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Introduction 
There is a limited focus on a digital factory within SSGB which causes many difficulties, the infancy of this technology frequently allows data to be collected on paper which is then transformed into excel. Key aspects of the business such as planning, build instructions, deliveries, and data analysis, all necessitate manual intervention. This in turn allows for common repetitive mistakes, a lack of communication between teams, and decisions to be made without knowing the implications for efficiency, profit, costs, and customer satisfaction.
As we continue to rely heavily on paper in our current system, we find that there is an increased risk of orders and records being misplaced or misrecorded with incorrect data, resulting in unnecessary production losses. This can result in a slightly less than relaxing atmosphere at work, pushing the culture in a negative direction.
By incorporating elements of Industry 4.0 into the business, new opportunities will be created to drive improvements in all areas. Working without paper is one of the highlights, with all purchase orders being entered into a digital factory system, this would mean all important data is available in one location. This would put an end to the repetitive errors, lost or misinterpreted data, and misinterpretation of data collected from notepads, white boards, and various files.
Data must be delivered in a standard format throughout the process to ensure seamless communication for planning, production scheduling, and quality gates. A single format in one location also means that you only need to go to one location to manage all of your production issues.
With the above improvements in place, the build will flow to help deliver orders on time and efficiently. This will also increase customer satisfaction and ensure that orders are delivered at the level of quality specified in the initial customer requirements. Quality can be checked electronically on-site or remotely, and customer concerns can be addressed and improved. With the foregoing in mind, this will result in fewer warranty claims, free-of-charge orders, and an overall business rating within the industry contract value.
The integration of a digital factory would provide real-time data, allowing us to be proactive rather than reactive to the business around us. This would benefit the entire company, from the production line to the boardroom to the customer. The goal would be to use the system to increase our current efficiency of 55% (classified as poor in the business world carrying nva) to 80%.
The main body topics will look at the below,
· Planning & Deliveries – At SSGB, we are having trouble determining where product is in the build line and how to interrogate this into a delivery plan. We frequently fail to meet estimated completion dates and miss transport agreements, resulting in a missed on-doc date for our manufactured products.
· Manufacturing Build – At SSGB, we build products that cannot be directly installed in aircraft; the delivered aircraft suites must be disassembled. In order to be more efficient and meet customer needs, we would like to supply the suite in modular format by demonstrating conformity using other methods, ensuring that there are no issues when the suites are built on the aircraft.
· Data Analysis – SSGB uses multiple excel documents to create manual KPI and action lists that support QRQC level meetings. Although the raw data for a single source is located in a single folder, these level meetings require different data selections. This frequently results in incorrect data being sent out and incorrect investigations, both of which cost money and time.
To survive the fourth industrial evolution we have to adapt in the nine separate technologies, (Reif, 2018) highlights how the benefits will transform our working and social life. Personal satisfaction will come from heading these challenges and overcoming them not thinking humans are being replaced. People in the organisation are key to help develop the business so how do we initiate change? (Boyd, 2017) highlights the three main key areas of what should be looked at,
· Engagement – people always seek financial benefits, however highlighting achievements whether in a newsletter or a forum of senior management provide a sense of achievement that will drive further improvements and discussions around topics. 
· Finding the right fit – within SSGB we provide several targets through KPI’s at several different levels, this provides a single thread approach and aligns all targets and projects. It demonstrate have the smallest achievement helps support the biggest. When achieving targets we also can identify / cross train and increase our skill sets to drive an upskill in workforce.
· Prioritising Emotional Fitness – as we develop our systems using new advanced technology human interaction will become less. We now see new values become important like mental strengths. New mental and emotional strengths become apparent due to the demands in the way of working, new skill sets, how we engage and have the attitude to do the right thing. These core values can be reviewed in the set-up of new and existing labour to ensure the correct culture is within the business. 
Main Content
 Planning & Deliveries 
As we progress through the industry 4.0 evolution, we hope to digitally align estimated completion dates with our customers' on-doc dates. To do this, we must understand how the build moves through the line from the start, and digital live feed controls must be implemented to reframe from manual intervention, which may result in mistakes. Industry 4.0 planning (Trstenjak, 2017) describes how product planners transition from manual process planning to software use. Product planning software seeks to provide a process plan for reviewing orders within the operation build in order to meet the estimated completion date. The system will require a single set of data to be entered at the start, including purchase orders, part numbers, and so on, which can then be linked to the operational build stations. To discover the link between the physical build point and the process planning software, (Hoey, 2018) emphasises the use of RFID tags and IoT devices. These can connect to the internet and instantly transfer data; an operation would begin by scanning an RFID tag and would end with the RFID tag being scanned again. The process planning system would then be able to update the live build process. As a result, we would be able to more accurately understand our efficiency. Algorithms within the software would provide indications of the maximum running load in a daily working period, guiding on headcount requirements to complete the operational build in time to meet customer demands. The preceding assumes we have everything we need to complete the operational build, but what if a part or resource is missing? (Hoey, 2018) also mentions that the production planning system can identify these issues because the data is not provided by the RFID tag system, re-aligning the build plan. If the completion date is exceeded, the headcount can be reviewed or additional work hours, such as overtime on weekends, can be added to bring the completion date back to an acceptable level. With the system providing these options and live feedback, we can have proactive discussions that do not expose the company to fines from our customers for late deliveries. Production planning systems with integrated RFID tags and IoT devices are expensive; however, apple airtags can be used to pilot a small system. These are small devices that can be attached to components to track movement. (Labs, 2021) emphasises that these have limitations and would only be used as a pilot. These are equipped with CR2032 batteries, and while they are inexpensive, they are designed to be activated less frequently than what would be required in a full operational build process; however, these would provide guidance as to whether a full production planning system would be valued. Furthermore, the system is not Android-friendly and is locked by Apple, which means it will only work with other Apple products. The data collected from this type of pilot would help support a business case for moving forward with a high-cost system. Looking at a high cost effective system comes with additional advantages, (Meyer, 2021) highlights what can be achieved  with an advanced planning scheduling system (APS). A new APS system can overcome legacy systems such as MRP (manufacturing resource planning), this previous software would only link the purchase orders against the material orders and headcount availability for a start date. APS does not have these limitations, it can handle larger quantities, make discussion on when an operation will be complete in turn provide a clear plan of when availability or stock can move into the next location. This allows the operational team to become more efficient and understand where pit fall would be. An APS system can also integrate an MPS system allowing a clean overlap, other improvements from an APS system defined by (Preactor, 2021) is that we can create an agile and efficient supply chain. By providing clear data back to the supply chain we have parts on-time rather than being reactive and asking for parts or labor too late, falling into a non value added cycle.  Part of the supply chain is having the ability to provide parts just in time, (Fawcett, 2020) discusses how the supply chain requires its own eco system. SSGB have a limited version of this where picking and kitting is done manually through MPS system that is placed away in a warehouse, ideally for visibility and autonomous logistics this would be held in one location. Creating a eco system where all the facilities are in one place would provide the business with a clean way of working, any bottle necks, labor or system issue could then be addressed with minimal effect to the business day to day running.
The main reason for an APS digital supply chain system is to provide networks along with clear visibility for everyone involved. APS systems can respond in real time, ultimately improving both the internal assembly lines and the customer support in our case this would be aftermarket support of spare parts. New APS supply chains are extremely complex and need correct training and planning to be highlighted before linking previous MPS systems are overlapped or swapped instantly. If SSGB want to compete on a global scale and ensure the longevity of our business we must start implementing these changes now and invest to keep up with industry 4.0 standards that our customers will expect. 
Manufacturing Build
Throughout the build process, we strive to provide the customer with a simple and efficient method of receiving our products. We have previously provided our aircraft suites fully built; however, in order to reduce installation time and potential damage, we intend to supply these in modular format. This brings an new challenge of how can we control key characteristics where key joining points meet? Implementing industry 4.0 methods can significantly lead to advancement in this area, all advancement, even if it does not fit at first, will open the door to other avenues and thinking. There are several ways to accomplish this; for a low cost, 3D printers are available and software can provide kydex parts that can replicate mating surfaces. (H.Amelia, 2021) describes how parts can be manufactured using an additive manufacturing method at a low cost and without the need for additional moulds. Tools and fixtures are also eliminated and the speed of these parts can be far faster than orders going out to be expedited from an outside supplier.
Instead of using 3D printed parts for verification, simulation or a digital twin process could be used. (TWI, 2022)explains the key differences and what can be accomplished with the various methods. A simulation method can help with our current problem, but it is dependent on both components in a CAD version being measured in a model fashion rather than physically this can introduce high risk into the analysis of the stack up of the mating parts. If the parts do not align during installation, this could have an impact on customer satisfaction.
A digital twins technology would assist in a different way than the simulation method, as we would measure physical components against a model in this method. In this case, we would measure against key characteristics on a drawing, and a laser guided faro arm would tie up an uploaded model against highlighted objects on the component to provide part alignment. The current faro arm technology is Bluetooth-enabled and has an integrated IoT system, allowing reports to be auto-populated and saved for evidence. This would improve the efficiency of the current operation, allowing other issues to be reviewed; overall, with the tooling available, this approach would be the more adaptable and accepted option for future cost-effective linking to an overall MES system.
With the foregoing in mind, the future of industry 4.0 necessitates investment therefore, what are the next steps to support our business after adapting tolling that we already have, as well as methods for digital twins and additive manufacturing? To support our customers needs in terms of building correctly the first time, giving them confidence, and supporting cabin installations, we will investigate how VR, AR, and MR can help. (MANTEC, 2019) examines the distinct differences between all three,
· VR (Virtual reality) is a method of providing a virtual environment of two or more objects and how they interact with each other using computer generated interaction. This would introduce a high risk factor, as many models assume perfect build quality. In our industry, we work with composite, which has many layups, and we rely on effective tolling with high repeatability and few to no defects. As a result, without development within our supplier process, this method would not meet the customer's expectations at the end of the installation phase.
· AR (augmented reality) is a method in which a real-world background is overlaid with virtual components. This would be useful when providing a conformity package of how two parts are aligned in the installation area to avoid clashes or miss alignments. This is typically used in conjunction with headsets that can provide visual images and build documentation. During cabin installation this would provide the operator with the knowledge that would be available on the assembly line.
· MR (Mixed reality) is a method in which both of the above are used as and when needed. This would allow our industry to be more flexible when providing suite instals for any issues that may arise. This type of reality would also allow potential customers to design their own interiors using various suite styles, colours, and fabrics. This is currently being seen in the automotive industry with companies such as Bentley and Tesla. (MORTON, 2018) also describes how the aircraft sector uses this technology to attract new business partners by using this method. In addition to improving sales through customer experiences, MR is valued for maximising training engagement with maintenance teams in the field, where experts can remotely provide information as the software is used.
The above-mentioned reality system could have a significant impact on the future of our industry, even though the technology would require a significant investment that would be repaid several times over with the benefits listed above. According to (MANTEC, 2019), the VR and AR industries had a significant increase in market value in 2018. VR and AR had respective markets of $7.9 billion and $11.14 billion in 2018. This is expected to rise to $34.08 billion and $60.55 billion by 2023, indicating that the technology is widely regarded within the industry as a critical moving point for improvements. 
Data Analysis
When we look at data analysis within our company, we quickly realise that we are several years away from reaching an industry 4.0 level, almost all data is manually entered into excel spreadsheets or access databases and then broken down with pivot charts to identify gaps. (IT, 2022) describes how massive amounts of data are collected via smart sensor, cloud computing, and IoT platforms by utilising advancements in software packages that can present data in trends, correlations, and patterns. It is predicted that using big data will reduce unscheduled downtime by 25%; on average, using this within a MES system will increase efficiency from 50 – 60 percent to over 80 percent. Cloud computing is a location where large amounts of data can be stored, processed, and analysed. It can also be instantly connected to by internal devices for visual representations. (Paige, 2017) sees a new cloud computing variant called D-Wave, which provides quantum computers currently used by Google, NASA, and Lockheed Martin. Because of the advanced hardware and models stored within, this variant is not currently popular because it is expensive. Quantum computers may be the next industrial revolution after Industry 4.0 due to their accessibility within modern businesses, but it clearly shows that the digital analysis sector is improving daily, with multiple calculations and decisions being made at the same time. We (SSGB) are currently investigating the benefits of having a cloud account as part of the industry 4.0 transition, but what are the advantages over purchasing local servers? (GV, 2018) describes how a cloud system works by subscribing to a software package that meets your requirements, as part of your package this also covers maintenance, which relieves the burden of having an internal IT department.
IoT and IIoT how does this fit into our business and why? We briefly touched on IoT above, with key differences between the two described by (Schubert, 2020). IoT connects physical and virtual objects in the same way that our faro arm system does, where dimensions are recorded and then verified against a model on the system which provides an acceptable or unacceptable criteria. (Technologies, 2018) highlights how this technology can integrate and support our business. IIoT is where robotics can communicate with each other through their operating system. IIoT relies on communication features built into machines, the majority of which are ports that can be used as a communications tool. Some are simple adaptors or USBs that can operate on wifi, much like a Chromecast in the home. This type of software linking where parts need to be on the line linked with a robotic delivery system that runs off the operations completed would benefit our internal kitting system.
Data analysis is a new tool for improving and identifying non-value added activities in a business however, the initial starting points of the data require discipline to be instilled. The data that is captured, however is frequently automated and will require an input to start a trigger. Within our company we rely on operators logging in at the start of a shift and scanning off barcodes, if these are not completed on time we may be attempting to improve in an area where there is a lack of discipline. When reviewing data we must understand what we are doing and why we are doing it. (Ross, 2022) lays out golden rules for what is being attempted. Bottlenecks, planning, and optimization are the three main areas. When we look at our production lines we see clear bottlenecks, which are primarily due to a lack of planning in terms of parts supply. We frequently find ourselves at an operation or inspection gate where the amount of work cannot be completed in the time available, this data will show us exactly what we need to change to reduce the bottleneck and become more efficient. As with the preceding this may lead us down the path of better planning our supply chain in turn, data analysis can show not only where the bottlenecks are but also where we may need to find a supplier with the ability to be on time while also maintaining a high quality standard. The data may point to failing parts, specific locations, or repetitive parts that do not meet the design intent. The overall goal of data analysis is to optimise processes for efficacy through improvements. Working with a board team on improvement activities will not only change culture, but will also highlight innovative opportunities.
Within our company we must consider the cost of implementing industry 4.0 technology. Because this is not a startup, we must understand how we can evolve current technology if possible. (Hansen, 2019) examines how, while starting at a 4.0 level is easier you should not be afraid to try to evolve your current technology to this level. Our company's current system has been enhanced with the retrofit of a small digital factory that measures an operator's downtime at the build level. Despite the fact that this is not a fully integrated system because it is not linked to an ERP system for automated planning, it does begin to highlight downtime that can be investigated. This system still relies on an operator's manual input to determine if they have an issue and what type it is, this then starts a clock to provide downtime. We would like to use this downtime in an industry 4.0 software package where planning can be integrated to show if we are on-time to meet a deadline or if we are over the deadline point provide options on how to recover the lost time. This will be the next step in maximising the available headcount if we are in a recovery mode, we may want to consider changing shift patterns or running overtime. This data can then be logged and used in an overall review of lessons learned for future workloads, this will aid in making discussions that push the company's efficiency and thus become more profitable.
Conclusion
[bookmark: _GoBack]We can see from the pillars discussed in this essay that our company requires and will rely on implementing industry 4.0 to develop and thrive in our industry. There will be a development phase in which a mix of new and retrofitted items will be combined to create a fully functional MES system, with some serving as stepping stones to demonstrate to the company the true need for this system. Because there are several steps that will necessitate buy-in from the company's financial department, demonstrations will be required to show why we need to implement systems that can make decisions based on a variety of algorithms that no longer require human intervention. Other IT components such as VR, AR, and MR would highlight how we could progress with data sharing for aircraft installations and, from a sales standpoint, be able to design and show concepts without a physical build. The cost of purchasing this new software would be offset by the time, labor, and materials required for installation and concept verifications.
The additional benefits within our current environment will be significant we will shift from being reactive, discussing what happened yesterday in the hope that problems do not occur again, to being proactive, where we can make changes instantly to support business requirements. The proactive nature of a 4.0 industry would push a cultural change where care and excellence would meet the customers expectations not only on delivery but also on quality. As a result of removing current bottlenecks, this approach would allow the company to take on new work. It would improve process flow, making the operational build more adaptable and responsive to customer requests. Many customers require on-doc dates that correspond to aircraft delivery or return to service dates. If these are not met, the company may be fined heavily by the customer and, in some cases, removed from an option catalogue for future sales. The industry 4.0 approach would instill more confidence because it would be able to demonstrate the ability to react if internal issues pushed back a delivery date. Customer confidence will result in repeat sales in the current climate, with the covid-19 pandemic, the ability to be flexible in all areas is essential.  According to a survey (Uzialko, 2022), 94 percent of more than 400 companies were able to withstand pandemic effects due to the integration of digital technologies. Covid-19 has brought about several changes that have pushed new ways of working; hybrid working is now very popular because it reduces daily commutes, resulting in a less stressful work routine. Furthermore, our company has embraced new technologies for virtual inspection of supplied parts, which was then used to discuss suite milestone reviews with customers who were unable to attend site due to travel constraints. If this technology had not been integrated into our business, sales contracts would have been put on hold or cancelled entirely this is the reality of failing to meet industry standards.
As previously stated, Industry 4.0 is not cheap and requires investment to begin or, more often than not, adapt to. It is possible to achieve the benefits of increased competitiveness, increased productivity, optimised manufacturing processes, increased revenue, and profitability. To help offset some of the costs, the government (GOV.UK, 2020) states that companies integrating AR, AI, and other industry 4.0 processes will be able to apply for funding of up to £300 million. The government assistance comes in the form of a grant, which can be used to purchase hardware and software packages to support Industry 4.0 technology, but it is not without conditions. The grant requires local recruitment to be used to supplement current headcount, it can also be used to raise current salary bands within the business in order to retain employees. Training can also be considered, many employees will need to understand what industry 4.0 is and why it is being implemented in the business.
Current workplaces will all need to adapt as the 4.0 era evolves, it is human nature to want to progress throughout the centuries. (Uzialko, 2022) suggests that in the future, people will want to stand out from the crowd in order to reap the benefits of financial growth. (Hansen, 2019) compares how Industry 4.0 will become ingrained in our DNA as the previous three revolutions have. The impact of Covid-19 has accelerated this slightly due to the necessity and desire to become a world leader.  We have no choice but to change within our company, we need to get out of the workings where only partial automation is in place. The external cost of failure would see our sites closed down rather than stumble into Industry 4.0.
We must also remember that industry 4.0 is not the end, (Kunovskiy, 2021) demonstrates that there is already a clear path to industry 5.0 and how this will fit as another revolution. In Industry 5.0 we would like to see machines that can perform multiple, complex tasks without the need for human intervention. These machines would be able to work much faster and more efficiently than humans, but it is important to note that these advancements do not imply that machines will take over the world. The benefits are also intended to improve our planet, as global warming and the need for fuels must be reduced. Industry 5.0 can help companies grow with this goal in mind, and some companies are already utilising automation to the fullest, removing human interaction. This means they can operate in a light-out mode, removing all of the amenities that humans require. Operational builds are no longer limited to human working hours; machines only require downtime for planned maintenance. Lighting, heating, catering, and even toilet facilities are removed, which can increase floor space while also reducing emissions and improving low carbon issues in some cases.
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