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[bookmark: _Toc218771915]Executive Summary
The purpose of this report to apply systems engineering tools and thinking to common household devices to increase efficiency and ease of use. As systems engineering is breaking down an item into separate systems, they can be targeted to improve the whole system. 
The chosen design is a fridge with an integrated screen to show an itemised list of the contents. The reason this has been chosen is due to the fact that missing items off shopping lists is an issue in every household. Forgetting that a certain item has ran out and forgotten, then once shopping has been completed, only then is it noticed. The user requires a seamless shopping experience without the worry of having to make a shopping list and missing essential items.
There are many benefits to this design adjustment as it can improve efficiency within the household with minimal additional tasks. 

[bookmark: _Toc218771916]Introduction
Systems engineering is vital in modern product design as it takes a structured approach to the development of products tailored to main user needs during its lifecycle. 
Due to the complexity of modern products, systems engineering is a necessity in the designing of them as they have an increasing number of subsystems; mechanical, electrical and software components come standard in everyday items. Furthermore, due to the increased number of subsystems, the product can meet the user requirements in more depth than ever before. 
The aim of this assignment is to show how systems engineering tools can be used to improve the design and functionality of commonly used household items. By utilising these tools, this report will identify main user requirements, examine system functionalities, and brainstorm concepts focusing on reliability, efficiency and usability.  
This report concentrates on the redesign/improvement of a household item from a domestic setting, in this case: the kitchen.

The chosen device is a smart refrigerator that tracks the input and output of items and systematically lists them on screen on the face of the fridge. After an independent study was performed, it was seen that the main user has many problems with not knowing what to get on the next shopping trip and/or forgetting a certain item. This is a common problem among households. The screen will have a very simplistic interface allowing a range of people to use it even with limited technological knowledge.

[bookmark: _Toc218771917]Key Customer Requirements
[bookmark: _Toc218771918]Set of Requirements
After collecting data from a real-life investigation, the following requirements must be considered –
· The device must present a clear list of what is contained 
· The user has clear indication of how much of each item is contained
· The device must be primarily autonomous
· The device has a system to recognise when items are added/removed
· Connectivity function is required so the user has constant access to the inventory list 
· Users with varying knowledge of technology are able to operate the interface
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This graph dictates which requirements must be met. For example, the requirement that the device has a system to recognise when items are added/removed – as if this requirement was not tended to, the sole improvement to a standard fridge would be obsolete, it would not work. [1]

[bookmark: _Toc218771920]Requirements Gathering
[bookmark: _Toc218771921]Functional Requirements 
The functional requirements is a set that the household item must have to deliver the improved task. In this case, the functional requirements are – 
Front interactive screen – this is so the main user has the ability to adjust quantities of stock, add/remove items from the item list, request new items, adjust layout of fridge.
High-resolution camera/scanner – this is a necessity as this will capture the image of the item being placed into the fridge, without this the smart fridge would not function.
AI interface to recognise items – the interface will take the images captured by the high-resolution camera and use an AI to cross reference them to identify what the items are.
Mapping function – this function will assist with the stock checking of the fridge, as if something is taken from the fridge - working adjacent to the AI interface – it will know where it is taken from.



[bookmark: _Toc218771922]Non-functional Requirements
Non-functional requirements are requirements that are optional – meaning if they were not included, it wouldn’t hinder the item in any way.
· Notifying the main user when running low on an item
· Notifying the user when an item is nearly out of date
· Sending the user a premade shopping list
· Forwarding the user the recipe for a meal they can make with the available ingredients in their fridge
· Request list for new items when next going shopping
· Wi-fi/Bluetooth capabilities to allow mobile app connection, software updates and smart home integration.
These requirements are for improving the usability of the fridge for the main user. They do not play a part in the functionality of the item but using the MoSCoW method, they come under the Could-have and/or Won’t have section.

[bookmark: _Toc218771923]MoSCoW Method
	Must-have
	Should-have 
	Could-have
	Won’t-have

	Camera
	Interactive Screen
	Stock Checking
	Recipe Guidance

	AI Interface
	Mapping Function
	Shopping List
	Expiry Date Check

	Connectivity
	
	Request List
	

	
	
	
	


[2]
Using the MoSCoW method helps prioritise features. From the list it is evident that if cost was a major factor, the only included functions would be the Must-have. Furthermore, it can improve time allocation, reducing wasted time on functions that may not be included in the final design. Provides a common language for all stakeholders; primary and secondary, without dismissing the core, necessary functions of the household item. It also allows for adjustments during the design process, also, without changing course from the main objective – meeting main user requirements.
By making it clear that the Must-have requirements are met first, the risk of failure is reduced, saving time and resources during the manufacturing. It also allows for clear communication between designers, manufacturers, stakeholders and users – for what is expected from the item and what the users can expect when they purchase it.

[bookmark: _Toc218771924]Critical System Functionality
The smart fridge is designed to provide automated inventory management and user convenience. This is achieved by a user-customisable, interactive screen, high-resolution cameras, and an AI interface. For the device to reach these targets, the functional requirements are broken down into subfunctions:
[bookmark: _Toc218771925]Functions – Subfunctions
High-resolution Camera – 
· Detect door opening/closing to prepare image capture
· Capturing an image once a change is identified
· Comparison between new image capture to previous image capture to identify changes in stock
Interactive Screen – 
· Option for manual editing of stock
· Providing a search function for items in database
· Allowing customisation for alerts, interface and item list
AI Interface – 
· Food recognition: using AI model to identify the food items 
· Matching the food items to items on database
· Notify user when an unknown item is added (manual adjustment of stock)
Mapping Function – 
· Categorizing food items in fridge
· When a new item is added, it recognises where the item is placed and it grouped accordingly 

[bookmark: _Toc218771926]Essential vs. Optional Functions
When designing this smart fridge, it is very important to classify essential and optional functions, as this way time can be allocated to provide a functioning smart device but also has the ability to advance by including these optional functions at a later date.
[bookmark: _Toc218771927]Essential Requirements
These requirements are noted as essential if the device cannot provide its primary function if they are not included. These requirements include item detection which is critical for the fridge to perform its primary function as it allows the fridge to detect the item being placed in it or taken out. This function goes hand in hand with AI image recognition and processing; this allows for accurate identification of the foodstuffs. Once the item has been identified, inventory management comes into play, this will then add or remove the identified item from the inventory list. This function keeps a real-time, automated list of the contents. In order to access the list of contents, a user interface is needed which is another essential requirement. This provides the clear visibility of inventory and can allow manual edits if necessary. Connectivity is a must-have requirement, due to the fact that software updates are vital in smart devices, also this grants the designer the opportunity to add smart home integration abilities. 

[bookmark: _Toc218771928]Optional Requirements
Optional requirements are not necessary for the device to complete its core function but can be added to increase usability for the main user/s. This can include customisable alerts, so the user is able to change the time interval between each shopping list sent to them. Personalised recipes based on the ingredients the main user has in their fridge would also class as an optional requirement. This function is not necessary for the fridge to function but if included would benefit the user hugely. More advanced connectivity features are also an option to be included, for example, the user has the ability to adjust the inventory list from their phone, asking a communication device (such as Amazon Alexa or Google Nest) to read their shopping or inventory list, adding something to the request list etc. 
In conclusion, without the essential functions, the smart fridge would not be able to perform the tasks it was designed to do. Whereas the optional requirements are produced to assist with user accessibility, customisation and integration opportunities. As previously stated, the MoSCoW can be applied to priorities time and resources to reduce development risk and ensuring a user-friendly, functioning smart fridge. Optional requirements can be added later when customer feedback is received and new user requirements become apparent.

[bookmark: _Toc218771929]Concept Derivation and Design Choices
[bookmark: _Toc218771930]Design Alternatives
[bookmark: _Toc218771931]Design 1
The design is a standard two-compartment fridge with a high-resolution camera; sensors and an interactive screen built into the door. This system automatically detects what is being placed into it. It maintains a real-time inventory list on the interactive screen which allows the main users to view the inventory list, make adjustments and get notifications if an item is running out. Connectivity features run with the possibility for a mobile app and/or combination with smart home systems. This design is based on full automation with minimal human input, producing convenience for the users, offering a seamless experience.
[bookmark: _Toc218771932]Design 2
The second design will remove the cameras entirely and replace them with weighted shelves and RFID tag scanners. Instead of scanning the items automatically with a high-resolution camera, each item is tagged with an RFID tag which is scanned when placed on a shelf. A small, mountable touchscreen will come standard with the fridge for manual adjustments. This design focuses more on hardware components instead of the pervious AI-orientated design.
[bookmark: _Toc218771933]Design 3
The third design focuses on simplicity by using an external camera and mobile application for processing. When the door opens/closes, the external camera captures a photo of the food added or removed from the fridge. The food will then be processed accordingly on the mobile app. This eliminates the need for a built-in interactive screen, saving time in the designing phase and the manufacturing phase. Although, this design does rely on the user’s generation of mobile device as recently produced apps are rarely supported on older models of phones and the designer’s ability to make the mobile app as reliable and convenient as possible.

[bookmark: _Toc218771934]Design Analysis
[bookmark: _Toc218771935]Design 1
Design 1 presents a heavily automated system when placing items in the fridge, creating a smooth experience. The internal camera and AI processing almost completely remove the need for manual input but if it is necessary, the integrated screen has a user-friendly interface for which the user can easily adjust stock. It provides instant access to the inventory and can provide notifications when running low on stock.
However, this design needs advanced software and hardware to run which will increase manufacturing costs and complexity drastically. Another issue is that the camera is o the inside of the fridge, this can reveal many issues such as moisture being introduced into the electrical components causing malfunction in the image recognition and interactive screen. Another failure is high energy consumption if the screen is always on standby, waiting for a user to add or remove an item will draw more energy than a standard fridge and maintenance will ne higher for such components which is not convenient for users.

[bookmark: _Toc218771936]Design 2
This design offers the highest accuracy of identifying foodstuffs as an RFID tag can be directly linked to a certain type of food, it is also more accurate due to the weight sensors, so it gives the user a more in-depth description of the quantities stored. It removes the reliance on image processing and the errors that come with it, e.g. poor lighting, item overlap/confusion.
Alternatively, adding the RFID to every item you place into the fridge adds extra steps for the user, making it much less convenient and autonomous compared to Design 1. The weight sensor hardware on every shelf in the fridge would significantly increase manufacturing costs which would increase the retail price for consumers. This design would also be impractical for unpackaged items as there is nowhere to attach the RFID tag. 
[bookmark: _Toc218771937]Design 3
This design has the highest energy-efficiency and cost-effectiveness as it eliminates the internal hardware of the interactive screen and internal camera. As the camera is on the exterior, this eliminates the risk of moisture entering the electrical systems and causing system failures. Through the use of an independent screen, this will save energy as it can be turned off till the user is ready to use it. It is easily maintained as it is managed through a mobile app. 
On the other hand, this design relies greatly on the user’s smartphone functionality. If the user has an older generation of phone, it may not support the newly created app. The accuracy of the external camera may be affected by lighting and/or it is incorrectly positioned to capture the items. 

[bookmark: _Toc218771938]Final Design Selection
After a comparison on all three designs, Design 1 must be selected. This design provides the most autonomous user experience while balancing essential and optional requirements. This design takes certain elements from Design 2 and 3, for example, the image capturing, user-friendly interface, option for manual input. Furthermore, it sits in between both in terms of energy efficiency and cost effectiveness.

[bookmark: _Toc218771939]Potential Failure Modes
[bookmark: _Toc218771940]FMEA Application
This design can introduce many possible failure modes that can affect the user experience and core functionality. For example, as the camera is on the inside of the fridge, the risk of condensation is drastically increased. This can distort the image captured by the camera causing a misclassification of the item, another point of failure triggering an inaccurate image could be poor lighting or obstruction. 
AI image recognition is the largest point of failure in this design. AI image recognition is still highly temperamental, so it could misidentify food items or fail to detect changes completely. This failure almost completely removes the autonomous aspect of the fridge as it is not 100% every time, the AI may require human intervention.
Another failure mode would be connectivity issues, if the smart fridge is not updated to the latest software, the screen and item recognition could fail completely. This can disrupt the remote access and system stability. The connectivity could be disrupted from the camera to the screen which can lead to incorrect inventory management.
Environmental factors can also affect the functionality of the design, for instance moisture can get into the electrical systems and create malfunctions within the screen and camera. This will remove the entirety of the design concept this device was manufactured for. 
[bookmark: _Toc218771941]Severity, Occurrence, Detection
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 This is an extremely important process to assess the severity of the failure modes; they are prevented based on the following ratings –
1. Condensation on the camera lens 
Severity – 8
Occurrence – 6
Detection – 1
Risk Priority Number – 8 x 6 x 1 = 48

2. AI image recognition failure
Severity – 6
Occurrence –   6  
Detection – 4
Risk Priority Number – 6 x 6 x 4 = 144

3. Connectivity malfunction
Severity – 3
Occurrence – 5
Detection – 3
Risk Priority Number – 3 x 5 x 3 = 45

4. Moisture in electrical systems
Severity – 10
Occurrence – 8
Detection – 7
Risk Priority Number – 10 x 8 x 7 = 560
From using this process, the order of which these issues need to be addressed are clear. The Risk Priority Number (RPN) gives the designer an idea of which requirements have the largest failure modes and can direct more time and effort to these higher RPNs. If these issues are addressed in this order, the user will have a smoother experience 

[bookmark: _Toc218771942]Risk Mitigation 
To address the failure modes, several preventions can be out in place to protect the device against these issues. For the camera-related issues, a bright LED strip light can be placed underneath the camera to mitigate the lighting issues, this will give the camera clear visibility of the item being placed in the fridge. To also counter this issue, multiple cameras can be placed inside the door to capture an almost 3D render of the items. 
The risk of AI misclassification can also be mitigated through the use of human confirmation. After an item is placed in the fridge, a prompt can show on the interactive screen to ask the user if the AI identified the food item correctly or incorrectly, the AI could then learn from the result given and have a higher confidence rate in the future. 
The connectivity issues can also be solved by the integration of automatic software updates; this ensures the user always has up to date software. An ethernet port could also be added to remove the issue of disconnecting wi-fi, this guarantees the user has constant connection to their smart fridge and its inventory.
To counter combat the moisture risk, optimised airflow can be introduced to protect the electronics from malfunction/shorting as this would cause the camera, user interface and AI to fail which would remove any user-efficient properties this smart fridge has.

[bookmark: _Toc218771943]Critical Design Features
The function of the smart fridge depends strongly on a set of critical design features that protect the systems reliability, usability and safety for household users. These critical design features are essential for supporting the longevity of the device’s life, delivering an efficient and autonomous experience given the number of integrated systems.
[bookmark: _Toc218771944]Reliability
This aspect is essential to the smart fridge’s performance, meaning the entire system operates efficiently and consistently. Firstly, the abundance of moisture within the fridge can be extremely harmful to the electronic systems help within the device e.g. the internal camera. This can be prevented by housing the camera is a moisture resistant casing or allowing controlled airflow to stop the moisture from condensing inside the camera. An anti-fog coating can be installed on the lens to prevent distorted images; this allows it to capture clear images of the products for image recognition. The AI component of the device can cause many issues as stated in the previous section. A way to combat this is human intervention; a confirmation notification will appear on the screen so the AI, in future, can recognise these products with more confidence. The interactive screen is installed with a manual reset option if the screen was to become unresponsive. This way the user will be able to personally troubleshoot their device without the need to wait for a specialist to review the problems. 
[bookmark: _Toc218771945]Usability
Usability is a key priority as the fridge must remain accessible and intuitive for the users with different levels of technological knowledge. The integrated touchscreen will have a clear interface. So, anyone will be able to operate the screen with little confusion. The use of large icons, clear directional options and simplistic categories allows for a seamless experience. Manual adjustment options will also be integrated which allows user to manually change the inventory list, add/remove items and change quantities. This reduces the reliance on the automation of the system which has a chance of being incorrect. Alerts for low stock will be clear and concise so the user is regularly notified and cannot miss any items when going shopping. The user will receive these notifications periodically as to not overwhelm them or the interface. 
[bookmark: _Toc218771946]Safety 
Safety is a heavily considered design feature to ensure the user’s wellbeing and does not compromise the device’s core function. The collection of electronic parts – the camera, display and processors – will be segregated from the interior of the fridge to prevent any electrical shortages and faults. As previously stated, a moisture/thermal barrier will be included to prevent any heat transferring from the devices to the items in the fridge as they are required to be kept cool. Physical safety issues aren’t the only design features to be considered; data security is also vital when connectivity options are available. Encrypted communication between the user’s phone and the device and device authentication will be included to prevent a cyber attack on the user. 

[bookmark: _Toc218771947]Conclusion
In conclusion, using the systems engineering tools has assisted massively in the design process of the smart fridge. By efficiently and systematically gathering user requirements a final design can be constructed without ever reaching the manufacturing process. Through the use of requirement analysis, MoSCoW, a rationalised requirements graph, concept exploration and FMEA, the design has come a long way from basic concepts to a rational final design.
Overall, these findings demonstrate the importance in product design and creates a framework every designer and manufacturer can use. By approaching the device as connected subsystems, the final design can be technologically advanced but also meet the basic user needs – reliability, usability and safety.
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