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1. [bookmark: _Toc136029582]Introduction
1.1. [bookmark: _Toc136029583]Aims and objectives of the report
The purpose of this report is to provide a reflective analysis of a project carried out in Q4 FY22 at Sony UK Technology Centre in Pencoed (Sony), involving multiple departments across the site. The report aims to assess the project's performance, identify any challenges faced, and evaluate the outcomes against the project's objectives. 
It should be noted that non-disclosure agreements (NDA) were signed between Sony and the University of Wales Trinity Saint David (UWTSD) regarding the project's products. As a result, this report can refer to the product names without any restrictions. However, if the report is to be used outside UWTSD, the product names must be omitted.
1.2. [bookmark: _Toc136029584]Aim of the report
The aim of this report is to provide a comprehensive understanding of a process implementation project that took place at Sony UK Technology Centre in Pencoed. The report is intended to provide a detailed account of the project, its objectives, and its outcomes. The report is written in a way that is accessible to readers who may not have a technical background, as it is important to ensure that the main discussions of the report can be understood by a broad audience. In addition to providing an account of the project, the report also aims to explore the wider context of lean and agile manufacturing processes. This discussion will highlight the importance of implementing these processes in modern manufacturing, and how they can lead to increased efficiency and productivity.
To conclude, the report will also reflect on the project, examining what went well and areas that could be improved. This reflective approach will provide valuable insights into the project and help identify potential areas for future improvement.
1.3. [bookmark: _Toc136029585]Objectives of the report
The objective of the report is to give a detailed description of the project which purpose was to implement a process to build, test and pack 2 products. By using data, the reader should have a clear understanding of why certain choices were made during the project. The report will also discuss Lean and agile manufacturing and the importance of it within manufacturing processes. 
1.4. [bookmark: _Toc136029586]Project background
Sony is a manufacturing site which offers collaborative manufacturing solutions to its customers. This involves the SMT (Surface Mount Technology) function of placing parts onto a PWB (Plastic Wire Board) all way through to the assembly of the product, testing of the product and finally packing of the product.  Typically, there are 2 types of production layouts that are used on site, one being a single production line concept and the other being a U-shaped cell layout. Some production lines/cells involve the use of automation by introducing collaborative robots that work alongside operators. 
The 2 products which the process will be designed for is 2 variations of the Raspberry Pi Camera, HQ (High Quality) and GS (Global Shutter). The HQ variant was an existing product we manufactured, demand from Raspberry Pi for this variant then increased which then after the evaluation of the process it was clear the target quantities for sales could not be reached. Along with the increase in demand, the customer also wanted to introduce a new variant known as the GS variant. 
Automation is something greatly valued across the Sony Pencoed site, for this project automation was considered but not feasible for assembly due to the timescales and complexity of the build. 
1.5. [bookmark: _Toc136029587]Aim of the project
The project aimed to improve the existing manufacturing process for both the HQ and GS variants of the Raspberry Pi Camera, by implementing streamlined approaches commonly used by manufacturers. The goal was to create a new production facility that could accommodate both products simultaneously, with the ability to meet production targets and customer demands.
1.6. [bookmark: _Toc136029588]Objectives of the project
The objectives of this project are to design and create a streamlined process for manufacturing the Raspberry Pi Camera HQ and GS variants at the Sony Pencoed site. The process must be capable of producing both products simultaneously and efficiently to meet the target quantities required to fulfil customer demand. The final produced outputted must meet the expectations of the customer, to do these strict rules and specifications will be set, guaranteeing the delivery of quality product.
2. [bookmark: _Toc136029589]Project planning and schedule
A project schedule is essential for effective project management and successful implementation, it serves as a timeline that outlines tasks and dependencies of the project. Milestones, goals and deadlines are identified within the schedule, allowing project teams to effectively manage their time. A timeline also identifies dependencies within the project, establishing logical relationships between activities ensuring that prerequisites are completed before advancing to the following task (Scott, 2020). A schedule is critical and serves as a fundamental tool for project managers to use, execute and control projects.
At Sony, the 'Product Group' department formulated a schedule that provided a comprehensive overview of crucial project milestones. These milestones encompassed significant events, including new model introduction (NMI) kick off meetings, process verification trials, and ultimately, the commencement of mass production.
Figure 1 - Overall Project Schedule
[image: ]
From looking at this schedule, departments could then work around deadlines and correctly allocate recourses. Along with this schedule, a weekly meeting was set up where members of the project had the opportunity to discuss and new developments or concerns. An action tracker was used in these meetings where actions could be raised against an individual and activity could be tracked. The below figure shows the action tracker that was used.
Figure 2 - Action tracker
[image: ]
The action tracker was a very useful method of tracking activities within the project, it allows project members to check the actions raised against them. Points of contact for actions were also established by putting an individual’s initials against the action.
3. [bookmark: _Toc136029590]Lean and agile manufacturing
The manufacturing industry is an extremely competitive business environment, to be successful manufactures such as Sony must be efficient with its processes to minimise costs. To achieve this, we must consider the importance of lean and agile manufacturing and know how to implement it. Lean and agile manufacturing can be defined as an approach to manufacturing processes that aim to increase efficiency while reducing waste to minimise cost to the business (Blake 2021).
[bookmark: _Toc136029591]3.1 The Lean Approach
The lean manufacturing approach is focused on the elimination of waste activities. There 7 wastes in lean manufacturing, these are also referred to the 7 Muda’s in Japanese. The 7 Muda’s are:
1. Transport
2. Inventory
3. Motion
4. Waiting
5. Over-Processing
6. Overproduction
7. Defects
These 7 Muda’s are all considered as waste activity, meaning that they add no value to the process. By minimising these a manufacture can be more competitive when quoting customers, it also maximises the profit (Earley 2016). When designing a process, it is important to identify where these wastes are, by identifying them in the early stage’s changes can be easily made. Once a process has been implemented, it is easier to identify these wastes as it can be physically seen rather than based off a theoretical approach. At Sony, as part of the new model introduction process Sony conduct process verification trials (PVT), this gives an opportunity identify any wastes that were missed during the design stage. Operators are a key aspect of achieving a lean process, it is important that they are provided with the knowledge of the lean approach and understand it to be able to identify areas which could be improved (Krafcik, 1988)
Once a process has been streamlined it is essential that the performance is continuously measured. This is done by analysing daily data that is typically provided by dashboards which are accessible to engineers. By collecting and analysing this data we can ensure that the process remains lean, and efficiency is optimised. Typical measurements for data include cycle times, inventory, WIP (Work in Progress) and defect rate.
[bookmark: _Toc136029592]3.2 The Agile Approach
The agile approach is a methodology that focuses on the processes ability to respond quickly to customer demands by ensuring flexibility within the process. By using this methodology, a manufacture can be more competitive in the market by maintaining high customer satisfaction with reduced lead times. In today’s environment the agile approach is easily noticed, next day delivery is a common option at many online checkouts, providing the customer with almost instant gratification (Lean Production, 2021). Customers are more likely to pay an additional cost when it comes to receiving their products quickly, giving companies who adopt this methodology an opportunity to profit from their quick turnaround times.
Sony is very limited on this approach due to not having any control over the design of the product. Typically, we receive a yearly forecast for a customer’s product which quickly change in today’s competitive market, flexibility guaranteed by designing a flexible process. All processes in Sony are typically designed for day shift only, therefore when demand increases, Sony have the capability of doubling the outputting by running a 2-shift pattern.

4. [bookmark: _Toc136029593]Defining Specifications
Defining project specifications is an early step which is critical to the project. By clearly outlining and documenting the requirements, objectives and constraints of a product, project members can ensure that they make suitable decisions in relation to the specifications set (Singh, 2020). In Sony, the Industrial Engineering department are the process definers, therefore they must consider the specifications for the process to be suitable for manufacturing. For example, if the product is light sensitive then it must be tested in a dark room, enclosed from light. It is vital the specifications are evaluated and thoroughly reviewed to ensure all angles are covered, failure to do so could result in an unsuitable process.
[bookmark: _Toc136029594]3.1 The products
First it is important to understand and define the product specifications for the project. Both products have a similar function, both are used alongside other Raspberry Pi additions to provide users with a compact and affordable way of capturing images. Both products have a wide range of applications in the market such as security surveillance, nature monitoring and commonly used within robotics to capture images. (Raspberry Pi, 2022)
Although the functions of the products are similar, there are some differences between them which will determine how the product is manufactured. Different size lenses and mounts are used on both which will require specific jigs to be made for both models, also both products use different imaging sensors and therefore the test specifications will be different and will require 2 separate test processes. The test will be testing the board for function, but it will also be testing the image sensor to insure there are no obstructions either on the sensor or any of the lenses. Obstructions include scratches, smudges and most commonly dust. These are all issues we must have preventative steps in place to assure quality and minimise fails. 
The images below show both Raspberry Pi Camera models.
[image: Raspberry Pi HQ Camera • RaspberryPi.dk]
Figure 3 - Raspberry Pi HQ Camera
[image: Official Raspberry Pi Global Shutter Camera - Robu.in | Indian Online Store  | RC Hobby | Robotics]
Figure 4 - Raspberry Pi GS Camera
From looking at the images alone the similarities are evident, both using the same PWB (Plastic Wire Board, a mount, and lens. In figure you can see that there is an additional plastic component on the GS Camera, this will mean that the jigs for both will have to be different. Both measure 32mm x 32mm in size which allows for a smaller workspace for the assembly, due to its small size the product is also very light and can be easily transported by 1 person. The packing requirements for the products are also very similar, they are both packaged individually into a small carton which is then placed into a larger shipping carton.
Due to both models following a very similar build, test and pack process, when output timings were done on each model, they were within 2.5 seconds of each other with the GS camera taking the longest to output with it taking 301.43s to output a unit. To accommodate for errors, Sony use a 75% efficiency, figure 4 shows the timesheet used to calculate this.
Figure 5 - Timings sheet
[image: ]
With the 75% efficiency the weekly output for one operator performing all parts of the process is 322.46 per week. This data is then used at a later stage to determine how large the facility must be to output the quantities set by the customer.
[bookmark: _Toc136029595]3.2 Manufacturing Specifications
Defining the manufacturing specifications was the next step in this project. Quality must be to a high standard to ensure the customer is only shipped good and useable product. Dust is the biggest issue we are faced with, if dust is present on the image sensor it can obstruct the image, if the product is already built before the dust is noticed then it then must be disassembled and cleaned which will create downtime. Therefore, the facility must minimise dust as much as possible, the operators must also have means to clean the lens of dust if needed. 
The production facility is largely defined by the quantities required by the customer. The customer provided indicative volumes for both models; Figure 6 shows these volumes.
Figure 6 - Indicative Quantities from customer
[image: ]
From receiving this data from the customer, it is then possible to calculate the output needed from the newly designed process and the manning along with the costs this brings. It is essential that the facility allows for the output of a maximum of 5000 of either model per month, therefore it was concluded that the process must be capable of running both models simultaneously to achieve the quantities set by the customer. 
5. [bookmark: _Toc136029596]Manufacturing method
[bookmark: _Toc136029597]5.1 Existing Process
The existing process for the HQ camera model was set up as an assembly line production facility. An assembly line is a commonly used manufacturing process which involves a product being passed from one stage to another until the final product is finished (Gausch, 2022). Figure 6 shows the original layout which includes 1 assembly station, 1 test station, 1 packing station and a fails repair station. The assembly cells have a HEPA unit at the top of each cell, this unit creates a downward flow of air which pushes dust out of the cell imitating a laminar flow chamber (Tek, 2021).
Figure 7 - Existing production facility layout
[image: ]
The green arrows in figure 7 represent the flow of material from start to finish. Operators assemble the product, then it is passed down to the testing station where the 2nd operator performs a QC check and tests the unit. If the unit fails, then it is passed off-line to the fails station where an operator disassembles and reassembles and the re-tests the product. All passed units then go to the packing station where they are put into a small carton, then into a shipping carton and finally onto a finished goods pallet. The total area of this facility is 24m^2. 
Like any manufacturing method, a production line such as above has its advantages and disadvantages, one major advantage is that the operation is broken down into stages with each operator carrying out a different stage of the overall operation. This means an operator will only need to be trained in one stage of the process, therefore as a result the operation can be considered as low skilled meaning new operators can be easily trained in one stage of the operation (Laukkonen, 2023). On the other hand, an assembly line has limited flexibility, the existing process can only manufacture one specific product which is the HQ camera model. If changes are made to the process, then this can cause downtime and can have a negative effect on the company being able to meet monthly targets set by the customer. Equipment breakdown can also bring the whole line to a halt, sometimes this can stop a production line for hours at a time.
[bookmark: _Toc136029598]5.2 Production concept
One responsibility of an I.E engineer is to create a production concept which is then presented and discussed with the wider team before implementation (Workable, 2021) The first step was to assess the current process, this was done by considering the manufacturing specifications to see if the same process was suitable. There were many issues highlighted Sony’s assessment, such as the facility not being capable of running both products simultaneously with varying quantities per month, from the process analysis we concluded that there would need to be a new process.
The opportunity of using a single operator cell system manufacturing was discussed within the project meetings, it was important for all departments such as Industrial Engineering, Production and Test engineering to discuss the possibility of this and any concerns they may have with this system. Cellular manufacturing is a common system used within factories; it combines all stages of a production line in a single cell. (Rvj, 2023). A cellular system allows for more flexibility when it comes to manufacturing a variety of products, having multiple self-contained cells will allow for both models to run simultaneously (Ortiz, 2016). In addition to this, a single operator cellular system improves the overall working environment, it gives the operator more responsibility over the product which in many cases results in improved quality (Kohli 2016).  
To initiate the design stage the production cell, all specifications had to be considered. From this, rules were then set in relation to what is required and what is not such as, an assembly station, method of testing the unit, packing station and space for kit storage. From considering all requirements and by using the lean and agile approach, a concept design was created which can be seen in figure below. 
                                                    
Figure 8 - Cellular manufacturing concept
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With this concept the operator will be performing all stages of the process, Sony was also able to combine test and assembly onto one station to save on floor space, reducing floorspace which is a much-needed commodity at Sony. The test team were also able to create a test which can be easily altered for either model with a simple switch, meaning there is minimal changeover time resulting in a flexible and responsive process. To reduce defects, the assembly station is designed with a filtered air blower which will minimise dust on the worksurface by providing a constant flow of dust free air downwards and out of the station, the operator is also equipped with an air gun which is used to blow dust off the product if needed. Ergonomics of the layout were considered in the design stages; we ensured that all equipment is within arm’s reach of the operator to eliminate unnecessary movement. As assembly and test have been combined, transport is reduced greatly as the unit doesn’t have to be passed to a separate station.
The achievable output of the cell in figure 8 is 322 units per week on a 1 shift pattern, therefore considering the volumes given to us by the customer in figure 6 it was decided to have 8 identical cells which can achieve a maximum monthly output of 10,304 units a month. As the maximum monthly demand set by the customer will only equate to 10,000 units, flexibility to adapt to an increase in demand is possible by altering the manning to a 2-shift pattern, days, and afternoons.
6. [bookmark: _Toc136029599]Implementation 
The implementation stage can be very demanding and stressful on all involved, months of planning all now depends on a successful implementation. It is the stage where the early defined strategies and visions made within the planning stage are executed, and tangible progress is made towards the goals of the project (Sweeney, 2000). Effective implementation requires careful coordination and a clear strategy that is followed meticulously by all project members, mitigating risk by leaving no room for deviation.
[bookmark: _Toc136029600]6.1 Effective communication
Ensuring that communication is effective and clear is imperative at this stage (Kliem, 2008). Sony strengthened its communication structure by identifying points of contact in different areas of the project. For example, the lead test engineer would be the point of contact for any other department with concerns regarding test, it will then be the responsibility of the lead test engineer to relay this information on to the rest of the test team. Some employees can feel isolated during the implementation stage, this can happen when members are focused on their own goals and therefore give less support to others (Nicholls, 2020). By maintaining weekly meetings throughout the project, Sony minimised the possibility of employee isolation. During the meetings employees were encouraged to highlight anything they need support with.
[bookmark: _Toc136029601]6.2 Resource management 
As the project moves from planning to execution, managing recourses becomes vital in ensuring a successful implementation. The allocation and utilisation of recourses is paramount in minimising costs, ensuring timely delivery and achieving the overall project goal (Nicholls, 2020). Managing recourses refers to various aspects, including finance, materials, equipment and human recourses (Townsend, 2021). By effectively managing these recourses project leaders can optimise productivity, maintain standards and mitigate risks. At Sony, recourses were managed by a lead project member from each department, these individuals managed and budgeted for their departments spend to guarantee that spend did not exceed the given initial budget. Human recourses were managed by Sony throughout the project. In beginning of the project Sony defined the roles and responsibilities of each member, by doing this duplication of tasks is reduced, allowing effort to be effectively allocated to the relevant tasks.
[bookmark: _Toc136029602]6.3 Trial and error
Manufacturing businesses commonly conduct process verification trials (PVT) prior to mass production. These trials play a vital role in identifying any issues within the process, allowing engineers mitigate risks, improve efficiency and improve the process (Bynon, 2017). Devadasan (2012) also highlights the importance of a PVT in allowing engineers to evaluate the process and address any issues before mass production. Sony PVT consistent of a quantity of a 100 of each model, with the assistance of engineers, operators were instructed to follow operation standards to build the units. Feedback from the operator during the trial is valuable as these will be the individuals building this each day, the feedback given the drives for continuous improvement within the process (DeFranzo, 2019). A good example of operator feedback is when it was highlighted that one of the pages on the operation standard, the instructions were not clear and therefore needed to be reviewed and edited by an Industrial engineer.
Overall, the implementation stage is a critical phase that requires thoroughness and attention to detail to ensure success. Months of effort, strategizing and planning culminate in this stage, where the project hinges on a successful execution. It is paramount that communication is effective and clear in aim to eliminate isolation within the team and ensuring that information flows smoothly. Resource management becomes vital in securing a timely delivery, within budget and to a high standard. Resources include, finance, materials, equipment and human resource, all of which require effective management to guarantee success. Additionally, conducting a PVT allows engineers to learn from their mistakes and optimise the process and iron out any issues that become evident. It is also a great opportunity to receive feedback from the operators who will be building the product each day, giving a different view on the process. By adhering to a well-structured plan, maintaining effective communication, managing recourses and embracing mistakes and improving, businesses, specifically Sony can increase their chances of a successful project implementation.
7. [bookmark: _Toc136029603]Recommendations
Based on a successful implementation, there are several recommendations that can be made to Sony to further enhance the outcomes of the project. Firstly, it is vital to continuously monitor data to track performance and effectiveness, allowing any issues to be identified quickly and adjustments to be made. Establishing a robust monitoring system and creating dashboards for engineers to visualise and track live data is a highly effective way of achieving this goal (Klaess, 2020). As Sony have the capability and experience of creating in-house dashboards created by the systems department, this recommendation is possible and will need minimum capital.
Investing in employee training and development is also a n effective way of enhancing the project outcomes. By providing the opportunity of further training to employees, key skills and knowledge relating to the process can be improved (Dam, 2018). Training employees from outside the process will also mitigate the risks of downtime if a trained operator is absent. By having an outright academy at Sony, employees can be easily trained, and development can be tracked by records of personal developments (RPD).
SOP’s must be continuously reviewed and monitored, if any changes are implemented in the process the SOP’s must, then be updated to reflect the change. Engineers can engage with managers, operators and technicians to gather feedback and insight on any changes that could be made to the process to streamline and improve the procedure. The industrial Engineering departments at Sony are responsible for process control and therefore they will be owning this objective by continuously monitoring, gathering feedback and implementing any engineering change notice’s (ECN).
Further exploration into methodologies such as Six Sigma (Holpp, 2001) will drive continuous improvement within the process. Encouraging employees to gather ideas and facilitate improvement projects. Employees must first have the knowledge on Six Sigma (Holpp, 2001) to be able to apply the methodology to the process, therefore it is essential that Sony employees, specifically engineers are given the opportunity to attend training courses.
It is highly recommended that Manufacturing businesses such as Sony to embrace automation with the goal to optimise projects within the manufacturing industry. Numerous advantages of automation include improved productivity, increased accuracy, scalability, data-driven decision-making, cost savings, process standardisation, and improved employee satisfaction. Organisations can streamline processes, reduce errors, as well as allocate resources effectively by automating repetitive tasks. Informed decision-making and improved quality control are made possible by automation as it drives for effective data utilisation. To find new opportunities for automation and make sure that current automated processes are still in line with project requirements, evaluations should be carried out on a regular basis (Arora, 2020). With Sony harbouring the skills and knowledge for on-site automation, automation can be driven for this project, specifically relating to the assembly process off both products.
Overall, organisations such as Sony can enhance the outcome of their implementation efforts by monitoring data, making investments in employee training and development, maintaining SOPs frequently, applying methodologies such as Six Sigma, and embracing automation. These suggestions cover essential subjects like employee skill development, process consistency, continuous process improvement, and operational effectiveness. Sony can enhance quality control, promote process optimisation, and set themselves up for long-term success in the production of the two products by implementing these recommendations. These actions will help to improve productivity, streamline operations, and maintain market competitiveness. Organisations can implement these suggestions successfully and experience sustainable growth in their manufacturing processes by following them.
8. [bookmark: _Toc136029604]Conclusion
This report delves into the comprehensive analysis and evaluation of the project aimed at implementing an appropriate process for the two Raspberry Pi camera models at Sony's manufacturing site in Pencoed. Extensive research is conducted, covering crucial aspects such as lean and agile manufacturing, project planning, manufacturing methods, project implementation, and continuous improvement.
By first defining the specifications of each model, it was then possible to evaluate the current process and decide on its suitability. The existing process followed and assembly line layout and although this layout came with its advantages such as minimal training, it lacks in flexibility and therefore it was imperative to design a flexible process which could simultaneously manufacture both products. To overcome this limitation, the industrial engineering department were tasked with developing a new production concept which adopts the cellular manufacturing approach, with this approach all stages on the production line are combined into a cell (Rvj, 2023). By using this approach, Sony can improve the flexibility within the process as it allows for simultaneous production of both models, HQ and GS (Ortiz, 2016). Sony made the correct decision by using cellular manufacturing for this project as it is clear than a typical assembly line would not be suitable.
When implementing a process, it is vital to embrace lean and agile methodologies. By doing so business, specifically Sony can optimise process by improving efficiency and eliminating waste contributing to reducing costs to the business (Blake 2021). Sony did well the use these methodologies while designing their process, for example when designing the cell, to eliminate unnecessary motion the cell was designed to with equipment all within arm's length of the operator. Sony must continue to encourage the lean and agile approach when performing continuous improvement activities, by doing so costs can continue to be reduced and profit margins can be increased resulting in satisfied stakeholders, specifically investors as dividends is increased.
The implementation stage of the project was a time were project members felt pressure, with months of planning and hours of effort, it was imperative that it was implemented successfully. There were several aspects that Sony focused on to guarantee success in implementing the process. Communication channels were made clear and key personal were identified as points of contact for project members. Lead project members from various departments successfully managed recourses throughout the project, finance, materials, equipment and human recourses (Townsend, 2021).
It is key that Sony continue their efforts even after the project has been implemented, further enhancing the success of the project in doing so. By driving continuous improvement Sony can optimise the process, setting themselves up for long-term success. Thus, allowing them to be competitive by reducing their costs allowing them to compete with other manufacturing sites when it comes to quoting the customer.
Overall, this report offers an in-depth investigation of the project aimed at establishing an appropriate process for the two Raspberry Pi camera types at Sony's Pencoed production facility. Sony's choice to use cellular manufacturing along with lean and agile approaches demonstrates its dedication to adaptability, effectiveness, and ongoing improvement. Sony will be well-positioned for long-term success and competitiveness in the manufacturing sector with the successful implementation of the process and a focus on fostering continuous improvement.
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