WORK BASED GROUP PROJECT – PERSONAL REFLECTIONS




[bookmark: _Toc200014464]Executive Summary
	This report has been produced to demonstrate the personal learning of the author during their work-based group project task. In this task the author and his team were asked to produce an innovative Ordnance, Munition or Explosive solution to a given design brief using a system engineering approach. The report specifically focuses on the authors contributions to the team, their personal learnings and finally, how they aim to apply this going forward in their professional career.  
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[bookmark: _Toc200014466]1.0 Introduction
Between February and June of 2025, I took part in a Work Based Group Project for Module ACDA5022 of my academic studies at the University of Wales Trinity Saint David. During this period, I worked to develop my knowledge of Ordinance, Munitions and Explosive (OME) engineering alongside the soft skills required to work and thrive within a project environment. This report focuses specifically on these soft engineering skills, whilst the technical skills are presented in a sister report prepared for Module ACDA5021. Due to the personal and reflective nature of this report it has been written in the first person allowing me to better express my personal learning.
The objective of the project was to develop an OME solution capable of defeating a hostile command centre within a civilian office building, whilst causing minimal collateral damage to surrounding infrastructure and personnel. We were asked to use a systems engineering approach which builds upon the wider concept of systems thinking to methodically engineer solutions through a traceable process grounded in the requirements of the system stakeholders [1], [2].
The developer of systems thinking Barry Richmond described it both as an art and a science [3]. This interplay between logic and creativity will be reflected in the report not only through the engineering decisions but also through the complex interrelationships between team members. Beyond outlining my role in this team this report will also aim to highlight the key findings I will now take forward into my career to become a more effective OME engineer. 


[bookmark: _Toc200014467]2.0 Working as a Team
The project team consisted of six individuals from four separate organisations, including DSTL, BAE Systems, DE&S and DNO. As such, we all came into this project with differing backgrounds, knowledge bases and technical interests. To get the best out of each team member we allocated roles within the team based on this technical knowledge, as decided through a group discussion. The final role allocation is shown in Figure 1.
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[bookmark: _Ref200011644][bookmark: _Toc200014473]Figure 1 - Outline of the team's members and their roles
Due to my previous experience working within low Technical Readiness Level (TRL) research, I chose to take on the Research and Development role title. This meant I would be responsible for guiding the early stages of the systems engineering process including requirement collection, functionality determination, solution proposition and criticality identification. Due to the range of this role, it formed a fundamental backbone to the design phase of the project but meant it could not be competed in isolation. Hence as will be shown throughout this report I worked closely with my team to integrate their knowledge and experience into the process.
 The team itself was led by Emalie Halifax who took on the role of project manager. Although I considered taking on this role myself Emalie’s dedication and attention to detail proved crucial for guiding the project, maintaining timelines and ensuring quality. Further to this it allowed me to focus on leading the project from a technical direction and developing my skills delivering through others.
As a group we heavily prioritised face-to-face collaborative working and as such, ensured we organised regular meeting times both whilst at university and in between university blocks. In doing so we enabled clear and collaborative communication allowing group decisions, support and deadline management to be easily conducted. This proved pivotal for our success as a team within this project.


[bookmark: _Toc200014468]3.0 My Personal Contributions
As mentioned above my role as Research and Development Lead meant I had significant input into the first stages of the project cycle. In this section of the report, I hope to outline this contribution and the influence it had on the team.
The first stage of the systems engineering process is stakeholder identification and requirement gathering [2]. This is fundamentally the most importance stage as all design decisions are traceable back to here. Due to the importance of this step, I looked to guide the team to ensure quality within the process. This started through supporting the generation of a stakeholder map where we identified key stakeholders and the information flow between them [4]. Here I challenged the team to think creatively and together we pulled from our wide range of experience to obtain a comprehensive picture, Figure 2.
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[bookmark: _Ref200011893][bookmark: _Toc200014474]Figure 2 - Original draft of the team’s stakeholder influence map
Having determined our key stakeholders, we then looked to generate requirements for each. This was achieved through group brainstorming sessions which I helped chair. The aim here was to think divergently and creatively to ensure we did not miss assumed requirements or potential delighters. An example of the results generated from this process are shown in Figure 3.
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[bookmark: _Ref200011974][bookmark: _Toc200014475]Figure 3 - Example results from requirements generation sessions

As a team we then worked to formally write up our requirements. This however, quickly led to a stalemate and disagreements on both the content and the wording of each requirement. Identifying this was causing friction, I stepped in and   suggested we each went away and did this individually before re-communing to formalise the set. This allowed everyone to express their own opinions on the requirements using their understanding of the systems thinking process.  During the re-unification of everyone’s work however, additional roadblocks were encountered as merging everyone’s requirements into one set presented the same challenges. Upon reflection a better option would be to take the rough requirements outlined in our affinity diagram and split these across members of the group, each team member would then formalise their requirements before these were peer-reviewed and a final requirement set made up. I feel this would have given members of the team increased autonomy whilst still providing a chance to peer-review the results insuring quality.
As a group we then worked to explore the required generic functionality of the system. This was achieved through a functional flow diagram [9], as shown in Figure 4, to which all team members contributed by suggesting functions. Working in a group like this also allowed us to collectively look for emergent behaviour ensuring none were missed and the design had no pressing defects.
[image: ]
[bookmark: _Ref200012175][bookmark: _Toc200014476]Figure 4 - Example of an initial functional flow produced by the team prior to formalisation
 During this process, we identified an extremely considerable number of functions, and this meant the safety team were unable to perform Functional Failure Mode and Effect Analysis (FFMEA) [10], [11], [12] alone. As such, all members of the team focused on an individual function with my focus being the generation of motive force. Through conducting this process, Figure 5, I not only assisted the team, but also helped to develop my understanding of safety processes and the role of the safety team. This cross disciplinary working was critical for building a strong team dynamic and supporting the wider project, making this a worthwhile exercise.
[image: ]
[bookmark: _Ref200012291][bookmark: _Toc200014477]Figure 5 - The FFMEA task conducted by the author to support the groups failure analysis exercise


Having identified the required system functionality, we then conducted a Functional Means Analysis (FMA) [14] exploring potential solutions for each desired function. Whilst conducting this process for the “Delivery of Terminal Effect” however, I realised the team’s knowledge of electronic warfare targets, and hence how to defeat them was weak. As such, in my role as R&D Lead I worked to build this knowledge. To do this I consulted Electronic Warfare (EW) specialists from the university’s embedded electronics program. Here I learnt about system ruggedization and redundancy which both prevent the control system from being disabled by any terminal effect short of complete destruction. This was unacceptable due to the requirement to limit collateral damage so I consulted the specialists further to identify any target vulnerabilities which could be exploited.
In doing so I identified that the weakest points of the system would be the systems power source or the Antenna, Waveguides and Cables between incoming signals and the communications systems. I used this information to formulate three offensive scenarios which I subsequently presented to the team and the customer during a design review meeting:
1. Power source identified and accessible.
2. Antenna array identified and accessible.
3. No reconnaissance available.
After having identified these scenarios, the team and I then finished the FMA process, Figure 6, selecting design solutions we felt would complement these offensive options. 
[image: ][bookmark: _Ref200012729][bookmark: _Toc200014478]Figure 6 - Fucntional Means Analysis as informed by electronic warfare SME consultation


Continuing this analysis we then conducted our Pugh Matrix [10] analysis three times evaluating performance in each system scenario, Figure 7. This helped us to identify which option would be most effective for each scenarionand allowed us to present the customer with several innovative and unique design solutions.
[image: ][bookmark: _Ref200012743][bookmark: _Toc200014479]Figure 7 - Three Pugh Matrix tasks as conducted for each offensive scenario



At this stage I presented the proposed solutions at a design review where discussions where had with the customer surrounding which offensive option was most favourable. During this meeting I led discussions on the advantages of each and discussed the lethality, efficacy and longevity of each. This resulted in the customer discounting the first offensive option and requesting we propose a system that could equally address the second two. As such, I then led the team to pivot and focus on the remaining two. Here I helped identify that a partial re-design would be beneficial allowing us to blend the positive aspects of the remaining concepts. To help convey this to the project team I produced rough drafts of my proposed system concept which integrated the drone-based delivery of our second concept with the modularity, flexibility and control of the third, Figure 8.
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[bookmark: _Ref200012832][bookmark: _Toc200014480]Figure 8 - Initial concept drawing as presented by the author to the project team
To ensure this concept met the customer requirements I then led the team through a re-design process. This began with the re-completion of the functional analysis looking at the specific function necessary to build this concept, Figure 9. 
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[bookmark: _Ref200012896][bookmark: _Toc200014481]Figure 9 - Solution based functional flow developed by the project team
Having identified the required functions, I then led the team back through a FMA task, Figure 10 to find solutions for each. This closely followed the same process as conducted previously but due to the increased detail of the functionality was increasingly targeted.
[image: ][bookmark: _Ref200013054][bookmark: _Toc200014482]Figure 10 - FMA task as conducted by the project team for the refined solution


As a team we then went on to conduct criticality analysis, which consisted of a Quality Function Deployment  task [13], Figure 11, and N2 analysis task [19], Figure 12.
[image: ]
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[bookmark: _Ref200013270][bookmark: _Toc200014483]Figure 11 - QFD 2 process as conducted by the group for the refined solution to determine system criticality


[image: A whiteboard with a graph on it

AI-generated content may be incorrect.][bookmark: _Ref200013409][bookmark: _Toc200014484]Figure 12 - Initial full system N2 analysis as conducted by the group for the proposed solution, later refined and formalised for use


Whilst conducting the N2 analysis as a group, I determined that evaluating the system at this scale was beyond the scope of the project. As, such I prompted the team to identify the key sub-systems within the concept. These included the warhead, command tablet, and propulsion system. In doing so I helped to guide the team to focus specifically on the warhead sub-system and within this the initiation sub-system. I then worked to support the transition to this system level through translating the original customer requirements modifying these to be representative, Figure 13.
[image: ][bookmark: _Ref200013576][bookmark: _Toc200014485]Figure 13 - Sub-system requirements as translated by the author


When working at this sub-system level I then identified that several of my teammates had little working knowledge of initiation systems. As such, when working through the system at this level I made sure to consult with other team members to ensure they understood the context of decisions being made and were up to speed with the technical elements of the project.
Although my influence on the project decreased as we moved into the manufacturing stage, I could use my wider domain knowledge to support the manufacturing, safety, and disposal teams in their decision-making processes. In doing so I helped to ensure the quality of work remained consistent with that produced under the earlier stages led by myself and that the general direction of manufacturing development complimented the design aspects of the project.


[bookmark: _Toc200014469]4.0 Reflections on the Design Process
Whilst I am proud of what the team achieved, I believe we as a group learnt a lot during the design process and if conducted again would take a differing approach. I believe one element of this would be the identification and definition of roles earlier in the process. We started the task fully collaboratively working together on all aspects. This however, slowed the process down, caused friction and didn’t allow individuals to demonstrate their technical knowledge. As such if I were to re-complete this task, I would assign each team member a stakeholder to represent through the whole process and specific tasks to conduct to better target our time and knowledge. Furthermore, as a team we frontloaded a large amount of our work at the all-up system and solution development phase. Although this ensured were developed the right product it detracted from the resources we allocated to exploring criticality, sub-system function and manufacturing reducing our ability to manufacture right-first time. In future striking this balance would be a focus so no element is neglected. 


[bookmark: _Toc200014470]5.0 Presenting Our Work
One of the final elements of the design challenge was a collaborative group presentation pitching our design proposal to design reviewers and industry SME’s. For many in the team, including myself, this was a daunting task with presenting and public speaking being an underdeveloped skill. Despite this we achieved overwhelmingly positive feedback on our presentation which I strongly attribute to the groups attention to detail and focus on preparation.
As a team we were complimented on our slide pack based upon its clean layout, strong overarching theme and cohesive flow. When presenting I feel the slide pack is your backbone as this is pre-prepared in private without the pressures of live presenting. As such, no matter how poorly the presentation goes this should always be as polished as possible. The overall architecture of the slide pack was proposed by Emalie with each member of the team then using this template to develop their own slides. Knowing I was tackling R&D I focused on telling the story of our project, going first to give a comprehensive overview before the remaining members of the team came in to build upon this story with domain specific context. I also heavily supported the manufacturing side of the presentation providing advice and guidance on the content and production of their slide pack to ensure consistency with my own and to continue to support the presentations storyline, Figure 14.
	Slide produced by this author during their section.
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	Slides produced for manufacturing section inspired/ supported by this author.
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[bookmark: _Ref200014395][bookmark: _Toc200014486]Figure 14 - Examples of how the author influenced other aspects of the presentation design
 
As a team one element we did neglect from our presentation was a reference slide to conclude the presentation. This was an oversite from the group as a whole and would be included in a subsequent iteration. Individually I should have used this slide to reference my source for the KANO Model [13] alongside other analysis techniques.
One comment I received on my presentation surrounded the down selection of sub-systems, and how we moved from the full system to an Exploding Bridge Wire Detonator. This lack of clarity was primarily due to restrictions based on time and the complexity of the selection process. The decision however stems from the FMA discussed previously, Figure 15 . Here for the function of ‘‘initiate system’’ a range of initiation mechanisms were discussed prior to down selection based on prior industry knowledge.
[image: ]
[bookmark: _Ref200014053][bookmark: _Toc200014487]Figure 15 - Extract from the refined solution FMA showing the differing initiation methods considered, and those selected (purple)
This selection method could have been greatly improved however, using techniques such as a Pugh Diagram which would have enabled greater traceability and supported the presentation of the design decision.


[bookmark: _Toc200014471]6.0 Conclusions
During this Work Based Group Project and as demonstrated in this report I have successfully played a key role in my design team and have worked to develop an innovative solution to the engineering challenge in hand. I believe I have achieved this through blending my hard systems engineering skills with newly developed soft skills revolving around communication, project management and influencing others in my group. 
This process concludes with our group presentation, in which I played an instrumental role and demonstrated how attention to detail and rigorous preparation can ensure confidence when conducting public speaking tasks. I have however also identified areas for improvement in my management of people and presenting which I will now look to apply going forward to ensure I develop as an engineer and can best support tasks in the future.
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and end mission.
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System fails to leave 

launch site, initiation 

sequence continued, 

terminal effect 

delivered at launch 

site.
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overpowered and 

becomes unstable.
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system instability

8 5 8 320

System Fails to reach 

target and crashes
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Functional Failure Mode Evaluation and Analysis

System Project Trojan 

O - Probability of Occurrence 1: Very Rare → 10: Frequent 17/02/2025

S - Severity of Occurrence 1: No Effect → 10: Most Severe Leo O. Smith

D - Probability of Detection 1: Certain Detection → 10: No Detection Group

Function Functional Failure Mode

Effects

S Causes

No motive force

The system does not 

leave the launch site.

Add in a Low 

Voltage Ohmeter to 
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resistance of all 

electronic circuits 

prior to system use. 

Ensure adaquate 

safety systems to 
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cannot function 

before reaching 
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target.

O

Detection/Prevention

RPN Design Suggestions/Comments

Current Method

Visual Dammage 
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X-Ray articles periodicaly to ensure no 

cracks form. Qualify motor for 

environmental conditions expected. 

Only use during service life. Test for 

combustion instability during design.

Quality control at 

factory. Proof every 

batch of propellant 

to check energetic 

properties.
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safety systems to 

ensure wahead 
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target.

Generate Motive 
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components.
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energetics or system faults.

Failure in the 

Motive force 
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electronic 

components 

burning out, 

energtic materials 

being dammaged, 

or mechanical 

components 

breaking

Visual Dammage 
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Wrong motive force

Under voltage of 

electronic 

propulsion 

components.

Visual Dammage 
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Reduncancy is electronic control 

circuits including secondary power 

suply in the event of a failure. Low 

Voltage Ohmeter to check  circuit 

condition.

Bellow avergage 

energtic 

performance 

(Quality Control)

Visual Dammage 

Asssesment

Too much motive force

Dammage to 

energetic 

increasing 

Surface are and 

burn rate

Visual Dammage 
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X-Ray articles periodicaly to ensure no 

cracks form. Qualify motor for 

environmental conditions expected. 

Only use during service life.

Quality control at 

factory. Proof every 

batch of propellant 

to check energetic 

properties.

Ensure adaquate 

safety systems to 

ensure wahead 

cannot function 

before reaching 

the designated 

target.

Over voltage of 

electronic 

propulsion 

components. 

Visual Dammage 

Asssesment

Overvoltage protection in motor 

circuits, Redundant motor controlers,   

Low Voltage Ohmeter to check  circuit 

condition.

 Above avergage 

energtic 

performance 

(Quality Control)

Visual Dammage 

Asssesment

Too little motive force

System fails to fulfil 

penetraction and 

terminal effect phase

System delivers 

terminnal effect 

outside building failing 

mission and 

endangerinf civilians

Dammage to 

energetic or 

combustion 

instability causing 

incomplete 

combustion

6

Intermittent motive force

System looses 

controle on route and 

crashes before 

reaching target. 

(Terminal effect 

activates worst case)

Dammage to 

electronic control 

circuits leeding to 

motor miss 

management.

Visual Dammage 

Asssesment

Dammage to 

energetic 

materials leading 

to inconsistent 

combustion.

Visual Dammage 

Asssesment

X-Ray articles periodicaly to ensure no 

cracks form. Qualify motor for 

environmental conditions expected. 

Only use during service life. 

Reduncancy is 

electronic control 

circuits. Low 

Voltage Ohmeter to 

check  circuit 

condition.

Quality control at 

factory. Proof 

every batch of 

propellant to 

check energetic 

properties.

Not aplicable as a "Wrong" Motive Force would fall under one of the above catagories.


image6.emf
System Author Date 17/02/2025 Issue

Function

Identify System Barcode Labels Engravement Brail RFID Paperwork Colour Audio QR Code Paint

Elimination Criteria

Unpack System Manual Crane Robot Forklift Don't Unpacks Itself

Cost

Option 1 Robot Dog

Manage Waste Don't mange it Manual 2nd Party Fire Bury it Robot Don't generate waste

Technology

Option 2 Drone

Prepare system for 

use

Manual Robot Don't Prepare's its self 3rd Party Assistance

Safety

Option 3 Loitering Munition

Confirm system is 

ready

Indicator Lights Audio Don't Interactive Screen Test Launch

Haptic Feedback 

(Vibration)

Smell Time Mechanical Indicator Controller

Acquire target Operator Visual Co-ordinates Signal Detection AI Based Infrared RADAR

3rd Party ID (Airforce 

flares)

UV GPS

Aim system Manual Electric Hydraulic Pneumatic Electromagnetic Magnetic Don't Mechanical Robotic

Arm/Activate system Button Switch Key Interactive Screen AI Two Stage Arming Voice Biometrics Controller

Initiate system Percussion Cap Exploding Bridgewire Electric Initiator Electronic Control Unit Don't Igniter Manual Spark Flame

Generate motive 

force

Rocket Motor Electric Ducted Fan

Electrically driven 

propellers

Jet Engine Turbo Prop Engine Manual Propellant Charge Electro Magnetic Robot Dog

Mange recoil Don't manage it Recoilless System Don't Produce Recoil Gas Strut/Piston Muzzle Break Hydraulic Dampner Dampening Material Operator Technique

both green and blue

Manage noise PPE Don't Suppressor

Selected Components 

(quietest possible)

both blue and orange

Manage heat Heat Sheild Water Jacket Fans Air Cooled Don't Heat Exchanger Liquid Nitrogen Material Properties

Limit Operational 

Envrionment

both green  and orange

Stabilise System Fins Thrust Vectoring Rotatonal Stablisation Ailerons (wings) Training Wheels Gyroscopic stabilisation Active Instabliity Rollerons

All Three

Guide to target Lazer AI Camera Human Operator Thermal GPS Electromagnetic Seeking RADAR Don't Pre-planned Route Wire Guided

Move to target Moveable Fins Thrust Vectoring Propellars Gas Generator Manual Mechanical Electrical Fan Drag Based Air Break

Detect Target RADAR/SONAR Visual Manual Thermal Contact Time Altitude Co-ordinates GPS Lazer/LiDAR Electromagnetic Detection

Infiltrate/Penetrate 

target

Don't Blast Charge Kinetic Energy Directed Charge Balistic Projectile Fragmentation Robot Manual Fire Water Jet Laser

Deliver terminal 

effect

Blast Warhead Fragmentation Warhead Directed Energy Warhead Kinetic Energy Warhead Propelled Water Electronic Jammer

Electromagnetic Pulse 

Generator

Nuclear Warhead Magnet Fire

Robotic precision 

submunition

Pack system Manual Crane Robot Forklift Don't Packs Itself 3rd Party Team

Make safe Self Destruct Return to Firing Position Detonation Vertical Climb Submerge in Water Electronic Reset

Interuption of Detonation 

Train

Land in Position Stop Motion

Manage dud Manual Robot 3rd Party Team Don't

Demil Fire Bury it High Order Detonation Low Order Detonation Disassemble Military EOD Don't Self Destruct

Means



Solutions



Function Means Analysis

Project Trojan Emalie, John, Leo, Libbie, Alex


image7.emf
Relative 

Importance Equal

Drone

Robot Dog

Loitering 

Munition

Relative 

Importance Equal

Drone

Robot Dog

Loitering 

Munition

Relative 

Importance Equal

Drone
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WHATs - Customer Requirements WHATs - Customer Requirements WHATs - Customer Requirements

The Command/Tasking Authority, User and the Logistics body all require that the 

system shall be resistant to the environmental conditions specified within the 

mission brief (AOP 15A, specified as N. Europe)

3.1
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The Command/Tasking Authority, User and the Logistics body all require that the 

system shall be resistant to the environmental conditions specified within the 

mission brief (AOP 15A, specified as N. Europe)
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system shall be resistant to the environmental conditions specified within the 
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11

0 -2 2

The Command/Tasking Authority and Procurement body require that the system 

may be capable of being used against a range of alternative targets

1.6

0 -2 2

The Command/Tasking Authority and Procurement body require that the system 

may be capable of being used against a range of alternative targets

1.6

0 -2 2

The Command/Tasking Authority and Procurement body require that the system 

may be capable of being used against a range of alternative targets

1.6

0 -2 2

The Command/Tasking Authority, User and Legislative Bodies require that the 

system's terminal effect(s) shall be contained within the target location specified 

in the misssion brief. 

24

0 2 -2

The Command/Tasking Authority, User and Legislative Bodies require that the 

system's terminal effect(s) shall be contained within the target location specified 

in the misssion brief. 

24

0 -2 -2

The Command/Tasking Authority, User and Legislative Bodies require that the 

system's terminal effect(s) shall be contained within the target location specified 

in the misssion brief. 

24

0 -2 0

The Command/Tasking Authority and User require that the system shall be able 

to be deployed at a minimum distance of 100m from the intended target

9.7

0 -2 1

The Command/Tasking Authority and User require that the system shall be able 

to be deployed at a minimum distance of 100m from the intended target

9.7

0 -2 1

The Command/Tasking Authority and User require that the system shall be able 

to be deployed at a minimum distance of 100m from the intended target

9.7

0 -2 1

The Command/Tasking Authority, User and Procurement Body require that the 

system shall meet the specified performance and reliability criteria as specififed 

within document TBC

12

0 -1 1

The Command/Tasking Authority, User and Procurement Body require that the 

system shall meet the specified performance and reliability criteria as specififed 

within document TBC

12

0 -2 1

The Command/Tasking Authority, User and Procurement Body require that the 

system shall meet the specified performance and reliability criteria as specififed 

within document TBC

12

0 -2 1

The Command/Tasking Authority, Procurement Body and Logistics body require 

that the system shall have a shelf life of X years (TBC)

3.8

0 1 0

The Command/Tasking Authority, Procurement Body and Logistics body require 

that the system shall have a shelf life of X years (TBC)

3.8

0 1 0

The Command/Tasking Authority, Procurement Body and Logistics body require 

that the system shall have a shelf life of X years (TBC)

3.8

0 1 0

The Command/Tasking Authority and User require that the system shall be easy 

to operate, requiring minimal training (X hours per annum)

2.4

0 1 -1

The Command/Tasking Authority and User require that the system shall be easy 

to operate, requiring minimal training (X hours per annum)

2.4

0 1 -1

The Command/Tasking Authority and User require that the system shall be easy 

to operate, requiring minimal training (X hours per annum)

2.4

0 1 -1

The Command/Tasking Authority and User require that the system shall be 

rapidly deployable within X minutes.

4.5

0 -2 0

The Command/Tasking Authority and User require that the system shall be 

rapidly deployable within X minutes.

4.5

0 -2 0

The Command/Tasking Authority and User require that the system shall be 

rapidly deployable within X minutes.

4.5

0 -2 0

The Command/Tasking Authority, User and Logistics Body require that the 

system shall be transportable to the specified firing location, without mechanical 

assistance, by the 5-man mission team.

4.9

0 -1 0

The Command/Tasking Authority, User and Logistics Body require that the 

system shall be transportable to the specified firing location, without mechanical 

assistance, by the 5-man mission team.

4.9

0 -1 0

The Command/Tasking Authority, User and Logistics Body require that the 

system shall be transportable to the specified firing location, without mechanical 

assistance, by the 5-man mission team.

4.9

0 -1 0

The Command/Tasking Authority and User require that the system should be 

capable of being set up, deployed and operated by the minimum number of 

personnel necessary.

3.4

0 0 0

The Command/Tasking Authority and User require that the system should be 

capable of being set up, deployed and operated by the minimum number of 

personnel necessary.

3.4

0 0 0

The Command/Tasking Authority and User require that the system should be 

capable of being set up, deployed and operated by the minimum number of 

personnel necessary.

3.4

0 0 0

The Command/Tasking Authority, Procurement Body and Manufacturer require 

that the system should be cost effective throughout the product life-cycle 

(Manufacture to Target or Disposal Sequence), approximately similar cost-per-

shot to NLAW (£30-40k)

5.7

0 -1 -2

The Command/Tasking Authority, Procurement Body and Manufacturer require 

that the system should be cost effective throughout the product life-cycle 

(Manufacture to Target or Disposal Sequence), approximately similar cost-per-

shot to NLAW (£30-40k)

5.7

0 -1 -2

The Command/Tasking Authority, Procurement Body and Manufacturer require 

that the system should be cost effective throughout the product life-cycle 

(Manufacture to Target or Disposal Sequence), approximately similar cost-per-

shot to NLAW (£30-40k)

5.7

0 -1 -2

The User, Logistics Body and Manufacturer require that the system shall be 

easily identifiable throughout the product lifecycle (Manufacture to Target or 

Disposal Sequence)

8.4

0 0 0

The User, Logistics Body and Manufacturer require that the system shall be 

easily identifiable throughout the product lifecycle (Manufacture to Target or 

Disposal Sequence)

8.4

0 0 0

The User, Logistics Body and Manufacturer require that the system shall be 

easily identifiable throughout the product lifecycle (Manufacture to Target or 

Disposal Sequence)

8.4

0 0 0

The Command/Tasking Authority, User and Legislative Bodies require that the 

system's terminal effects should cause minimal harm to any occupants within the 

target location specified in the mission brief.

1.3

0 0 -1

The Command/Tasking Authority, User and Legislative Bodies require that the 

system's terminal effects should cause minimal harm to any occupants within the 

target location specified in the mission brief.

1.3

0 0 -1

The Command/Tasking Authority, User and Legislative Bodies require that the 

system's terminal effects should cause minimal harm to any occupants within the 

target location specified in the mission brief.

1.3

0 0 -2

The Procurement Body and Manufacturer require that the system will be 

constructed utilising technology and components manufacturable within the UK 

economy.

1.5

0 0 0

The Procurement Body and Manufacturer require that the system will be 

constructed utilising technology and components manufacturable within the UK 

economy.

1.5

0 0 0

The Procurement Body and Manufacturer require that the system will be 

constructed utilising technology and components manufacturable within the UK 

economy.

1.5

0 0 0

The Command/Tasking Authority, Procurement Body and Logistics Body require 

that the system should be interoperable with current UK and NATO military 

equipment and infrastructure.

2.5

0 0 0

The Command/Tasking Authority, Procurement Body and Logistics Body require 

that the system should be interoperable with current UK and NATO military 

equipment and infrastructure.

2.5

0 0 0

The Command/Tasking Authority, Procurement Body and Logistics Body require 

that the system should be interoperable with current UK and NATO military 

equipment and infrastructure.

2.5

0 0 0

The Procurement Body, Logistics Body, Legislative Bodies and Manufacturer 

require that the system shall, at end-of-life, be capable of being broken down to 

a point where the remaining components can be safely disposed of.

1.4

0 2 1

The Procurement Body, Logistics Body, Legislative Bodies and Manufacturer 

require that the system shall, at end-of-life, be capable of being broken down to 

a point where the remaining components can be safely disposed of.

1.4

0 2 1

The Procurement Body, Logistics Body, Legislative Bodies and Manufacturer 

require that the system shall, at end-of-life, be capable of being broken down to 

a point where the remaining components can be safely disposed of.

1.4

0 2 1

Score: 0 -3.54752 -55.4373 Score: 0 -121.361 -9.68171 Score: 0 -121.361 36.1057

Project Trojan - Scenario 1: Disrupt External Electricity Supply Project Trojan - Scenario 2: External Mounted Antenna Project Trojan - Scenario 3: Going In Blind
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System Author Date Issue

Function

Identify Modular 

Components

Engravement Colour Paint Lables Braille Scanner Voice ID QR code Barcode

Unpack System Manual Robot  Crane No packaging Break packaging

Manage Waste Manual Robot  3rd party team No waste  Don't Manage

Set Up Drone Manual Robot  3rd party team Self set-up

Communicate with 

Drone

Bluetooth Radio Saterlite FiberOptic Copper Cable Coded Laser Coded Laser Interactive Control Module

Drone System 

Check

Circuit Resistance Check Software Soft Check Motor Test Fire Up Visual Inspection 3rd party system check 

Confirmation On Control 

Module

Check Warhead

Low Voltage Resistance 

Check

Visual Inspection Mechanical Indicator Tab 3rd party Quality Insectors

Assemble System Velcro Mechanical Latch + Pin Magnet Clip Fit Pressure Fit Glue Tape bluetack solder  Bolt cable tie 

Interface Drone and 

Warhead

USB-A USB-C RS-232 PCIe Proprietry (Bespoke) Ethenet FiberOptic Contact Pins

Connection Check Software check Physical inspection Circuit Resistance Check

Confirmation On Control 

Module

Receive Target Data Manual 3rd party Virtally from command 

Input Target Data Manual  Virtally from command 

Create Route Plan Algorithmic Artificail Inteligence Recives from reconisence Google Maps External communications

Physically Arm Pins Pull Tap Key lock Switch Turn Screw

Prepare for Launch Place on ground stand

Generate motive 

force

4 Motor 6 Motor 8 Motor Fixed Propellers Foldable Propelers

Stabilise System Gyroscopic

Computer controled thrust 

vectoring

Rotational

Navigate to target GPS Pathfinder  User Guided

Controled from virtual 

command

AI Pilot Assistance

Move to target

Computer controled thrust 

vectoring

Identify exact target 

location

Visual Identification Thermal Immaging

EMR Sensing and 

Triangulation System

Don’t Identify Exact Target RADAR

Lock onto Target AI Targeting Manual Target Locking Algorithmic Locking Don’t Lock On

Fully Arm System Software Arming Remote Arming Mechincial Arming  Time Delay Proximity to defined target Requires Target Lock

Make safe Vertical Climb Detonate Land in Situe Undo Arming Sequence

Initiate system Exploding Bridge Wire Stab Detonator Slapper detonator Percussion cap Saftey Fuse Low Voltage Electric High Voltage Electric

Deliver terminal 

effect 

Blast  Frag Directed Energy Kinetic Energy Electronic Jamming

Pack system Manual 3rd party team  Crane Don't Break packaging

Manage dud Manual Robot 3rd Party Team Don't

Disposal Burning Bury it High Order Detonation Low Order Detonation Disassemble Military EOD Don't Self Destruct Resale Gifting

Means

Function Means Analysis

Project Trojan - Drone
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Colour Lables

Barcode

Manual

Radio

FiberOptic

Interactive Control 

Module

Software Soft Check

Motor Test Fire Up

Visual Inspection

Confirmation On Control 

Module

Mechanical Latch + Pin

Clip Fit

Proprietry (Bespoke) 

Interface

Physical inspection

Circuit Resistance 

Check

Virtally from command 

Algorithmic

Recives from 

reconisence

Pins

Place on ground

4 Motor

Foldable Propelers

Gyroscopic

Computer controled 

thrust vectoring

User Guided

AI Pilot Assistance

Visual Identification

Thermal Immaging EMR Sensing and 

Triangulation System

Manual Target Locking

Software Arming

Remote Arming

Proximity to defined 

target

Vertical Climb

Detonate

Land in Situe

Undo Arming Sequence

Exploding Bridge Wire

High Voltage Electric

Blast 

Disassemble

Military EOD

Self Destruct

Customer Requirements

Target Values

Identify Modular Components

99.0

9 9 9 3

System correctly identified TBC% of the time in trials 

scenario.

Unpack System

63.3

9 Specification TBC (Solution Dependant)

Manage Waste

7.8

9 Specification TBC (Solution Dependant)

Set Up Drone

57.5

9

Drone should be capable of being deployeed within TBC 

minuets

Communicate with Drone

186.1

9 9 9 3

Communication with drone must be etablished and manitained 

through `the whole mission.

Drone System Check

125.1

9 9 9 9 3

The user should be able to idenitfy the drone is ready and 

working corrects during TBC% of deployments.

Check Warhead

125.1

3 3 9 3

Warhead condition must be checked with an accuracy of 

TBC%

Assemble System

133.8

9 9 3 9 Specification TBC (Solution Dependant)

Interface Drone and Warhead

130.2

9

Drone and Warhead should succefuly interfact on TBC% of 

connections.

Connection Check

128.2

3 9 3 9 9

User capable of identifying the system is ready TBC% of the 

time during trials.

Receive Target Data

3.4

3 3 9 9 Specification TBC

Input Target Data

15.1

9 3 3 9

Target data should be inputable into the system within TBC 

number of minuets

Create Route Plan

33.6

9 3 9 9

Routeplan should be generated within TBC numnber of 

minuets.

Physically Arm

15.1

9 9 The system must have atleast 1 manual arming mechanism.

Prepare for Launch

10.3

9 9 Specification TBD

Generate motive force

115.2

9 9

Sufficient motive force as required to reach target provided in 

TBC% of deployments.

Stabilise System

27.8

3 3 3 9 9 3

System to remain stabilised during operation in TBC% of 

deployments.

Navigate to target

118.3

9 9 9 9 3 Specification TBC 

Move to target

185.9

9 9 3

System to follow defined track to target with an accuracy of 

TBC%

Identify exact target location

410.0

9 9 9 9 9 Target can be aquired with an accuracy of TBC%

Lock onto Target

183.2

9 9 9 9

The system must be able to locate the targets exact location 

in TBC% of location

Fully Arm System

5.8

9 9 3 9 9 9 System must have atleast one secondary arming system.

Make safe

97.2

3 3 9 9 9 9 3 3 3 3 System to be made safe in TBC% of aborted deployments.

Initiate system

177.4

3 3 3 9 9 Specification TBC (Solution Dependant)

Deliver terminal effect

335.5

3 3 3 9 9 9 9 9

Terminal effect performance to be determined vis practical 

trialing of simulant scenarios.

Pack system

16.4

9 9 Specification TBC (Solution Dependant)

Manage dud

82.4

9 9 Specification TBC (Solution Dependant)

Disposal

80.5

9 9 9 Specification TBC (Solution Dependant)

891 891 891 4727 1675 1675 #### 2655 1126 2251 7779 1204 1204 1573 1154 1154 725 386 333 1984 92 1037 2241 251 1923 2738 996 3690 3690 3690 1649 1591 1591 3072 875 3895 875 875 4908 4908 3020 1615 1758 1016

Colour identifyable from TBC meaters with an accuracy of 

TBC%

Label capable of identifying round correctly during trial in TBC% 

of test

Barcode capable of iteroperating with UK stock management 

systems to track the muntion through life

Manual handeling and task specifications TBD during trials

Communication with the drone capable within the radio 

frequency range 

Capable of comunicating via fibre optics at a range of atleast 

100m

Capable of controling all required fucntions of the drone

Confirm that the system software has booted correctly retuning 

a result in TBC% of tests

Motors visually demosntrate function consistently when no 

errors are present.

Visual checks TBC during testing

User capable of identifying the systems current status within 

TBC seconds on TBC% of trials

Mechanical latch and pin capable of retaining the system during 

TBC% of system trials

Warhead module capable of being attached in TBC seconds 

and stays attached during TBC% of deploymens

Interface capable of poriving comunication between sub-

systems during TBC% of correct instalations

Inspection regime TBD through testing

Resistance check capable of detection hardware fault for 

TBC% of errors

System capable of receving instruction from command centers 

TBC Km away

System capable of planning route to target withinTBC minuets

Targeting data from reconisance capble of being input in TBC 

seconds

Safety pin capable of isolating the safety and arming unit when  

installed in 100% of deployments.

TBC

Motors capabale of generating a thrust of TBC N at peak.

Propelers capable of being folded to a size of TBC cm

System capable of maitaining its orientation within TBC% od 

requested value in the mission perscribed conditions

Computer system capable of altering the motor thrust to provide 

directional changes up to TBC G.

User should be capable of guiding the system to target during 

TBC% of deployments

AI piloting assitance should reduce the number of drone 

colisions by TBC%

System should be visualy identifyable within TBC s in TBC% of 

trials. 

User capable of identifying a IR soource with emmitance TBC 

withint TBC s

System capable of tringulating a simulaent comunication system 

within TBC minuets of reaching the target location

User capable of locking ont the target withinTBC s in TBC% of 

engagements

Software must be capable of arming the system in TBC% of 

requests

Software must be capable of arming the system in TBC% of 

requests

System capable of identifying its range to target with an 

accuracy of TBC m

System capable of achieving a vertical climb to TBC Meters in 

TBC seconds

System capable of complete detonation in TBC% od requests

System capable of landing safeky in TBC% of reqests

System capable of being un-armed in TBC% of arming cycles.

Exploding bridge wire capable of detonating the terminal effect 

in TBC % of deployments

HV electric system capable of detonating the EBW in TBC% od 

requests

Blast effect capable of destorying the target in TBC% of 

deployments.

System capable of being dissasembled in TBC s

System capable of being safely idsposed of by UK EOD

System self distructs correctly in TBC% of requests



How Much

 

Importance

How

What
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Colour Lables

Barcode

Manual

Radio

FiberOptic

Interactive Control 

Module

Software Soft Check

Motor Test Fire Up

Visual Inspection

Confirmation On Control 

Module

Mechanical Latch + Pin

Clip Fit

Proprietry (Bespoke) 

Interface

Physical inspection

Circuit Resistance 

Check

Virtally from command 

Algorithmic

Recives from 

reconisence

Pins

Place on ground

4 Motor

Foldable Propelers

Gyroscopic

Computer controled 

thrust vectoring

User Guided

AI Pilot Assistance

Visual Identification

Thermal Immaging EMR Sensing and 

Triangulation System

Manual Target Locking

Software Arming

Remote Arming

Proximity to defined 

target

Vertical Climb

Detonate

Land in Situe

Undo Arming Sequence

Exploding Bridge Wire

High Voltage Electric

Blast 

Disassemble

Military EOD

Self Destruct

Customer Requirements

Target Values

Identify Modular Components

99.0

9 9 9 3

System correctly identified TBC% of the time in trials 

scenario.

Unpack System

63.3

9 Specification TBC (Solution Dependant)

Manage Waste

7.8

9 Specification TBC (Solution Dependant)

Set Up Drone

57.5

9

Drone should be capable of being deployeed within TBC 

minuets

Communicate with Drone

186.1

9 9 9 3

Communication with drone must be etablished and manitained 

through `the whole mission.

Drone System Check

125.1

9 9 9 9 3

The user should be able to idenitfy the drone is ready and 

working corrects during TBC% of deployments.

Check Warhead

125.1

3 3 9 3

Warhead condition must be checked with an accuracy of 

TBC%

Assemble System

133.8

9 9 3 9 Specification TBC (Solution Dependant)

Interface Drone and Warhead

130.2

9

Drone and Warhead should succefuly interfact on TBC% of 

connections.

Connection Check

128.2

3 9 3 9 9

User capable of identifying the system is ready TBC% of the 

time during trials.

Receive Target Data

3.4

3 3 9 9 Specification TBC

Input Target Data

15.1

9 3 3 9

Target data should be inputable into the system within TBC 

number of minuets

Create Route Plan

33.6

9 3 9 9

Routeplan should be generated within TBC numnber of 

minuets.

Physically Arm

15.1

9 9 The system must have atleast 1 manual arming mechanism.

Prepare for Launch

10.3

9 9 Specification TBD

Generate motive force

115.2

9 9

Sufficient motive force as required to reach target provided in 

TBC% of deployments.

Stabilise System

27.8

3 3 3 9 9 3

System to remain stabilised during operation in TBC% of 

deployments.

Navigate to target

118.3

9 9 9 9 3 Specification TBC 

Move to target

185.9

9 9 3

System to follow defined track to target with an accuracy of 

TBC%

Identify exact target location

410.0

9 9 9 9 9 Target can be aquired with an accuracy of TBC%

Lock onto Target

183.2

9 9 9 9

The system must be able to locate the targets exact location 

in TBC% of location

Fully Arm System

5.8

9 9 3 9 9 9 System must have atleast one secondary arming system.

Make safe

97.2

3 3 9 9 9 9 3 3 3 3 System to be made safe in TBC% of aborted deployments.

Initiate system

177.4

3 3 3 9 9 Specification TBC (Solution Dependant)

Deliver terminal effect

335.5

3 3 3 9 9 9 9 9

Terminal effect performance to be determined vis practical 

trialing of simulant scenarios.

Pack system

16.4

9 9 Specification TBC (Solution Dependant)

Manage dud

82.4

9 9 Specification TBC (Solution Dependant)

Disposal

80.5

9 9 9 Specification TBC (Solution Dependant)

891 891 891 4727 1675 1675 #### 2655 1126 2251 7779 1204 1204 1573 1154 1154 725 386 333 1984 92 1037 2241 251 1923 2738 996 3690 3690 3690 1649 1591 1591 3072 875 3895 875 875 4908 4908 3020 1615 1758 1016

Colour identifyable from TBC meaters with an accuracy of 

TBC%

Label capable of identifying round correctly during trial in TBC% 

of test

Barcode capable of iteroperating with UK stock management 

systems to track the muntion through life

Manual handeling and task specifications TBD during trials

Communication with the drone capable within the radio 

frequency range 

Capable of comunicating via fibre optics at a range of atleast 

100m

Capable of controling all required fucntions of the drone

Confirm that the system software has booted correctly retuning 

a result in TBC% of tests

Motors visually demosntrate function consistently when no 

errors are present.

Visual checks TBC during testing

User capable of identifying the systems current status within 

TBC seconds on TBC% of trials

Mechanical latch and pin capable of retaining the system during 

TBC% of system trials

Warhead module capable of being attached in TBC seconds 

and stays attached during TBC% of deploymens

Interface capable of poriving comunication between sub-

systems during TBC% of correct instalations

Inspection regime TBD through testing

Resistance check capable of detection hardware fault for 

TBC% of errors

System capable of receving instruction from command centers 

TBC Km away

System capable of planning route to target withinTBC minuets

Targeting data from reconisance capble of being input in TBC 

seconds

Safety pin capable of isolating the safety and arming unit when  

installed in 100% of deployments.

TBC

Motors capabale of generating a thrust of TBC N at peak.

Propelers capable of being folded to a size of TBC cm

System capable of maitaining its orientation within TBC% od 

requested value in the mission perscribed conditions

Computer system capable of altering the motor thrust to provide 

directional changes up to TBC G.

User should be capable of guiding the system to target during 

TBC% of deployments

AI piloting assitance should reduce the number of drone 

colisions by TBC%

System should be visualy identifyable within TBC s in TBC% of 

trials. 

User capable of identifying a IR soource with emmitance TBC 

withint TBC s

System capable of tringulating a simulaent comunication system 

within TBC minuets of reaching the target location

User capable of locking ont the target withinTBC s in TBC% of 

engagements

Software must be capable of arming the system in TBC% of 

requests

Software must be capable of arming the system in TBC% of 

requests

System capable of identifying its range to target with an 

accuracy of TBC m

System capable of achieving a vertical climb to TBC Meters in 

TBC seconds

System capable of complete detonation in TBC% od requests

System capable of landing safeky in TBC% of reqests

System capable of being un-armed in TBC% of arming cycles.

Exploding bridge wire capable of detonating the terminal effect 

in TBC % of deployments

HV electric system capable of detonating the EBW in TBC% od 

requests

Blast effect capable of destorying the target in TBC% of 

deployments.

System capable of being dissasembled in TBC s

System capable of being safely idsposed of by UK EOD

System self distructs correctly in TBC% of requests



How Much

 

Importance

How
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ACTIVITY SUMMARY

Key Stakeholders:

User

Command/Tasking Authority

Procurement Body

Supply Chain & Logistics

Manufacturer(s)

Legislative Bodies

Design Engineers

Num.Level 1 Originator Level 2 Level 3 Comments

1

Safety User, Command/Tasking Authority, 

Procurement Body, Logistics/Supply Chain, 

Manufacturer(s), Legislative Bodies

All key stakeholders require that the initiation sub-system must adhere to all relevant regulations & legislation (REACH, UK, International)NFS Direct from user requirement.

2

Safety User, Command/Tasking Authority, 

Procurement Body, Logistics/Supply Chain, 

Manufacturer(s), Legislative Bodies

All key stakeholders require that the initiation sub-system must be safe throughout the product life cycle (Manufacture to Target or 

Disposal Sequence)

NFS Direct from user requirement.

3

Safety User, Command/Tasking Authority, 

Legislative Bodies

The Command/Tasking Authority, User and Legislative Bodies require that the initiation sub-system should only function when the 

delivery of the terminal effect is requested by the operator. 

NFP Modified from user requirement 4.

4

Safety Procurement Body, Logistics/Supply Chain, 

Manufacturer(s), Legislative Bodies

The Procurement Body, Logistics Body, Legislative Bodies and Manufacturer require that the initiation sub-system shall, at end-of-life, 

be capable of being removed from the warhead sub-system to enable safe disposal

NFS Modified from user requirement.

5

Performance User, Command/Tasking Authority, 

Logistics/Supply Chain

The Command/Tasking Authority, User and the Logistics body all require that the initiation sub-system shall be resistant to the 

environmental conditions specified within the mission brief (AOP 15A, specified as N. Europe)

NFS Direct from user requirement.

6

Performance User, Command/Tasking Authority, 

Procurement Body

The Command/Tasking Authority, User and Procurement Body require that the initiation sub-system shall function within its specified 

performance requirements (TBC) during TBC% of deployments.

NFP Direct from user requirement.

7

Cost  Command/Tasking Authority, Procurement 

Body, Logistics/Supply Chain

The Command/Tasking Authority, Procurement Body and Logistics body require that the initiation sub-system shall have a shelf life 

of X years (TBC)

NFS Direct from user requirement.

8

Cost Command/Tasking Authority, Procurement 

Body, Manufacturer(s)

The Command/Tasking Authority, Procurement Body and Manufacturer require that the initiation sub-system should be cost effective 

throughout the product life cycle (Manufacture to Target or Disposal Sequence).

NFS Modified from user requirement.

9

Manufacturability Procurement Body, Manufacturer(s)

The Procurement Body and Manufacturer require that the initiation sub-system will be constructed utilising technology and 

components manufacturable within the UK economy.

NFS Direct from user requirement.

10

Integration  Design Engineers

The Design Engineers require the initiation sub-system shall be activated via an electronic signal (Specification TBD) to allow 

integration into the system. 

NFIR Derived requirements form system architecture.

11

Integration Design Engineers

The Design Engineers require the initiation sub-system should be compact (Specification TBD) to allow integration into the system.  

NFIR Derived requirements form system architecture.

Authorities providing legislative oversight ito the system's design, manufacture, through-life management and usage. E.g. HSE, DOSR, ADR, IATA etc

The team involved in the systems engineering and design of the product.

Explanation

Final User Group assigned to use the system to complete the mission - e.g. British Army infantry squad 

Command Authority who have deemed the mission necessary and tasked the user. - e.g. Army HQ

Procurement body who are responsible for purchasing systems and planning through-life support - e.g. DE&S

Logistics body responsible for storing, transporting & distrubting in-service systems.

Single or Multiple manufacturers tasked with manufacturing the final system.
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