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This paper will look at elements of the Marine Radar installation at QinetiQ Aberporth and apply system-engineering principles to analyse the delivery and operation. 	QinetiQ       M6X00947
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QinetiQ Aberporth operates as a Test and Evaluation (T&E) site for the Ministry of Defence (MOD) and they do so under a Long Term Partnering Agreement (LTPA). Aberporth is located to the South of Cardigan Bay in West Wales, QinetiQ manages and facilitates operations in the allocated range danger area D201 complex, see figure 1:
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Figure 1
Cardigan Bay Range Danger Area


The D201 complex covers roughly 6000Km2 of Cardigan Bay and is popular with different types of marine traffic such as fishing vessels, pleasure craft and marine animal tours. On a nice summer day the area can get quite congested and carrying out trials can be challenging. 

To conduct the trials as safely as possible, the range employs a network of marine Radars to detect marine traffic in the bay. These consist of 4 Radars over three sites to maximise coverage in the bay, see figure 2:
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Figure 2
Map showing the location of Marine Radars
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This document is going to focus on delivery of the Radar antenna and the display system parts of the overall system. 
It will apply the Quality Function Deployment (QFD)/House of Quality (HoQ) to the antenna and Failure Mode Effect Analysis (FMEA) tool to the display system.
QFD will be used to define and prioritise the customer requirements.
FMEA will be used to (1):
· Recognise, evaluate and prioritise (score) potential failures and their effects.
· Identify actions, which could eliminate or reduce the chance of potential failure occurring.
· Document and share the process.
[bookmark: _Toc355549007]QFD

The QFD Institute (2) describes QFD as:
· Understanding customer requirements.
· Quality systems thinking, psychology, Knowledge/Epistemology.
· Maximising positive quality that adds value
· Comprehensive quality system for customer satisfaction
· Strategy to stay ahead of the game
The following diagram, figure 3 shows the various fields within a QFD template:
 [image: ]
Figure 3 - QFD Fields 
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There are many different design parameters that go into Radar antenna design that have massive implications in the performance of the system. Some of the more important electrical ones are (3):

· Gain
· Beam width
· Frequency of operation
· Polarisation

The QFD is going to be based more on the mechanical aspects of Radar antenna design (3):

· Size 
· Weight
· Maintainability
· Wind loads
· Manufacturing methods 
· Operating conditions

The selected elements for the quality characteristics and their considerations:

· Dimensions - Overall size, beam pattern, environmental
· Material cost - Budget, quality, maintenance overheads
· Material strength - size, cost, environmental
· Maintainability - man hours, repair cost, spares availability
· Power Consumption - cost, environmental, power handling
· Coating - corrosion resistance, cost, environmental 
· Weight - power consumption, wind loading
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The demanded qualities are often called the ‘voice of the customer’. They are the elements that the customer requires from the system that the quality characteristics satisfy. The QFD process helps the designer to correlate the technical aspects with the customer needs. Its output enables the designer to see where it’s best to enhance a technical aspect to get the best outcome to the customer’s satisfaction, thereby enhancing the quality of the product to the customer. The author has worked on, and used radars for a number of years so the list that follows is drawn from personal experience:

· High wind resistance - ability to withstand wind forces acting upon it
· Low running cost - to keep the ongoing costs to a minimum
· Corrosion resistant - marine radars are deployed in harsh environments for metals
· Lightweight - keeps running and installation/transportation cost down
· High gain - the dimensions and construction of the radar focus’s the radars power, higher gain = better range, less sensitive (cheaper) receiver, better detection capabilities and less transmitter power (again cheaper)
· Low noise - to lessen to impact on the surrounding area
· Low downtime - high MTBF (Mean Time Between Failure) and short/not complicated maintenance procedures
· High availability of spares - they are readily available and at short notice if required
· Low environmental impact - size isn’t too imposing on surroundings, materials used are environmentally friendly where possible
· Accurate beam pattern - the area of detection is as desired to pick up targets of interest



The following page contains a copy of the completed QFD tool with necessary fields completed, weightings allocated and correlations/relationships marked accordingly. 
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Figure 4 - QFD/HoQ for a Marine Radar Antenna
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The bar chart below was constructed to visualise the QFD process output

[image: ]
Bar chart 1 - QFD Output
	
	This quality process has put the dimensions as the most important technical aspect to prioritise for most effect on perceived quality for the customer. The author agrees with this finding. It is definitely a very important design characteristic that has to be of a high quality for the system to function.

The coating has come in second; again, this is agreed, especially in the harsh marine environment. It also could have a major impact on the gain or amplification of the received signals so this would have to have a high priority. It has effects on multiple customer requirements. 

Maintainability has come third with quite a step down from the first two. This is where cost and downtime/availability come into the system. It’s an important factor to consider but not as important as having a system that does what it’s required to do hence the other two aspects coming higher on the prioritisation.

Weight is fourth. This is midway in the order as it has positive and negative correlations with other items. The heavier it is, the better it will stand up to the wind and it would be cheaper but being heavier, it would cost more to install and transport and take more power to operate.

Material cost is next. The priority is lessening even more here. The amount spent on it isn’t going to have as much of an impact on perceived quality to the customer but it will on the budget of course.

The final two are power consumption and material strength. These are down the list of priorities as they have little impact on the performance of the radar antenna and that is where the quality lies for the customer.
[bookmark: _Toc355549011]FMEA Details

A template for the FMEA supplied by the authors University and obtained from the American Society for Quality will be used.
As stated previously the FMEA will focus on the part of the system that is visible to the main users. This is the display system supplied by Denbridge Marine Limited and it is deployed in the Operations Room at QinetiQ Aberporth. It was decided to narrow the field to this area as it is where the majority of users interact with the system and where faults will be most apparent and first noticed. This system is very software driven and has many different aspects to it. As such, the FMEA will focus on the hardware within the Ops room only. Most of the processing is done in an equipment room in a separate area so only the systems directly linked to the displays will be considered.
[bookmark: _Toc355549012]Denbridge System

A layout of the Ops room display system can be seen in Annex A (4). It runs a software package called iVision that allows the users to interact with and view the feeds from all of the Radars connected to the system. 1 iVision PC is capable of running and displaying 2 instances of the iVision software. Each PC has 2 monitors connected to in a dual screen setup. The user can access and control any of the Radars from any of the iVisions. They can view individual Radar feeds or composites made up from a number of feeds. They also have access to diagnostic messages and will be alerted if a fault is detected within the system. The system is made up of the following items:

· 8 Wide Screen Monitors - 2 per PC.
· 1 Large Screen Monitor - For composite viewing and overall situational awareness (known as Mosaic).
· 9 KVM (Keyboard Video Mouse) Switches - 1 per monitor, 4 are for dual screening.
· 4 Sets of Speakers.
· Associated power and data distribution wiring.
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Table 1 - FMEA Process
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Bar Chart 2 - FMEA Output

This tool has highlighted an iVision PC failure as the greatest area for concern by quite a margin. This is agreed, it would affect almost one quarter of the displays available in the operations room.

The next two are quite close in RPN number and have similar effects but they only differ due to a slightly different chance of detection.

The next three are tied on 18 RPN. The causation and effects are quite different but the cause for concern is the same. The factors balance out to give the same RPN output.

The last two are equally low, with their effects of failure having a minimal effect on the system.

The system appears to have adequate and appropriate mitigations for failure in place.






[bookmark: _Toc355549015]Conclusion

It has been an interesting activity. Running these tools on a relatively recently installed system that would have gone through the same or similar system engineering processes. The QFD reinforced my thoughts as to where the priorities of design and utilisation fall. Being on both sides (a system engineer and an end user) has proved quite useful during this assignment. QFD is definitely a useful tool for the system or process designer to view the project from the customers viewpoint and enable them to focus their work on the areas that will have the most benefit to the customer based on their requirements. 

The FMEA process was also interesting as its output again confirmed my thoughts on where the areas of concern for potential failures lie. As the project was delivered, it would have gone through similar processes and this is evident with the result of the FMEA. The mitigations in place already deal with the areas of concern; hence there were nil entries in the recommended actions column. Someone has done this and implemented the recommended actions. This only goes to prove that these tools add value to a project and are a valuable resource for a designer/engineer to utilise to add quality to their production.
[bookmark: _Toc355549016]Annex A
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Data Entry

		FAILURE MODE AND EFFECTS ANALYSIS

		Item:		Operations Room Radar Display System						Prepared by:				Craig Holloway

		Model:		Denbridge Marine Limited - iVision						Date:				2-May-17

		Process Function		Potential Failure Mode		Potential Effect(s) of Failure		Sev		Potential Cause(s)/ Mechanism(s) of Failure		Occur		Current 
Process 
Controls		Detec		RPN		Recommended Action(s)

		Whole Display System		Power failure		System unusable during trial		9		Power failure to site or buliding		1		UPS installed for building		2		18		Nil

		iVision PC		PC Failure		Loss of 1 user position and 2 displays		5		Muliple - PSU, Motherboard, cooling		3		Matrix designed system, spare held on site		3		45		Nil

		iVision Display		Monitor Failure		Loss of 1 instance of iVision		3		PSU or system fault		3		Dual screen setup with other matrixed PC's on system, spare held on site		3		27		Nil

		KVM Switch		Switch failure for dual sceen display		Loss of visibility of 1 iVision program		3		Power or unit failure		2		Matrix designed system, spare held on site		3		18		Nil

		KVM Switch		Switch failure for main display		Loss of control/input to one iVision PC, only one iVision instance visible but not controllable		4		Power or unit failure		2		Matrix designed system, spare held on site		3		24		Nil

		Mouse		Mouse Failure		Loss of mouse input to 1 iVision PC		2		Unit failure		1		Matrix designed system and most functions can be accessed via keyboard shortcuts, spare held on site		2		4		Nil

		Speakers		Speaker Failure		Loss of audible alert to alarm state detection		2		Unit failure		1		Visual alarm state also available and other iVision PC can be setup for audio alarms		2		4		Nil

		Mosaic Display		Failure		Loss of overview capability		3		Unit failure		2		Standard iVision displays can also show composite display to compensate		3		18		Nil
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