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[bookmark: _Toc45547344]Introduction
A trial was conducted to compare two barrelled disruptors; PIGSTICK [1] and HOTROD [2]. A barrelled disruptor was a tool used by the military, since the 1970’s [3], to disrupt improvised explosive devices (IEDs). It used high pressure water to cut through, destroy and disperse containers and their contents without detonating the explosive material. 
There have been numerous changes and adaptions to the original PIGSTICK design to provide solutions to different scenarios such as the HOTROD, which was developed to puncture harder cased targets. As both devices were to be in service concurrently, a trial was needed to acquire quantitative data for comparison. This data could then be used to advise users which device should be used in a particular scenario.
As trials had been done previously, it was important to capture data that could be sensibly compared to previously acquired data. It was also important to ensure the trial design was fit for purpose and not a carbon copy of previous work. It needed to acquire all the data wanted for meaningful comparisons to both past and future data using appropriate techniques.
Trials consist of several teams working together to deliver the required work. There was the range support team who prepared the range and any explosive articles needed. The instrumentation team provided the means to capture the data such as sensors and high-speed cameras. The project team defined the scientific requirements from the customer to design and undertake the trial. Each team had their own needs, resources and problems. Therefore, a Systems Engineering approach was applied to the design of the trial in an attempt to capture the needs of all parties and avoid problems.
Systems Engineering is a top-down approach to an engineering design, acquisition or manufacture that looks at the whole system and the individual components iteratively. It covers the whole design, manufacture and acquisition processes from how components work together to how maintenance and end of life care would be applied. The definition below from the International Council on Systems Engineering (INCOSE) reiterates its multidiscipline principles.
“Systems Engineering is a transdisciplinary and integrative approach to enable the successful realization, use, and retirement of engineered systems, using systems principles and concepts, and scientific, technological, and management methods.” [4]
Systems Engineering integrates different areas; design process, design problem solving and life cycle planning [5] with a holistic view. This view creates a system where the individual components can only be fully explained by the whole system and the parts within the system are interconnected [6]. There are a wide variety of tools available which can be applied to a project but not every tool may be suitable for each project. Each company is likely to develop their own system and process using the tools they have deemed most appropriate. A main part of any design process is sorting the customers’ needs and wants into requirements and ensuring the design meets these. Most of the tools can be split into certain areas which represent different stages of the process; requirements definition, requirement prioritisation, functional analysis, optimisation and validation [7].
Requirement definition starts with defining what the outcome is, what the requirements are and whether more research needs to be undertaken before beginning the design stage. This may include using surveys to acquire the requirements or looking at standards and legislation before using requirement analysis tools to check for completeness of the set of requirements. If the tools show the requirements aren’t complete, then more research and surveys may need to be undertaken before re-doing the completeness checks. This is an iterative process to find all the requirements from the customer and once a complete set has been generated, the requirements can be analysed and prioritised.
Prioritising the requirements uses tools to assign weightings and classifications to the requirements to determine their priority in the design. There are numerous tools available such as Kano diagrams, QFDs and decision trees. Each of the available tools attempts to identify the requirements which will have the greatest effect on customer satisfaction and apply a larger weighting to those to guide the design whilst still meeting functionality.
Once the “what” has been decided the “how” needs to be looked at, this occurs during the functional analysis. This can include everything from linking requirements to specific functions to creating the timelines and critical paths, for each function and then the whole system.
Optimisation looks at a design to optimise it; this could be looking at the budget and cost of different sections of the design or manufacture. It can use tools such as “design for X” to ensure that the design is optimised from the perspective of a certain area such as manufacture, safety, disposability etc. Again, this is an iterative process looking at different levels from the design and from different perspectives.
Validation aims to prove that the right requirements have been met in the correct ways using tools such as tracing, verification matrices and test automation. If all the previous sections have been done correctly, then the validation should show that the product is optimal. If not, it will identify where the problems are and where the design needs to return to.
The whole process is iterative and will include repetition and looping within each section as well as, potentially, through the whole system if problems are highlighted at any stage.
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[bookmark: _Toc45547346]Trials Process
A V-model is a method for planning out the stages and is also known as a verification and validation model. Verification steps are on the downward, left hand limb, and the validation steps are on the upwards, right-hand limb. This makes it easy to build the development and testing stages in parallel so that each stage of the development has a corresponding test stage.
There are numerous examples and templates for generating a V-Model available online: V Diagram 05 from SmartDraw [8]  was used to create Figure 3. 
The main stages of the trial were broken down and placed into the V-Model including areas where checks are to be undertaken. If the test shows a stage hasn’t worked, the V-Model allows for the return to an earlier stage to adapt the design in a holistic manner.
The stages in Figure 3 are applicable to any trial and describe the, top level, overall process. Each subsection (instrumentation, range etc.) also needed its own V-Model but this was out of the expertise of the author. Each model followed a similar top-down approach, for outlining the requirements, designing a solution and then creating and testing each subsystem and system.
[bookmark: _Toc45547347]Requirements Definition
The first step of any trial/system is to define the requirements from each of the customers. To ensure all the requirements had been captured it was necessary to understand all the customers and stakeholders involved in the project. The customers and requirements can be found using brainstorming with a suitably diverse group. 
Another set of requirements are the licences, regulations or standards associated with the work, such as the JSPs for working with explosives and health and Safety (H&S) regulations for all work environments.
Table 2 contains a full list of requirements for the trial that would have been thought up by members of the range, health and safety, scientific, instrumentation and leadership teams in a brainstorming session. Legislature requirements were taken from previous trials paperwork and a current review of the relevant legislature and standards.
[bookmark: _Toc45547348]Requirements Prioritisation
There were multiple tools available for prioritising and sorting different requirements. The two used were the Kano Analysis and the Quality Function Deployment (QFD).
[bookmark: _Toc45547349]Kano Analysis
The requirements were classified into different categories based on customer satisfaction and fulfilment [9]. There were multiple interpretations for the category names and divisions, one example has five categories; Must-be quality, One-Dimensional Quality, Attractive Quality, Indifferent Quality and Reverse Quality [10]. 
For each requirement a functional and dysfunctional question was posed to the customers [11] with five possible answers for each question; I like it, I expect it, neutral, I can tolerate it and I dislike it. For the functional question questions were “How would you feel if this requirement was met?” and for the dysfunctional; “how would you feel if this requirement wasn’t met?”. The results were used to determine which of the requirements had the greatest impact on customer satisfaction and if any had a negative effect (reverse qualities) by combining the results of the functional and dysfunctional questions as per Table 1 below.
	Functional
	
	Dysfunctional
	
	Category

	I expect it
	+
	I dislike it
	→
	Must-be (1-2)

	I like it
	+
	I dislike it
	→
	One-dimensional (3-4)

	I like it
	+
	I am neutral
	→
	Attractive (5-6)

	I am neutral
	+
	I am neutral
	→
	Indifferent (7-8)

	I dislike it
	+
	I expect it
	→
	Reverse (9-10)


[bookmark: _Ref35788370][bookmark: _Toc45547385]Table 1 Table for working out categories for the Kano Model [10]
The results of the survey were chosen to optimise the trial’s position on a kano model diagram such as Figure 1. As the diagram showed, even with all the threshold (Must-be) attributes included a product can be low on customer satisfaction and after a certain level of attributes are included excitement (one-dimensional) attributes will have a large impact on satisfaction.
[image: ]
[bookmark: _Ref42953812][bookmark: _Toc45547374]Figure 1 Example of a Kano Model Diagram to optimise design by increasing customer satisfaction and functionality [12]
[bookmark: _Toc45547350]Quality Function Deployment
A QFD was done by filling out a template such as that in Figure 2. Initially, the requirements from the previous stage were split into customer and functional requirements; customer requirements describe what the customer wanted included in the product and the functional requirements describe how those would be met.
The customer requirements were placed in a column on the left-hand side (1) and the functional requirements were written in a row across the top of the main square (2). The customer requirements were given an importance score from 1 (low) to 10 (high) based on how important each requirement was to the design. The functional requirements were given a rating on how well met they currently were and whether they needed to be increased or decreased to improve the trial.

1
2[image: ]
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[bookmark: _Ref44943330][bookmark: _Toc45547375]Figure 2 Example of a QFD Template [13]
A difficulty score, out of 1 (low) to 10 (high), was assigned to each of the functional requirements. The grid made by the different requirements (3) was filled in by judging if each customer requirement had a strong, moderate or weak relation ship to each of the functional requirements. This combined with the weightings created an importance score for each requirement.
Lastly the triangle section on the top was filled in by deciding if each functional requirement had a strong positive, positive, weak or strong weak correlation to each of the other functional requirements.
[bookmark: _Toc45547351]Functional Analysis
To be able to Create a timeline for the trial, each task needed to identified, have a duration assigned and determine if it was related to other tasks. This required liaising with all the involved parties to identify their tasks. Durations were determined from past experience where possible or from educated guesses.
With this information a Gantt chart was created by using a spreadsheet; tasks were identified on the left-hand side and time across the bottom of the chart. 

[bookmark: _Toc45547352]Optimisation 
[bookmark: _Toc45547353]Design for X
A design for X could be done from numerous points of view as the “X” can stand for whatever the user requires; instrumentation, range, results etc. Each of those design for x results could then be compared to find the final optimal design and improve the design efficiency further. As the author specialism is in instrumentation, only a design for instrumentation was presented here.
Each section of the instrumentation was interrogated to determine if it was essential by checking whether another part of the system could do the same job, following the Lucas DFA Method.
[bookmark: _Toc45547354]Validation
[bookmark: _Toc45547355]Failure Mode Effects Analysis
An FMEA looks at a design to identify potential problems and encourage the user to come up with solutions. Processes are identified first and for each process the possible ways of it failing are identified. The effects of the failure are identified and given a severity rating from 1 (low) to 10 (high). The causes of the potential failures are identified and given a score on the likelihood for occurrence. Lastly, the current controls are listed and given a score on the likelihood of those controls catching the failure mechanism. All the scores are multiplied together to give a final score on the severity of the failure.
[bookmark: _Toc45547356]Tests 
Once the final design had been determined, sections and then the whole system were set up in a preparation area. The cameras were placed on tripods and their fields of view were checked. The pressure sensor was set up in its housing and connected to the data acquisition system. The sensor was tested using an air shock tube to simulate a blast environment. Lastly all the systems were tested with the network and trigger systems.
The last tests are undertaken on the trial site after set up using a resistor in place of an energetic charge. This tests that the firing pack has enough charge to activate the energetic article and that the instrumentation is triggered at the correct times.
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[bookmark: _Toc45547358]V-Model
The top-level trial V-diagram can be seen here in Figure 3.

[bookmark: _Ref35856321][bookmark: _Toc45547376]Figure 3 V-Model Diagram for top level planning of a trial
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[bookmark: _Toc45547377]Figure 4 V-Model for instrumentation subsystem of the trial
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[bookmark: _Toc45547378]Figure 5 V-Model for triggering subsystem of the instrumentation subsystem
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[bookmark: _Toc45547359]Requirements

	Customer
	Requirement

	Range
	Not damage Range infrastructure

	
	Use equipment staff are trained on as much as possible

	
	Trials activity/fragmentation not to exceed range boundary

	
	Noise level to not exceed range allowances

	
	Prep time available for range staff

	
	Signed paperwork (trials plan & risk assessment)

	
	

	Instrumentation
	Use equipment owned by instrumentation team

	
	Use kit currently available and not on use with other trials

	
	Tasking form submitted

	
	Range site to have power, vehicle access

	
	Range firing pack to be compatible with instrumentation

	
	Defined naming structure for data

	
	Defined file formats for data

	
	Prep time available for testing 

	
	Signed paperwork (trials plan & risk assessment)

	
	

	Project Team
	To stick to assigned budget

	
	To deliver trial to schedule

	
	Data to be compatible with existing trials data

	
	Range, magazine and instrumentation procedures to be compatible

	
	High speed video data for each shot

	
	Pressure sensor data for each shot

	
	Trigger timing data for each shot

	
	

	Magazines
	Defined number of energetic articles required for trial

	
	Movement and storage paperwork

	
	Trial to occur within normal working hours

	
	Magazines tasking form submitted

	
	

	SHEF
	Signed paperwork (trials plan & risk assessment)

	
	Follow legislature for use of energetic materials

	
	Follow Dstl procedures for use of energetic materials


[bookmark: _Ref35707698][bookmark: _Toc45547386]Table 2 Requirements for the trial determined from brainstorming and legislature



[bookmark: _Toc45547360]Kano [14]
	Requirement
	Functional Score
	Dysfunctional Score

	
	1
	3
	3
	4
	5
	5
	4
	3
	2
	1

	
	I like it
	I expect it
	I am neutral
	I can tolerate it
	I hate it
	I like it
	I expect it
	I am neutral
	I can tolerate it
	I hate it

	Not Damage Infrastructure
	
	X
	
	
	
	
	
	
	X
	

	Use equipment staff are trained on as much as possible
	X
	
	
	
	
	
	
	X
	
	

	Trials activity/fragmentation not to exceed range boundary
	
	X
	
	
	
	
	
	
	
	X

	Noise level to not exceed range allowances
	
	X
	
	
	
	
	
	
	
	X

	Prep time available for range staff
	
	X
	
	
	
	
	
	
	
	X

	Signed paperwork (trials plan & risk assessment)
	
	X
	
	
	
	
	
	
	
	X

	Use equipment owned by instrumentation team
	X
	
	
	
	
	
	
	
	X
	

	Use kit currently available and not on use with other trials
	
	X
	
	
	
	
	
	
	X
	

	Tasking form submitted
	
	X
	
	
	
	
	
	
	X
	

	Range site to have power, vehicle access
	X
	
	
	
	
	
	
	
	X
	

	Range firing pack to be compatible with instrumentation
	X
	
	
	
	
	
	
	
	X
	

	Defined naming structure for data
	X
	
	
	
	
	
	X
	
	
	

	Defined file formats for data
	X
	
	
	
	
	
	X
	
	
	

	Prep time available for testing 
	
	X
	
	
	
	
	
	
	
	X

	To stick to assigned budget
	X
	
	
	
	
	
	X
	
	
	

	To deliver trial to schedule
	
	X
	
	
	
	
	
	
	X
	

	Data to be compatible with existing trials data
	X
	
	
	
	
	
	
	
	
	X

	Range, magazine and instrumentation procedures to be compatible
	X
	
	
	
	
	
	X
	
	
	

	High speed video data for each shot
	
	X
	
	
	
	
	X
	
	
	

	Pressure sensor data for each shot
	
	X
	
	
	
	
	X
	
	
	

	Trigger timing data for each shot
	
	X
	
	
	
	
	X
	
	
	

	Defined number of energetic articles required for trial
	
	X
	
	
	
	
	
	
	X
	

	Movement and storage paperwork
	
	X
	
	
	
	
	
	
	X
	

	Trial to occur within normal working hours
	X
	
	
	
	
	
	
	X
	
	

	Magazines tasking form submitted
	
	X
	
	
	
	
	
	
	X
	

	Follow legislature for use of energetic materials
	
	X
	
	
	
	
	
	
	
	X

	Follow Dstl procedures for use of energetic materials
	
	X
	
	
	
	
	
	
	
	X


[bookmark: _Toc45547387]Table 3 Example of Table used to score Requirements for Kano Model

	Requirement
	Functional Result
	Dysfunctional Result
	Score
	Category

	Not Damage Infrastructure
	I expect it
	I can tolerate it
	5
	Attractive

	Use equipment staff are trained on as much as possible
	I like it
	Neutral
	4
	One Dimensional

	Trials activity/fragmentation not to exceed range boundary
	I expect it
	I hate it
	3
	One Dimensional

	Noise level to not exceed range allowances
	I expect it
	I hate it
	3
	One Dimensional

	Prep time available for range staff
	I expect it
	I hate it
	3
	One Dimensional

	Signed paperwork (trials plan & risk assessment)
	I expect it
	I hate it
	3
	One Dimensional

	Use equipment owned by instrumentation team
	I like it
	I can tolerate it
	4
	One Dimensional

	Use kit currently available and not on use with other trials
	I expect it
	I can tolerate it
	4
	One Dimensional

	Tasking form submitted
	I expect it
	I can tolerate it
	3
	One Dimensional

	Range site to have power, vehicle access
	I like it
	I can tolerate it
	3
	One Dimensional

	Range firing pack to be compatible with instrumentation
	I like it
	I can tolerate it
	3
	One Dimensional

	Defined naming structure for data
	I like it
	I expect it
	5
	Attractive

	Defined file formats for data
	I like it
	I expect it
	6
	Attractive

	Prep time available for testing 
	I expect it
	I hate it
	2
	Must-be

	To stick to assigned budget
	I like it
	I expect it
	5
	Attractive

	To deliver trial to schedule
	I expect it
	I can tolerate it
	4
	One Dimensional

	Data to be compatible with existing trials data
	I like it
	I hate it
	3
	One Dimensional

	Range, magazine and instrumentation procedures to be compatible
	I like it
	I expect it
	6
	Attractive

	High speed video data for each shot
	I expect it
	I expect it
	6
	Attractive

	Pressure sensor data for each shot
	I expect it
	I expect it
	6
	Attractive

	Trigger timing data for each shot
	I expect it
	I expect it
	5
	Attractive

	Defined number of energetic articles required for trial
	I expect it
	I can tolerate it
	4
	One Dimensional

	Movement and storage paperwork
	I expect it
	I can tolerate it
	4
	One Dimensional

	Trial to occur within normal working hours
	I like it
	Neutral
	4
	Attractive

	Magazines tasking form submitted
	I expect it
	I can tolerate it
	4
	One Dimensional

	Follow legislature for use of energetic materials
	I expect it
	I hate it
	3
	One Dimensional

	Follow Dstl procedures for use of energetic materials
	I expect it
	I hate it
	3
	One Dimensional


[bookmark: _Toc45547388]Table 4 Results of kano Model Requirement Analysis
As there was only one requirement list as a must have after the analysis, it is important to include this. Using the kano model we can see that the attractive requirements will have a linear effect on functionality and satisfaction but the one-dimensional requirements will have an exponential reaction on satisfaction. It is therefore important to include as many of the attractive requirements as possible and some of the one-dimensional requirements. The scoring was used to decide which of the attractive and one-dimensional requirements to prioritize, the list can be seen in Table 1.
	Category
	Requirement

	Must-Have
	Prep time for equipment testing

	Attractive
	Trial to occur within normal working hours

	
	Not damage infrastructure

	
	Stick to assigned budget

	
	Procedures to be compatible

	
	Pressure data to be captured for each shot

	
	High speed video to be captured for each shot

	
	Trigger timings for each shot

	One Dimensional
	Follow legislature for use of energetic materials

	
	Follow Dstl procedures for use of energetic materials

	
	Be compatible with existing trials data

	
	Trials activity/fragmentation not to exceed range boundary

	
	Noise level to not exceed range allowances

	
	Prep time available for range staff

	
	Signed paperwork (trials plan & risk assessment)

	
	Tasking form submitted

	
	Range site to have power, vehicle access

	
	Range firing pack to be compatible with instrumentation


[bookmark: _Toc45547389]Table 5 Results of the Kano Model Analysis as a list of requirements to be prioritised in the design

[bookmark: _Toc45547379]Figure 6 Kano Model Diagram for the planning of a trial



[bookmark: _Toc45547361]Quality Function Deployment
In order to create a QFD the requirements were split into customer and functional requirements, the result of this can be seen below in Table 6.
	Customer Requirement
	Functional Requirement

	Not damage Range infrastructure
	Use equipment staff are trained on as much as possible

	Trials activity/fragmentation not to exceed range boundary
	Prep time available for range staff

	Noise level to not exceed range allowances
	Use kit currently available and not on use with other trials

	Signed paperwork (trials plan & risk assessment)
	Range site to have power, vehicle access

	Use equipment owned by instrumentation team
	Range firing pack to be compatible with instrumentation

	To stick to assigned budget
	Defined naming structure for data

	To deliver trial to schedule
	Defined file formats for data

	Data to be compatible with existing trials data
	Prep time available for testing 

	High speed video data for each shot
	Range, magazine and instrumentation procedures to be compatible

	Pressure sensor data for each shot
	Inst tasking form submitted

	Trigger timing data for each shot
	Magazines tasking form submitted

	Trial to occur within normal working hours
	Follow legislature for use of energetic materials

	
	Follow Dstl procedures for use of energetic materials

	
	Defined number of energetic articles required for trial


[bookmark: _Ref44944856][bookmark: _Ref44944846][bookmark: _Toc45547390]Table 6 Requirements for a trial split into customer and functional requirements ready to be placed in a QFD template
 



[bookmark: _Toc45547380]Figure 7 Completed QFD Spreadsheet for a trial
The full spreadsheet can be seen in more details in the Annexe: QFD Table. 
	Ranking
	Customer Requirement
	Functional Requirement

	1
	trials activity not exceed range boundary
	Use equipment staff are trained on as much as possible

	2
	noise level to not exceed range allowances
	Prep time for testing

	3
	signed paperwork
	Range, magazine, instrumentation procedures to be compatible

	4
	Not damage range infrastructure
	Prep time available for range staff

	5
	to deliver to schedule
	Defined number or energetic articles required for trial

	6
	use equipment owned by instrumentation
	Follow Dstl procedures for use of energetic materials

	7
	to stick to assigned budget
	Use kit currently available and not in use on other trials

	8
	data compatible with existing trials data
	Inst tasking form correctly submitted

	9
	trigger timing for each shot
	Range sites to have power and vehicle access

	10
	high speed video for each shot
	Follow legislature for use of energetic materials

	11
	pressure sensor data for each shot
	Range firing pack to be compatible with instrumentation

	12
	trial to occur within normal working hours
	Defined file format for data

	13
	
	Defined naming structure for data

	14
	
	Magazine tasking form submitted



[bookmark: _Toc45547362]Task identification
	Area
	Task
	Duration (days)

	Instrumentation
	Consult with TM & TCO
	0.5

	
	Gather Equipment
	1

	
	Test Equipment
	2

	
	Pack Away Equipment
	2

	Range
	Prepare Range
	2

	
	Tidy Range
	2

	Magazines
	Procure Devices
	90

	Project Team
	Write Paperwork
	15

	
	Get Signatures
	15

	
	Preparation
	5

	
	Trial
	10

	
	Post-Trial Analysis
	10


[bookmark: _Toc45547391]Table 7 Tasks for Doing a Trial divided by Section




[bookmark: _Toc45547363]Gantt Chart
[image: ]
[bookmark: _Toc45547381]Figure 8 Gantt Chart for Planning the Trial
[bookmark: _Toc45547364]Design for X
[bookmark: _Toc45547365]Design for instrumentation
	Section
	Components
	A or B?
	Lucas DFA score

	Trigger
	Signal Generator

Trigger button

	B

A
	1+0.8+0.1+0.2 = 2.1
1.3+0+0+0+0+0.6 = 1.9
1+0.8+0.1+0.2 = 2.1
2.0+0+0+0+0+0 = 2.0

	Camera
	Camera

Lens

Tripod

Cabling

Shielding

	A

A

A

A

B
	1.5+0.4+0.1+0.2 = 2.2
1.3+0+0.7+0+0+0.6 = 2.5
1+0.1+0.4+0.4 = 1.9
1.3+0.1+0+0+0.7+0 = 2.1
1.5+0+0+0.2 = 1.7
4.0+0.1+0.7+1.5+0.7+0 = 7.0
1+0+0.1+0.2 = 1.3
2.0+0.1+0+0+0+0 = 2.1
1.5+0.3+0.1+0.2 = 2.1
1.3+0+0+0+0+0 = 1.3

	Data Capture
	DAQ unit

Pressure Gauge

Cabling

	A

A

A
	1.5+0+0.1+0.2 = 1.8
1.3+0.1+0+0+0+0 = 1.4
1+0+0.1+0.2 = 1.3
4.0+0+0.7+0+0+0.6 = 5.1
1+0+0.1+0.2 = 1.3
2.0+0.1+0+0+0+0 = 2.1

	Network
	Switches

Cables

Laptops
	A

A

A

	1+0+0.1+0.2 = 1.3
1.3+0.1+0+0+0+0 = 1.4
1+0+0.1+0.2 = 1.3
2.0+0.1+0+0+0+0 = 2.1
1+0.4+0+0 = 1.4
1.3+0.1+0.7+0+0+0 = 2.1


[bookmark: _Toc45547392]Table 8 Results of Design for Manufacture using the Lucas DFA Method
Design Efficiency 


[bookmark: _Toc45547366]Validation
[bookmark: _Toc45547367]FMEA
[image: ]
Table 9 FMEA results for instrumentation set up


[bookmark: _Toc45547368]Discussion
There are several models which can be used at the beginning of the project to plan out the stages and validation points. The original of these models was the Waterfall model, was published in 1970 by Dr Winston Royce [15] as in Figure 9.
[image: waterfall model]
[bookmark: _Ref35697357][bookmark: _Toc45547382]Figure 9 Example of a Waterfall Plot for software development [15]
The waterfall model works where there are set stages and stringent deadlines making it unsuitable for more dynamic jobs [15].
Other models include the Spiral Model [16], Chaos model [17] and V-model. The V-Model was chosen as it has the step-by-step process of the waterfall model and it suited for work with a strict deadline, like trials [18].
[image: v-model]
[bookmark: _Ref35699196][bookmark: _Toc45547383]Figure 10 Example of a V-Model for software development [18]
The V-Model, see Figure 10, lacks adaptability, has timeline restrictions and is ill-suited for lengthy life cycles [18], so whilst it suits individual trials planning, it may not be suitable for larger projects. There are adaptions to account for multiple customers where several layers of V-Models are interwoven [19], an example of which can be seen in Figure 11.
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[bookmark: _Ref35699179][bookmark: _Toc45547384]Figure 11 Example of a Tester's double V-Model [19]
The Kano Model was good for sorting requirements into those which are necessary, are extra benefits for the customer (customer delighters) or reduce customer satisfaction. Sorting requirements, however, could be costly in time as customers need to be surveyed in sufficient quantity. If the customer had also been surveyed to acquire the requirements this may have led to the customer losing interest and not giving the second or subsequent surveys their full attention.
Whilst the Kano Model sorts requirements, there wasn’t an easy way to judge which of the requirements sorted into extra benefits give a good return on customer delight compared to their cost. It could be tempting to try and include all the customer delighter requirements at increasing cost without increasing the customer satisfaction proportionally. 
The QFD Model included more opportunity to compare requirements and how they worked together, giving more value to which of the customer delighter requirements would be worth including.
Without accurate customer input, which wasn’t always possible, both the Kano and QFD Models rely on the user having had a good understanding of the customer to correctly judge the requirements without bias.
Doing a Gantt chart allows the critical path; shortest possible timeline, to be determined visually and shows what tasks can be moved or delayed without affecting the end deadline. Normally this would be done early on to determine when the earliest the trial could take place. However, as trials sites tend to book up very quickly at the beginning of each financial year there is a tendency to book a slot at some point in the year and then make everything else work around that.
The design for X analysis showed that he instrumentation design was already fairly efficient at 85% and the areas most in need of improvement are the tripod and pressure gauge connections.
The highest risks in the instrumentation were identified using an FMEA and were deemed to be the signal generator which is used to trigger all the other instrumentation.


[bookmark: _Toc45547369]Conclusion
Systems engineering a trial can ensure that all the different teams are connected and working together which can prevent problems arising during or after the trial. There are numerous different tools for each stage, and it is up to the user to determine which is the best tool for the particular task. Trials at Dstl could benefit from some systems engineering of trials and this could be started at the project management level. Trials also tend to be a smaller part of a whole project and therefore could be thought of as one part of a larger system and that larger system could have systems engineering applied to it too.
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				1				9.4								9												9												1												3												1												1												1												9												9												1												1												3												9												9												0												0												0												0												0												0												0												0												0												0												0

				2				11.8								9												9												1												1												1												1												1												9												9												1												1												9												9												9												0												0												0												0												0												0												0												0												0												0												0

				3				11.8								9												9												1												1												1												1												1												9												9												1												1												3												9												9												0												0												0												0												0												0												0												0												0												0												0

				4				11.8								9												9												3												9												9												1												1												3												9												3												9												9												9												9												0												0												0												0												0												0												0												0												0												0												0

				5				8.2								9												9												9												9												1												3												9												9												9												9												1												3												3												3												0												0												0												0												0												0												0												0												0												0												0

				6				8.2								9												9												9												9												3												1												9												9												9												3												1												3												3												9												0												0												0												0												0												0												0												0												0												0												0

				7				9.4								9												9												9												9												3												3												9												9												9												9												1												9												9												9												0												0												0												0												0												0												0												0												0												0												0

				8				7.1								9												1												9												3												3												9												9												9												1												9												1												1												1												1												0												0												0												0												0												0												0												0												0												0												0

				9				5.9								9												3												9												3												9												1												1												9												3												9												1												1												1												3												0												0												0												0												0												0												0												0												0												0												0

				10				7.1								9												3												9												1												9												1												1												9												3												9												1												1												1												3												0												0												0												0												0												0												0												0												0												0												0

				11				5.9								9												3												9												3												9												1												1												9												3												9												1												1												1												3												0												0												0												0												0												0												0												0												0												0												0

				12				3.5								1												9												9												3												1												3												3												9												9												3												3												9												9												9												0												0												0												0												0												0												0												0												0												0												0

				13				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				14				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				15				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				16				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				17				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				18				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				19				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				20				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				21				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				22				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				23				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				24				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				25				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

																871.7647058824		871.7647058824										730.5882352941		730.5882352941										565.8823529412		565.8823529412										464.7058823529		464.7058823529										394.1176470588		394.1176470588										198.8235294118		198.8235294118										370.5882352941		370.5882352941										829.4117647059		829.4117647059										730.5882352941		730.5882352941										495.2941176471		495.2941176471										201.1764705882		201.1764705882										467.0588235294		467.0588235294										594.1176470588		594.1176470588										681.1764705882		681.1764705882										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0

																Note: the cells in the above row are setup the way that they are because you cannot enter an array formula in a merged cell.  
Thus, the red cells contain the array formula and the cell beside the red cell displays the vale.









































































































































































































































































































































































































































Our Company	0.98	0.94	0.9	0.86	0.82	0.78	0.74	0.7	0.66	0.62	0.57999999999999996	0.54	0.5	0.46	0.42	0.38	0.34	0.3	0.26	0.22	0.18	0.14000000000000001	0.1	0.06	0.02	Competitor 1	0.98	0.94	0.9	0.86	0.82	0.78	0.74	0.7	0.66	0.62	0.57999999999999996	0.54	0.5	0.46	0.42	0.38	0.34	0.3	0.26	0.22	0.18	0.14000000000000001	0.1	0.06	0.02	Competitor 2	0.98	0.94	0.9	0.86	0.82	0.78	0.74	0.7	0.66	0.62	0.57999999999999996	0.54	0.5	0.46	0.42	0.38	0.34	0.3	0.26	0.22	0.18	0.14000000000000001	0.1	0.06	0.02	Competitor 3	0.98	0.94	0.9	0.86	0.82	0.78	0.74	0.7	0.66	0.62	0.57999999999999996	0.54	0.5	0.46	0.42	0.38	0.34	0.3	0.26	0.22	0.18	0.14000000000000001	0.1	0.06	0.02	Competitor 4	0.98	0.94	0.9	0.86	0.82	0.78	0.74	0.7	0.66	0.62	0.57999999999999996	0.54	0.5	0.46	0.42	0.38	0.34	0.3	0.26	0.22	0.18	0.14000000000000001	0.1	0.06	0.02	Competitor 5	0.98	0.94	0.9	0.86	0.82	0.78	0.74	0.7	0.66	0.62	0.57999999999999996	0.54	0.5	0.46	0.42	0.38	0.34	0.3	0.26	0.22	0.18	0.14000000000000001	0.1	0.06	0.02	
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				Legend





				Θ						Strong Relationship				9





				Ο						Moderate Relationship				3





				▲						Weak Relationship				1





				┼┼						Strong Positive Correlation





				┼						Positive Correlation





				▬						Negative Correlation





				▼						Strong Negative Correlation





				▼						Objective Is To Minimize





				▲						Objective Is To Maximize





				x						Objective Is To Hit Target
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												Column #				1												2												3												4												5												6												7												8												9												10												11												12												13												14												15												16												17												18												19												20												21												22												23												24												25

												Direction of Improvement:
Minimize (▼), Maximize (▲), or Target (x)

				Row #		Max Relationship Value in Row		Relative Weight		Weight / Importance				Quality Characteristics
(a.k.a. "Functional Requirements" or "Hows")

												Demanded Quality 
(a.k.a. "Customer Requirements" or "Whats")

				1		0.0		11.5		871.8		use equipment staff are trained on as much as possible		871.7647058824

				2		0.0		9.6		730.6		prep time available for range staff		730.5882352941

				3		0.0		7.5		565.9		use kit currently available and not on use with other trials		565.8823529412

				4		0.0		6.1		464.7		range sites to have power and vehicle access		464.7058823529

				5		0.0		5.2		394.1		range firing pack to be compatible with inst		394.1176470588

				6		0.0		2.6		198.8		defined naming structure for data		198.8235294118

				7		0.0		4.9		370.6		defined file formates for data		370.5882352941

				8		0.0		10.9		829.4		prep time for testing		829.4117647059

				9		0.0		9.6		730.6		range, magazine, inst proceedures to be compatible		730.5882352941

				10		0.0		6.5		495.3		inst tasking form correctly submitted		495.2941176471

				11		0.0		2.6		201.2		magazine tasking form submitted		201.1764705882

				12		0.0		6.1		467.1		follow legislature for use of energetic materials		467.0588235294

				13		0.0		7.8		594.1		follow dstl proceedures for use of energetic materials		594.1176470588

				14		0.0		9.0		681.2		defined number of energetic articles required for trial		681.1764705882

				15		0.0								

				16		0.0								

				17		0.0								

				18		0.0								

				19		0.0								

				20		0.0								

				21		0.0								

				22		0.0								

				23		0.0								

				24		0.0								

				25		0.0								

												Target or Limit Value

												Difficulty
(0=Easy to Accomplish, 10=Extremely Difficult)

												Max Relationship Value in Column				0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0

												  Weight / Importance				0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0

												     Relative Weight																																																																																																																																																																																																																																																																																																				





				Numeric Values for Relationship Matrix Calculations

				1				11.5								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				2				9.6								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				3				7.5								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				4				6.1								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				5				5.2								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				6				2.6								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				7				4.9								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				8				10.9								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				9				9.6								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				10				6.5								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				11				2.6								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				12				6.1								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				13				7.8								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				14				9.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				15				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				16				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				17				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				18				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				19				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				20				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				21				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				22				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				23				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				24				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				25				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

																0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0

																Note: the cells in the above row are setup the way that they are because you cannot enter an array formula in a merged cell.  
Thus, the red cells contain the array formula and the cell beside the red cell displays the vale.











































































































































































































































































































































































































































House of Quality 3



				Title:





				Author:





				Date:





				Notes:





























				Legend





				Θ						Strong Relationship				9





				Ο						Moderate Relationship				3





				▲						Weak Relationship				1





				┼┼						Strong Positive Correlation





				┼						Positive Correlation





				▬						Negative Correlation





				▼						Strong Negative Correlation





				▼						Objective Is To Minimize





				▲						Objective Is To Maximize





				x						Objective Is To Hit Target
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												Column #				1												2												3												4												5												6												7												8												9												10												11												12												13												14												15												16												17												18												19												20												21												22												23												24												25

												Direction of Improvement:
Minimize (▼), Maximize (▲), or Target (x)

				Row #		Max Relationship Value in Row		Relative Weight		Weight / Importance				Quality Characteristics
(a.k.a. "Functional Requirements" or "Hows")

												Demanded Quality 
(a.k.a. "Customer Requirements" or "Whats")

				1		0.0								871.7647058824

				2		0.0								730.5882352941

				3		0.0								565.8823529412

				4		0.0								464.7058823529

				5		0.0								394.1176470588

				6		0.0								198.8235294118

				7		0.0								370.5882352941

				8		0.0								829.4117647059

				9		0.0								730.5882352941

				10		0.0								495.2941176471

				11		0.0								201.1764705882

				12		0.0								467.0588235294

				13		0.0								594.1176470588

				14		0.0								681.1764705882

				15		0.0								

				16		0.0								

				17		0.0								

				18		0.0								

				19		0.0								

				20		0.0								

				21		0.0								

				22		0.0								

				23		0.0								

				24		0.0								

				25		0.0								

												Target or Limit Value

												Difficulty
(0=Easy to Accomplish, 10=Extremely Difficult)

												Max Relationship Value in Column				0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0

												  Weight / Importance				0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0

												     Relative Weight																																																																																																																																																																																																																																																																																																				





				Numeric Values for Relationship Matrix Calculations

				1				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				2				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				3				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				4				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				5				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				6				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				7				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				8				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				9				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				10				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				11				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				12				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				13				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				14				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				15				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				16				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				17				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				18				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				19				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				20				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				21				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				22				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				23				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				24				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				25				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

																0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0

																Note: the cells in the above row are setup the way that they are because you cannot enter an array formula in a merged cell.  
Thus, the red cells contain the array formula and the cell beside the red cell displays the vale.











































































































































































































































































































































































































































House of Quality 4



				Title:





				Author:





				Date:





				Notes:





























				Legend





				Θ						Strong Relationship				9





				Ο						Moderate Relationship				3





				▲						Weak Relationship				1





				┼┼						Strong Positive Correlation





				┼						Positive Correlation





				▬						Negative Correlation





				▼						Strong Negative Correlation





				▼						Objective Is To Minimize





				▲						Objective Is To Maximize





				x						Objective Is To Hit Target
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												Column #				1												2												3												4												5												6												7												8												9												10												11												12												13												14												15												16												17												18												19												20												21												22												23												24												25

												Direction of Improvement:
Minimize (▼), Maximize (▲), or Target (x)

				Row #		Max Relationship Value in Row		Relative Weight		Weight / Importance				Quality Characteristics
(a.k.a. "Functional Requirements" or "Hows")

												Demanded Quality 
(a.k.a. "Customer Requirements" or "Whats")

				1		0.0								871.7647058824

				2		0.0								730.5882352941

				3		0.0								565.8823529412

				4		0.0								464.7058823529

				5		0.0								394.1176470588

				6		0.0								198.8235294118

				7		0.0								370.5882352941

				8		0.0								829.4117647059

				9		0.0								730.5882352941

				10		0.0								495.2941176471

				11		0.0								201.1764705882

				12		0.0								467.0588235294

				13		0.0								594.1176470588

				14		0.0								681.1764705882

				15		0.0								

				16		0.0								

				17		0.0								

				18		0.0								

				19		0.0								

				20		0.0								

				21		0.0								

				22		0.0								

				23		0.0								

				24		0.0								

				25		0.0								

												Target or Limit Value

												Difficulty
(0=Easy to Accomplish, 10=Extremely Difficult)

												Max Relationship Value in Column				0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0

												  Weight / Importance				0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0

												     Relative Weight																																																																																																																																																																																																																																																																																																				





				Numeric Values for Relationship Matrix Calculations

				1				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				2				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				3				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				4				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				5				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				6				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				7				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				8				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				9				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				10				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				11				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				12				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				13				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				14				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				15				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				16				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				17				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				18				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				19				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				20				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				21				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				22				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				23				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				24				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				25				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

																0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0

																Note: the cells in the above row are setup the way that they are because you cannot enter an array formula in a merged cell.  
Thus, the red cells contain the array formula and the cell beside the red cell displays the vale.
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				Legend





				Θ						Strong Relationship				9





				Ο						Moderate Relationship				3





				▲						Weak Relationship				1



																																																																																																┼

				┼┼						Strong Positive Correlation



																																																																																										┼												┼┼

				┼						Positive Correlation



																																																																																				┼												┼┼												┼

				▬						Negative Correlation



																																																																																										┼┼												┼

				▼						Strong Negative Correlation



																																																																								┼												┼												┼												┼┼												┼┼

				▼						Objective Is To Minimize



																																																																		┼												┼																								┼┼												┼┼												┼

				▲						Objective Is To Maximize



																																																												┼┼												┼┼												┼┼																								┼┼

				x						Objective Is To Hit Target



																																																						┼												┼┼												┼┼												┼┼												┼																																				┼┼





																																																┼																								┼┼												┼┼												┼																																				┼												┼┼





																																										┼┼																								┼┼												┼┼												┼┼												┼┼																								┼												┼┼												┼┼





																																				┼┼												┼┼												┼┼																								┼┼																								┼┼																								┼┼												┼												┼┼





																														▬												┼┼												┼┼																								┼												┼												┼												┼┼												┼┼												┼												┼┼												┼┼





																								┼┼												┼┼												┼												┼																								┼												┼												┼												┼┼												┼												┼┼												┼┼												┼┼







												Column #				1												2												3												4												5												6												7												8												9												10												11												12												13												14												15												16												17												18												19												20												21												22												23												24												25

												Direction of Improvement:
Minimize (▼), Maximize (▲), or Target (x)				▲												▼												▲												x												x												x												x												▼												▲												▲												x												x												x												▲																																																																																																																																																Competitive Analysis
(0=Worst, 5=Best)

				Row #		Max Relationship Value in Row		Relative Weight		Weight / Importance				Quality Characteristics
(a.k.a. "Functional Requirements" or "Hows")		use equipment staff are trained on as much as possible												prep time available for range staff												use kit currently available and not on use with other trials												range sites to have power and vehicle access												range firing pack to be compatible with inst												defined naming structure for data												defined file formates for data												prep time for testing												range, magazine, inst proceedures to be compatible												inst tasking form correctly submitted												magazine tasking form submitted												follow legislature for use of energetic materials												follow dstl proceedures for use of energetic materials												defined number of energetic articles required for trial																																																																																																																																																Our Company		Competitor 1		Competitor 2		Competitor 3		Competitor 4		Competitor 5																Chart Axis Values

												Demanded Quality 
(a.k.a. "Customer Requirements" or "Whats")																																																																																																																																																																																																																																																																																																																												0		1		2		3		4		5

				1		9		9.4		8.0		Not damage range infrastructure				Θ												Θ												▲												Ο												▲												▲												▲												Θ												Θ												▲												▲												Ο												Θ												Θ																																																																																																																																																																										0.98

				2		9		11.8		10.0		trials activity not exceed range boundary				Θ												Θ												▲												▲												▲												▲												▲												Θ												Θ												▲												▲												Θ												Θ												Θ																																																																																																																																																																										0.94

				3		9		11.8		10.0		noise level to not exceed range allowances				Θ												Θ												▲												▲												▲												▲												▲												Θ												Θ												▲												▲												Ο												Θ												Θ																																																																																																																																																																										0.9

				4		9		11.8		10.0		signed paperwork				Θ												Θ												Ο												Θ												Θ												▲												▲												Ο												Θ												Ο												Θ												Θ												Θ												Θ																																																																																																																																																																										0.86

				5		9		8.2		7.0		use equipment owned by instrumentation				Θ												Θ												Θ												Θ												▲												Ο												Θ												Θ												Θ												Θ												▲												Ο												Ο												Ο																																																																																																																																																																										0.82

				6		9		8.2		7.0		to stick to assigned budget				Θ												Θ												Θ												Θ												Ο												▲												Θ												Θ												Θ												Ο												▲												Ο												Ο												Θ																																																																																																																																																																										0.78

				7		9		9.4		8.0		to deliver to schedule				Θ												Θ												Θ												Θ												Ο												Ο												Θ												Θ												Θ												Θ												▲												Θ												Θ												Θ																																																																																																																																																																										0.74

				8		9		7.1		6.0		data compatible with existing trials data				Θ												▲												Θ												Ο												Ο												Θ												Θ												Θ												▲												Θ												▲												▲												▲												▲																																																																																																																																																																										0.7

				9		9		5.9		5.0		high speed video for each shot				Θ												Ο												Θ												Ο												Θ												▲												▲												Θ												Ο												Θ												▲												▲												▲												Ο																																																																																																																																																																										0.66

				10		9		7.1		6.0		trigger timing for each shot				Θ												Ο												Θ												▲												Θ												▲												▲												Θ												Ο												Θ												▲												▲												▲												Ο																																																																																																																																																																										0.62

				11		9		5.9		5.0		pressure sensor data for each shot				Θ												Ο												Θ												Ο												Θ												▲												▲												Θ												Ο												Θ												▲												▲												▲												Ο																																																																																																																																																																										0.58

				12		9		3.5		3.0		trial to occur within normal working hours				▲												Θ												Θ												Ο												▲												Ο												Ο												Θ												Θ												Ο												Ο												Θ												Θ												Θ																																																																																																																																																																										0.54

				13		0.0																																																																																																																																																																																																																																																																																																																																																0.5

				14		0.0																																																																																																																																																																																																																																																																																																																																																0.46

				15		0.0																																																																																																																																																																																																																																																																																																																																																0.42

				16		0.0																																																																																																																																																																																																																																																																																																																																																0.38

				17		0.0																																																																																																																																																																																																																																																																																																																																																0.34

				18		0.0																																																																																																																																																																																																																																																																																																																																																0.3

				19		0.0																																																																																																																																																																																																																																																																																																																																																0.26

				20		0.0																																																																																																																																																																																																																																																																																																																																																0.22

				21		0.0																																																																																																																																																																																																																																																																																																																																																0.18

				22		0.0																																																																																																																																																																																																																																																																																																																																																0.14

				23		0.0																																																																																																																																																																																																																																																																																																																																																0.1

				24		0.0																																																																																																																																																																																																																																																																																																																																																0.06

				25		0.0																																																																																																																																																																																																																																																																																																																																																0.02

												Target or Limit Value

												Difficulty
(0=Easy to Accomplish, 10=Extremely Difficult)				7												5												8												2												3												2												2												8												7												4												4												5												5												8

												Max Relationship Value in Column				9												9												9												9												9												9												9												9												9												9												9												9												9												9												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0

												  Weight / Importance				871.8												730.6												565.9												464.7												394.1												198.8												370.6												829.4												730.6												495.3												201.2												467.1												594.1												681.2												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0

												     Relative Weight				11.5												9.6												7.5												6.1												5.2												2.6												4.9												10.9												9.6												6.5												2.6												6.1												7.8												9.0																																																																																																																																																		Powered by QFD Online (http://www.QFDOnline.com)





				Numeric Values for Relationship Matrix Calculations

				1				9.4								9												9												1												3												1												1												1												9												9												1												1												3												9												9												0												0												0												0												0												0												0												0												0												0												0

				2				11.8								9												9												1												1												1												1												1												9												9												1												1												9												9												9												0												0												0												0												0												0												0												0												0												0												0

				3				11.8								9												9												1												1												1												1												1												9												9												1												1												3												9												9												0												0												0												0												0												0												0												0												0												0												0

				4				11.8								9												9												3												9												9												1												1												3												9												3												9												9												9												9												0												0												0												0												0												0												0												0												0												0												0

				5				8.2								9												9												9												9												1												3												9												9												9												9												1												3												3												3												0												0												0												0												0												0												0												0												0												0												0

				6				8.2								9												9												9												9												3												1												9												9												9												3												1												3												3												9												0												0												0												0												0												0												0												0												0												0												0

				7				9.4								9												9												9												9												3												3												9												9												9												9												1												9												9												9												0												0												0												0												0												0												0												0												0												0												0

				8				7.1								9												1												9												3												3												9												9												9												1												9												1												1												1												1												0												0												0												0												0												0												0												0												0												0												0

				9				5.9								9												3												9												3												9												1												1												9												3												9												1												1												1												3												0												0												0												0												0												0												0												0												0												0												0

				10				7.1								9												3												9												1												9												1												1												9												3												9												1												1												1												3												0												0												0												0												0												0												0												0												0												0												0

				11				5.9								9												3												9												3												9												1												1												9												3												9												1												1												1												3												0												0												0												0												0												0												0												0												0												0												0

				12				3.5								1												9												9												3												1												3												3												9												9												3												3												9												9												9												0												0												0												0												0												0												0												0												0												0												0

				13				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				14				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				15				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				16				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				17				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				18				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				19				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				20				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				21				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				22				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				23				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				24				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				25				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

																871.7647058824		871.7647058824										730.5882352941		730.5882352941										565.8823529412		565.8823529412										464.7058823529		464.7058823529										394.1176470588		394.1176470588										198.8235294118		198.8235294118										370.5882352941		370.5882352941										829.4117647059		829.4117647059										730.5882352941		730.5882352941										495.2941176471		495.2941176471										201.1764705882		201.1764705882										467.0588235294		467.0588235294										594.1176470588		594.1176470588										681.1764705882		681.1764705882										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0

																Note: the cells in the above row are setup the way that they are because you cannot enter an array formula in a merged cell.  
Thus, the red cells contain the array formula and the cell beside the red cell displays the vale.









































































































































































































































































































































































































































Our Company	0.98	0.94	0.9	0.86	0.82	0.78	0.74	0.7	0.66	0.62	0.57999999999999996	0.54	0.5	0.46	0.42	0.38	0.34	0.3	0.26	0.22	0.18	0.14000000000000001	0.1	0.06	0.02	Competitor 1	0.98	0.94	0.9	0.86	0.82	0.78	0.74	0.7	0.66	0.62	0.57999999999999996	0.54	0.5	0.46	0.42	0.38	0.34	0.3	0.26	0.22	0.18	0.14000000000000001	0.1	0.06	0.02	Competitor 2	0.98	0.94	0.9	0.86	0.82	0.78	0.74	0.7	0.66	0.62	0.57999999999999996	0.54	0.5	0.46	0.42	0.38	0.34	0.3	0.26	0.22	0.18	0.14000000000000001	0.1	0.06	0.02	Competitor 3	0.98	0.94	0.9	0.86	0.82	0.78	0.74	0.7	0.66	0.62	0.57999999999999996	0.54	0.5	0.46	0.42	0.38	0.34	0.3	0.26	0.22	0.18	0.14000000000000001	0.1	0.06	0.02	Competitor 4	0.98	0.94	0.9	0.86	0.82	0.78	0.74	0.7	0.66	0.62	0.57999999999999996	0.54	0.5	0.46	0.42	0.38	0.34	0.3	0.26	0.22	0.18	0.14000000000000001	0.1	0.06	0.02	Competitor 5	0.98	0.94	0.9	0.86	0.82	0.78	0.74	0.7	0.66	0.62	0.57999999999999996	0.54	0.5	0.46	0.42	0.38	0.34	0.3	0.26	0.22	0.18	0.14000000000000001	0.1	0.06	0.02	
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House of Quality 2



				Title:
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				Date:





				Notes:
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												Column #				1												2												3												4												5												6												7												8												9												10												11												12												13												14												15												16												17												18												19												20												21												22												23												24												25

												Direction of Improvement:
Minimize (▼), Maximize (▲), or Target (x)

				Row #		Max Relationship Value in Row		Relative Weight		Weight / Importance				Quality Characteristics
(a.k.a. "Functional Requirements" or "Hows")

												Demanded Quality 
(a.k.a. "Customer Requirements" or "Whats")

				1		0.0		11.5		871.8		use equipment staff are trained on as much as possible		871.7647058824

				2		0.0		9.6		730.6		prep time available for range staff		730.5882352941

				3		0.0		7.5		565.9		use kit currently available and not on use with other trials		565.8823529412

				4		0.0		6.1		464.7		range sites to have power and vehicle access		464.7058823529

				5		0.0		5.2		394.1		range firing pack to be compatible with inst		394.1176470588

				6		0.0		2.6		198.8		defined naming structure for data		198.8235294118

				7		0.0		4.9		370.6		defined file formates for data		370.5882352941

				8		0.0		10.9		829.4		prep time for testing		829.4117647059

				9		0.0		9.6		730.6		range, magazine, inst proceedures to be compatible		730.5882352941

				10		0.0		6.5		495.3		inst tasking form correctly submitted		495.2941176471

				11		0.0		2.6		201.2		magazine tasking form submitted		201.1764705882

				12		0.0		6.1		467.1		follow legislature for use of energetic materials		467.0588235294

				13		0.0		7.8		594.1		follow dstl proceedures for use of energetic materials		594.1176470588

				14		0.0		9.0		681.2		defined number of energetic articles required for trial		681.1764705882

				15		0.0								

				16		0.0								

				17		0.0								

				18		0.0								

				19		0.0								

				20		0.0								

				21		0.0								

				22		0.0								

				23		0.0								

				24		0.0								

				25		0.0								

												Target or Limit Value

												Difficulty
(0=Easy to Accomplish, 10=Extremely Difficult)

												Max Relationship Value in Column				0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0

												  Weight / Importance				0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0

												     Relative Weight																																																																																																																																																																																																																																																																																																				





				Numeric Values for Relationship Matrix Calculations

				1				11.5								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				2				9.6								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				3				7.5								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				4				6.1								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				5				5.2								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				6				2.6								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				7				4.9								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				8				10.9								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				9				9.6								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				10				6.5								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				11				2.6								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				12				6.1								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				13				7.8								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				14				9.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				15				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				16				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				17				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				18				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				19				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				20				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				21				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				22				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				23				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				24				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				25				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

																0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0

																Note: the cells in the above row are setup the way that they are because you cannot enter an array formula in a merged cell.  
Thus, the red cells contain the array formula and the cell beside the red cell displays the vale.











































































































































































































































































































































































































































House of Quality 3
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				Date:





				Notes:
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												Column #				1												2												3												4												5												6												7												8												9												10												11												12												13												14												15												16												17												18												19												20												21												22												23												24												25

												Direction of Improvement:
Minimize (▼), Maximize (▲), or Target (x)

				Row #		Max Relationship Value in Row		Relative Weight		Weight / Importance				Quality Characteristics
(a.k.a. "Functional Requirements" or "Hows")

												Demanded Quality 
(a.k.a. "Customer Requirements" or "Whats")

				1		0.0								871.7647058824

				2		0.0								730.5882352941

				3		0.0								565.8823529412

				4		0.0								464.7058823529

				5		0.0								394.1176470588

				6		0.0								198.8235294118

				7		0.0								370.5882352941

				8		0.0								829.4117647059

				9		0.0								730.5882352941

				10		0.0								495.2941176471

				11		0.0								201.1764705882

				12		0.0								467.0588235294

				13		0.0								594.1176470588

				14		0.0								681.1764705882

				15		0.0								

				16		0.0								

				17		0.0								

				18		0.0								

				19		0.0								

				20		0.0								

				21		0.0								

				22		0.0								

				23		0.0								

				24		0.0								

				25		0.0								

												Target or Limit Value

												Difficulty
(0=Easy to Accomplish, 10=Extremely Difficult)

												Max Relationship Value in Column				0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0

												  Weight / Importance				0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0

												     Relative Weight																																																																																																																																																																																																																																																																																																				





				Numeric Values for Relationship Matrix Calculations

				1				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				2				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				3				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				4				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				5				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				6				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				7				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				8				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				9				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				10				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				11				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				12				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				13				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				14				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				15				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				16				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				17				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				18				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				19				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				20				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				21				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				22				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				23				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				24				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				25				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

																0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0

																Note: the cells in the above row are setup the way that they are because you cannot enter an array formula in a merged cell.  
Thus, the red cells contain the array formula and the cell beside the red cell displays the vale.
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				Legend





				Θ						Strong Relationship				9





				Ο						Moderate Relationship				3





				▲						Weak Relationship				1





				┼┼						Strong Positive Correlation





				┼						Positive Correlation





				▬						Negative Correlation





				▼						Strong Negative Correlation





				▼						Objective Is To Minimize





				▲						Objective Is To Maximize





				x						Objective Is To Hit Target
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												Column #				1												2												3												4												5												6												7												8												9												10												11												12												13												14												15												16												17												18												19												20												21												22												23												24												25

												Direction of Improvement:
Minimize (▼), Maximize (▲), or Target (x)

				Row #		Max Relationship Value in Row		Relative Weight		Weight / Importance				Quality Characteristics
(a.k.a. "Functional Requirements" or "Hows")

												Demanded Quality 
(a.k.a. "Customer Requirements" or "Whats")

				1		0.0								871.7647058824

				2		0.0								730.5882352941

				3		0.0								565.8823529412

				4		0.0								464.7058823529

				5		0.0								394.1176470588

				6		0.0								198.8235294118

				7		0.0								370.5882352941

				8		0.0								829.4117647059

				9		0.0								730.5882352941

				10		0.0								495.2941176471

				11		0.0								201.1764705882

				12		0.0								467.0588235294

				13		0.0								594.1176470588

				14		0.0								681.1764705882

				15		0.0								

				16		0.0								

				17		0.0								

				18		0.0								

				19		0.0								

				20		0.0								

				21		0.0								

				22		0.0								

				23		0.0								

				24		0.0								

				25		0.0								

												Target or Limit Value

												Difficulty
(0=Easy to Accomplish, 10=Extremely Difficult)

												Max Relationship Value in Column				0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0

												  Weight / Importance				0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0												0.0

												     Relative Weight																																																																																																																																																																																																																																																																																																				





				Numeric Values for Relationship Matrix Calculations

				1				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				2				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				3				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				4				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				5				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				6				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				7				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				8				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				9				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				10				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				11				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				12				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				13				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				14				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				15				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				16				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				17				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				18				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				19				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				20				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				21				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				22				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				23				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				24				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

				25				0.0								0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0												0

																0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0										0		0

																Note: the cells in the above row are setup the way that they are because you cannot enter an array formula in a merged cell.  
Thus, the red cells contain the array formula and the cell beside the red cell displays the vale.
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