space on the shop floor and they have no room to extend. This might prove to be a deciding factor as to why this system may not be selected, as it is in the company’s interest to standardise the process across sites. 
The system is also cloud based which offers great security and BCA, and one of their customers estimate this system has saved them on average seven minutes each on inspection time (Gokmen, 2023).





[bookmark: _Toc133598087]5.3.3 UVEYE Atlas Vehicle Inspection 
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Description automatically generated]UVEYE is an American based company that was founded in 2016 by Amir and Ohad Hever. They have been used by companies such as Skoda, Volvo, Hyundai, and GM motors. Their first product, the Atlas, was launched in 2018, which like the other two systems offers 360-degree damage detection and imagery of the vehicle. The system offers very similar features to the previous two systems. However, this system has an extra add-on called the Artemis Wheel; this detects wear and tear on the tyres along with air pressure and specification check of the wheel and tyres. This is an interesting feature, but not one that would give much benefit to AML. As for the technology used, it seems to be less open in regards to disclosing the technology used, however during a meeting with the company, examples of the system performing at sites that it has been installed in were provided. The Vison booth seems to be much the same in regard to the technology and AI used by the other manufactures.[bookmark: _Toc133181583][bookmark: _Toc133592770]Figure 71- UVEYE ATLAS

[bookmark: _Toc133598088]5.3.4 Selecting a Supplier 
Below are the results of the supplier decision matrix which is based on technical specification of the system.
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[bookmark: _Toc133181584]Figure 72 - Supplier decision Matrix
Figure 72 is the supplier decision matrix; on the left is the technical criteria and along the top is the vendors. The weighted item threshold is calculated by multiplying the threshold score by the weighted criteria. This then is the minimum that the company must score in order to pass the threshold. The team will then fill out the form based on the product and engagement with the company. From the decision matrix, only DeGould and UYEYE met the technical specifications to proceed, and out of the two companies DeGould scored the highest, so will be the preferred supplier depending on the cost differential between the two. 
[bookmark: _Toc133598089]5.3.5 Conclusion of Supplier Decision Matrix
After liaising with the suppliers, Proovstation was unsure if their system was capable of meeting AML’s technical specification of detecting damage on the vehicle. Out of the three competitors, Proovstation’s system was more positioned for the second car or rental industry with no experience of working with a OEM manufacturers; therefore, they do not meet the supplier establishment criteria and scored a zero. Furthermore, they were not Flags compatible and displayed no interest in developing that area, thus reenforcing the fact that Proovstation failed to meet the threshold.
UVEYE’s product ATLAS met the technical specification and the product runs using a similar AI system to DeGould. The system had slightly better cloud storage compared to the DeGould system and were the more established company, working with most of the large American and Japanese car manufactures. However, a downfall is the supplier engagement as difficulties were faced when contacting the company, partially due to the fact that the company is based in America. Furthermore, the user interface is less polished and harder to use compared to DeGould.
DeGould were very open and honest, and as they are based in the UK the communication was far easier, as every email was answered within a few hours. The company also invited the project team to bring the DBX and DB11 to site to test their system, and the contact at DeGould also shared examples of the systems and data from some of the sites that it is currently installed in. Furthermore, DeGould already has an established relationship with Flags and displayed a strong interest in integrating the systems, as a few of customers had also asked this question previously. Based on the above information, the team agreed that DeGould would be the best company to create a partnership with and the number one choice.
[bookmark: _Toc133598090]5.4 DBX Testing on the Degould System
Below is DBX being tested in the Degould AI Inspection system as a trial to see the number of defects that can be detected compared to a AMCPA Audit.
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[bookmark: _Toc133181585]Figure 73 - DBX going through the DeGould System also the Audit sheet from AMCPA





[bookmark: _Toc133598091]5.4.1 Test Results 
The result from the DBX testing are displayed in the table below.
	Defect Type
	DeGould
	Audit
	Difference

	Chip
	4
	4
	0

	Dent
	6
	4
	2

	Scratch
	26
	20
	6

	Wheel
	3
	2
	1

	Total
	39
	30
	12



Audit Time: 45 minutes 
Degould processing time :3 Minutes 
Comparing a 45-minute audit against the system, the AI vision system was able to detect nine more defects than the audit. However, out of the nine defects, six were fault positive. This is understandable as once more vehicles have run through the system and the operator of the DeGould system accepts or rejects the findings, the system will learn and improve, thus reducing the number of false positives. However, the AI did detect all of the damage found in the audit along with two dents and one scratch on the wheel, meaning that with training, the system will be more effective in three minutes, compared to an auditor in forty-five minutes. The system gave the team great confidence in its ability, due to all the damage being detected on the DBX’s first time being tested on the system. 
Even though this proved to be extremely positive the trial was only performed on one vehicle. The expert in the system stated that the typical results from the system are as follows:
· First 6 months ~ 70% Accuracy 
· 6 to 12 months ~ 80% Accuracy 
· 12 to 18 months ~ 90-95% Accuracy 
However, this all depends on the individual training the system and how much data is being put through the system, but these are the results seen by other OEM Car Manufacturers.


[bookmark: _Toc133598092]5.4.2 DeGould System HMI and How It Will Operate 
So as the technician drives through the booth, the cameras take photos of the complete 360-degree perimeter of the vehicle. Figure 74 shows the HMI (Human Machine Interface) that will be displayed on the DeGould tablet; on the left is the location of each defect and percentage of confidence. In this example, the degree of confidence is between 94 – 99%, meaning that the system is more than likely correct.  Furthermore, the user can click and zoom in on each defect (Figure 75), following which the user can then change the outcome by accepting or rejecting the damage. As previously explained in chapter two, in a R-CNN network, adjustments will be made in the hidden layers of the AI algorithm, training the system to be more accurate. It is also worth noting that in figure 75, the dent camera filter is applied to the vehicle to give a better a picture of the reflections and make small dents visible. Filtering is also explained in the literature review, and this is a live sample of it working in practice; by counting light and dark pixels in a 3 by 3-pixel array, the shape can be determined and the image can be classified as a dent. Furthermore, the brightness or contrast can be adjusted to make an image clearer. Once the technician has worked through the faults, any issues found are raised on Flags through the DeGould system and sent for rework. If no issues are found, the car images will be saved in the Cloud storage and the vehicle will be sold. 
[image: A picture containing text, screenshot, monitor, indoor

Description automatically generated] [bookmark: _Toc133181586][bookmark: _Toc133592773]Figure 74 - Degould Dashboard
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[bookmark: _Toc133181587]Figure 75 - Accept or Reject defect
[bookmark: _Toc133598093]5.4.3 Image Quality Compared to Current Process
To show the difference in image quality compared to the current images captured, figures 76 and 77 are a zoomed in photo of the DBX wheel and the original image is in the top left corner. The quality and clarity of the image allows you to see the brake dust, read the writing on the wheel, or even see the tread depth. This is incomparable to the poor images currently captured at end-of-line and with images taken to this detail at every angle of the vehicle, any warranty claims can now be investigated to find whether it is an internal or external fault.
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[bookmark: _Toc133181588]Figure 76- DBX Wheel
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[bookmark: _Toc133181589]Figure 77- DBX Wheel image 2


[bookmark: _Toc133598094]5.4.4 DeGould System Architecture 
Figure 78 is the IT architecture of how it all interlinks, from the user through to the AWS server. This has been reviewed by the infrastructure team at AML to assess how secure and well designed the infrastructure of the system is. Poorly designed infrastructure can lead to anything from applications running slow or crashing, to cyber security issues that could put the business at risk, so it is important to assess all suppliers infrastructure before AML purchase any equipment. 
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[bookmark: _Toc133181590]Figure 78- Degould system architecture
Figure 78 is a very stable and secure system, with a few noticeable safety features, such as the images being stored on a separate AWS server which is encrypted. There are five Application Programming Interfaces (API) which are load balanced. An API is the endpoint of where the core program is hosted; depending on how large the program is, it may be hosted on a few servers, with the load balancer balancing the traffic going to each API. For example, with Ubisense if thirty users are trying to access the system, they are split over three API using the load balance, so ten users access through each one, which ensures that if there is a surge in data or a high volume of users it is distributed evenly to improve performance and avoid crashes. All of the data is stored in the SQL database and has a firewall to protect it. The other benefit to this if one of the programs was to fail, then it would redirect the user which would avoid breakdowns but could possibly temporarily slow the system down slightly. 
Corporate SSO (Single Sign On) means that when a user signs on they will not have to type in their user credentials as it creates an authentication token within the user's browser or within the SSO service's servers. This is essential, as if the technician had to input their details every time they were signed out, it would lead to complaints and cause issues such as technicians forgetting login details and creating excuses not to use the system as it becomes an inconvenience. The only disadvantage of this system is that it runs using the internet, meaning Aston Martin would need to make sure that a stable connection is maintained, as if the internet was to go down the system would not be usable. If the system was locally hosted, it would still be usable without an internet connection; however as explained previously in the report, when looking at internal vs external hosting, this is still best method. Disadvantages of cloud hosting can be counteracted with a stable line to the internet and a failover process which is essentially a backup provider. There is also a local server which means information/images would store locally before being transferred, so if the cloud went down it would all store locally and then get transferred when its fixed, meaning there will be no data lost. Taking all these points into consideration, the system infrastructure is robust and well designed.


[bookmark: _Toc133598095]5.4.5 PFMEA of System
	Process Function
	Potential Failure Mode
	Potential Effect(s) of Failure
	Severity
	Potential Cause(s)/ Mechanism(s) of Failure
	Occurrence
	Current 
Process 
Controls
	Detection
	RPN
	Recommended Action(s)

	
	
	
	
	
	
	
	
	
	

	Driving Car into system  
	Not identifying vehicle
	Unable to process vehicle forward 
	9
	Damaged camera, system locks in database, network issues
	2
	Error logs in system
	8
	144
	A way to manually override and enter cars into the system and a reaction plan and training for operators  

	Processing car
	System slow performance
	Internet issues sending and receiving data, API going down which redirects traffic overloading the server 
	6
	Storage full on servers, wrong location of routers in factory, Wi-Fi blind spot.
	5
	Investigated by IT team
	6
	180
	IT maintenance to reboot API on a regular window. Network team to do a network audit post instal with a wireless analyser.

	Upload images
	Images not uploading to the Cloud
	Unable to process cars 
	8
	Storage full, internet failure
	3
	Error logs in system
	6
	144
	HMI error message to indicate issue, monitor on storage so when 80% capacity it alerts the user. Line side hard drive storage as a containment 

	Damage detection function

	Not detecting damage
	AI Algorithm error/bug
	9
	System core function failure
	1
	Contact engineer 
	3
	27
	A reaction plan and clear escalation of an issue procedure to contact suppliers

	Image and detection process
	Missing an angle of the car
	Unable to capture every angle of the car 
	6
	Camera failure, wiring issue,
power issue
	2
	None
	3
	36
	A containment process in place to capture and inspect the missing angle and a clear escalation process to investigate and resolve the issue 



PFMEA, which stands for Process Failure Mode and Effect Analysis, looks at potential ways the process is able to fail; an example of this with the Degould system are shown above. These are rated on the severity of the failure, how likely it is to occur, and how easy it is to detect, and from this the RPN value is found which can be used to prioritise issues. Looking at the table above, slowness in the system is the most likely to occur, so a recommendation to reduce the likelihood of this happening will be to have regular maintenance windows, agreed with production to reboot and update the servers, as well as carrying out a network audit to test the strength of the wireless network in and around the system post installation. If there are any blind spots or areas, for example certain areas where the wireless network next a machine drops out or cannot reach, then the network team can redirect the locational routes to ensure it is covered, thus improving the upload/download speeds. This document has helped the team understand additional work that needs to be completed internally to ensure the project is a success and employees buy into the improvement.



[bookmark: _Toc133598096]5.5 Project Payback 

	AM8
	 
	Cost (PPE) £

	 
	 
	AML Liability 
	Transit Damage

	Total damage warranty claims 04/2022 – 04/2023
	839
	442,338
	25,412

	Exterior
	520
	286,279
	21,476

	Interior
	278
	110,250
	2,696

	Interior & Exterior
	41
	45,809
	1,240
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Description automatically generated][bookmark: _Toc133181591][bookmark: _Toc133592778]Figure 79 - Project Payback

Project payback is based on £309,184 of exterior damage claims in the last twelve months; this is exterior damage of £286,279 + (£45,809 * 0.5). This is the most accurate reflection of the cost of exterior damage. The DeGould system is £150,000 plus £15,000 installation cost and a £38,400 annual support contract fee.
Total cost of purchasing system = £203,400 (this is £96,600 cheaper than UVEYE)
Rental option = £105,000 
These are the two options available, however renting the system means each year the support contract will cost an extra £51,600. The team will work out the savings over a five-year term to determine the payback and which option is the best long term.
Even if the break-even efficiency reduced warranty claims by 30.73%, by year three the system would have broken even and from there would be saving AML money each year. For the first year, the target is 70% efficiency, which from the tests with the DBX and DB11 is a realistic figure as the AI algorithm improves with the number of cars going through the system, so it is predicted that the efficiency rating will improve year on year.[bookmark: _Toc133181592][bookmark: _Toc133592779]Figure 80 - Savings Rented vs Purchased

Figure 80 shows the difference in savings, comparing the rental option to the purchasing option over a 5-year plan based on 70% efficiency. From this data, AML have decided to purchase the systems as the system will pay for itself within twelve months and should give cumulative savings of £725,143.20 over the next five years. 
If the system was to become 100% efficient at detecting external damage, then the savings over five years would be £1,188,918.86. However, best estimations would put true savings somewhere in between Figure 80 and 81.[bookmark: _Toc133181593][bookmark: _Toc133592780]Figure 81 - 100% Efficiency





[bookmark: _Hlk132664311][bookmark: _Toc133598097]5.6 New Process Flow 
This is how the system will fit into the current process. Cars will go through the YAG station where they will be badged, inspected, and Flags defects cleared down as it currently stands, then it will pass through the DeGould system and if any defects are found, the system will automatically input them into Flags and the car will be diverted to the OWR (On Wheels Repair). By the system inputting the defects into Flags, the security gate will stay closed thus avoiding defects reaching the PTS line. If the vehicle has no defects, then the 300 images of the car’s exterior will be saved in the cloud and the car will progress to PTS and the customer.
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[bookmark: _Toc133181594]Figure 82 - New Process flow
One of the inspectors from the YAG station will move over to operate the DeGould system to train the AI program. Data will be collected over the first six months to see how much of an impact the system has had, then eventually if the data indicates the system is outperforming the visual inspection, the inspection process on YAG will be removed. This will add additional savings but is dependent on the performance of the AI system.

[bookmark: _Toc133598098]5.6.1 Companies Decisions to Progress with Gaydon Install First 
After laying out the evidence to AML and presenting the project payback at both the St. Athan and Gaydon sites, the decision has been made that Gaydon will receive the system first, and then six months later it will be installed in St. Athens, by which time there will be hard data supporting the claims that the system will reduce warranty claims and improve quality claims, and the lessons learnt from the Gaydon install will be carried over to St. Athan. 


[bookmark: _Hlk133167214][bookmark: _Toc133598099]Chapter 6: Control Phase 
From the data critically evaluated in chapter four, along with the successful testing of the system, the DeGould AI powered inspection booth will be successful upon being installed into St. Athan, as it has already been successful in reducing warranty claims and improving delivered quality in Gaydon. The control phase is to ensure the projects long term success, as this is a project that has the ability for future development and can be used even more than it is currently today.
[bookmark: _Toc133598100]6.1 Form Control Team 
On completion of the project, the project manager will pass over the ownership and control to the Engineering/ production team, that is made up of:
· Engineering Senior Manager – Phil Morton 
· Area Engineer – George Griffiths 
· Senior Production Manager – David Moore
· Production Team Leader – Lloyd Pemberton
The system will be owned by the Engineering team, however all members will have their role in ensuring the process is adhered to.
[bookmark: _Toc133598101]6.2 Escalation Procedure 
Routing maintenance will be carried out by the operator as per the instructions in the training course, which includes minor tasks such as cleaning the lens of the camera once a week. Any issues with the systems will be raised on the Flags concerns and counter measure boards by the Team Leader shown below.
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[bookmark: _Toc133181595]Figure 83 - Concerns and counter measure
These are reviewed on a daily basis and if the owners, being the Engineering team, have an issue with the system, the DeGould company can be contacted as part of the support contract within the purchase agreement, and as per the specification a response will be provided within 24 hours. The escalation hierarchy is shown below:

DeGould system suppliers

Deputy Plant Manager

Deputy Plant Manager

Deputy Plant Manager

Deputy Plant Manager

Deputy Plant Manager

Deputy Plant Manager

Deputy Plant Manager
Engineering Team 

Senior Production Manager 

Senior Production Manager 

Senior Production Manager 

Senior Production Manager 

Senior Production Manager 

Senior Production Manager 

Senior Production Manager 
Production Team Leader 

MP&L Manager  

MP&L Manager  

MP&L Manager  

MP&L Manager  

MP&L Manager  

MP&L Manager  

MP&L Manager  
Production Staff

[bookmark: _Toc133181596][bookmark: _Toc133592783]Figure 0.2Stores Supervisors 

[bookmark: _Toc133181597][bookmark: _Toc133592784]Figure 0.3Stores Supervisors 

[bookmark: _Toc133181598][bookmark: _Toc133592785]Figure 0.4Stores Supervisors 

[bookmark: _Toc133181599][bookmark: _Toc133592786]Figure 0.5

[bookmark: _Toc133181600][bookmark: _Toc133592787]Figure 0.6Figure 0.7

[bookmark: _Toc133181601][bookmark: _Toc133592788]Figure 0.8Figure 0.9Stores Supervisors 

[bookmark: _Toc133181602][bookmark: _Toc133592789]Figure 0.10Stores Supervisors 

[bookmark: _Toc133181603][bookmark: _Toc133592790]Figure 0.11Stores Supervisors 

[bookmark: _Toc449484123][bookmark: _Toc133181604][bookmark: _Toc133592791]Figure 0.12Stores Supervisors 







[bookmark: _Hlk133059948][bookmark: _Toc133598102]6.3 System Calibration and Validation 
To ensure the machine is correctly calibrated, the production and AMCPA team will fill this form out on a daily basis. The benefits in doing so are as follows:
· Data can be used to validate the system is working as intended. 
· Will show the progression and improvement of AI over time.
· Help diagnose any issues, for example, if one day the percentage drops it could indicate the chip or dent algorithm is not working.
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[bookmark: _Toc133181605]Figure 95- Monitoring Quality
After a period of six months, there should be sufficient data to then analyse the impact the AI vision booth has had to the delivered quality on customers, all of which will then be fed back to the customer.
[bookmark: _Toc133598103]6.4 PFMEA 
The PFMEA in the Improvement phase will become a live document that will be constantly changed and adapted when the process changes or when issues are found with the new system. To control the process and limit the risk potential of causing a failure, it is common practice to set limits, for example, anything over 100 RPN needs to be addressed. The actions taken will then lower the score below 100 in order to control the process. One of the recommended actions was to implement a reaction plan, which will indicate to the Technician the next steps to take in the event of the system falling over, limiting damage and containing the issue.
[bookmark: _Toc133598104]6.5 New Reaction Plan 
A reaction plan will be used if the process becomes out of control. This is the procedure that will be followed by the engineering team to control, identify, and resolve the root cause of an issue as well as updating controls to prevent them occurring again. 
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[bookmark: _Toc133181606]Figure 96 - Reaction Plan
To explain the reaction, the plans first step will be to assemble the control team; depending on the issues, this might also include member of quality or the IT department to assist. It will then be up to the engineering team to raise a containment to the problem to limit the impact of the issue; for example, extra checks implemented due to chip detection not working.
Once the containment is in place, an assessment should be made to identify if the issue is external or internal and whether the vendor is needed for support. If so, they should be contacted, and the team will analyse the issue to determine the root cause and how to fix the problem.
The next decision to be made is if the proposed solution involves a change, such as a database migration or update; if this is required, then the change needs to go to the change advisory board and depending on the severity of the issue it can be raised as a normal CAB request or emergency CAB request. The change advisor board is a panel of experts in the field within which the change will be made, and the problem will be discussed to determine the effects the change will make and the problem owner informed when it comes to testing or support. If the fix has no wider business impact, then the team should fix the issue and update and review the control documents. 
Once the change is carried out and documents updated, if the issue has affected production or caused a quality issue, an incident report will need to be completed; if not then this is not required.


[bookmark: _Toc133598105]6.6 Culture Control 
The importance of managing changes is highlighted in the literature review, and failure to do so can cause a project to fail, which is why it is important to get the backing of the workforce so the need for change can be recognised and supported. In the literature review, Lewin’s Force Field Analysis is applied which shows the need for change and the driving factors for carrying out change, as well as any opposition. One of which would be culture, and one way to get the workforce behind the change is to apply ADKAR model, which is also explained in the literature review. Applying this to installation of the DeGould system would be as follows:
· Awareness – Making all employees aware of the vision system project before they begin. Explain the intention of the project is to reduce warranty claims and increase product quality to satisfy the customer’s needs.
· Desire – Any issues the employees raise with the change or any questions they may have can be answered by the project manager and the reassurance that the project is in the best intentions for the company and its employees. 
· Knowledge – There will be elements of the project alien to the employee, so giving them the correct understanding and training is important for the success of the project. This might also include updating the standard operating procedures or providing external or internal training.
· Ability – Encourage them to practice what they have learnt and monitor their performance to ensure they are doing it right; the company can then make any adjustments if needed to suit the employees needs or improve the process.
· Reinforcement – Monitor the team’s performance, give them positive feedback and encouragement, and ensuring they continue to adopt the new process and mentality.
Applying this method, along with regular updates to the team on the systems performance and appraisal of the team for buying into the change and making a difference, will help to the overall goal of making this project a success.


[bookmark: _Toc133598106]Chapter 7: Conclusion and Recommendations 
In order to conclude and deem whether the project was successful or not, each objective must be critically evaluated to determine if they have been accomplished, and also whether the project met the overall aim. 
[bookmark: _Toc133598107]7.1 Project Conclusion 
The objectives of the project and their outcomes are shown below:
	Objective
	Achieved?

	1.Research Ai technology in order to have an understanding how it can be used in the Automotive Industry.
	Yes

	The literature review goes into detail on how AI algorithm works and the improvements in the technology, from the Linear Discriminant Analysis (LDA) to new modern methods of Convolutional Neural Networks (R-CNN). It looks at how in the space of five years the technology is now better than the human eye at image recognition production with as low as a 2.3% error rate, compared to humans at 5% in tests carried out. The report also goes into detail on the structure of the AI Algorithm looking at the hidden layers, filtering and classification of images. This is valuable research and was utilised when liaising with suppliers to gain an understanding on the technology or AI systems they use.

	2. Investigate the current quality control process and how effective the process is at detecting exterior damage and avoiding poor quality reaching the customer.

	Yes

	 A Data Collection Plan was created In the Measurement Phase in order to ensure all data collected was valid and necessary in order to meet the objective. Performance and capability tests were run on the End of line inspection which showed the process was only 64% effective on the twelve car run, it also highlighted other issues such as the fact that gloss cars, which make up the majority of the orders in AML, were difficult to detect damage on, with 50% of the damage going undetected in the test. This, along with the other data obtained, highlighted the need of a more robust reliable method of detecting damage, as the current process was inefficient. The other test carried out was to evaluate the imagery taken after inspection to see the quality and if it can be used to mitigate warranty claims. Unfortunately, from the three random cars selected the image quality was poor, as there were many blind spots not photographed and each vehicle was photographed from a different angle showing no consistency in the process. Therefore, after analysing the photos with the aftersales data the conclusion given was that the imagery taken could not be used to mitigate warranty claims and a new process or method was needed. 

	3.  Quantify the warranty claims issue and the effect this is having on the company financially.
	Yes

	To quantify the extent of the warranty claim issue at Aston Martin the system called DOMO was used. This stores all claims made by customers since 2015 and the data is filtered to only look at AM8 DBX models and only exterior damage. The measures stated in the Data Collection Plan was to find out the number of claims, cost of claims, location of the damage and the classification of the damage type, which is all data that can be used to quantify the extent of the problem and can be used when comparing different systems. Over a twelve-month period, there was 520 exterior damage claims costing the company £286,279. There was also a further £22,809 worth of claims as some customers claimed against the exterior and interior of their vehicles. This £309,184 was the justification for the project spend.
Data was also gathered for damage classification as most damage claims are against scratches and, using Pareto analysis, was able to determine 81% of all exterior damage is within five locations of the vehicle, costing £234,000 in the last year alone. This is useful information that can aid when selecting a replacement system.
Taking a deeper dive into the data showed that most claims against vehicles are paint related with 73 claims between March and April 2023 alone costing £13,000 and making up 65% of the cost of claims that month. In relation to other months this was low.
Finally, to further highlight the problem, of all the paint claims in the past year, 71.7% of them are against vehicles less than a month old, which further highlights the inefficiency if the current process and how problematic the issue is financially for AML.

	4. Evaluate different Vision System suppliers and determine which would be best to use to help AML achieve its project aim.

	Yes 

	After evaluating different methods of damage detection and imagery captured, the best method was a drive through Ai Vision system and would detect all of the defects on the vehicle and take photos of every angle of the car in high detail.
Following this, three suppliers were contacted; DeGould, Proovstation and UVEYE, and the team created Product Design Specification that highlighted the requirements from the customers perspective. Some of these points can be negotiated on with the supplier, for example, the Flags integrations being postponed until six months after install. Other areas such as IT and financial requirements are none negotiable, and after liaising with the suppliers, a Supplier Decision Matrix was made to score each supplier. Each criteria point was weighted on their importance from a customers’ perspective.
From the Supplier Decision Matrix DeGould was the highest scoring and the most engaging company, and the company being British based was also advantageous for AML as they offered better support and had not only a real interest in working with AML, but also developing its links into the Flags system.









	5. Critically evaluate the chosen supplier’s system, both testing its credibility and evaluating the system set up.

	Yes

	Before raising the purchase order DeGould let AML take a DBX and DB11 to their headquarters to run tests. The results of which showed the system was able to detect more damage in three minutes, compared to a forty-five minute inspection in the Lab, finding two additional dents and one extra scratch not found when audited at AML. This proved to be a successful test highlighting the capability of the Vision system, finding 39 defects in total.  The HMI was user friendly and easy to navigate and use, and the image quality was an extremely high resolution to the point where the user could even see the brake dust between the callipers and the small writing on the wheel.
DeGould also demonstrated the AI algorithm and how the system can identify and classify faults using filtering to strip the image down into shape, removing the colour from the image so it can only see the natural reflection, and from there it was able to detect damage as low as 0.5mm. This was then put through classification and SoftMax, as explained in the literature review, to give a percentage of confidence. The operator would then accept or reject the damage, and this would train the system allowing it to improve.
The IT infrastructure that the system sits on was also evaluated, as this would be important due to it being partially be owned by AML, plus the Manufacturing Systems team would eventually need to integrate with Flags. The system is well designed using AWS cloud to host the API and SQL database, using multiple API and a load balancer is good as it offers a robust system that has been designed to ensure the system continues to run at a high performance and is capable to continue operating even if there are issues with one of the hosts. Data is transferred via the internet, but the systems core is firewall protected and data is encrypted, which is the correct way to transfer data safely. There is also a line side PC which can store data in the event that the internet was to go down, again this is a great feature of the DeGould architecture where they have considered possible failure modes and designed a system around that.

PFNEA analysis was also carried out on the system to detect what the most likely failure modes would be, such as slow performance or inability to identify defects from the images uploaded. DeGould have taken some precautions to reduce the impact of the issue, as explained above, however further recommendations such as regular IT maintenance windows and running network tests using Wi-Fi analysers are recommended actions that should be carried out post installation.

	6.Install the vision system into AML and monitor the results.

	In Progress


	 AML have taken the decision to implement the system in Gaydon first, then six months later, on the basis of the results, implementation at St. Athan will be actioned, which postpones the project, but in the meantime all of the background work and justification has been completed. This will also benefit St. Athan as lessons learnt from Gaydon can be transferred across and any unforeseen issues will be rectified by Gaydon.

	7.Create controls in order to ensure the system is fully utilised, maintained and adopted into the manufacturing environment by the workforce.

	Yes

	Even though the implementation of the system has been postponed the control can still be created and made live upon install. Firstly, a control team has been created for the project manager to pass the system over to post installation for them to take ownership. The Escalation Procedure has been created showing the user where to escalate an issue and the hierarchy in which an issue will travel, of which goes all the way back to the supplier of the system. This is important as only the engineering team should contact the supplier as they purchase and own the system.
A calibration and verification check has been created and will run on a daily basis, as the technician training the DeGould system can verify its accuracy compared to the AMCPA audit. This data will ensure all the AI Algorithms are working, and will show progression as the system learns, and will help diagnose any issues with the system. 
A new reaction plan has also been created on how to deal with issues or make changes to the system. This should be followed by the team, and applies to large and small-scale issues, with the result being to update control documentation, and major issues will be reported to production which will help to maintain and control the system to ensure long term success for the team. 



[bookmark: _Toc133598108]7.1.1 Was the Aim of the Project Met?
The aim of the project was ‘To improve the detection rate of exterior damage, improving quality and reducing warranty claims’. The aim has not yet been fully met but is on course to be achieved within the next few months upon install of the DeGould vision system. Unfortunately, it was delayed but it is common to experience delays in the project, some of which are out of the hands of the project manager. All other objectives have been met and data collected, both validates the need for the system, as well as supports the basis of it having a massive effect on reducing warranty claims and improving quality to the customer, which in turn will have a positive effect on Aston Martin, both financially and improving the brands image. On this basis the project can be deemed successful as its proven that AI technology can be incorporated into the automotive industry to improve quality inspection processes and resolve issues such as the one presented by AML in this report. 
[bookmark: _Toc133598109]7.1.2 Short Term Recommendations (0-6 Months)
Short term recommendations would be to update and adjust the project Gantt Chart to incorporate the delay, in the meantime support with the Gaydon site installation and document the process to allow for improvements when installing into St. Athan.
[bookmark: _Toc133598110]7.1.3 Long Term Recommendations (6-12 Months)
Once installed and the system has been trained for six months, there will be a lot less false positives and the data collected should show that the system is performing to a high degree of accuracy. At this point, it should be integrated into the Flags system so that defects raised on the machine transfer over and stop the vehicle from progressing. This is a new development and in the product design specifications the requirements from Flags to do this have been added and DeGould have stated that it is achievable. Therefore, the Manufacturing Systems team in AML should look to carry this out as it offers an extra level of protection to the customer. Also, the dealership app is a feature that would benefit the company and should be implemented as the dealership can upload exterior defects straight to the DeGould app which will cross reference to the images of the car leaving the facility. This will further improve the quality of service to the customer and reduce the time to accept warranty claims.
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Legal Notes:
· Within the document the word “vendor” to be taken as the company from whom Aston Martin will make payment to for the equipment.
· This document is the property of Aston Martin and must not be passed to or divulged to any third party without written permission from Aston Martin, unless the information is required by a third party who are directly involved with an aspect of supply of the equipment in question.
· The use of the word “our” is to be taken to mean Aston Martin.
· Whilst advised in relevant sections of the need to comply with relevant legislation, the vendor is to ensure that all of equipment supplied complies with any respective UK / EU legislation that is in place at the time of supply is complied with and that any time during the guarantee should it be found that this was not the case, then it is the vendors responsibility at their cost to correct the non-compliance.
· Whilst every effort has been made in compiling this document as accurately as possible, it is the vendor’s responsibility to ensure that what has been specified can be achieved and if not then to have the concern documented within the order acknowledgment.




Aston Martin Background.
Aston Martin is a Luxury Sports car Company started in 1913 by Lionel Martin and Robert Bamford, today the company has two main manufacturing facilities based in Gaydon and Saint Athan producing iconic cars such as DB11 and DBX. In early 2020 the Company was acquired by Canadian Billionaire Lawrence Stroll since then there has been large investment into the company as well as the brand starting an F1 team.
Scope
AML are looking for a Visual inspection system that will be used as a final inspection before the car gets sent to the dealership, the system will firstly detect any damage on the vehicle down to 1mm and take high resolution images of every angle of the car this will then be the vehicle passport that will be used as evidence in warranty claims with dealers.  The system with also come with a dealership app which will be used for dealers to take photos of damage and reporting it to the relevant department.
Operational Requirements
The Inspection system will be for both St.Athan and Gaydon sites, both systems must be identical and operational process must be easy to follow:
· Varying humidity conditions (Low to High).
· Operating temperatures 0 to 40 degrees.
· System cannot be affected by vibration.
· System must fit within the allocated production space.
· The inspection system must photograph all angles of the car excluding under carriage 
· The inspection booth must be able to pick up defects on all exterior panels e.g (scratches,dents,chips,scuffs)
· The inspection system must be able to pick up defects on All Aston Martin paints colours.
· Cycle time of system must not exceed 5 Minutes.
· Dealership app which allows AML to track damage from manufacture to end customer.
· 80% Damage detection rate (Proof Via Capability Study Prior to sign off)
· Detect all defects 1mm and over 
· Unlimited Cloud storage
· Unlimited user logins 
· Report/ graph generator to track the defects per car going through the system  

IT Requirements 
 Antivirus  
· All software supplied as part of the solution must be fully compatible with AML Enterprise Antivirus product (Sentinel One) Current version numbers available upon request. 
· A full list of Antivirus exceptions will need to be provided which should include both directories / files and ports (if applicable).  

 Application 
· The application must be scalable and support high availability should this be a requirement. Any custom software must have a clearly defined route of support for a minimum of 5 years from SOP. 
· In conjunction with the AML Security requirements, Service accounts being used Interactively for application access or management are to be strictly prohibited, unless specifically agreed by exception with the AML Cybersecurity function.  

 Backup 
· The solution must be fully compatible with the AML Enterprise Backup Solution (Veritas NetBackup). Current version numbers will be available upon request.  
· Hypervisor, server OS and if applicable application combinations will need to be shown as supported on the Veritas NetBackup compatibility matrix – this is to ensure backup functionality and data integrity under restore situations. 
· Any recommended backup practices & exceptions should be supplied. 
· RPO (Recovery Point Objective) and RTO (Recovery Time Objective) for both Server/OS and data should be supplied (and backups/restores thoroughly tested) prior to go-live. 
· Details of the default AML enterprise wide RPOs will be made available upon request. 

 Compute 
· The full compute requirements for the solution need to be provided by the supplier / vendor for their system. This must include: - 
· Can the platform be virtualised? If so, what Hypervisors are supported including version numbers etc. 
· No of instances 
· Topology diagram 
· Operating System + Version 
· Other software prerequisites, including version numbers 
· Technical Specification requirements 
· CPU / vCPU 
· Memory 
· If the intention is to virtualise this system, dependant on the AML site location, it would need to be fully compatible with either Hyper-V 2016 in St. Athan, or VMWare ESXI 7.x in Gaydon. 
· *Regarding vCPU and memory allocation, these will be subject to AML internal ongoing capacity / rightsizing function. 

Database 
· The Database must support high availability should this be a requirement. As an example, Microsoft SQL Server Always On, or Oracle Real Application Cluster (RAC). Full Database requirements are required including version numbers, collation etc. for AML review. 
   
 Documentation 
· All solutions must be fully documented and shared with AML at appropriate times for review, this must include: - 
· High Level Design (HLD) – Pre-Implementation 
· Low Level Design (LLD) – During / Post Implementation 
· Operational Support – Post Implementation (If applicable) 

DR 
· Due to the current Infrastructure and manufacturing constraints in place at AML, DR is deemed out of scope at this time, with exception to additional off-site application or database nodes where desired.  
· *Note, DR would not be possible for Operational Manufacturing hardware such as PLCs, Robots etc.  
Endpoint / Client 
· All PC hardware supplied must form part of the AML IT Service catalogue, so that in the event of a failure, replacement from shared spares & software configuration is all that is required.  
· Any IT equipment or system supplied to AML must run Windows 10 Pro, LTSC/IoT or above or LTS Linux if applicable. Upgrades to Operating Systems / Patching must fall in line with AML agreed regular maintenance windows to protect the AML estate. All default passwords must be changed, and details provided to AML for secure keeping. Local Administrator account management will fall under AML policy with passwords being changed at regular intervals using either LAPS or Secret Server technologies.  
PLC / Equipment  
· Any IT/PLC infrastructure supplied must not be susceptible to any known security vulnerabilities. All systems supplied should have the ability to remotely upgrade firmware. Industrial control systems such as conveyers and sorters that are network capable should be at a minimum logically isolated from the corporate network and only required network traffic permitted to/from its LAN.  
Monitoring 
· With the assistance of the supplier and their documentation provided during service transition, AML would introduce Distributed Application monitoring, so all components making up this solution are monitored and can be reported on accordingly.  
Licencing 
· All licencing requirements for any Hardware (if applicable) Operating System, Databases, Applications, hosting etc. for this solution including the supply of costs and payment responsibilities need to be clearly outlined up front for consideration.   
Network 
· From the AML Server compute perspective, the network requirements will need to be provided to AML for review as part of the initial design.  
Wired 
· Any wired devices must have at least 10/100 ethernet connectivity provided over a copper Cat5e (min) RJ45 cable.  Gigabit ethernet connectivity 10/100/1000 is preferred.  Fibre connectivity is possible, and our preference is single mode with LC-LC termination.  Fibre SFP modules would need to be provided  
Wireless 
· Wireless connectivity must adhere to IEEE 802.11 standards.  Devices must be compatible with either 2.4Ghz or 5Ghz band capability.  5Ghz is preferred.  Authentication should ideally be via 802.1x (against our internal Active Directory) however if this is not possible, PSK's would be used with WPA3 strength.  No open authentication is allowed. 
· IP address allocation 
· Devices must be capable of either static IP allocation, or obtaining an IP address via DHCP services 
· Firewall Rules 
· In order to define any firewall rules, the following is required as a minimum 
· Source IP 
· Destination IP 
· Destination Port Number 
· AML firewalls are Next Gen and Application aware.  Where possible, a standard application name should be supplied in place of port numbers.  If the application is highly customised, ports and ranges will need to be supplied along with connection type (e.g., TCP/UDP/ICMP etc) 
· Any other network requirements to be raised and considered as appropriate. 

Security 
· As part of AML Security standards, there is a requirement that all systems be designed and implemented with least privilege access model. Service Accounts where possible should be configured to use Group Managed Service Accounts (GMSA), which prevents interactive logins. Where GMSA are not possible, Group policies will be in place to prevent interactive logins and enable run as service rights only. Authentication mechanisms required for application access should be Active Directory enabled and not local account driven to fall in line with AML security policies.   
Storage 
· From the AML Server storage perspective, the storage requirements will need to be provided to AML for review as part of the initial design.  
· The solution must be fully compatible with AML Enterprise Storage Solution (NetApp AFF on Tap).  Current version numbers will be available upon request.   
· Server hardware and OS combinations will need to be shown as supported on the NetApp Interoperability Matrix Tool (IMT), this will also include Host Bus Adapter hardware (HBA) and HBA firmware versions – this is to ensure end to end functionality, data integrity and supportability between host and storage subsystem (SAN). 
·  Storage for Physical hosts is presented through Fibre Channel SAN connections in the form of LUNs via HBA cards installed in the hosts. 
·  AML IT do not provide iSCSI connectivity for SAN LUNs. 
·  The solution requirements should specify the number of LUNs (disks) required and the size of each LUN. 
· Any known minimum/maximum performance requirements should also be specified (IOPS, throughput & latency).  
Cloud 
· As a pre-requisite to consider the use of Cloud solutions, the Aston Martin network will need to encompass appropriate levels of resilience and capacity to the selected Cloud Provider, especially if the solution is related to manufacturing services.  
· Due to significant investment in Aston Martin Data Centres, on-premises would be the preferred option at this current time. However, if the Cloud offering is considered more suitable and fulfils all the requirements, the following information should be provided by the supplier for review: - 
· Cloud provider 
· Level of offering  
· IAAS 
· PAAS 
· SAAS 
· Backup + Disaster Recovery + Business Continuity 
· Network requirements 
· On-premises Integration / connectors should reference this document in terms of requirements 
· Demarcation / responsibilities  
 
Costs 
· AML IT will not be responsible for the ongoing maintenance and support contracts; this should be considered within the project budget for a minimum of 36 months. 
· Any other AML IT costs should be funded and included in the project costing.  
Service Transition  
· Service and Support – Support and maintenance contracts will need to be in place to provide support for the application (and Hardware if applicable). 
· Service level agreements exist for support and maintenance of the application (and Hardware if applicable) being reviewed. 
· Service level metrics are reviewed regularly which indicate that management oversight is being provided. 
·  Escalation contacts and the support process are documented and available to the IT Service Desk.  
Support 
· [bookmark: _Hlk95999048]Remote support for this system will utilise AML Remote Desktop Services environment. A suitable Endpoint with the relevant software will be needed to access the environment. Other technologies such as VPN, or Internet based Remote support tools such as TeamViewer etc. are strictly prohibited. 
· In relation to operational support of this system, a support contract with the 3rd party must be in place, however if a commercial decision is made for in-house support only, the 3rd party must provide a full training package and supporting documentation as outlined in section 3.2.6 above. 







  

Manufacturing System Requirements
The Inspection Booth MUST be fully interrogatable with AML manufacturing systems (Flags) with the ability to send the following data:
•	Field 1 : VIN/bodynumber/BSN/vehicle identifier value 
•	Field 2: Location
•	Field 3: Date/time  
•	Field 4: Test/part description(s) (this would be shown in FLAGS as the defective part
•	Field 5: Overall job/test status
•	Field 6: If the test file contains details of more than one part being tested, we’d need the individual pass/fail status for each test.

[bookmark: _Hlk96347102]Ergonomics and Safety 
The System must in every aspect comply with all current UK – EU health and safety legislation in all aspects and it is the vendors responsibility to ensure that the Inspection system does comply with all legislative requirements in place at the time of supply. The vendor also agrees in supply of the Inspection system that any aspects of the Inspection system subsequently found within the guarantee period to have not met the legislation in place at the time of supply will be corrected at the vendor’s expense.
It is also expected that whilst meeting legislative requirements that every consideration be made to the ergonomics of the design / equipment so that operation of the equipment is made as “operator friendly” as is possible. The inspection system MUST adhere to fire suppression requirements of AML for insurance purposes
[bookmark: _Hlk96347173]General Data 
The rating plate, must contain the following information: -
· Asset No. (To be specified by Aston Martin). (To be agreed between all parties as to necessity)
· Item Description.
· Manufacturers Serial No.
· Date of manufacture.
· Weight (Kgs).
· CE marking.
· All text to be a minimum height of 5mm

[bookmark: _Hlk96347219]General Requirements
· All fittings must be metric, i.e. bolts, hydraulics, pneumatics, etc.
· Be designed with secure lifting points and clearly labelled as a lifting point. The correct method of lifting `and moving equipment must be incorporated in the maintenance manual.
· Be fitted with all necessary guarding and safety devices. Special attention to be paid to any potential trapping & crushing points. 
· Once initial design approval has been agreed, any deviation to parts or specification must be agreed between the vendor and Aston Martin at a design approval meeting at the suppliers premises.
· The vendor to send updates, (including site visits), to Aston Martin at the start, midpoint and end of the project. 



[bookmark: _Hlk96347457] Guarantee required
The equipment is to be covered by a 36-month guarantee by the vendor. 
The guarantee by the vendor will cover all components / items supplied, and it will be the responsibility of the vendor to supply and fit failed parts or to support as needed any equipment failures with resource of its own. Aston Martin will where it feels it can, support the work, undertake the fitment of replacement parts at its cost, but this is solely at Aston Martin discretion. If remedial works are needed, it will be at the vendor’s expense. Vendor must communicate acceptance of a Failure within 24 Hours and respond with a solution within 2 working days.

[bookmark: _Hlk96347561]Documentation Required 
Documentation / information required to be supplied with the equipment, but to be available to Aston Martin at least 1 week prior to sign off date. All manuals must be supplied written in a good level of English. Hard Copy and electronic versions are required.
· CAD drawings of the final agreed design.(Electronic)
· Spare parts. (Electronic)
· User and Maintenance manual (Electronic)
· System specification
Sign Off Procedure
The sign off procedure will be as follows:
On date agreed within order confirmation some 1 week prior to Inspection system completion, then a representative from Aston Martin will attend vendor’s premises to check on progress and ensure that all is in order. Any concerns / issues noted will be advised in writing before the representative leaves the premises,
The representatives will:
a. Check all documentation to standards and to that physically employed within the equipment.
b. Check the system to prove tolerance / quality achieved are within specifications required and confirm.
c. The general quality of the equipment itself for example build quality, hardware and software quality. 
d. Usability of the equipment, ergonomics / safety.
The checks will be made against all documentation agreed in relation to the equipment.
At the end of the sign off the following actions will be agreed:
a. That the equipment is accepted to be transported with no actions needed.
b. That the equipment can be transported pending minor actions needed and these actions will be checked as completed when the equipment arrives at our site.
c. That the equipment is rejected, and another visit will be required at the vendor’s site on
date to be agreed. Should this situation occur then the costs for materials / travel in direct relation to this additional visit being required will be at the vendors cost.
Training
As Stated in section 1.09 user and maintenance manual needs to be supplied along with a training course for operators/engineers responsible for the safety including minor routine maintenance, operation guidance and basic fault finding, ALL THIS SHOULD BE INCLUDIND IN THE COST OF THE SYSTEM.


 



 

Final Inspection Process


Collabrative Robot


Works along side a technician in a shared workspace and involves their input.


Standardizes the process.


Takes up little space.


Cheaper than using a robot.


Can be modified easily.


Can be programmed easily.


Can be set up offline and then introduced.


Standard Robot


Standardized process.


Robust guarding stops system being interfered with.


Able to measure Gap and Flush.


Able to measure gap and flush.


Vison Booth


Standardized process.


Cheapest method.


Uses AI technology to learn and improve as more and more data passes through the system.


Able to capture a 360-degree image of the vehicle. 


Quickest method to set up and run. 


Tried and tested method already used by the likes of Rolls Royce,Toyota and Ford.


No moving parts meaning less maintenace involvment.


No user programming needed and little training required.





More possibility for futue development e.g dealeship app , under body check.



Final Inspection Process





Collabrative Robot


Will require 2-4 more Cobots to cover the whole exterior of the vehicle.


Will need to be programmed and set up.


Potential minor damage if it comes in contact with the car.


Will need to be reprogrammed for different vehicles.


Expensive compared to a vision booth as requires multiple Cobots and cameras.


Image quality will not be as clear as a vison booth.  


Relies on old LDA method.


Will have a run time of between 10-15 minutes. 


Still heavly reliant on the technican. 


Will need maintenace.


Standard Robot 


Will require multiple robots and cameras.


Will need additional infrustructure, e.g. light guarding.


Potential to create signifficat damage to the vehicle.


Will require extensive programming.


Will need to be reguarly maintaned. 


Quicker than a Cobot however will still take around 5-10 minutes to inspect the car.


Relies on old LDA method.


Most expensive method.


Takes up considrable space.


Vision Booth


Unable to check Gap and Flush.


Requires more space than collaborative robots.








Damage Classification 


Dent	Scratch	Scrap	wheel	Other	115	278	98	25	4	Classification


Amount of Exterior claims 



Cumulative Cost save over 5 year period, assuming 70% effectiveness of reducing cost.

Capex	
13028.639700000087	191057.27940000017	369085.91910000029	547114.55880000035	725143.19850000041	No Capex	
111428.63970000009	237857.27940000017	364285.91910000029	490714.55880000035	617143.19850000041	



Cumulative Cost save over 5 year period, assuming 100% effectiveness of reducing cost.

Capex	
105783.77100000012	376567.54200000025	647351.31300000031	918135.0840000005	1188918.8550000007	No Capex	
204183.77100000012	423367.54200000025	642551.31300000031	861735.0840000005	1080918.8550000007	
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Chapter 3: Data Collection o

3.4.2 Data Collection: Performance and Capability Data

In order to collect the necessary data to determine the baseline OEE and capability a PLC
sub program was created. The PLC program was made up of a number of logical inputs.
which could be utilised in order to determine the measures necessary for the OEE, FTT

and the Capability study.

The main program elements for one of the cranes are explained and illustrated below:
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Chapter 3: Data Collection
3.4.2 Data Collection: Performance and Capability Data
In order to collect the necessary data to determine the baseline OEE and capability a PLC
sub program was created. The PLC program was made up of a number of logical inputs
which could be utilised in order to determine the measures necessary for the OEE, FTT
and the Capability study.
The main program elements for one of the cranes are explained and illustrated below:
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Chapter 3: Data Collection

The rungs illustrated below are used to log the operating time of Crane A. When the
crane is running in automatic mode and there is no fault present the accumulative timer
(RTO) will count in seconds. Once the timer reaches 3600 seconds (one hour) the hour
counter will be set and log one hour of successful operating time. The operating time will
then be divided by the planned production time in order to determine the Availability of

the crane. The Availability equation can be reformed for tor the crane scenario as:

Operating time (Crane hour timer + Accumulative timer value)
Planned Production Time (1260 hours)

Availability =

Lo10 Lo10 B317 RTO
0001 { } | F A+ Retentive Timer On —CEN
0 1 0 Timer T4:10
Time Base 10 —C(DN>—
Preset 3600<
Accum 2952«
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Figure 52 and 53 and the documents filled in by the technicians in AMCPA and station 5500, some
damage detected was gapping issues which could in external damage so for this reason paint related
damage column will be analysed instead, internal and total amount of defects are also not necessity.
they are added as part of a different test so going forward, they will also be neglected.

3.35 Imagery taken from end of line

Time/Date Technician Number of Images | Time to take images
taken and Upload into
system

0y setings [ rocs

= comments 7 cdting -

Ot -
& tolce
b sdea

]

e

B

=]

& share -

|o

&

63 U

B X B d &=

focused Other
[EEeme]Nathan Hemry

(Gt Natan ey

Davi 0

Aston Martn Communicat..

Furong, Mick

Frtong, Mick

Cayzer James
el et Gty

Cayzer ames
o et sy

Cayzer Jam
s o en oL et

CoyeerJomes

D rmnareo

Byosew 1
]

26

=

w2 015045





image68.png
B | Q eastworks Version 7 Vieweas: x

« >0

(2 EASEworks Version T | ViewEAST X | 7 AMLUtG -GCS. X | [ indexof tasonmaninintishare: x| 4

: ey o @)

Fle  Home et Orw Desgn Lwou Relerences  Malings Revew View Help omm

£ = ad P i = aris W B3| D [ [ 0 ] A= Bisgmeiine <
Index of \\astonmartin.int\shareddata\Quality\Quality_Division\27_St_Athan\2. Tasks\2.7 10 Folder\PTS\PTS Daily Car Images\V06620 N g s\\q Page % PIE ? Szl? — (JFI. e Pg i:’m e+ Wikpeia === s.l?!,k rE QE‘,« »9 ;D: % ]E] Q\_‘k w:i. [0ect o t.,];[w ;,(‘3"‘

SEE8 = - == - = 2 i | 9L R O o -

a2 5202 TH20I0%20olcer 7

ts  Pedtng- & Share ~

s w3 = @

Fle | sstonmartinint shsrecicers sy i |

PTS%20Diyk20Cark20imag

[Ty —— rases T s Rese s hasins et s Commerts | s oot e bt
o 45.ipg
490 3
s8jos 26112022, 112259
il 05 iog. 26112022, 12305
7 20221126 112309 pe 26112022, 12309
3 201126 123 26112002, 112316
26112022, 12325
26102022, 112331 Date Technican Number of images | Time to take images
26112022 112338 taken and Upload nto
20221126 112346 pe 26112022, 12346 system (mins/sec)
2001126 1123522 26112022 112352 T 3 593
3 2021126 112407 g 26112002, 112407 B 0 s
20221126 112503 jpe 112503 3 5 e

Above shows the timing to take and upload 8 images into a shared folder, just over 5 minutes to
capture and upload 8 images of the vehicle , this process also involve a lot of walking around the
vehicle, to and from the computer and removing and placing a memory card in the reader.

Examle of photos captured

20221206 161556 0.
20221206 1616150z
20221206_161625 jpg
206_161631 ipe
20221206 1616340z
20221206_161644 spe

06122022,
0612202
06112

161625
161631
06122022 16:1634
06122022, 161644

067122022, 16:16:51
06122022 16:16:53
06122022, 161659
067122022, 16:1701
06122022, 161706
06122022, 161714
0671220

i
os120022 161726

06/12/2022, 16:17:31 -

ce1a203 161733

08120002, 161757

06122022 16:17:46 | |1 sy

06122022, 16:17-48 L
06122022, 161754
06122022, 16:17:58
06122022, 16:17:59
134203 a

20221206 16170Ljpe.
2021206161706 jpg
20221206 161714 pe.
20221206 1617190z

422k “

206161748 jpg
206_161754 jpe

iz
Pe

20231206 161759
Thambedo

(5 oo s g 5z sty e e B LE B+ o

P Type here to search




image69.png




image70.png
[ | () EASEworks Version 7] ViewEASE X | () EASEworks Version 7 | VieweASE X | AMLLt - GCs

x 55 - o

< C @ File | astonmartin.int/shareddata/Quality/Quality_Divisio

Images/VO

o841
06/04/2023

X
File Home Insert Draw

+ ﬁ Calibri (Body)
o
aste B I U~

~ < Format Painter
Clipboard [

u)
Page 20169 20651 words [} Engish
=)

% 0 o =

Design  layout  References  Mailngs  Review  View  Help

Y VA A A A °E- =[] T AaBbCCDC | AZBBCCDC A 4a
- x X O i meed TNormal | NoSpacing Heading1 Heading2 Heading3 Heading4  Title Subtitle
Font 7 Paragraph 15| Protection sty

Above shows the timing to take and upload 8 images into a shared folder, just over 5 minutes to
capture and upload 8 images of the vehicle, this process also involve a lot of walking around the
vehicle, to and from the computer and removing and placing a memory card in the reader.

Example of photos captured

Index of Vastonmart
"

shareddata\Qu: - Figyre 55 s the online folder where all the photos of vehicles

are stored going back to 2019, they are stored against VIN
number and accessible by production and aftersales.

Figure 55- shared folder of end of line

tos

Vehicle 1 captured 16/03/2023

(United Kingdom) 5% Accesibilty: Ivestigate

a v EE AE <« 29" T

« AQB assbcer aasbococ aasbecoe

[

- @ 7

Pra - | g =

Replace
= Dictate | Editor Reuse

B seect- i

Editing Voice | Editor | Reuse Files ~

06/04/2023




image71.png
EASEworks Version 7 | ViewEASE X | () EASEworks Version 7 || ViewEASE X | EASEworks Version 7 | VieweASt X | +

@ File | astonmartin.int/sh.

- 8 x
w3 ® - Fle  Home Insert Draw Design  layout  References  Mailings  Review  View  Help
X cut < ) = =
+ f" e CalioriBody)  ~[11 <A A Aav A =i Ee (EE ST AaBbCCDC | AsBBCCDC Aa aasoceoe AQB aasbeer aasbeen: aasbeen: -
opy
b S FormatPaint B I Uvab x X -2 A~ o - Protect | | fNormal |NoSpacing Heading1 Heading2 Heading3 Heading4  Title Subtitle  SubtleEm... Emph: Intense E... [
Clipboard [l Font [l Paragraph 5 protection stes [l

Vehicle 1 captured 16/03/2023

422K

Page 620169 20661 words [ English (United Kingdom)

T Acessvitty Investigate

10:14

=a 06/04/2023

- @ 7

Ofind - =
ts]
Py
viae | Edtor | Reune
B seect- i
woing | voee | eator reuseries]  n




image72.png
O | () EASEworks Version 7] ViewEASE X | () EASEworks Version 7 | VieweASE X | AMLLg - GCS x

8 w3 ® - Fle  Home Insert Draw Design  layout  References  Mailings  Review  View  Help

/ata/Quality/Quality_Division/27.

o oy e
+ [f Caltor o)~ 11 | A A Aav | A Ok AaBbCcDc | AaBbeDe AQB assocer aasscen acsbeco 2| g | Y 19
Paste v v £ A~ i Protect TNormal | NoSpacing Heading1 Heading2 Heading3 Heading4 Title Subtitle  SubtleEm.. Emphasis IntenseE... 3| ) Dictate | Editor Reuse.
S Semromz | O Uees n o Z = B pecng_Hesding 9 s v B select~ =
Gibora Font s - lprotection ses 5l eatng | voee | eator [Rewseriesl  a

Page 63070 20661 words [} English (United Kingdom) T Accessibility: Investigate 0 Focus B

O m @ s EE AW 4 2




image73.png
@

O | o EASEworks Version 7 | Vieweas: x EASEworks Version 7 | ViewEAST X AML Ltd - GCS EASEworks Version 7 | ViewEAST x | [ 20230126.110336jpg @4624x34 X | 4 - 8 x
< C File | astonmartin.int/sh Fle  Home Insert Draw Design  Llayout  References  Mailngs  Review  View  Help
C ) A A A A= = I g OFind ~
+ 0 Caliori (Body)  ~/ 11~ a~ E-E-R- |EZ2 AaBbCCDc | AaBbCCDC D AQB aseocer osbcene asbee: - o
Paste Protect | | 1 2 . ek o § Dictate | Edtor | Reuse
u - -2 A~ 5 - Normal | NoSpacing Heading | Heading2 Heading3 Heading4  Ttle  Subtitle SublieEm.. Emphasis IntenseE.. =
v Sromatpainter | B 1 U - x X £ E 5 pecing 9 9 9 4 I select~ =
Clipboard [l Font [l Paragraph 5| protection stes 5l Edtng | Voice | Edtor |ReuseFies|
cus B - —F——+ %
1038

06/04/2023

u)
ords [} English (United Kingdom) 5 Accessibily: Investigate
L) oo O mE s EEAEN42" 39 J @

1038
~ DE 06/04/2023

P Type here to search





image74.png
O | ) EASEworks Version 7 ViewEAS: X

< C O

‘astonmartin.int/share

P Type here to search

EASEworks Version 7 | ViewEASE X

/ata/Quality/Quality_Division/27.

x

EASEworks Version 7 | ViewEAS:

x

(3 2023012610248 pg (46243

- 2 x
w3 v <+ e Home
X cut

+
D,

Clipboard

Page 63 of 70

Insert

~ < Format Painter

[

74 words

Calibri Body)  ~ 11« A" A" | Aav | A

B

%

Draw  Design layout  References  Mailngs  Review  View  Help

R AaBbCCDC
Protect

TNormal

I U~ x x -2 A-

Font [

5 Protection

Paragraph

‘e 56 - Exterior photos (818312) DBX707

AaBbCCDC

No Spacing

Heading 1

Engiish (United Kingdom) _§5 Accessbilty: Investigate

Heading 2

Heading 3

AaB

Heading 4

Title

Pra - | g =

CcC AaBbCCD. AaBbCCDC

<] | e Replace
Subtitle  SubtleEm.. Emphss ntenseE.. v Dictate | Edtor | Reuse
" B Select - =

5l eatng | voce | cotor |ReuseFies

05 Focus B




image75.png
- @ 7

Pra - | g =

O | ) EASEworks Version 7 | ViewEASE X | () EASEworks Version 7 || ViewEASE X AML Ltd - GCS () EASEworks Version 7 || ViewEASE X | [3) 20230126_110437jpg (4624x34 X | 4 - g X
< C @ File | astonmartin.int/shareddata/Quality/Quality_Division, T File Home  Insert  Draw  Design  layout  References  Mailings  Review  View  Help
X cut < ) Bo B B
+* e CalioriBody)  ~|11 |A" A" Aa~ A =~ = Ee [EE (LT AaBbCCDC | AaBbCCDC AQB aseocer osbcene asbee: = e
opy eplace.
Paste = c 2o B = 1= & i | Protet || INomal | NoSpacing Heading! Heading? Heading3 Heading4  Tile  Subtitle SubtleEm.. Emphasis IntenseE.. [ Dictate | Editor | Reuse
v Sromatbainter | B 1 U - x X Z-a == E 5 pecing 9 9 9 9 4 I select~ e
Clipboard ] Font [l Paragraph 5 rotection Styes 5 ditng | Voice | Editor |ReuseFiles
Figure 56 - Exterior photos (818312) DBX707
~
)
%w«m/‘
[mi]
Page630f70 20674words [§ English (United Kingdom) 3% Accessibility: Investigate 0 Focus B - —&——+ 120%
1039 %
L= OO m @ s EE A B4 Fd»J @

=a 06/04/2023 38,

£ Type here to search Eﬁ




image76.png
ma v EE A H %




image77.png




image78.png
Pra - | g =

O | Q EASEworks Version 7 | ViewkAS: X EASEworks Version 7 || ViewEAS AML Ltd - GCS EASEworks Version 7 | ViewEAS® X | [ DSCOSSTTUPG(5152¢3864) X | + - o D search
& © @ File | astonmartin.int/shareddata/Quality/Quality_Division, than, Images/V SCOS877.0PG B W 3 @ - Fle  Home Insert Draw Design  Llayout  References  Mailngs  Review  View  Help

+ [ ooty <[ K K mav | |E- 2R EE (AN aasocanc| assbcaoe AQB sasscee ssbeeor assbce 2|

Paste =|1= Protect lormal lo Spacin leading leading leading leading 4 itle ubtitle ubtle Em. ‘mphasis  Intense < - Dictate | Editor Reuse

S rormatpainer | B 1 U ® % X A £+ A~ == o H- g TNowmal | NoSpacing Heading1 Heading2 Heading3 Heading4 T Subtte  SubtieEm.. Emphass Intense . (<] | oo =

Clpboara 5 Font 5 Paragraph 15| protection stytes 5| ating | Voice | Editor |Reusefiles A
Figure 57 — Exterior (819111) DBX

I Focus 3 - —+——+
1053

06/04/2023

T Acessvitty Investigate

A e 39 3

u)
3

Page 630170 20660words [} _Engish (United Kingdom)
= % .
=5 v B o O ma v EE

P Type here to search




image79.png
O | ) EASEworks Version 7 | Vieweas

< C

P Type here to search

x EASEworks Version 7 | ViewEASE X

‘astonmartin.int/shareddata/Quality/Quality_Division/27.

=8

AML Ltd - GCS

x

EASEworks Version 7 | ViewEAS:

x

(3 DSCOS874.PG (5152x3864)

SC05874.0PG

x

- a8 x

G = ®

e
2

+

10:56

= s o)

Fle  Home

il

Insert

Draw  Design  Layout

Calibri Body)  ~ 11« A

Paste
B
~ < Format Painter
Clipboard [l
Page 63 of 71 words [

o

I U~ x x

Font

English (United Kingdom)

m | v EE

References  Mailings ~ Review

A Aav A

-2 A-

[

View  Help

R

Protect

5 Protection

AaBbCCDC

TNormal

AaBbCCDC

No Spacing

Heading 1

Heading 2

Heading 3

Heading 4

Styles

AaB

Title

T Acessvitty Investigate

A H g 2

e

5

Pra - | g =

CcC AaBbCCD. AaBbCCDC

<] | e Replace
Subtitle  SubtleEm.. Emphss ntenseE.. v Dictate | Edtor | Reuse
" B Select - =
5l eatng | voce | cotor |ReuseFies
T Fous B




image80.png
AutoSar 3MISinc) based on Claim Value (PPE) PTS 2022 (1)

Fle  Home Inset Pagelayout Formuas Data  Review View  Automate Hel O Compments 15 Shasg ~
e a ] ] ] | S o o =]
e e = o Bwmpe 8 - I B B2 [rema sac o0 Newwwl - | BB ER ] | ZAewe A O | @y
T Copy ~ : 5

Paste T Protect 0 o0 | Conditional Formatas [Calculation Check Cell Explanator _ < | Insert Delete Format Sort& Find& | Analyze

IU-~ ~ lerge & Center ~ - % i Pl Y =

< Format Painter il Hegeaemt T %) (W | g Tble- v v v | @Cerr  Fier~ Selectv | Data

Clpboara 5 Font 5 Alignment 15| Protection Number 5 stes ceiis Editing anatsis | A
| B | ¢ | o | e | F | e | w | | s | x | v | m | N | o | ® | a | ®rR | s | 1 |u v o x

1] Warranty Cost PPE Percentage ' : Format Shape

2 | £17,655 6.16688 | i

3| £16,501 5.763936 ! : QIR -

4 £68,471 23.91762 i H

5 £22,201 Exterior Damage Location And Cost I > Fill

6 £3,503 o

7] 16560 B Worranty Cost PPE =

8] £85,669 B — 100%

9 £2,452 '

10| £767 £80,000 S0%
1] £40,014
12 £4,186 £70000 0%
13] £4,316 05
14 £1,558 £60000
15 £81 %
Gl £86) £50000
5 so%
o 9 £40,000 oo
18 £1,711 o
19
o £30000
20 0%
21| £22.201
22| £20,000 17655 16560 16500 0%
2|
2 £286,279 £10,000 10%
25 4316 o185
26| E o%
27 o s « N & °
2% EE T A A
2l 8 ' & N
2| & & & ¢
30| § & & 7
31 N $ $ $
1| $ $ $ $
32 & £ & N
2| § ;
33| & s
34 $ B4
35| : .
36| : ;
37| ] ]
1 1
39| : ! L
40 | ; |
il H H 1
Sheetl ® « L ] D]
Ready f Accessbilty:Investigate 3 Display Settings B - ————+ 100





image81.png
O [ U1840217 - James Cayzer -WM- X | 4

@) @ File C:/Users/Nhenry/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/H4PQK182/U1840217%20-%20James%20Cayzer%20-%20%20WM3A2%20-%20Work%20Place%20Proj... & {é (U] {8 o= i 3
=g - Y Draw -~ & Read aloud - + & 23 | of39 | Q) | (B Q| @ B v =3 B ol
B = oo o « —— The methodology was broken out into 5 key steps, with an additional 5" step ‘integration’ added in

< C () https//astonmartin.domo.com/page/1558346980 A T8 w 3 = e -

order to consider the specific integration within AML:

Warranty Spend (PPE) by Causal Part-Top 10

£23,153 worrn spens 0 Supply market Research

Supplier Pre-Qualification Questionnaire
Financial Analysis

Audit (Physical Validation)

Integration

lass Roof

Glass Roof Assembly
FRONT DOOR DIV BAR SEAL 5
- LH/RH B

DLO Finisher

vk wn e

5.1 - Supply Market Research
The first stage consisted of researching potentially suitable suppliers capable of delivering a system
that would meet AML’s needs and followed . This research was largely based on internet search for

’

companies offering systems that involved ‘Artificial Intelligence’ and ‘Automated Vehicle Inspection’.

5.2 - Supplier Pre-Qualification Questionnaire

The product specifications provided by the suppliers identified from the supply market research
were analysed. The contents of the documentation were noted and their system offerings were
analysed against a range of criteria driven from a list of specifications that the system must meet.
This analysis was conducted using a supplier matrix in line with the standard format utilised by AML
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The methodology was broken out into 5 key steps, with an additional 5" step ‘integration’ added in
order to consider the specific integration within AML:
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5.1 - Supply Market Research

The first stage consisted of researching potentially suitable suppliers capable of delivering a system
that would meet AML’s needs and followed . This research was largely based on internet search for
companies offering systems that involved ‘Artificial Intelligence’ and ‘Automated Vehicle Inspection’.

5.2 - Supplier Pre-Qualification Questionnaire

The product specifications provided by the suppliers identified from the supply market research

were analysed. The contents of the documentation were noted and their system offerings were

analysed against a range of criteria driven from a list of specifications that the system must meet. T3/ Subs - PCM Review
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4.3.1 Pallet Transfer Timeouts

Pallet transfer timeouts are faults that occur when a pallet does not traverse to the next
set of conveyors within a set time limit. The timer is set within the PLC program and once
a pallet leaves an area of conveyor (i.e. the conveyor rollers start) it is expected to
traverse to the next section of conveyor within a certain time which is indicated by the
next switch on the conveyor. The timer allows for a variety of weights on a pallet and the
time limit is ample for any pallet to traverse. If a pallet does not reach the next switch or
the switch doesn’t register the pallet, the timeout will occur. The fault is remedied by
maintenance confirming the reasoning for the pallet to not traverse such as jams, chain

breaks or switch faults and returning the conveyor back into automatic cycle.

Below figure 4.4 displays the cause and effect diagram created from the meeting to
identify potential the root cause(s).
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5.7 DeGould Automated Vehicle Inspection Solution

DeGould is a British based company headquartered in Exeter England they started in 2012 by Dan
Gould he came from a background in digital imaging and since then have had significant investment
through the years (Williams, 2021), in 2014 Land Rover Jaguar approached DeGould to help them
solve there manual inspection at hangover issue and since then the company has gone from strength
to strength there main product which is being used by some of the large OEM Car manufactures is a
“Auto-compact booth is the ultimate digital vehicle inspection solution, combining industry 4.0 Al
damage detection with a small footprint and ultra-high-resolution image capture” (DeGould, 2022)
and this is the product ABL are interested in enquiring about.
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B 4650-Engine Dress ‘comply with local departmental holiday arrangements.
Flties SPECIAL EQUIPUENTITOOUINGRECUIRED: | None
H 4660-High Station NO TASK OUTSIDE THESE INSTRUCTIONS SHOULD BE ATTEMPTED. 2. ‘Company Fixed Days
- SEEETR ISR IF ANY NOK CONDITION FOUND ALERT GL or LT IMMEDIATELY The Company Fixed Holiday for 2023 is Tuesday 11 April 2023. All employees (including non-
e e manufacturing employees) are required to take the Fixed Holiday and Christmas shutdown period
B 4670-Front SubFrame
B 4670-1-Front Sub Frame s and should save 4 days of their annual leave allowance to cover them.
H 4680-Front Sub Frame Buffer TSIeZ  RsueDate 28022079 Orgnator: LI NS 25005 ANPSTOWGASE
H 4680-1-High Mount Buffer > 3 Approvals
g P e Closel Floating holidays, or days in lieu of fixed holidays worked, may only be taken at the discretion of the
B 4690-2-FrontEnd Assembly line manager, so that a balanced workforce can be maintained to ensure planned volumes.
B 4700-Front EndAssembly Rework
H 4700-1-FrontEndAssembly Rework
H 4700-2-PRB Station #2 RHS
B 4710-FrontEnd Assembly
H 4710-1-FrontEnd Assembly
B 4710-2-Front End Assembly PRERHS. v
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171 EASE System
Ease is known as the production system, there are 3 different programmes under ease these are
View Ease, Process plan and MDM editor.

MDM Editor — this is where the Group leader or engineer sets all the supportive documentation for
the station for example any quality checks, safety checks or first line maintenance documentation
then a frequency is selected, and the operator must complete this on view ease before they can
continue. If any fals are recorded this s then sent to the group leader so they can investigate the

issue and get it resolved by the relevant team/department

Step: Keypart | Key point / why:

eon

Check Flexfol fings ¢ mn: the (1) F'\:‘mw\' ]ﬂxmgs arefited o the Vehicle before proceeding
e process (Fig.

Assist the Main Techrican withloading the RHD IP Assembly thoughthe
Door Apeture and over e Cene Tunnel Area,ensure 0 carefuly feed the
1P int postion and notdamage th IP durngloading (Fig.2)

+*= o

deck, first level would be for them to add in the step by step instructions, then they would add in the.
tools needed for that operation, the timing study and the reference document, not all process are
necessary as we have different models and variants so they wil add option codes to the processes to
‘ensure only the correct processes are shown for the car i station, also the stations work load will be
balanced by moving processes from one station to another to ensre they are under the set takt
< [ time which s currently 17mins 30 seconds. Once allthis has been set up. s00n as the build number

is entered into vigwease it will show step by step al the correct process for the car in station and the
tools required

Process Plan — this is the program where engineers link process tostations also known s a process
o ey @y [ il (@) ks [E] Enioment @ semerce 2
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View EASE — This is the program interface the end user sees and interacts with as previously
‘explained view ease will show the process documentation for the car set b the engineer in process
plan and the station documents set but the GL/Enginer from MDM, but the programme also has
allot more useful functions which are a critcal part of the production of cars within Aston Martin
suchas:
Part verify — some parts willbe set to part verify in the Bom, once the part i then required for that
vehicle ease will prompt the user to scan the barcodz on the part to ensure they are fitting the
corract parts to the car, if they scan the wrong barcode the screen will ndicate its ‘incorrect for
buile’ and it will not et them progress unti they scan the correct barcode
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View EASE — This is the program interface the end user sees and interacts with as previously
explained view ease will show the process documentation for the car set b the engineer in process
plan and the station documents set but the GL/Engineer from MDM, but the programme also has
allot more useful functions which are 3 critcal part of the production of cars within Aston Martin
suchas

Part verify ~some parts will be et to part veriy in the Bom., once the part s then required for that
vehicle ease will prompt the user to scan the barcodz on the part to ensure they are fitting the
correct parts to the car, i they scan the wrong barcode the screen willindicate is ‘incorrect for
build and it will ot et them progress unti they scon the correct barcode.
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& Health & Safety Documentation 8 Process Documentation . OAndon m pros h
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* Quality Checks (QC) and Part Verification Status  First Line Maintenance, Shi =
c = Options
(includes all operator positions)
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Drive Left Hand Drive Territory China Switch Login
Manufactur s (1)
I Barcodes ENO6 China Engine Calibration

Serial Scan ~ Similar to how the part verify works above, some parts are set to serial scan meaning
SBLO Sill Blade - Gloss Black we need to record the serial number of the parts ¢ g airbags , irstly the user wil scan the part

number, then it will ask for the serial number to be scanned ,in the system this will be a serial

tracked part meaning soon as that part i itted to a vehicle that serial number cannot be scanned
TPD1 Touchpad again as tis unique to that car. This data is then transferred back to goldcrest as if a caris missing
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Build Number VIN Number

=]

DC Tool Scan

one of its serial scans it cannot be sold.

Andon Call - Linked to the PLC f the operator has an issue at a station they can press the and one

le T cal this
¢ Current Settings “Trim Option Descri
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Update
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‘Serial Scan — Similar to how the part verify works above, some parts are set to serial scan meaning
SBLO Sill Blade - Gloss Black we need to record the serial number of the parts &.g airbags , frsty the user will scan the part
number , then t will s for the seial number to be scannet, inthe system tis wilbe a seral
tracked part meaning soon as that part i itted t 3 vehicle that seial number cannot be scanned!
Build Number VIN Number DC Tool Scan PD1 Touchpad againas it s unique o thatcar. Ths data s then transferred back to goldcest a f  ca s mising

one of its serial scans it cannot be sold.

Andon Call - Linked to the PLC if the operator has an issue at a station, they can press the Andon call
this willset off an alarm and be visible on the production Andon boards, it willalso stop the line.
moving as 3 safety precautions amber s raising 2n issue and then Red is in attendance.
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Serial Scan — Similar to how the part verify works above, some parts are set to serial scan meaning

HYS3-DAIMLER-AA DAIMLER LICENCE 1 Manufacturing Sy|03/01/2023 121 we need to record the serial number of the parts g airbags , firsly the user will scan the part
number , then it will ask for the serial number to be scanned ,in the system this will be a serial
tracked part meaning soon as that part is fitted to a vehicle that serial number cannot be scanned
again as it is unique to that car. This data i then transferred back to goldcrest as ifa car is missing
one of s serial scans it cannot be sold.

Andon Call - Linked to the PLC if the operator has an issue at a station, they can press the Andon call
this will set off an alarm and be visible on the production Andon boards, it willalso stop the line.
moving as 3 safety precautions amber s raising an issue and then Red is in attendance.
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Part shortages - when a car goes into a station and they do not have the part available to fit they
user wil use ease to raise a part shortage , a5 the system knows what parts are fitted at that location
for that model it gives them the lst of parts to select from , they can then select the part number ,
quantity short and comment if necessary , this is then linked to the build number and the data is
sentto the part shortage board (ybisense) and flags, the shortage board is used by DHL and Supply
chain to actively manage shortages within plant, and i’s also raised on flags meaning the car will not
pass through the secure gate until the component has been fitted and closed on flags.
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one of s serial scans it cannot be sold.

Andon Call - Linked to the PLC if the operator has an issue at a station, they can press the Andon call
this will set off an alarm and be visible on the production Andon boards, it willalso stop the line.
moving as 3 safety precautions amber s raising an issue and then Red is in attendance.

Part shortages - when a car goes into a station and they do not have the part available to it or they
have damaged a part when they have attempted to it i, the user will use ease to raise a part
shortage, a5 the system knows what parts are ftted at that location for that model it gives them the
lis of parts to select from, they can then select the part number , quantity short and comment if
necessary, this s then linked to the build number and the data is sent to the part shortage board
(ubisense) and flags, the shortage board is used by DHL and Supply chain to actively manage
Shortages within plant, and it's also raised on flags meaning the car will not pass through the secure
gate until the component has been fitted and closed on flags

Vehicle Trim & Options - Ease also gets sent the Trim and options codes and descriptions from
golderest this is used mainly in Substation/trim areas to ensure they are fitting the correct
components, it allows them to do a quick visual check to gather the correct components.
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1.73 FLAGS System
Flags is the smart Quality system used by Aston Martin, Land Rover, Jaguar and Bentley, it's a great
way to track and manage the DPV (defect per vehicle) this is split up into two sections.

Flags Shopfloor — This is the programme the Technicians use on tablets , the way the production line
is set up is there is Inspection, Seek & Repair and Buy off stations , normally towards the end of a
process the car will be audited at a inspection station at this point the technician will input any
defect found this could be anything from a paint defect to missing component this will then be
stored on the report of that vehicle, Seek & Repair bays the technicians process will be to fix the
default that have been raised and for them to be signed off then as the vehicle gets to the end of
the process area e.g paint, T&F , Off-Tracks it gets Diverted/sent to the next area of the process, this
is how quality is controlled as the vehicle passes through the production process and it avoids any
defects reaching the customer.

Flags reporting — The reporting element of flags is more for the Engineer, similar to Ubisense in
regards to giving the user custom reports except this time it's more centred around the quality of
the vehicles, it shows the open/closed defects, if there has been any overrides, which area the
vehicle has passed through and what is the next stage of the process, when the technican adds faults
on the vehicle they do this by selecting the part on the imagery where the issue appears this can all
be viewed in flags reporting as well as the technican who has raised and signed off the defects.
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Figure 8: lllustration of SoftMax layer used to convert from neural network activations to class likelihoods (a), with the
activations illustrated on the top row, and the results of running these results through SoftMax to obtain properly O o I’ ¥
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With an understanding of the basic concepts behind computer vision and classification, multiple
applications were then studied to understand how the theoretical concepts have been applied.
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Figure 9- example of Lewins force field analysis in this project
This model is based on what the project manager might encounter on this project so the driving
forces for change vs the forces against change can be internal or external forces. Lewins model
scores these forces and then depending on which side has the most force is whether the change
happened or not. If the project manager does this and realises there is more forces against change
then they must act on this and look at ways to reduce the number of forces against change.
(Connelly, 2020)One of these ways could be to change the cultural mindset of the workforce that are
against change.
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Awareness

Announce the change to
employees well ahead of
time.

Explain your reasoning
behind the change,
including current pain
points and potential ROI
of the new solution.
Give employees an
opportunity to ask
questions and make
suggestions.

Desire

+ Gauge employees’
reactions to the change.

« Identify champions.

«+ If employees are resistant
or indifferent, address
their concerns or show
them how the change
benefits them personally.

Enablement zo

Knowledge

Provide training or
coaching to show what
employees need to do
after the change takes
place.

Address any skill gaps.
Offer resources, such as
process flowcharts, that
employees can reference
later on.

AR

Reinforcement

Ability
Schedule practice runs
before the change is fully
implemented.

Monitor performance
immediately following the
change and provide
constructive feedback.
Set reasonable goals and
metrics at the start.
Adjust processes as
necessary.

Engagement zone

+ Monitor the change over
time to ensure it fulfills
your desired outcome.

* Use positive feedback,
rewards, and recognition
to encourage employees
to keep following the new
process.





