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1. [bookmark: _Toc480440683]Introduction
This report will focus on the concept of Quality Function Deployment (QFD). It will cover a brief history and theory of QFD, and also give an example of a project that the author has had exposure too and implement part of QFD on it. 

2. [bookmark: _Toc480440684]Quality Function Deployment
2.1 [bookmark: _Toc480440685]History of Quality Function Deployment
QFD was developed by Professor Shigeru Mizuno and Professor Yoji Akao in Japan in 1966. The original name “Hin-shitsu Ki-no Ten-kai” when translated into English literally means “Quality Function Deployment”.
It was developed to give better quality control over projects, gain a better understanding and development of the customer’s needs, which would in turn improve customer satisfaction. Originally the customers’ needs were met by improving or fixing projects as they progressed, QFD was designed to give a project a life that could be worked out before the project started.
In 1983 QFD was introduced to America and Europe and due to its flexibility and comprehensiveness it was embraced by many businesses.  
(1) (2)



2.2 [bookmark: _Toc480440686]Implementation
One of the tools associated with QFD is the House of Quality (HOQ) tool. It uses a string of matrices that takes the needs of the customer and translates them into products or services that meet the customers’ needs. 

[image: https://media.licdn.com/mpr/mpr/shrinknp_800_800/AAEAAQAAAAAAAAN0AAAAJDYzODE2NTRiLTUxMDctNDVhNy05MTAwLTVmODc3Y2E1ODUyNA.png]
[bookmark: _Toc480440675]Figure 1 - HOQ Matrix block diagram (3)

· 1. Customer requirements
This is regarded as the voice of the customer (VOC) and lists the needs and requirements of the customer. The list is a set of requirements and should not be proposed solutions to help the end goal. A priority is also given to each requirement to give an importance weighting to each from the customers perceptive. 

· 2. Customer Requirements Benchmarks and Competitor Analysis
This part analyses the competition and how their products in comparison with what the customers requirements.   

· 3. Design Characteristics
A list of engineering characteristics that is perceived to meet the customers requirements are listed here. Each item is graded to show if they were to be improved in which direction the change would need to be.
 


· 4. Relationship Between Customer Requirements and Design Characteristics
Each of the customer requirements and the design characteristics are compared with each other here, some of the design characteristics will have a big influence on the customers’ requirements; some won’t have any connection at all. A score is given dependant on the connection made.

· 5. Technical Correlations
The design characterises are compared with each here. When one is altered in a positive way the influence it has on the others are noted and whether it is positive influence or a negative influence.

· 6. Design Score Technical Benchmark and Competitor Analysis Design Targets
When the relationship between the customer requirements and the design characteristics are worked out a score is given. This is worked out using the priority score given by the customer and the relationship score. These sores can highlight were priority and manpower could be needed in the project.

The following diagram shows how four matrices can be linked together to a give a complete breakdown of the intended project. 
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[bookmark: _Toc480440676]Figure 2 - Four Phases of Quality Function Deployment (QFD) (3)



3. [bookmark: _Toc480440687]Practical Implementation
3.1 [bookmark: _Toc480440688]Project Details
QinetiQ have several Ranges that require data to be captured with the use of Tracking Radars. Currently there are fixed Tracking Radar at Aberporth Range, Hebrides Range and Larkhill Range. Mobile Tracking Radars are also utilised at West Freugh Range and Eskmeals Range. The Radar fleet are aging and will need replacing in due course; a Mobile Tracking Radar that can be deployed to any of the Ranges is required to supplement the fleet.
To fulfil the needs a Mobile Doppler Radar will be procured that will deployable to above mentioned ranges.
The likely candidate system to be procured by this project has already been identified and is the MFTR-2100/45 Multi Frequency trajectory radar system, manufactured and supplied by Weibel Scientific, Denmark. The system requirement document that was produced will be used to identify any performance or capability gaps that exist between the identified system and the project requirements. 

3.2 [bookmark: _Toc480440689]Customer Requirements
There are over one hundred Specific System Requirements listed in the original documentation, the section relating to the Radar Control Modes will be used for this exercise.

The Customer Requirements for the Radar Control Modes are shown in the following table;


3.3 
	Page 0

	Page 1

	ID
	System Requirement
	Justification
	Validation Method
	Verification Criteria
	Priority

	SR-12
	Radar Control Modes
	
	
	
	

	SR-170
	The MFTR shall have the following modes of control of azimuth, elevation and range: "Manual" via joystick, hand wheel or push button; "External Designate" via external data interface; "Space Point" via operator selectable pre-set coordinates.
	Required for control of the radar by the operator when conducting pre-trial checks and trials operations.
	Test
	Verify that the radar systems move to the designated positions when selected.
	P1

	SR-171
	The operator shall be able to define a minimum of 20 "Space Points" for the MFTR radar and the system save them for reuse after reboot and subsequent trials.
	Required for selecting pre-determined positions e.g. boresight, FSR, check points etc.
	Test
	Verify that 20 points can be defined.
	P2

	SR-172
	Each Space Point shall be defined as Azimuth, Elevation and range or X (orthogonal absolute), Y (true North at that location), Z (vertically upwards) or the position specified in WGS84 coordinates and height above spheroid.
	Positional information can be defined  by either method
	Test
	Verify data entry by either method
	P1

	SR-173
	The MFTR radar shall be able to point to a selected space point when commanded by the operator.
	Required for selecting pre-determined positions e.g. boresight, check points etc.
	Test
	Verify that the radar systems move to the operator designated positions when selected.
	P1




	SR-174
	The MFTR system shall enable the operator to pre-define and select "Pre-Determined Trajectories" (PDTs) (based on rocket characteristics such as thrust, burn time etc.) and the system save these PDTs for reuse after reboot and subsequent trials.
	Required for acquisition of ballistic objects.
	Test
Inspection
	Supplier to propose test specification for FAT / SAT.
	P1

	SR-175
	The MFTR system shall enable the Operator to input PDTs as a sequence of position and time data points.
	Required for acquisition of ballistic targets.
	Test
Inspection
	Operator to input data points. Supplier to propose test for FAT / SAT.
	P1

	SR-176
	It shall be possible to initiate the PDT by an Operator-defined Absolute Time trigger.
	To enable the PDT to be triggered by an absolute time.
	Test
Inspection
	Review data following test to confirm data agrees with the theoretical prediction.
	P1

	SR-177
	The MFTR radar shall follow the PDT when triggered by operator action.
	To enable the PDT to be triggered manually by the operator.
	Test
Analysis
	Analysis of data following test to confirm data agrees with the theoretical prediction.
	P1

	SR-178
	The MFTR radar shall follow the PDT when triggered by an external trigger input.
	To enable the PDT to be triggered by an external event e.g. firing pulse.
	Test
Analysis
	Analysis of data following test to confirm TSPI data agrees with the theoretical prediction.
	P1




	SR-14
	The radar system shall be capable of being controlled either locally to the radar or remotely from a location up to 2000m away.
	Some tasks require the tracking system to be in close proximity to a weapon launch / firing i.e. within the personnel exclusion zone.
The conduct of trials would be greatly facilitated by being able to control the radar from a remote location (e.g. a control building).
	Test
Demonstration
	Verify at Hebrides SAT. Confirm that the system can be fully controlled from a location 0m to 2000m away from the radar system.
	P1



[bookmark: _Toc480440677]Figure 3 - System Requirements list for Radar Control Modes (4)
3.3.1 [bookmark: _Toc390262423][bookmark: _Toc480440690]Validation of User requirements 
Validation Methods are proposed for each User Requirement (UR). Four categories of validation methods are used:
· Analysis
The use of analytical data or simulations to show theoretical compliance to the requirements under defined conditions (Used where testing to realistic conditions cannot be achieved or is not cost effective.)
· Inspection
An examination of the item to confirm compliance with the requirement against applicable documentation (Inspection is used to verify properties best determined by examination and observation e.g. paint colour, weight, etc.)
· Test
An action by which the operability, supportability or performance capability of an item is verified when subjected to controlled conditions that are real or simulated. These verifications often use special test equipment or instrumentation to obtain very accurate quantitative data for analysis.
· Demonstration
A qualitative exhibition of functional performance, usually accomplished with no or minimal instrumentation (a set of test activities with system stimuli selected by the system developer may be used to show that system or subsystem response to stimuli is acceptable).
(4)
3.3.2 [bookmark: _Toc480440691]Priority Ratings
The system requirements have been classified to give a measure of the importance, to enable prioritisation and identify possible trade-offs. The classifications are defined below.
· Key
Assessed as key to the capability; cannot be traded without approval from the SDM (Weapons)
· Man
Dictated by law regulation, treaty or contract; cannot be traded
· P1
Assessed as very important to the capability; can only be traded if unachievable or to avoid time/cost impact. P1 requirement cannot be traded without approval from the SDM (Weapons)
· P2
Medium Priority – Assessed as important but not fundamental to the capability, can be traded if high technical risk or significant time/cost advantage. P2 requirements shall not be traded without approval from SDM (Weapons)
· P3
Assessed as ‘nice to have’, can be traded for performance/time/cost advantage. P3 requirements can be traded without approval of the SDM (Weapons)
· Con
Dictated by legislation, infrastructure, operation, Safety, Security
(4)

3.4 [bookmark: _Toc480440692]Implementing HOQ
Using the User Requirement Documentation, System Requirement Documentation, and discussing the System with the Operators (customers) a HOQ template was completed.



[bookmark: _Toc480440678]Figure 4 - Completed House of Quality table based on User Requirements

3.5 [bookmark: _Toc480440693]Review of Results
From the HOQ a table was made ranking the Quality Characteristics from highest to lowest;

	Quality Characteristic
	Ranking
	Weight/Importance (Relative Weight %)
	Difficulty to Achieve

	Computer and Operating System
	1
	31
	8

	Keyboard Control
	2
	16.7
	2

	Mouse Control
	2
	16.7
	2

	Serial Interface
	3
	8.5
	5

	Hard Button Control
	4
	7.8
	6

	Software Controls (Touchscreen)
	5
	6.1
	5

	Joystick Control
	6
	5.8
	2

	Ethernet over Fibre Connection
	7
	4.7
	6

	GPS Timing System
	8
	2.8
	6



[bookmark: _Toc480440679]Figure 5 - Results from HOQ with Quality Characteristics ranked in order of Weight/Importance

3.6 [bookmark: _Toc480440694]Quality Characteristics
A brief description for each Quality Characteristic is given Review of Results;

· Computer and Operating System
The computer has the main operating system on that will control the Radar and all its processes. The Operating System will be MS Windows based but with a custom Operating System that has all the algorithms and controls required to operate and control the radar.
· Keyboard and Mouse Control
Input controls for the Computer and Operating System.
· Serial Interface (external connection)
Range provided external data such as slaving data from other sources, timing and events will be interfaced through this device.
· Hard Button Control
Certain controls can be selected via proper button press in place of touchscreen controls or keyboard/mouse control.
· Joystick Control
The Tracking Radar would be manually controlled with the use of a joystick, which is able to move 360⁰ in azimuth and from -5⁰ to +185⁰ in Elevation.
· Ethernet over Fibre Connection
To enable remote operation of the Radar a link is needed between it and the Control Computer.
· GPS Timing System
To provide accurate timing for the system GPS timing is used.




3.7 [bookmark: _Toc480440695]Review of HOQ results
Based on the results from the HOQ the item that has the highest weighting/importance is the Computer and Operating System, which is understandable considering it is the heart of the system. The computer has also been ranked the most difficult to accomplish.

The second highest importance to be shown are two items which have the same score, they are the Keyboard and Mouse Controls, which is makes sense as the Computer is useless without any controls. Some might consider the mouse and keyboard to be part of the Computer and Operating system, but the Operating System would be a custom build and the customer deems this to be separate entity. 

The surprising result in the Weight/Importance ranking is the Ethernet over Fibre Connection which is ranked 2nd from last; this is the main link between the Computer and the Radar, this is an integral part of the system and without it the operator would have no control over the radar. The possible reason this result has occurred is the Ethernet over Fibre Connection only has one relationship with any other requirement despite being having a importance factor of 10. 

When looking at the Roof it is apparent that only one characteristic affects any other characteristic, which is the Computer and Operating system, again this makes sense as it is the heart of the system and all other parts are connected to it. It would also appear that all other characteristics have no effect on any others (excluding the Computer and Operating System).


[bookmark: _Toc480440696]Conclusion
Quality Function Deployment and the House of Quality tool looks like a very powerful system in identifying and processing the customers’ needs and requirements. Whilst I have only just touched the surface with my research into the system and only use the a very small portion of HOQ - with a good chance that I have not completed it correctly either – I can see that if followed correctly the results can be substantial, which has been proven by many companies using it.
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