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[bookmark: _Toc99630742]Summary

This report investigates how The Pudding Compartment (TPC) currently controls inventory levels and suggests how it can utilise cost effective technology solutions to replace expensive and time-consuming human interaction on a simple task – stock counts. This is just one example of how low cost and readily available technology could be implemented in a small to medium enterprise (SME) workplace to both improve efficiency and free up human resources to work on more demanding, stimulating and valuable work.

The report gives an overview of the current process and considers alternative manual and digital processes.

The report identifies a potential digital process that could be implemented cost effectively that would also be used as a learning and development exercise for the workforce. The expectation is that the learning from implementing this solution would then stimulate ideas where similar approaches could be utilised to improve a vast array of other low-level but time intensive tasks.
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The Pudding Compartment (TPC) manufactures and sells sweet bakery products to the food service sector and has ambitious growth plans over the next 5 years. To achieve this growth the business will need to access sections of the market that require high volumes and consistent quality at competitive prices. 

The business outlook is challenging - labour, materials and overheads are forecast to continue to be subject to shortages and/or high inflationary pressures.

The business is implementing a strategy to increase capacity, productivity, and efficiencies and to drastically reduce waste in order to access these markets.

This strategy includes developing Industry 4.0 skills within the business.

One of the fundamental aspects of an efficient manufacturing business is having an effective stock control system for raw materials, work in progress, and finished goods.

This report investigates potential improvements and alternative processes to the current stock control process for raw materials that could be implemented to improve business efficiency, as well as provide developmental opportunities to existing staff to introduce them to Industry 4.0 techniques.


[bookmark: _Toc99630744]Stock Control Process Models
[bookmark: _Toc99630745]Traditional Process Models
[bookmark: _Toc99630746]Manual Process
TPC currently employs a manual process that is typical of small businesses. This involves a weekly physical stock count of all items, which is then compared to a pre-determined minimum stock level, and orders are placed to ‘top-up’ the stock levels as required to a ‘maximum’ level.
This system is time consuming and doesn’t consider real-time demand requirements. It also is only a snapshot of the status at the time the stock take takes place. This has resulted in shortages and emergency purchases which then result in higher minimum and maximum inventory levels being set. The impact of this is that a lot of space and capital is employed to store the items, and increased wastage occurs when a specific item is no longer required due to a recipe change/de-listing/pack size change or other change in requirements.
[bookmark: _Toc99630747]Visual Traffic Light System
One of the problems with the current manual process is that every single item of stock needs to be counted every week in order to know what needs to be ordered. This could be improved so that the stock person only has to identify the items that need to be ordered by implementing a visual traffic light system. This can be a simple approach whereby a green line at the warehouse location indicates the maximum stock required. As the stock is consumed an amber line becomes visible, thus triggering a reorder, and a red line also becomes visible if stock reaches a critically low level.
This would significantly speed up the stock assessment process as the store person would only have to identify items that have amber or red lines visible.
The green, amber and red lines can be gradually moved to reduce stock levels in order to reduce the inventory levels until a suitable level is maintained.
[bookmark: _Toc99630748]Toyota Production System Kanban/Pull Process
Toyota use what they refer to as a Kanban process (which means visual board or sign) (Kanbanize, 2022). This is similar in principle to the traffic light system mentioned above except it uses a physical device – which could be as simple as an A4 size laminated card physically positioned at the appropriate reorder point in the pile of stock. 
When the store person uncovers the Kanban card, this is the trigger to replenish the stock. The Kanban card contains all the details required to reorder the material, and where the card should be repositioned when the stock is received.
This system can be simple and very effective, but it is not without some challenges – it requires strong discipline to work – if the physical card gets lost then it is possible the stock will not be ordered and could run out. It is sometimes used in conjunction with a ‘red line’ similar to the traffic light system (Kanbanize, 2022).
Another potential limitation is that it is a physical and manual process that cannot be monitored remotely.


[bookmark: _Toc99630749]Potential Industry 4.0 Models

[bookmark: _Hlk99545526]Developments in Industry 4.0 technologies will result in a widespread application of electronic devices to collect data in many applications that traditionally require costly human interactions. The digital factory is coming, and it applies to SMEs as well as large organisations (Koeck, 2019).

There is a risk that TPC will be left behind and struggle to meet its long-term objectives without embracing the advantages that Industry 4.0 offers businesses of all sizes. There is a reluctance among small (SME) producers to adopt technology (Manufacturing Technology Centre, 2021), so this provides an opportunity to create a competitive advantage for TPC.

Industry 4.0 processes could be used to make the stock count process an automatic real-time process, freeing up time and also improving accuracy, and making the system nimbler to cope with demand changes. 

The benefits of this would be to reduce inventory levels overall and at the same time reduce expensive ‘stock-outs’.

There are various technologies that could be employed to this effect, two possible solutions are highlighted below.

[bookmark: _Toc99630750]Vision Systems
A vision system consists of cameras linked to suitable processors and software that can interpret the images that are seen (and/or changes to the image that it sees). Typical uses in quality control could include checking the dimensions of a product and checking that the colour of a baked product indicates that is has been baked correctly.
In the stock control example, a single camera could be used to monitor several products at the same time (within the field of vision) and the software could be programmed to identify movements of stock, whether up or down, and compare this to predetermined maximum and minimum levels. It could also be used to confirm that the products have been put away in the right location as it could be programmed to recognise the packaging or label.
According to #HowToRobot, vision systems that are commonly used on robots start from around $1000 (Bernier, 2022).
The knowledge gained from implementing a vision system would be very transferable as future equipment purchases made by TPC are likely to include built-in vision systems.

[bookmark: _Toc99630751]Distance Sensors
Ultrasonic sensors coupled with widely available (and familiar) processors such as Raspberry Pi could be an effective starting point for an entry level project (The Pi Hut, 2013). The sensor could be positioned above a stack of items and the distance calculated from the sensor to the top of the stack. As the stock depletes, the distance between the sensor and the stack increases, and this distance measurement can be used to calculate the amount of stock available.
The available stock could then be compared with the requirements based on the order queue to determine when the stock needs to be replenished. The program that determined the replenishment would need to consider lead times and minimum order quantities.
Online tutorials are available to support this type of project and the hardware costs are very low (Raspberry Pi Foundation, 2022) (Tutorials for Raspberry Pi, 2022).
[bookmark: _Toc99630752]Conclusions and Recommendations
The developments in Industry 4.0 technologies mean that digital solutions are now very cost effective and can be adopted by SMEs in order to improve many processes: 

In the future, sensors will be accompanying food items from harvest all the way to the plate (Pultarova, 2019).

In addition:
If your food or beverage operation isn’t making widespread use of sensors to monitor your process, you can’t expect to remain competitive for long—because as they say, “you can’t control what you don’t measure,” and you can’t expect actionable data from your process without them (Labs, 2021)
TPC will need to adopt these technologies in order to gain and maintain a competitive advantage.

As the initial project needs to be designed to introduce the concepts of Industry 4.0 to TPC team members it would be better to start with a simple and low-cost application before moving onto more complex and costly processes. 

It is therefore recommended that TPC creates a project team to implement a digital solution to improve the stock control process, starting with just a single inventory item, and use that learning to roll out the solution to other suitable stock items.
It is recommended that the initial project includes an ultrasonic detector coupled with a small processor to detect the height of a stack of items. This would then be converted into a stock level that can be electronically monitored continuously and remotely and would be capable of sending an alarm or email to the relevant person when the stock needs to be replenished. Once this is completed for multiple items, a report can be generated in a suitable format to assist the procurement process.
This project team can then be challenged to apply similar methodologies to other processes that would benefit from continuous monitoring in real time rather than manual data collection methods. These could include: 
· storage temperatures (fridges and freezers)
· ambient conditions and their effect on product quality
· condition monitoring for maintenance purposes
· cooking temperatures
· bake quality and many others. 
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