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[bookmark: _Toc45474082]Background
Explosive detection dogs are used to detect improvised explosive devices (IED’s). Traditionally dogs have been trained using the energetic substance they are required to find (the explosive), however there has been a shift recently to training on non-energetic items that might be found with a device. This project has designed a new piece of equipment (kit 5) that can be used to train dogs following this principle; dogs are trained on non-energetic common device components. This increases the scope for the use of the kit. 
In response to the invasions of Iraq and Afghanistan new methods of training the dogs were needed to help them detect the wider variety of IED’s being encountered. A non-explosive training aid was proposed containing the components of IED’s being found in theatre. These components when used together can build a scent picture of the entire IED, the idea being that these components are used across many types of IED and training on a set of components will allow the dog to detect IED’s in their entirety. Initially these components were categorised and placed into a number of pelicases (sub 5), each set of these sub 5’s consisted of one full training aid. These pelicases together are known as Kit 5.

[bookmark: _Toc45474083]Needs Analysis
A needs analysis is an important step in the development of a new system; it shows that there is an operational need for a new system or upgrading a current model while balancing the risk and cost factors. Waite and Logan give a partial definition of Systems Engineering as “defining customer needs and required functionality early in the development cycle” [1] and that ideally systems engineering focuses on the business and technical needs of all the customers involved in the requirements with the aim of providing a valid solution which meets the user’s needs. Figure 2 shows the different stages of a system lifecycle. Identifying needs features heavily in this system lifecycle, and shows that product development cannot begin until a full needs analysis has been conducted. Indeed Snyder and Khalid state that projects can easily fail if full checks on requirements are not completed, these can be a failure to scrutinise, define or control what the customer is asking for, they noted that software projects in 2006 a CHAOS group report found “46% were challenged (having cost or time overruns or not fully meeting user requirements), and 19% outright failed” [2]. 
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Figure 1 - System Lifecycle stages and activities [1]



There are different tools to determine customer needs and these are listed by Snyder and Khalid, some of these require mathematical algorithms or software. Compton et al note “quality functional deployment” (QFD) as one of these tools. QFD is “a procedure by which a stakeholder’s wants/needs are spread throughout the elements of an organisation to ensure that the final product/service satisfies those wants/needs” [3]. The author will examine the user requirements using the QFD model and use them to produce product characteristics for kit 5. 
The QFD is made up of different fields which eventually make up the entire “House of Quality”, shown in Figure 2. The author will not consider the competitive values as the only organisation that could supply this product to the customer is the author’s current organisation. This QFD model can be seen in the appendix.
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[bookmark: _Ref38467943][bookmark: _Ref38467929]Figure 2 - QFD Model or "House of Quality" [4]
[bookmark: _Toc45474084]V Model
Given the nature of the problem the author has complied a V model to map out the lifecycle process of a training aid in response with user requirement. According to the Systems Engineering Department the V model “provides guidance for the planning and realization of projects” [5], the author believes that this is the best systems engineering model to apply to the process that has already been used to create Kit 5. The author will now try to relate the V model [6] seen in Figure 3 to the steps taken in developing Kit 5.
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[bookmark: _Ref37859989][bookmark: _Ref37859974]Figure 3 - V model [5]
[bookmark: _Toc45474085]Feasibility Study / Concept Exploration
Tried and tested methods in training a dog to find particular substances have been in practice for many years; with dogs trained to detect energetic materials (explosives). However, dogs can be trained to detect a wide range of different materials, not just explosives. The concept of this training kit is to create a scent picture of an IED without the explosive components. The lack of explosive components provided advantages such as safer transportation, reducing the limiting regulations for the storage and transport of the kit and making use of the kit safer. Small scale tests were carried out with some materials to confirm dogs can be trained to detect them within the feasibility study.
[bookmark: _Toc45474086]Concept of Operations
The customers required a piece of easily portable equipment that could be used to train dogs to detect explosive devices, which would serve a number of purposes. Firstly, to introduce dogs to odours, secondly, to retain the detection capability over time (maintenance training to ensure the dog retains the ability to detect explosive devices) and finally, to provide a means to train using novel odours that have not been introduced during basic training. Ensuring that odour integrity is maintained over time is critical to how the system operates; the odour of the material used to train the dog can easily be contaminated with irrelevant, potentially more potent odours, which could mask the true odour and train the dog to detect something other than the device. Odour integrity must be maintained when the kit is in use and when the kit is in storage, therefore the packaging and usage instructions are a critical aspect of the equipment design. Within the kit there must be a means of breaking down the subunits further to ensure training can be conducted where a full pelicases cannot be taken.
[bookmark: _Toc45474087]System Requirements
Kit 5 requirements as mandated by the user in consultation with the provider are listed below:
· Transport: Must be easily transportable using a variety of modes (air, sea, road) and be compatible with other items. In some cases, the equipment may be transported by a single person by hand over a period of days. Must conform to MOD regulations for transport and storage.
· Storage: Must be able to be stored with a variety of other items and be retained in training locations over a period of days. There must be a method of storing parts of the subunit temporarily.
· Flexibility: Must have the ability to add more items if necessary. Provision to include up to 10 extra items.
· Lifetime: Must have suitable lifetime for use in theatre. 
· Cost: Kept low per kit
· Odour integrity: Must be maintained with no cross contamination
· Weight: Mill be carried by hand so can’t be too heavy. Total weight of pelicase to be no more than 15kg.
· Size: Man portable and to provide ease of storage. The pelicase must not exceed a dimension of more than 1m x 60cm to provide ease of handling and stacking.
· User friendliness: As communication with the supplier will not always be possible the kits will have to be as user friendly as possible. The customer requested that a user manual be included.
· Robustness: Will be travelling lots so must be robust and not break easily.
· Realistic training odours: The odour will vary depending on the source of the material
[bookmark: _Toc45474088]High Level Design
If kit 5 is the entire suite of pelicases to build a full IED, then the sub 5’s will be the smaller individual pelicases that will make it easier for transport, storage and use should it be impossible to carry the entire system. The requirements of these sub 5’s would be man portable, each one divided into a particular aspect of an IED to allow focused training on each part of the IED. Each pelicase is to be self-contained with all the items necessary to train in theatre in any environment. Detection capability will be provided with the use of one sub 5, however ideally all sub 5’s would be available for the full scent picture. Two of the sub 5’s will contain additional packaging to allow for the odour-controlled storage of newer samples found from IED’s which are not in the current issue.
[bookmark: _Toc45474089]Detailed Design
Each Sub 5 will have sufficient protection to ensure the components inside are not damaged during transit or use. Each component will be cut to a certain dimension to allow proper training use and to ensure all relevant items to that part of the IED are included in that sub 5. Selection of items for each sub 5 was based on the odour of the items placed in it and whether it should be targeted towards imprinting new odours or realistic training. The 5 pelicases consist of the following:
· Small non-odorous imprinting
· Small odorous imprinting
· Hazardous type 1
· Realistic larger items
· Hazardous type 2

It is important that these are strictly kept in their own packaging to prevent odour contamination. The containers for each component will be appropriately labelled to avoid confusion.
[bookmark: _Toc45474090]Software / Hardware Development
This is the process of manufacturing the components to specified standards as agreed between the customer and the supplying organisation. Within this project, the key standards to be met were:
· Odour control
· Robustness
· User friendliness
· Meet all defence standards and regulations for a piece of equipment to be used by the military.
Odour control – during all stages of processing, materials were handled following established contamination control procedures. At all times during manufacture materials were packaged and stored to minimise odour contamination. There was no metric that could be placed on odour control, this has to be mitigated by rigidly adhering to procedure to avoid mixing potential odour.
Robustness – packaging was designed to ensure equipment was protected during transport, use and storage. Bespoke foam inserts were designed and manufactured to provide cushioning to delicate samples. Staff handled and exposed off the shelf packaging to simulated use to assess robustness prior to selection. 
User friendliness – throughout the design process users were consulted to provide their feedback via face to face contact, email and telephone, which lead to changes in the design. During these consultations the level of guidance and instructions to be provided with the equipment was established.
Defence standards and regulations – joint service publications, transport safety advisors and military colleagues were consulted to identify all defence standards and UK regulations that needed to be obeyed. These identified the type of foam insert used for the equipment, the packaging, the maximum quantities of some materials and packaging labelling. 
Kits were manufactured following all of these requirements using off the shelf items to reduce cost and lead times. The final stage of manufacture was an independent quality control check to confirm the contents of each kit against a packing list. Kits that passed this check were then immediately sealed to avoid any tampering.
[bookmark: _Toc45474091]Unit / Device Testing / Subsystem Verification
Validation and testing of this piece of equipment was undertaken after the first design had been issued to the users, due to their urgent requirement. Validation of the kit confirmed that it was fit for purpose and met the standards agreed with the customer. This was achieved by confirming dogs that had been trained using the kit could detect explosive devices. A full scientific trial was conducted to collect statistically robust data to support the effectiveness of the kit. The trial demonstrated that the piece of equipment met the requirements, dogs successfully detected the devices. 
Feedback from users and inspection of kits after use lead to some changes in the design of the packaging, including standardising the outer packaging to ease storage of the kits.
[bookmark: _Toc45474092]System verification and deployment
Validation showed that each sub 5 was a solution to the problems faced by the user. It was then issued to the user. As the kit consisted of many different components it required a lengthy training process to ensure familiarisation and effective use. Further studies were undertaken by the user to investigate whether the amount could be reduced. Validation studies commenced to investigate potential modifications and concluded that these were viable options. The newer iteration of kits have fewer components making it quicker to use and takes up less space than the original. This resulted in a more efficient kit with regards to transport, storage and effectiveness.
[bookmark: _Toc45474093]Operations and Maintenance
Once the kits are out in theatre, the user guidelines and Bill of Materiel (BOM) provide guidance with regards to use and contents for the kits. Should there be an enquiry not covered in these documents, means are provided for the user to contact the supplier for advice. As maintenance is not possible once the kits are deployed, part of the manufacturing and design process was dedicated to ensuring spare packaging for samples that require repackaging.
[bookmark: _Toc45474094]Changes and Upgrades
A newer development in the kits has led to additional packaging material placed in the kit with guidance on how to use the additional items to create training samples out of components not currently found in the kit. This has given kit 5 an evolutionary approach.
[bookmark: _Toc45474095]Retirement / Replacement
The complete kit has been given a shelf life, taking into account manufacturer dictated shelf lives and the level of risk of odour contamination increasing over time. The central distribution hub has been provided with shelf life information and have taken responsibility for ensuring kits are used appropriately. The distribution hub will request the manufacture of new kits when required to maintain in-service availability. 
[bookmark: _Toc45474096]Potential Constraints
The author has identified some potential constraints to the production and function of this kit while detailing each stage in the V model produced above.
The design of IEDs are continually evolving to prevent detection by advances in detection methods; each one found can be different from the last, containing different non energetic materials. This makes supplying a kit that covers a potentially infinite number of materials almost impossible. This constraint has been overcome by supplying materials within the kit to allow the user to make their own samples from novel device types for dog training.
There are generic procedures in place for elements of the manufacture of kit 5 such as packaging and odour control practices. But due to the constant change of its contents, it is impossible to produce specific manufacture procedures for kit 5. Due to the security sensitivity of the information associated with its manufacture it cannot be contracted to external companies for manufacture. Having in house staff familiar with the concept and previous experience in kit manufacture has proven to be effective in its production.
Another constraint is the shelf life placed on some of the items within kit 5. This shelf life is implemented as the supplier cannot guarantee the reliability of the kit as time goes on, due to the chance of contamination on the components and the odour proof packaging becoming damaged with use. Placing a shelf life on kit 5 ensures the kits are changed regularly to ensure this doesn’t affect kit performance.
[bookmark: _Toc45474097]Additional Reading
[image: ]Failure Mode Effect Analysis (FMEA) is an engineering technique which is used to first define what problems may arise with the process/product/system and then to identify and purge any potential errors and failures that may occur [7]. Stamatis goes on to mention that a FMEA should “identify known and potential failure modes, causes and effect of each failure mode, prioritize the identified failure modes according to the risk priority number (RPN) and provides for problem follow-up and corrective action” [8]. An example of how this works can be seen in Figure 4. 





[bookmark: _Ref45459259]Figure 4 - FMEA Worksheet [9]
[image: ]Another systems engineering tool is the Ishikawa diagram as part of root cause analysis (RCA). This is carried out once a problem has been identified with the product/system and seeks to tackle the cause rather than the symptoms of the problem. This can be a problem with a physical part of a product causing systemic failure or the system itself causing physical parts to fail. As such RCA can be split into three causes “Physical, Human, Laten/Organisational” [10]. One method of RCA is the Ishikawa diagram, a diagram-based approach which can be seen in Figure 5. According to Liliana there are four steps to the tool “identifying the problem, working out major factors involved, identify possible causes and analyses of the diagram” [11]. This involves plotting each significant part and then drawing off those the components which may have had an impact in causing the failure.




[bookmark: _Ref45461895]Figure 5 - Ishikawa Diagram [12]

[bookmark: _Toc45474098]Summary
This process was applied retrospectively to the final user product, but could potentially be used in future iterations of kit 5. This would aid in the latter phases of the V model especially, from unit testing onwards. 
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Systems engineering approach - V Model

Given the nature of the problem the author has complied a V model to map out the lfecycle process
of a training aid in response with user requirement. According to the Systems Engineering
Department the V model “provides guidance for the planning and realization of projects”, the author
believes that this is the best systems engineering model to apply to the process that has already
been used to create these training aids. The author will now try to relate the V model seen in to the
steps taken in developing Kit 5.

Feasibility Study / Concept Exploration

Tried and tested methods in training a dog to find particular substances had been in practice for
many

Business Requirement

Business requirement came from military customers for a portable training aid to be built that would
enable dog handlers to train their dogs in theatre to detect IED's using just the components of an
IED.
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to produce specific manufacture procedures for kit 5. Due to the security sensitivity of the
information associated with its manufacture it cannot be contracted to external companies for mass
manufacture. Having in house staff familiar with the concept and previous experience in the kit
manufacture has proven to be effective in its production so far.

Generic FMEA Worksheet

Another constraint is the shelf life placed on some of the items within kit 5. This shelf life is
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Additional Reading

Due to the uniqueness of kit 5 and the way it is produced the author was unable to apply number
and part focused systems engineering concepts. The author will briefly look at some of these. FMEA @ @ ® @ @ @
is an engineering technique which is used to first define what problems may arise with the process/
product/system and then to identify and purge any potential errors and failures that may occur [7].
Stamatis goes on to mention that a FMEA should “Identify known and potential failure modes,
causes and effect of each failure mode, prioritize the identified failure modes according to the risk
priority number (RPN) and provides for problem follow-up and corrective action” [8]. An example of
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Figure 4 - FMEA Worksheet [9]

* When a team’s thinking tends to fall into ruts

Another systems engineering tool is the Ishikawa diagram as part of root cause analysis (RCA), this is
carried out once a problem has been identified with the product/system and seeks to tackle the

cause rather than the symptoms of the problem. This can be a problem with a physical part of a F I S H BON E DIAG RAM P ROC E DU R E
product causing systemic failure or the system itself causing physical parts to fail, as such RCA can
be split into three causes “Physical, Human, Laten/Organisational” [10]. One method of RCA is the
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