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Designing a new product can become a very complex and arduous task. It is essential to fully understand the product's design and scope in the early stages, as it can become much more expensive to fix or replace any issue that may arise later on in the product's life. 
This can be seen in the example of the Ford Pinto in 1978. Due to poor design and oversight of the car, it meant that when the vehicle became involved in a rear-end collision, the fuel tank could rupture and explode, resulting in several deaths. As a result of the poor design and selling an unsafe product to the public, Ford ended up paying over 100 million dollars in recalls to fix the fuel tank and lawsuits, as well as damage to the company's reputation [1] [2]. This mistake in the poor design could have been discovered in early test programmes, and an alternative design of the fuel tank could have been implemented. It could have saved the company millions of dollars and, more importantly, people's lives.
The potential of delivering an unsafe or poor functioning product to the customer can be costly; it is, therefore, vital to work out the kinks in the design phase. With a variety of different wants and needs coming from different users for just one product, design can be complicated; it is essential to have a systematic approach to the whole design concept. Working with an array of systems engineering tools and techniques can help construct a well thought out and robust product for the customer. This report shall discuss several of these tools with their advantages and disadvantages to help design an autonomous lawnmower. 
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The first part of any product design is understanding who is involved and their requirements for the product. Anyone involved with a say or a requirement in the final product is referred to as stakeholders. Each stakeholder will have their own needs; for example, an account holder will want the final product to be as cheap as possible. However, the end-user would like the product to have the latest technology to make their job easier, but this would result in higher costs. Therefore, it is important to identify the stakeholders and their relationships at this early stage. 
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Before gathering the requirements for the design, it is important to identify who are the key stakeholders and who will have a more significant impact on the final design. The Stakeholders are defined as anyone who can come into contact with or has an influence on the system over its entire lifecycle. To help find the stakeholders, a stakeholder influence map was used. The stakeholder influence map layouts each stakeholder member and shows the relationship between each one. 

A stakeholder influence map was created to design the autonomous Lawnmower, shown below. Several of the stakeholders were labelled 1 – 5 to show the most influential ones at this current time of the design process. The more essential requirements can be gathered by identifying the key stakeholders.
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[bookmark: _Toc97588716]Figure 1: Stakeholder Influence Map
The groups labelled 1 – 2 were deemed the most crucial requirement to gather as the 'User (Green Keepers)' and the Green Committee will be the end-user. It is essential to acquire the regulator's requirements at an early stage of the design process. Their primary effect will involve the general safety of the product and the people who interact with the Mower. It was deemed essential to gather the ‘Golf Members’ and ‘Neighbours’ requirements, labelled 4 – 5; even though they do not interact with the Mower, they will benefit from the grass cutting results and the appearance of the course.
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Only asking the more significant stakeholder identified in the stakeholder influence map makes it possible to gather the initial requirements. Even by cutting down the number of people who are asked, there will still be many requirements put forward. It is, therefore, essential to organise them into categories and sub-categories. To help manage and organise the requirements, an Affinity Diagram can be used. Using an affinity diagram helps ‘organizes a large number of ideas into their natural relationships.’ [3]. 

When asking the stakeholders their needs, it is essential to remember that these would be expressed requirements. In the ‘Kano’ model, spoken requirements will be the Performance Needs and will be the most desired for the customer. However, some requirements are left unspoken but are vital to the product and are often unspoken and sometimes assumed. Assumed and Basic are the obvious requirements and can be taken for granted. In this example of the Lawnmower, its requirement to avoid obstacles can go unspoken and has little satisfaction for the customer. Delighters or Excitement requirements are the requirements that the customer doesn’t know they want and are the features that impress the customer the most [4]. 

[image: Figure 1: The Kano Model Illustrated]
[bookmark: _Toc97588717]Figure 2: Kano Model [4]

Using affinity diagrams and having conversations with the stakeholder can help bring out the unspoken requirements and the customer's satisfaction in the final product. Below is the affinity diagram for the Lawnmower.

[bookmark: _Toc97588718]Figure 3: Lawnmower Affinity Diagram

The affinity diagram for the Lawnmower shows that the requirements can be organised into categories and related requirements into sub-categories. The advantages of using an affinity diagram are that it shows the ideas and requirements for the product in a straightforward manner and are easily adjustable to add or remove requirements. However, they can be time-consuming and often require the majority of the stakeholders to be there for their input.
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A Use Case can be written once the requirement and the Affinity Diagram have been drawn up. Use Case is often used in product design and comes from software development. The Use Case gives the big picture of the goal for the product and an outline of how it should perform. It provides a ‘textual description that captures the user system interaction’ [5]. The Use Case used to design the Lawnmower (Annex A) explains the people who interact with the product, described as ‘Actors’. It also describes the pre-and post-conditions of the product before and after it has completed its task. The Use Case also contains a detailed step-by-step description of what the system does and an alternative flow and Exception Flow. Writing a Use Case is a powerful tool that helps set the scope and boundaries of the product and focuses on what the system should and shouldn’t do. 
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With the customer's requirements and the functional requirement fully described and defined in the Functional Analysis, they can now be put into a quality function deployment (QFD) diagram. A QFD is a powerful systems engineering tool that can track the product throughout the development process. The QFD uses the customer’s requirements and functional requirements that are measurable and draws relationships between the two. These relationships between the requirements are usually defined as Strong, Medium, Weak or None and are given a numerical value. These are calculated to provide a weight of the importance of the requirements. With these relationships defined, it is possible to look down the columns and identify the more Critical functions of the Lawnmower design, shown in Annex B. Looking at the QFD and Figure 4, the critical functions that should be focused on are the ability to ‘Manoeuvre’ and to ‘Complete Mission’. 
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Using a QFD for the initial requirement of the Lawnmower makes it possible to see which customer requirements have a relationship with the functional requirements. It also identifies the more critical functional requirements to focus on. 

QFD can be used throughout the design process as it can go down to four levels, solution requirements, realisation and assurance requirements that will be used later on. QFDs can also be used to look at the sub-functions and components. QFDs can look at many parts of the design, making it a powerful tool when designing a product; however, it can be long and drawn-out with more added requirements.
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A Functional Means Analysis (FMA) must be developed before a Design QFD can be created. FMA documents the solutions and concepts for the Functional requirements [7]. By taking the functional requirements and coming up with several solutions, it is possible to various develop concept designs, shown in Figure 5.

[image: Graphical user interface, application, table, Excel

Description automatically generated]
[bookmark: _Toc97588720]Figure 5: Lawnmower FMA [6]

By laying out the concept solutions to the functional requirements in a table, it is easier to see which ideas are more practical for each of the requirements. The concepts can then be down-selected to one or two options to develop two designs. The disadvantage of using the FMA is that all the requirements need to be fully defined; otherwise, vital concepts are missing from the final design.

[bookmark: _Toc97588754]Pugh Matrix

Once two concept designs have been developed, a Pugh Matrix can be used to cross-compare each design with the requirements. The benefit of using a Pugh matrix is that it directly compares all the design concepts and the requirements. Each design concept is matched up with the related requirement and given a number between -1 and 2 representing ‘positive, negative or equal in meeting the criteria’ [8]. Each concept is given a total score by multiplying the requirement weight from the QFD with the number provided in the matrix. The concept with the highest score at the end is the one that best matches up with the requirements.
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[bookmark: _Toc97588721]Figure 6: Lawnmower Pugh Matrix
The Pugh matrix from figure 6 shows that concept 2 is better suited for the requirements. This concept can be taken forward to the next QFD. 
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A new QFD can be created with the functionality and the design features from the Pugh Matrix. Much in the same way as the previous QFD, it shows the relationship between the two. The design QFD will validate the design choices from the concept, as shown in Figure 7. Any column in the QFD that has no relation to the requirement can be removed from the final design.
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[bookmark: _Toc97588722]Figure 7: Design QFD [6]
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A Parameter Diagram (P-Diagram) is part of the FMEA and helps control the noise entering the system, causing it to misfunction. The P-Diagram takes the input signal and shows what can influence the system in order to cause it to give an incorrect out put. The factors that can affect the out are know as noice and can be catogries as External factors, Unit to Unit (variations in the product) and Deterioration (general wear and tear). To counteract the noice the P-diagram it describes control factors. 
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[bookmark: _Toc97588723]Figure 8: P-Diagram [6]
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[bookmark: _Toc97588724]Figure 9: What-Why Diagram
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When designing a product, it can quite quickly become overwhelmed with the number of requirements from the customer. Getting the required requirements can be challenging in itself, as most requirements go unspoken. Therefore, it is essential to work systematically and use the tools identified in this report to develop a final product that suits the customers' needs and will result in high satisfaction. For a more complete design, this process should go into sub-system and even component QFD and FMEA. 


References

[1] 	"The Ford Pinto - The American Museum of Tort Law," The American Museum of Tort Law, 2022. [Online]. Available: https://www.tortmuseum.org/ford-pinto/. [Accessed 01 03 2022].
[2] 	"Jury in Pinto Crash Case: 'We Wanted Ford to Take Notice'," The Washington Post, 2022. [Online]. Available: https://www.washingtonpost.com/archive/politics/1978/02/15/jury-in-pinto-crash-case-we-wanted-ford-to-take-notice/996a9aa5-8f48-4541-8553-19c63f666830/. [Accessed 01 03 2022].
[3] 	"What is an Affinity Diagram? K-J Method | ASQ," Asq.org, 2022. [Online]. Available: https://asq.org/quality-resources/affinity. [Accessed 01 03 2022].
[4] 	"The Kano Analysis: Customer Needs Are Ever Changing," iSixSigma, 2022. [Online]. Available: https://www.isixsigma.com/tools-templates/kano-analysis/kano-analysis-customer-needs-are-ever-changing/. [Accessed 01 03 2022].
[5] 	"How to Write a Use Case," Bridging the Gap | We'll Help You Start Your Business Analyst Career, 2022. [Online]. Available: https://www.bridging-the-gap.com/what-is-a-use-case/. [Accessed 01 03 2022].
[6] 	D. Holly, "Design Book Supermower," 2022.
[7] 	D. S. Burge, "www.burgehugheswalsh.co.uk," 2006. [Online]. Available: https://www.burgehugheswalsh.co.uk/Uploaded/1/Documents/FMA-Tool-v1-1.pdf. [Accessed 01 03 2022].
[8] 	M. Sridharan, "Think Insights - Pugh Matrix: How to use criteria in evaluating alternatives?," Think Insights, 2022. [Online]. Available: https://thinkinsights.net/consulting/pugh-matrix/. [Accessed 01 03 2022].






[bookmark: _Toc97588761]Annex A – Use Case
	Use Case: A clear verb/noun or actor/verb/noun that communicates the scope of the use Case
Use case for “Megamower” greenkeeping system

	Author Luke S
	Issue -1
	Reviewed ??
	Date 24/02/2022

	Actors:- A list of actors who can engage in the activities described in the use case:-

Green Keeper: - 

· Ensures the Lawnmower has fuel
· Strat’s correct Lawnmower program
· Maintains the Lawnmower
· Operates the Lawnmower on a day-to-day basis 

Green Committee: - 

· Specifics the layout and design of the course (Level of cut)

Manufacturer: -

· Builds Lawnmower to requirements

Service provider: -

· Services Lawnmower
· Programs Lawnmower

“Megamower” (Our System): -

· To follow a pre-programmed route/map instructing where to cut and the height of the cut.
· Avoids objects (Trees/Bushes/Lakes/Bunkers/People)
· Returns to refuel after completion of the program
· Completes program without human interaction
· Collects grass cuttings
· Stays within the plotted area
· Collects golf balls


	Pre-conditions: - Anything that can be assumed to be true when the use case begins:-

· Lawnmower is fully maintained and is in working order
· Programs are loaded and up to date
· The Lawnmower has fuel
· Correct weather conditions
· Fully trained operator 
· Lawnmower has not been tampered with
· Lawnmower start and return point set to a docking station (Home)




	Post-Conditions:- Anything that must be true when the use case is complete.

· Lawnmower has completed the cutting program
· Lawnmower has collected grass cuttings and balls
· Lawnmower has returned to the starting point
· Lawnmower is undamaged
· Lawnmower is empty of grass cuttings and balls


	Basic Flow:- The set of steps the actors take to accomplish the goal of the Use Case. A clear description of what the system does in response to each user action.

· Lawnmower fully refuel at a docking station (home point)
· Run diagnostics
· Pre-programmed (route) selected
· Lawnmower travels to designated start point/hole
· Lawnmower begins to cut grass on selected program/route
· Lawnmower completes the program
· Lawnmower returns to the home point
· Lawnmower is emptied of grass cuttings and balls
· Lawnmower refuels


	Alternative Flow:- Captures alternative user/system interactions, such as what happens if data is entered incorrectly.

· Wrong program selected – Wrong area and pattern cut. Warning message before starting a program or one program per Lawnmower.
· Grass cuttings and balls aren’t emptied before starting the program – Live readout of how full the cutting is. The program should be paused during cutting and continued when emptied


	Exception Flow:- The things that can happen to prevent the user from reaching their goal

· Not enough fuel – Warning message before starting the program. Lawnmower stops if fuel runs out.
· Adverse weather conditions - Program aborted or paused until the weather is clear
· Damage from an undetected object – Program aborted
· Object obstructing route – Program aborted or paused until the route is clear
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