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[bookmark: _Toc120952580]Introduction 
[bookmark: _Toc120952581]Document Scope

[bookmark: _Toc119306501][bookmark: _Toc120952582]An opportunity has been presented to develop a complete lawn care system that goes one further than autonomous lawn mowers by treating the turf and providing professional finishes. 
[bookmark: _Toc119306502][bookmark: _Toc120952583]This document details the steps taken to develop the idea from initial customer requirements through to process and manufacturing control measures. 
[bookmark: _Toc120952584]Systems Thinking
[bookmark: _Toc120952585]Quality Functional Deployment (QFD)
[bookmark: _Toc119306505][bookmark: _Toc120952586]QFD is a 4-step process that incorporates a specific set of tools used to effectively define customer requirements[1].
[bookmark: _Toc119306506][bookmark: _Toc120952587]QFD focusses on understanding the requirements to develop a design that satisfies the consumers demands. These demands are transformed into design targets and quality assurance points so that potential errors, obstacles, or failure modes can be identified at the design stage, before it is too late [2]
[image: ]
[bookmark: _Toc120952550]Figure 2‑1: QFD 1 to QFD 4


[bookmark: _Toc120952588]QFD 1 
[bookmark: _Toc120952589]Inputs 
[bookmark: _Toc119306509][bookmark: _Toc120952590]QFD1 was constructed using the following inputs.
[image: Diagram

Description automatically generated]
[bookmark: _Toc120952551]Figure 3‑1: QFD 1 Construction
[bookmark: _Toc120952591]Methodology
[bookmark: _Toc119306511][bookmark: _Toc120952592]This stage was all about translating what the customer wants into how it is going to be done. The “customer” at this point is defined broadly and is not necessarily the end user, but groups of stakeholders in the project [3]. 
[bookmark: _Toc119306512][bookmark: _Toc120952593]Figure 3-2 demonstrated the layout of the QFD1 table with the bottom box – importance – being the output from this stage.
[image: Diagram

Description automatically generated][bookmark: _Toc120952552]Figure 3‑2: QFD1 Inputs and Output

[bookmark: _Toc120952594]Stakeholder Management
[bookmark: _Toc119306514][bookmark: _Toc120952595]An influence stakeholder map was created for the Pen-Y-Scape system to capture the stakeholders and the interactions between them.
[bookmark: _Toc119306515][bookmark: _Toc120952596]This was an important step in understanding the overall scope of the entire system. The end user only told of their personal requirements. For the system to satisfy those requirements a group of sub-systems will need to be involved. 
[image: Diagram

Description automatically generated]
[bookmark: _Toc120952553]Figure 3‑3: Pen-Y-Scape Stakeholder Influence Map
[bookmark: _Toc119306517][bookmark: _Toc120952598]Each one of these stakeholders will have their owns sets of requirements. It was important to filter these into key stakeholders by levelling them by their relationships from the end user. Another method would be to group all of these stakeholders based on similar requirements i.e., manufacturing, external suppliers, and design.
[bookmark: _Toc120952599]Gathering Requirements 
[bookmark: _Toc119306519][bookmark: _Toc120952600]Once all stakeholders were identified, their requirements were gathered individually.
[bookmark: _Toc119306520][bookmark: _Toc120952601]The most important step of this process was digging out the 3 types of unspoken requirements from the stakeholder. Stakeholders typically only ask for the requirements that they consider typically important to their part of the system, better known as the expressed requirements [4]. 
[bookmark: _Toc119306521][bookmark: _Toc120952602]Creating a system that achieves all expressed requirements could still leave opportunity to miss any requirements that the stakeholders assumed the system could do. There is also the opportunity to provide something that the customer does not know they want yet, but if provided would delight. 
[bookmark: _Toc119306522][bookmark: _Toc120952603][image: A picture containing timeline

Description automatically generated]
[bookmark: _Toc120952554]Figure 3‑4: Basic and Delighter requirements [5]
[bookmark: _Toc119306523][bookmark: _Toc120952604]Other methods where needed to extract these requirements from the stakeholders. A Gemba visit was conducted to observe current systems. It was important to observe without obstructing the system and interview the end users, running our suggestions by them soon after. 
[bookmark: _Toc119306524][bookmark: _Toc120952605]From the interview, the customer spoke of critical issues with their current system. These system complaints were captures so that we could understand the underlying issues. Measurable expectations were developed and reviewed before being agreed as additional requirements. This process is known as Voice of Customer translation (VoC) and converts complaints into requirements. 
[bookmark: _Toc119306525][bookmark: _Toc120952606]All requirements were then grouped using the Sixth Sigma Affinity Diagram process. This method allowed us to organize a large number of individual ideas into meaningful groups. The headings of the groups would later become our functionality requirements i.e. fuel system, signal system. 
[image: See the source image]
[bookmark: _Toc120952555]Figure 3‑5: Affinity Diagram
[bookmark: _Toc119306526][bookmark: _Toc120952607]The requirements under each heading then required re-writing to make them “good requirements”. They needed to be clear, concise, consistent, correct, confirmable and a complete sentence. 
[bookmark: _Toc119306527][bookmark: _Toc120952608]This also allowed several requirements to be covered under one, written requirement as explained below.

[image: Chart

Description automatically generated]
[bookmark: _Toc120952556]Figure 3‑6: Requirement Example
[bookmark: _Toc119306528][bookmark: _Toc120952609]These requirements were then organized and captured within a two-level system. 

[image: ]
[bookmark: _Toc120952557]Figure 3‑7: Requirement Levels
[bookmark: _Toc120952610]Validation of Requirements
[bookmark: _Toc119306530][bookmark: _Toc120952611]Before inputting these requirements into the QFD1 matrix, we first had to validate them to ensure we are designing the correct system, by designing it to these requirements. It was important to do this to reduce the chances of system defects, design flaws or delivering the wrong system. In theory, if the requirements are correct, the system is design to meet these requirements, the system is built to meet that design and it works as expected – then the system can be delivered with confidence.
[bookmark: _Toc120952612]Functionality
[bookmark: _Toc119306532][bookmark: _Toc120952613]The required functionality of the system is very rarely given by the customer and must be determined by the design authority. 
[bookmark: _Toc119306533][bookmark: _Toc120952614]These requirements have a Verb-Noun relationship and do not suggest a solution. Typical examples used within the Pen-Y-Scape are Power system, receive signal and detect objects. 
[bookmark: _Toc119306534][bookmark: _Toc120952615]The functions and then scored against the requirements to determine the importance of the functions, detailed below. 
[image: Chart

Description automatically generated]
[bookmark: _Toc120952558]Figure 3‑8: Design QFD1
[bookmark: _Toc119306535][bookmark: _Toc120952616]Correctly written functions provide us as the manufacturers the opportunity to perform failure modes analysis at this very early stage for scenarios like not enough power, wrong signal or no objects detected.
[bookmark: _Toc119306536][bookmark: _Toc120952617]This can lead to additional functions being added alongside the ones that were identified when grouping our requirements.
[image: ]
[bookmark: _Toc120952559]Figure 3‑9: Additional Functions
[bookmark: _Toc120952618]Output
[bookmark: _Toc119306538][bookmark: _Toc120952619]By scoring either a 1 for weak, 3 for medium or 9 for a strong relationship between the functions and the written requirements, the most important functions can now be identified. These are the requirements that have the strongest relationship with the most requirements, and therefore shall require the most attention. 

[bookmark: _Toc120952560][image: Chart

Description automatically generated]Figure 3‑10: Full Functional Importance
[bookmark: _Toc119306539][bookmark: _Toc120952620]QFD1 is a live document that will grow continually throughout the systems life. Emergent functionalities like “whilst operational, the system shall cut the power and render safe if an overcurrent is detected” will be added and may slightly change the functional importance outlook.
[bookmark: _Toc119306540][bookmark: _Toc120952621]Other requirements will be uncovered once the solutions have been selected and the way that the system is held together is determined. 



[bookmark: _Toc120952622]QFD2
[bookmark: _Toc120952623]Inputs 
[bookmark: _Toc119306543][bookmark: _Toc120952624]QFD2 was constructed using the following inputs.
[image: Diagram

Description automatically generated with low confidence]
[bookmark: _Toc120952561]Figure 4‑1: QFD 2 Construction
[bookmark: _Toc120952625]Functional Means
[bookmark: _Toc119306545][bookmark: _Toc120952626]Now that the functions have been selected and the requirements of those functions have been identified, we then had to determine how those functions could be performed. 
[bookmark: _Toc119306546][bookmark: _Toc120952627]A functional means analysis was used to document all of the different methods that would allow our functions to achieve their requirements. 
[bookmark: _Toc119306547][bookmark: _Toc120952628]Several ideas were listed for each function, with the best two being carried forward to create Concept A (green) and Concept B (yellow). Reasons for selection and rejection were noted and can be found in the function means meeting minutes.

[image: Calendar

Description automatically generated]
[bookmark: _Toc120952562]Figure 4‑2: Snippet of Function Means Analysis


[bookmark: _Toc120952629]Pugh Chart 
[bookmark: _Toc119306549][bookmark: _Toc120952630]The next step was to evaluate the performance of these concepts based upon how the current market leading system performs against the customer requirements. This was done by using a Pugh Diagram with the John Deere Tango ES [6]. 

[image: ]
[bookmark: _Toc119306550][bookmark: _Toc120952563][bookmark: _Toc120952631]Figure 4‑3: System Pugh Diagram

[bookmark: _Toc119306551][bookmark: _Toc120952632]Both concepts were scored higher than the John Deere System, with Concept one beating it by 10 points and not scoring less than it at any stage. This told us that our system, if built correctly would be a great improvement on the current market leader – when assessed against the customer requirements. 
[bookmark: _Toc119306552][bookmark: _Toc120952633]With regards to Concept 2, is scored lower that both Concept A and the John Deere in only 2 areas due its internal combustion engine. But, due to the noise and environmental impact being such an important factor for the stakeholders it had quite a large impact on its final evaluation. 


[bookmark: _Toc119306553]
[bookmark: _Toc120952634]Function Test Procedures
[bookmark: _Toc119306555][bookmark: _Toc120952635]Once the system configuration was decided, a concept was illustrated and sent to the customers for assessment. 
[bookmark: _Toc119306556][bookmark: _Toc120952636]A follow up meeting was conducted, where the integrated test and evaluation acceptance plan (ITEAP) was presented. This plan detailed how all of the functions will be tested. It was then agreed between how parties what the acceptable and not acceptable ranges of these tests will be. 
[bookmark: _Toc119306557][bookmark: _Toc120952637]All tests’ methods went through a relationship scoring procedure, or functional metrics, to determine how many functions will be tested during each individual test. 


[bookmark: _Toc120952564]Figure 4‑4: Test Importance
[bookmark: _Toc120952638]Relationships
[bookmark: _Toc119306559][bookmark: _Toc120952639]Design QFD 2 was laid out in the following format to establish these relationships: 
[bookmark: _Toc119306560][bookmark: _Toc120952640][image: A picture containing text

Description automatically generated]
[bookmark: _Toc120952565]Figure 4‑5: QFD 2 Relationships
[bookmark: _Toc120952641]Outputs 
[bookmark: _Toc119306562][bookmark: _Toc120952642]The major output from the QFD 2 process is that we determined out important features. These – more important – features are where most of the time and finances will be spent, whereas the less important features, like detachable ancillaries, will still require development but it can be done so more cheaply when compared to the smart phone application, or the cloud memory signal. [bookmark: _Toc120952566]Figure 4‑6: Feature Importance



[bookmark: _Toc120952643]QFD 3 
[bookmark: _Toc119306564][bookmark: _Toc120952644] QFD3 was constructed using the following inputs.

[image: Diagram

Description automatically generated]
[bookmark: _Toc120952567]Figure 5‑1: QFD 3 Construction
[bookmark: _Toc120952645]Methodology
[bookmark: _Toc119306566][bookmark: _Toc120952646]QFD 3 includes repeating very similar steps to QFD 1 and QFD2 but considering how parts can be made and how these parts can be put together. 
[bookmark: _Toc119306567][bookmark: _Toc120952647]The system is evaluated as a whole before being broken down into subsystems to assess how they can be assembled, manufactured or whether they will be purchased and installed. 
[bookmark: _Toc120952648]P Diagram, What and Why? 
[bookmark: _Toc119306569][bookmark: _Toc120952649]A Parameter diagram is a graphical tool used to identify key functions, requirements, and potential failure modes. The P diagram documents noise factors including Unit to Unit variation, Deterioration and Wear, Environmental or External Noise and Customer Interaction. 
[bookmark: _Toc119306617]Table 5‑1: Noise Factors
	Noise Factor 
	Example

	Unit to Unit Variation
	Variation in Connection Quality 

	Deterioration and Wear
	Tire Wear 

	External
	Rain, Wind

	Customer Interaction
	Incorrect Programming



[bookmark: _Toc119306570][bookmark: _Toc120952650]The system control factors are also included within the P diagram, as well as the undesired outputs or side effects. These parameters are input into a What, Why matrix to determine the importance of both the noise factors and of the control parameters. The layout of the What, Why matrix is detailed below. 
[image: Graphical user interface, application, PowerPoint

Description automatically generated]
[bookmark: _Toc120952568]Figure 5‑2: What, Why Layout
[bookmark: _Toc119306571][bookmark: _Toc120952651]This is a vitally important step in the design stage as the tools tell you what the most important control parameters are, and whether they interact with the noise factors that will have the most effect on the systems performance. For the Pen-Y-Mow, this was the case. 
[image: Chart

Description automatically generated with medium confidence]The most crucial control factor was the Weatherproof, Sound suppressing body panels. These will allow easy maintenance access as well as housing components. They will also protect all components against debris and harsh weather, which were all the highest scoring noise factors. 

[image: ]
[bookmark: _Toc120952569]Figure 5‑3: What Why Output
[bookmark: _Toc120952652]Functional Means, Again
[bookmark: _Toc119306573][bookmark: _Toc120952653]The next step was to break the system down into sub systems, to analyze the best method of completing that function. Sub System functions included determining the method of housing the battery pack, providing drive to the cutting blade, and extracting mulches. 
[bookmark: _Toc119306574][bookmark: _Toc120952654]The functional means table was used alongside a Pugh chart like before, however in a slightly different order. All possible candidates were scored against each other before the best sub-system function was selected.
[bookmark: _Toc119306575][bookmark: _Toc120952655]For this example, the subsystem to transmit cutting force to the central blade was used.

[image: ]
[bookmark: _Toc120952570]Figure 5‑4: Pugh Sub-System Chart
[bookmark: _Toc119306576][bookmark: _Toc120952656]This process was repeated for every sub-system until the functional means table had all of its methods selected.  A P diagram and What, Why table was also created for each individual sub-system to ensure that all noise factors and control parameters were noted and relevant. 
[bookmark: _Toc119306577][bookmark: _Toc120952657]The benefit of this extra work at sub-system level is that it can identify what could affect the performance of that individual part and alert you to the most crucial sequence in that components manufacture and assembly.


[bookmark: _Toc120952658]Manufacturing & Assembly

[bookmark: _Toc119306579][bookmark: _Toc120952659]Now that the method has been selected, the next step was to identify the most crucial steps of manufacture. 
[bookmark: _Toc119306580][bookmark: _Toc120952660]With the design being primarily dependent on several black box systems like the mobile application and the battery pack, the manufacturing QFD was focused mainly on integrating these purchased items with the system i.e., fitting the battery to the chassis. 
[bookmark: _Toc119306581][bookmark: _Toc120952661]These manufacturing requirements were process mapped and then used to create a manufacturing QFD 1, scoring the requirements against headings such as labour, safety, reliability, and quality. 

[image: Timeline

Description automatically generated with medium confidence]
[bookmark: _Toc120952571]Figure 5‑5: Manufacturing Functionality
[bookmark: _Toc119306582][bookmark: _Toc120952662]The output of the Manufacturing QFD1 was the importance of our manufacturing functions. 

[image: Application

Description automatically generated with medium confidence]
[bookmark: _Toc120952572]Figure 5‑6: Manufacturing Function Importance


[bookmark: _Toc119306583][bookmark: _Toc120952663]Now that the manufacturing functions have been determined, it is important to evaluate methods of completing that function. This requires an additional functional means matrix. 

[image: Table, timeline

Description automatically generated]
[bookmark: _Toc120952573]Figure 5‑7: Manufacturing Functional Means
[bookmark: _Toc119306584][bookmark: _Toc120952664]A hybrid assembly model was selected after comparing full manual or full robotic assembly in a Pugh diagram. Sub-Systems that are position critical will be robotically assembled.
[bookmark: _Toc119306585][bookmark: _Toc120952665]These means were then compiled into the manufacturing QFD2. Using the same method as all previous QFD’s, this gave us our means importance. 

[image: A screenshot of a computer

Description automatically generated with medium confidence]
[bookmark: _Toc120952574]Figure 5‑8: Manufacturing Means Importance
[bookmark: _Toc119306586][bookmark: _Toc120952666]Figure 5-8 shows us that the assembly of the Pen-Y-Scape is a mainly manual process that relies heavily on the fixtures and fittings being used. 


[bookmark: _Toc120952667]Output 

[bookmark: _Toc119306588][bookmark: _Toc120952668]The selected manufacturing means was then scored against the important design features in QFD3. 
[image: ]
[bookmark: _Toc120952575]Figure 5‑9: QFD 3 Layout
[bookmark: _Toc119306589][bookmark: _Toc120952669]The output from QFD3 was a graphical representation of our important manufacturing techniques.  Manual assembly was by far the most important technique, so several control measures will have to be implemented at QFD4.

[image: Chart, bar chart

Description automatically generated]


[bookmark: _Toc120952670]QFD4
Inputs

[bookmark: _Toc120952671]QFD4 starts off similarly to QFD3, with a P diagram of all the control and noise factors that could affect the manufacture of the system, or sub system. 
[bookmark: _Toc120952672]Again, Unit to Unit variations in areas like hole positions, external factors like operator competence, deterioration factors like tool and fixture wear, were all scored again their relationship with design control parameters like Fastener materials, and fasteners hole sizes. 
[bookmark: _Toc120952673]In return, our Key control measures and noise factors were presented. 

[image: Chart, bar chart

Description automatically generated]As with QFD 3, there is a coalition between the “tightness” of fixtures, with the biggest control measure being torque settings. 

[image: Chart
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[bookmark: _Toc120952674]All noise factors were assessed to see if additional controls were required. These additional controls were added to the 1st QFD4 Matrix in the following format.
[bookmark: _Toc120952675][image: A picture containing timeline

Description automatically generated]
[bookmark: _Toc120952576]Figure 6‑1: QFD4 Layout
[bookmark: _Toc120952676]Each individual subsystem will again be looked at individually to assess the specific noises effecting the components i.e., Heat treating the blade, Applying adhesive to the nuts and clipping components in. 
[bookmark: _Toc120952677]With the majority of the in-house jobs on the Pen-Y-Scape being manual assembly of black box components, the major control measures that came out of all QFD4’s was operator training, regular breaks, and tool setting/maintenance. 
[bookmark: _Toc120952678]Human factors assessments were conducted with swim lanes being utilized to ensure that the workload was evenly distributed between operators, with no single operator handling all the crucial steps. A workflow process was also conducted as well as an ergonomic factory lay out to reduce the risk of incorrect assembly and cross contamination. 
[bookmark: _Toc120952679][image: Chart, timeline, bar chart

Description automatically generated]
[bookmark: _Toc120952577][bookmark: _Toc120952680]Figure 6‑2: 1st QFD4

So far, the process has mainly focused on assembly of bought items, but the system was also used for manufactured items. 
[bookmark: _Toc120952681]Component Manufacture
[bookmark: _Toc120952682]Any components not purchased from an external supplier and manufactured on site would be subjected to a manufacturing means analysis. As with a functional means analysis, this would involve selected the ideal means of manufacture for the component and comparing that means to other known methods. The selected processes were then scored in a QFD matrix to identify the most crucial steps in the manufacturing process. 
The cutting blades were manufactured on site, the component process importance graph for this component is shown below.

[bookmark: _Toc120952683][image: ]
[bookmark: _Toc120952578]Figure 6‑3: Process Importance
[bookmark: _Toc120952684]Process Focus
[bookmark: _Toc120952685]Continuing with the blades for this example, the next step was to conduct a “P” diagram for the most crucial step, in this case, the grinding and forming of the blade. 
[bookmark: _Toc120952686]Potential noise factors like operator fatigue, variation of grinding pressure applied and degradation of grinding wheel were used and scored in another What, Why table to identify the crucial control factors for this process. Both operator competence and variations in application where among the highest scorers in this step. 
[bookmark: _Toc120952687]These control factors were inputted into the 2nd QFD4 and were subjected to an operation assessment. During this step they scored 1,3 or 9 for difficulty, frequency, severity, and detectability. This gave them their multiplication score for the rest of the QFD where the process controls (crew rotation, regular breaks) were scored against the process parameters (operator fatigue).


[bookmark: _Toc120952688]Output
[bookmark: _Toc120952689]The output from this step was the importance of the process controls, shown below. 

[image: ]
[bookmark: _Toc120952690]This identified the requirement for an effective setting fixture, as well as comfortable working conditions.
These control measures where then used within the failure modes and effects analysis (FMEA) to show how they can prevent or minimize the effect or likelihood of too much grinding, not enough grinding, incorrect grinding, no grinding or unintended process.
[bookmark: _Toc120952691]Conclusion
[bookmark: _Toc120952692]Entire Process
[bookmark: _Toc120952693]Following the entire QFD1-4 process allowed us as the manufacture and assembly team for the Pen-Y-Scape to plan out the entire design and manufacture process before ordering components or cutting materials. 
[bookmark: _Toc120952694]This allowed us to identify any potential problems with the design, as well as highlighting any areas that require additional attention because of their importance to the products function and quality. If these steps had not been identified, then there would be a significant risk of a  faulty or undesirable product being delivered. 
Even if the potential issues had been spotted without the QFD process, the chances are it would have still caused significant delays and/or budgetary issues by having to re-design, pause development or at worst start again. 
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Pen-Y-Scape Test Procedure Importance

Extreme Cold Function Test	Extreme Heat Functino Test	Factory Obstacle test (high and low light)	Endurance Test	Gradient Traction Test	IP Weather Rating Certification	Boundary Recovery Tests	Signal Lost Recovery	Blade Integrity (thick grass, sticks and stones)	Noise Assessment	Ancillery Function on Demand	Quality Sensing	33	27	54	24	24	30	42	45	4	10	9	12	

Feature Importance

Electric Motors	Lithium Ion Battery	Cloud Memory Signal	Docking station landline connection	Radar Dectection System	Steel Aerator Roller	Global Positioning System	Independent Drive Wheels	Independent Steering Wheels	Instant Power Cut off	Mulch Compactor	Mulch Spreader	Central Rotating Blade	Edge Mounted Strimmer	rainfall Sprinkler	Keyence Vision System with Terrain Map	Night Vision System	Smart Phone Application	Laser Height Measurement	Key Locked Panels	Detatchable ancillaries	Two Factor Verification	1318.4653194824284	1476.3006199690637	2783.4783700495796	1047.6429247409671	2084.3736131786814	780.86543960238203	2671.3699824551059	1230.8087974450366	1230.8087974450366	2889.2673450678458	640.86810971944442	1001.322723014609	1267.946047521812	1454.7795463637044	1201.8197943032897	2477.7018423484192	2272.6224726928021	3512.4378760066138	1522.8781385700195	14.043792120221326	52.204604653980724	672.84149013780393	
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The end user requires that the system should 

have a rating of IP66

when operational, The End user and 

Daughter require that the system shall not 
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The End user require that the system shall 

be able to operatein the hours of darkness

The manufacturer requires that the system 

must not infringe on any existing IP's or 

copyrights.
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system must comply with the regulatory 

legislation / transport classifications

The manufacturer requires that all interacting 

personnel must abied by legislation stated 

within the Health and Safety at Work Act 

1974
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be stored in existing infrastructure 
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cost less than TBD

The designer/manufacture requires that the 

commercial department shall inform the 

designer of the systems budget

Compliance Budget Constraints

Performance Requirements 

Environmental Requirements

Compliance with relevant legislation & 

Contractual agreements

Maintenance Requirements

Intergration with existing 

infrastructure
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WHATs - Customer Requirements How much:- From QFD 1 

When operating the system shall cut the grass and trim borders

25mm , Even grass height

5 5 0 1 1

When operating the system shall operate without damage to wildlife or environment.

zero damage

5 5

0 0 -2

When operating, the systems avoids damaging garden ornaments, plants and shrubs. 

zero damage

3 5

0 0 0

When operating, the system can operate up to an angle of 20 degrees.  20 degrees up and down hill - constant 

speed of 1.2m/s

5 5 0 1 0

When operating, the system is easily maintainable, at a low cost

no longer than 1/2 hour per cut

5 5

0 0 0

When operating, the system to autonomously report errors in real time

instantly reported errors with choice 

to continue or abort

5 5

0 2 1

When operating, the system shall report grass quality (bald patches)

report location of poor patch of 

grass

5 5

0 2 2

When operating, the system shall methodically place mulches and sprinkle water on 

deprived areas of grass

disperse stored mulches on poor 

patched and apply liquid feed

5 5

0 2 1

When operating, the system shall operate near silent

Shall not exceed 70dB

5 5

0 0 -2

When operating, the system shall function normally in poor or light light and all seasons. 

full function in the hours of darkness

5 5

0 2 2

0 70 62 0

0 60 60 0

Ranking 100

0 10 2 0
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