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1. [bookmark: _Toc198452126]Introduction:

This report relates to the use of the Systems Engineering process with regards to the request from a customer. The customer provided an initial set of requirements, which provided some guidance to the solution required:
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The design process was guided by the principles of Systems Thinking, following the requirements gathering process to ensure that a robust and reliable system was designed, and took into consideration the complexities of the needs of a variety of stakeholders. 

As the design progressed through the various stages of the SE process, certain considerations had to be given to the complex nature of the higher system. The Higher System was required to consider the requirements of manufacture, testing, safety, disposal and end-of-life processes involved. The Systems Engineering toolset was used to identify potential points of failure, and additional requirements were also identified which affected the design throughout the various stages of the process. These had to be accommodated to produce a robust system capable of meeting the requirements of the stakeholders. 

This report demonstrates how the Systems Engineering tools and methodologies contributed towards the development of a shoulder launched platform, and key considerations which influenced the design process.

















2. [bookmark: _Toc198452127]Requirements:

As systems become more and more complex, a comprehensive Requirements gathering process has become a necessity. As the SE approach (at a System level) to producing a design includes hardware, software, equipment, facilities, personnel, processes and procedures, a comprehensive set of requirements is needed to be established [1]. 

The Systems Engineering (SE) Process is highly dependent on requirements, as these feed into the design process [2]. The importance of establishing requirements should not be underestimated, as this can have a severe impact on the SE process. Failure to show an appreciation of this can result in unnecessary and additional financial costs, delayed output, poor system performance, safety failures, and reputational damage. Getting the requirements wrong can have significant negative consequences and is therefore essential that these were identified correctly to reduce these risks [3].

The requirements were gathered from the stakeholders involved in the project. Typically, a stakeholder can be defined as a general term to describe individuals, groups, or organizations that have an interest in the project [4]. In relation to this project, this included Manufacture, Safety, Test and Evaluation, and Disposal Teams, as well as the Customer and End Users. The Stakeholders were identified by creating a Stakeholder Relationship Map.
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[bookmark: _Toc198452178]Figure 1 - Stakeholder Relationship Map



The User Requirements were gathered by conducting a Gemba visit, and through conducting an Observational visit. This was beneficial in developing an understanding of how the end users operate, what they needed from the system, and any limitations/restrictions related to the solution. 
Where the Anti Structure Munition (ASM) is currently in service within the UK Military,  Its primary purpose is to target positions constructed from double reinforced concrete, triple brick, adobe wall, earth/timber bunkers, and defeat light armour [5], it weighs19lbs and was 39 inches in length [5]. This was stated to be “cumbersome” and difficult to carry. Observational notes and information from the Gemba Visit can be found in Appendix 1.

Having discussed the requirements with each of the stakeholders, consideration was also given to the target definition. Stakeholder and target requirements that came from this were recorded in a spreadsheet for reference at later stages in the design process. Recording these in a Requirements Traceability Matrix (RTM) ensured that the requirements were gathered, recorded correctly, and avoided duplication. It also helped to ensure that the final design met the requirements according to stakeholder needs and provided a location to add additional requirements as the concepts progressed through the design process. 

The benefits of using the RTM can be seen in relation to the disposal and safety teams. As the system would have a defined service life, this implied that any units that were not used would need to be disposed of safely, according to both safety and environmental legislation.






















3. [bookmark: _Toc198452128]System functionality.

The overall function of any system is accomplished through a series of interacting subfunctions attributed to specific components [6]. Analysis of the RTM clarified the FR for the system. It was identified that the system must explode and neutralize the target. It was also established that the system should be accurate, be able to gain entry to the room from 100m (or more) and should reduce the effect of collateral damage to adjacent rooms inside the target building. 

To identify what functions the system needed to perform to fulfil the FR, legacy systems, in-service systems and current capabilities were identified and mapped to demonstrate how any system could be deployed. It was found that all systems shared common steps in the process to delivering the end effect. A Process Flow Diagram (PFD) was created to show the major steps of the process, the relationships between them, and what the system would need to do to operate [7]. The PFD can be seen in Figure 3 below:
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[bookmark: _Ref198058988][bookmark: _Toc198452179]Figure 2 – Simplified System Process Flow Diagram

3.1. [bookmark: _Toc198452129]System Functional Means Analysis

From the Process Flow Diagram, a System Functional Means Analysis (SFMA) was conducted. Through this process multiple capabilities were put forward to achieve the end goal and options were down-selected following considerations of a System Functional Failure Modes Effect Analysis (SFFMEA).

SFFMEA was used to identify and prioritise potential functional failure modes of the system, and to account for the effects and causes [8]. This helped to identify parts of the overall system that could result in failure, and the outcomes of this. Using this approach enabled key systems (such as the reloading process) to be examined with the intent to design out the potential failures. 

Additional FRs and NFPRs emerged during this process. Examples of this included the need to aim, arm and launch the system, alongside how the system was going to reach, enter and neutralise the target. An example of this was the decision to utilise a 2-stage launch. The use of propellants had an impact on the safety and arming of the system, resulting in additional requirements to be added to the safety, manufacture and disposal methods, which in turn had to be considered by the design team.

Requirement limitations of the system also had to be considered. These included existing limitations from the end-user, the size and weight of the final product had to be compatible with their needs and capabilities within their job role. The system also had to be safe for the end user to deploy within tolerable risk factors. 

From this process further functional requirements emerged, which were fed back into the requirements gathering process. This was an important part of the process, as certain options identified became part of the Functional Requirements (FR), alongside Non-Functional Performance Requirements (NFPR) of the system. These FR and NFR’s had an influence on the overall design.

The full SFMA can be found in Appendix 3, SFFMEA can be found in Appendix 4, and the Option Down-Select can be seen in Appendix 5.

3.2. [bookmark: _Toc198452130]Critical system functionality:

As the design process progressed, it became clear that the overall capability would be a complex system of systems. To optimise design and identify sources of noise and variance, a P Diagram was used. This enabled design considerations to be made to reduce noise and deliver a capability that would meet the needs of both the customer and other stakeholders. Where a design concept was put forward following the SFMA process, a QFD2 was conducted, with solutions put forward for the design. This can be found in Appendix 5, along with a feature importance graph.

From the requirements gathered, the key function of the system was to neutralise the target with minimal damage to the building structure. Key elements of this meant that the system had to defeat the external wall of the building and to deliver that terminal effect. 

To achieve the required effect, it was determined that a 2-stage effect would be required. An Explosively Formed Projectile (EFP) would punch through the target exterior, and the second effect would neutralise the target inside the room.

To achieve target neutralisation, the projectile would need to travel from the point of fire to the target. An essential part of this would require a safe launch and arming sequence, which would ensure the projectile both cleared the platform and armed at a safe distance from the operator.

3.3. [bookmark: _Toc198452131]Key Design Features

N2 analysis based on the Process Flow Diagram (and system architecture) was used to identify key interactions within the system. From these clusters the critical subsystems the Key Design Features were identified as:

· The Command and Launch Unit
· The Safety and Arming Unit
· Interface between the Telescoping Missile Tube 

If a failure was to occur within these sub-systems, it could result in a Critical Failure. The N2 Analysis was used to conduct a quantitative analysis, to identify key components of the system architecture and interactions. Through identifying clusters surrounding key steps in the system architecture, it was possible to identify critical points of failure in the process, and design in robust systems to ensure that critical system functionality was achieved.

outcome of which was identified as failure to neutralise the target, failure to function, or in worse-case scenario, the death of the operator. Therefore, several design features had to be considered within the system to ensure the development of a robust design.

The Key Design Features are critical systems (within the higher system) that are essential to the overall system function and relate directly to the performance and safety of the system on several levels. This was fed back into the SFMA, where solutions for the system were re-assessed, adapted and reconsidered, before a final design solution was put forward, and further N2 Analysis was conducted for these solutions. N2 Analyses can be found in Appendix 6.

The N2 analysis confirmed that the Safety and Arming Unit was the highest priority, as without this the system would not be capable of delivering the end effects. The SAU contained the initiation system for the EFP and the Warhead elements and was required to function consistently to deliver the end effect. Where it contained critical components, this included the detonator. Therefore, consideration had to be given to the Primary explosive (PETN) and Exploding Bridge Wire components. These would require manufacture to a high standard to provide consistent results, requiring Quality Control (QC) and Process Control Procedures (PCPs).

The second highest priority was determined to be the Command and Launch Unit (CLU), as without this, the SAU would not receive the launch signal and the system would fail.

The tertiary priority was determined to be the interface between the telescopic missile tube (TMT). This had to be a robust design, so that it could be fitted in a unidirectional orientation, whilst supporting the weight of both the CLU and TMT.

The implications of this mean that these sub-systems and KDF must be manufactured to a consistent and high standard to ensure that the system delivers the effect. This included discussions between manufacturing and design teams, along with consultation with safety teams to ensure that the options met key safety standards. This would also require a thorough testing program/plan to ensure that any components perform within tolerance of failure rates. Additional considerations to this include the quality of explosive materials used in the warhead elements, propulsion systems, and detonation systems contained within the SAU.


4. [bookmark: _Toc198452132]Solution Design:

From following the Systems approach, a modular design was proposed.
This was based on the requirements gathered from all stakeholders. Influential factors, including the need for this article to be man-portable, and capable of delivering the terminal effects required by the customer, resulted in a light weight and compact modular system. 

Where 3x proposed designs were put forward, a Pugh Diagram was used to compare the designs. From this, a quantitative comparison indicated that the final design would be preferential to other options. It was determined that Artificial Intelligence (AI) integration was not yet a suitable capability and is still in development. The in-service system was compared to the 3 designs as a baseline reference for performance. The alternatives were scored accordingly in order to identify the optimum (and achievable) solution.  The Pugh Matrix can be seen in Figure 3 - Pugh Matrix. This process enabled the options to be down selected in order to progress with the best possible solution.
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[bookmark: _Ref198380032][bookmark: _Toc198452180]Figure 3 - Pugh Matrix


4.1. [bookmark: _Toc198452133]Higher System 

From using a Systems Engineering approach, the final higher system design was a 2-part design. This consisted of a Command and Launch Unit and a Telescopic Missile Tube that would be assembled by the end user, after training. The projectile that was developed contained the method for delivering the effect. This was a modular design determined to be an effective method that met the requirements of the system function. The system was a product of the tools used in the SE process and approach. The higher system design can be seen in Figure 4, below.
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[bookmark: _Ref198381931][bookmark: _Toc198452181]Figure 4 - Final System Design
The Command and Launch Unit (CLU) and modular TMT were designed to fit together using a dove-tail interface, with the projectile being armed in-light by an SAU. These were the key design features identified through the design process.

The Command and Launch unit were designed with the intent to intelligently target and program the projectile with target data, based on a fire-and-forget principle. The User was intended to follow their own collateral damage estimate protocols before engaging and neutralizing the threat. The CLU would be used to identify, aim and confirm the target before firing the system. The CLU was a crucial component of the design, and the concept was reliant on the ability to identify the target and program the projectile to consistently neutralize the threat via targeting and telemetry data. This data would be transferred to the projectile via an interface built into the dovetail mount connecting the TMT to the CLU. The SAU was a key design feature responsible for arming and initiating the device upon reaching a minimum safe distance from the point of origin, and within a proximity of the target.





4.2. [bookmark: _Toc198452134]Projectile 
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[bookmark: _Ref198384932][bookmark: _Toc198452182]Figure 5 - Projectile Overview

The role of SAU was intended to prevent failure of the system, and to enhance safe operation by the users. By arming the device at a set time/distance after firing. This was a key design feature that was intended to protect the user, should there be a failure with the propulsion system and in the event of a misfire/blind occurring. If the warhead was to detonate, it would happen at a safe distance outside of the lethal blast radius of the warhead element, reducing the severity of failure from a fatal outcome to non-fatal occurrence. An overview of the projectile can be seen in Figure 5.

The benefits of creating a modular system supported the requirements of a variety of stakeholders. This included the manufacturing process, as production of explosive elements could be tightly controlled, and there were no means of initiation present throughout the process. Any firing impulses would be kept away from the main charge until the system would need to perform its designed/intended purpose. Through using in service materials, this would retain compliance with existing infrastructure requirements so that the TMT could be transported and stored in a safe and controlled manner throughout the lifecycle of the system. 

As well as meeting manufacture requirements, the modularity of the system would support the disposal and end of life cycle also. The explosive and energetic content would be able to be separated/extracted from the projectile and disposed of in line with environmentally friendly methods, supporting the recycling of any reusable materials. In following these principles, the requirements of the disposal teams would be met, as well as those of the safety team concerned with this process. A modular system was determined to enable safe and efficient disassembly, whilst maintaining the principles of ALARP. Designing a modular system presented the added benefit of environmentally friendly disposal of non-energetic waste, such as plastics and electrical waste. This would facilitate in reducing waste products and pollution



5. [bookmark: _Toc198452135]Conclusion

Where this report is concerned with the higher system, multiple tools were employed throughout the design process, including various levels of Quality Function Deployment (QFD), Functional Failure Modes and Effects Analysis (FFMEA), Pairwise Comparison, P-Diagram, and N2 Analysis. Each of these tools proved valuable for identifying potential failures, reassessing design choices, and refining the system.

A critical step in the process was identifying individual requirements from diverse stakeholders. The adoption of modular solution was resultant of the design process, and one which could deliver the needs of all stakeholders, from the end user, through the transport and storage chain, safety considerations, and accounting for end of life and disposal processes.  Stakeholder engagement was essential for capturing suitable requirements early in the project, and a process that continued throughout design development[9][10][11]. Requirements Engineering (RE), which involves capturing and analysing stakeholder needs, could have contributed to a more comprehensive requirements set. Exploring RE processes, methods, and tools might have enabled a more efficient definition of the system architecture—possibly even leading to a different solution [12].

Overall, the adoption of the SE approach and the associated toolset provided both structure and support in developing a robust design. The QFD and FFMEA approaches were particularly beneficial during the design process. The P-Diagram highlighted noise factors that were subsequently designed out of the system. N2 Analysis helped identify key design features that required further refinement and development. Additionally, the use of a Requirements Traceability Matrix was crucial, enabling the Research and Design team to ensure that requirements were met, failures were mitigated, and a robust system was produced.
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[bookmark: _Toc198452137]Appendix 1 – Gemba Visit and Observational notes

Gemba Questionnaire:
Conversations with Serving Personnel. This was conducted during a break in the exercise, whereby a section was approached during a scheduled rest period. The section consisted of 7x individuals from an infantry unit.
1. What is your job role?
Light role Infantry.

2. What equipment do you carry?
Pretty much everything. We are expected to be able to operate away from protected/secure base for up to 30 days at a time. During that time, we need to carry everything we will need to perform our job role whilst on operations. 
Personal equipment includes our own IWs (Individual Weapons) CEFO (Combat Equipment Fighting Order) and CEMO (Combat Equipment Marching Order).
CEFO is broken down into Belt-kit, Body Armour and Helmet, and Daysack.
CEMO includes CEFO, with the addition of a sleeping system, personal field wash kit, spare set of clothes, and anything not needed on patrol.

3. How do you carry your equipment?
Re: CEFO – 
This is worn and carried on the person, either on your plate carrier, your belt-kit, your helmet, and stored in your daysack. This will typically consist of 6 magazines, 2x smoke grenades and 2x HE grenades, a bottle of water, personal med-kit, and a little bit of warm-kit. Everything else gets put in the daysack.
That could include Team med kit, HMNVS, Spare rations, Wet kit (Gore-Tex Jacket), spare batteries, stretcher (1x per section), CPERS Kit (for Captured Personnel). Depending on mission/tasking, this could also include Flares (for night operations), a bit more warm kit (if on a recce), and any other section kit that needs to be spread amongst the section.
Re: CEMO
You’ll keep your spare dry kit in one of your side pouches, spare socks and pants, foot-powder, personal wash kit. In the other side pouch you’ll keep spare rations, trip flare, HMNVS Bag, full weapon cleaning kit, and any other section related kit. In the main part of your Bergan you’ll keep your sleeping bag, Bivi-bag, maybe a bit more warm-kit. And in your top flap you’ll keep rubbish (in the underside), with your poncho stuffed in the top part of your top-flap.

4. How much space does that take?
Pretty much everything.

5. How does that space affect you?
There is minimal space for carrying luxury items, and you’re limited to what fits in your Bergan and daysack. If we need to move anywhere, we’ll top-flap our daysacks and walk to whatever location we need to. There’s not a huge amount for space for anything much really. Whilst some of the kit we have is really good, its bulky and takes up a lot of space.

6. Are there limitations on what you can fit in that space?
Definitely. But it’s a case making things fit, either by top-flapping whatever kit were get given, or by strapping it to the outside.

7. What weapons system do you use? 
Everyone carries their own IW, so for most that’s the L85 A3. We have the L129 A1 Sharpshooter (Sharpshooter), and the General Purpose Machine Gun (GPMG). We did have 2x of the UGL’s (Underslung Grenade Launcher) previously. 
8. What other weapon systems do you have in your team?
So the company might have attachments from Support Company, and this could include Guns – who would be equipped with the GPMG in a Sustained Fire Role. Snipers – who would operate as a pair, depending on situation and location. Or we could have an Anti-Tanks team, equipped with the Javelin 
Depending on role and purpose of the patrol, the section may also take 2 ASM (Anti Structure Munition) with us, depending on the Enemy threat.

9. Who uses them?
Most of the section are trained on how to use the ASM, as it’s a relatively easy bit of kit to use.

10. Where are they kept, and how are they carried?
These would be kept within the section, one in Delta Fire Team (FT) and one in Charlie FT. this way, the capability can be used by either FT depending on the threat. They have a sling on them, so can be slung over the shoulder of whoever is carrying it.
In a platoon attack situation/scenario they can be back loaded to the platoon Sargeant and re-distributed where needed.

11. How do you maintain those systems?
Individual weapons are cleaned and maintained in the field, which is pretty straightforward. The ASM doesn’t need cleaning/maintaining, but we try and keep them covered with empty sandbags to break up their silhouette and prevent them from getting too dirty.

12. Do you carry equipment for maintaining them?
Everyone in the section carries a broken down/individual rifle cleaning kit for their own IW.

13. Where do you keep that equipment?
I keep mine in my belt kit, or in my daysack should I have anything more drastic than a stoppage that needs clearing… which has only happened on a couple of occasions.

14. Do the systems need ammunition? If so, how much?
For the IW’s every soldier will carry 330 rounds of ammunition, the equivalent to 11 full magazines.
The ASM are self-contained and discardable once fired.

15. Where do you store that ammunition?
I encourage my section to keep their spare rounds in their belt kit, or on their person. Whilst it sounds like a lot of ammunition, you’d be surprised how quickly it goes. We maintain fire discipline, but there will aways be the need to reload to remain Combat effective.

16. How much does that ammunition weigh?
Around 3-4 kilograms total… before the magazines.
The ASM weighs around 9-10 kg.

17. Where do you get the ammunition from?
The Section 2i/c (Lance Corporal) will keep an additional 10% store of ammunition so that it can be redistributed to those that need it. He will work with the Platoon Sargeant to ensure the section has enough ammunition for the task given to us.



18. Where is that stored?
The Plt Sgt will have his own store of ammunition kept at a centralised location if we are working out of a harbour or Forward Operating Base (FOB). If we are out on patrol, depending on tasking and whether this is with the rest of the Platoon or company, the Plt Sgt will have some with him, or redistribute it.

19. What happens when/if you run out of ammunition?
If it’s a case of the individual running out of rounds, the first step is within the section. Most of the section are relatively well switched on and will be able to maintain good discipline when it comes to firing rates. The 2i/c will keep an eye on the situation, and if we don’t have enough ammo to do our job, we will wait out for resupply form the Plt Sgt.

20. What environments do you operate in?
All environments. Due to the nature of operations, and the world political climate we have to be prepared to deploy anywhere that we are required. That being said, the operating environments are generally Open plains, Woods and Forests, and Urban environments

21. What challenges do you face in these environments?
One of the most difficult elements is the resupply process. If there is no clearly defined “Battle Line”, then we can reasonably expect the enemy to be anywhere. This has an impact on the security and safety of the resupply chain, and without that we cant get the bombs, bullets, water and food we need to perform our roles.

22. Are there any specialised weapon systems you are trained on?
Amongst the section, we have a broad level of experience in a number of platforms. From this section alone, we have a few guys who used to be in support company. Two of them are qualified mortar men, along with one of the guys from Guns Platoon. One of the team is trained on the Sharpshooter. Most of the section are trained on the GPMG. Personally I spent 8 years in Support Company in mortars but got re-rolled when I joined C Company.


23. How do you identify threats?
Predominantly operations are led by intelligence. That is gathered by various means, through various sources, and contributes to our operations. I can’t go into much detail about that unfortunately.
However, when out on the ground (again depending on our tasks and mission) any imminent threats are normally identified by the guys in the section. Whether that’s an IED threat, or incoming enemy fire, that all depends on the situation.

24. How do you locate these threats?
If any enemy is shooting at the section and we are taking effective enemy fire, anyone can give a target indication.

25. What systems would you use in this process?
As we operate around the clock, both in the daylight and night hours, we can’t always identify where that target is. If someone has decided that they want to shoot at us, it is one of two things – so it’s either a deliberate planned attack, or it’s an opportunist who sees us as an easy target. 
If it’s a deliberate attack, the enemy will typically have selected that location for a good reason and will have concealed themselves.
Depending on when this happens (daytime) we can use our eyes or LDS (Lightweight Day Sight) to look. I normally have one of the team have the thermal sight fitted, as it can detect body heat, which makes it a lot easier to identify heat sources in both day and night conditions. 

26. Are there any difficulties in identifying enemy targets?
That depends on the enemy and the environment. 
With regards to conventional operations in the open countryside or woodlands, there are plenty of ways to conceal a position or personnel, through use of camouflage and concealment. In urban environments, its much the same. Its all about masking your position and avoiding presenting yourself as an obvious target.
One of the hardest things to do in a CO-IN (Counter Insurgency) situation is identifying who is a combatant and who is not, especially if enemy forces are wearing civilian attire.

27. Once you have identified a target, how do you neutralise it and are there limitations on how to achieve this?
Personally I would get the MFC (Mortar Fire Controller) to call it in and just erase the target, however… realistically The British Army is bound by the Laws of Armed Conflict (LOAC), which means that that response should be proportionate to the threat. SO for example, if it was 1-2 enemy soldiers in a fortified position, it could be dealt with by a section level attack. If it was more, say 6-10 people in a position or location, that could be dealt with by either a platoon level assault, or by use of another weapon system… as long as it is proportionate to the threat presented.


28. What do you do if the threat is not neutralised?
I would look at the weapon systems available with the section and choose an appropriate platform to do what I need it to do. Whether that’s the GPMG, Sharpshooter, or ASM.

29. Who decides how to neutralise the threat?
The Section commander is the one in charge of the section and ultimately down to them. They are normally the more senior and experienced people in the section and would normally have served between 7-8 years at this point of their career. So their decisions would be down to their training, knowledge, and experience that would inform their plan on how to remove that threat.

30. How do they decide on what method to use?
Part of the Section Commander’s solution includes conducting an assessment, and refining the options available, along with producing a final plan for how to neutralise the threat. These must remain within the Laws of Armed Conflict, Rules of engagement, and depending on the environment the operations are being conducted in… a collateral damage estimate. This is designed to reduce the risk to any civilian/non-combatant personnel present in the area. 

31. What limitations do you face in relation to those methods?
This all depends on the location of the threat posed by the enemy. In an open area, in a conventional theatre, aside from the legal obligations… the majority of options available. These could include Close Air Support, Artillery, Mortars, ASM etc. however, if the environment is different that will have a considerable impact on the options available.
An example of this would be an enemy position on the 3rd floor of an apartment building. In this case, it would not be proportionate to call in an artillery bombardment, or an airstrike on the apartment block and level it. the ASM would be ruled out, as it would likely neutralise whatever is in the building outside of that room and likely result in a number of civilian casualties. So based on the systems and platforms we currently have access to, it would mean that we would likely have to clear the location by clearing the position.

32. How does this affect you?
If the building was also inhabited by non-combatants, and it was possible to identify enemy in that location, with 95-100% certainty, it would mean that we would have to clear this as a section or platoon, according to the size of the threat presented. We would need someone to suppress the position to enable our own troops to gain access to the building and clear the position on foot. Using the UGL would be good, however, I don’t think I’m that good of a shot with it at more than 100-150m, and there is a risk that it may not work. It would definitely take a few shots (possibly more). It would be easier if we were able to remove that threat from a distance whilst reducing that risk of collateral damage.






















































Observation Visit: Exercise Western Storm
Observations of troops in Light role:
Context:
Troops in Light Role capability (being dismounted if in a mechanised Infantry Unit) refers to the front-line soldier operating on foot in all environments.
These environments include Open Countryside, Woods, Forests, and in the Urban environment. 
To access the urban environment (in a conventional wartime scenario) the fighting soldier must transition through all environments to gain access to the Urban environment.
Where warfighting has evolved since WW2, the infantry soldier is required to be flexible yet remain fully competent in all operational environments. Tactics and doctrine have changed over time, as well as the nature of warfare. Where the majority of fighting in the last century was geared towards conventional operations during the Cold War era, events of the 1990’s and early 2000’s resulted in a transition to Counter insurgency operations, with Operation Herrick taking place in Afghanistan being the most recent.
With conflicts taking place across the Middle East, Africa, and Eastern Europe, the operational environment remains varied, however most operations (and key locations relevant to infrastructure) revolve around the urban environment.

Infantry Organisation:
To understand the needs of the end user, their methods and capabilities must be understood.
Platoon Structure –
	Fire Team
	4x Soldiers
	

	Section
	8x Soldiers
	

	Platoon
	3x Sections (24 Soldiers + Sergeant & Junior Officer)
	+ additional assets if needed/allocated

	Company
	3x Platoons 
	+ Support assets if needed/Allocated

	Battalion
	3x Rifle Companies
1x Support Company 
1x HQ Company
	= Additional Battalion Assets if 



Most of the “work” (Such as clearing buildings/houses/streets) is conducted by the Rifle Companies. 
This is a physically demanding job role, which requires high levels of fitness to be able to carry the equipment, and deliver the effects required by the commanders on the ground.
Where doctrine has been modified (over time) there has been an attempt made to reduce the scales of equipment carried by each individual soldier, however this has proven difficult due to the complexities of changing environments and operational demands.



Kit Equipment:
The infantry soldier carries the following operational kit:
This is either carried on their belt kit, in a daysack, or worn attached to their body armour system.
	Kit
	Description
	Observations/Notes

	Helmet & Body Armour 
	Current Issued VIRTUS System
	5-10kgs (with plates fitted)

	Rifle
	L85 A3/L129 A1/GPMG
	7 kgs (approx.) – 13.5kg

	Grenade
	Smoke/HE – 2x
	0.5-1kg

	Ammunition
	330 Rounds (6x magazines & 5 in a bandolier which must be loaded by the soldier)
	2-3kgs

	Radios
	Anything from a Personal Role Radio, up to and including a 352 Bowman radio (and batteries)
	5-8kgs

	Night/Thermal Sight
	Every individual is issued 1x HMNVS/NVG
Other kit includes a Thermal Optic (2x per section)
And Additional CWS
	A mixture of Passive Night vision and thermal kit-
1-2kgs

	Medical kit
	This will be taken by every individual -
	In some cases there will be 1x team medic in each fire team – each carrying a small trauma kit either in or attached to their daysack/backpack)

Personal items negligible – team kit 3-4kgs

	Water
	A minimum of 1 litre
	1kg +

	Food
	A minimum of 24 hrs
	0.5-1.0kg

	Warm Kit 
	Normally a woolly hat/shemagh(scarf)/and a warm top
	0.5 – 1.0kg

	Wet Kit
	Gore-Tex Jacket and Trousers
	0.5 – 1.0kg

	
	Total weight range:
	31.0kg – 44.5kg



[image: CEFO 2019]
[image: Order the Correct Army Helmet Mount ...] [image: VIPIR2-S Thermal Imaging sight fitted ...]
[image: Reducing the Infantryman's Load – UK Land Power]

These are example images – to show what levels of kit the average soldier must carry.

Operational Environment:

The exercise was conducted in Copehill Down on Salisbury Plain. This was designed to simulate a European Village for the purposes of training within the confines of the UK. The visit took place over a 48hr period.
Copehill Down is situated on Salisbury Plain, with woodblocks on the west and East sides of the village.

The buildings are representative of generic European architecture, and are made up of a combination of 1, 2 and 3 storey buildings. They constructed of single block and Concrete with a standard sized window across most buildings. Room Sizes vary in each building and can be seen as representative of a standard sized family home (2-3 bedroom size). There are smaller 1 storey structures located to the western edge of the establishment, set up in a variety of configurations.

The environment can be dressed accordingly to simulate any number of operational environments.

[image: Copehill Down - Wikipedia][image: Copehill Down – Inside DIO]
[image: Aerial view of a small town

AI-generated content may be incorrect.]

The main exercise was focussed on Fighting in Built Up Areas (FIBUA), and a culmination of 3 months of progressive training. Elements included principles of transitioning between open ground, Fighting in Woods and Forests (FIWAF), and progressing into Urban Operations and FIBUA. The context of the exercise was to bring the soldiers in line with Conventional operations and war-fighting.

Operational Deployments in the past 20-30 years:

These are areas which are current (or recent) areas of conflict which military personnel may be required to deploy and operate in.

	Iraq
	Previous operations include Fallujah and Bagdad


	Afghanistan
	Previous operations Kandahar, Kabul, Lashkar Gar, Nad E Ali & various other urban locations.


	Syria
	Potential operations - Conflict during civil war in urban areas including Aleppo & Homs (No overt fighting – however operations to support Iraqi forces on Operation Shader)


	Gaza
	Potential Operations - Israeli conducting operations to regain hostages captured by Hamas In densely populated areas


	Bosnia
	Previous operations - Operation Grapple & ongoing Support to United Nations Peacekeeping


	Kosovo
	Previous Operations - Support to NATO as part of KFOR (Nato Led Kosovo Force)


	Northern Ireland
	Previous Operations – Op Banner - 



Observations:

From attending and observing exercising troops over the 3x day visit, it was identified that the majority of Light Role infantry effectively do carry their lives on the backs. Where a change in policy has adopted the concept of “fight light” the infrastructure and equipment is not in place to provide the necessary re-supply chain that is desperately needed to reduce the strain on the front-line soldiers. Where this was adapted and modified to suit a more “fight right” approach, the soldiers still carried a large amount of kit and equipment.

Certain equipment could be “back loaded” and stored in a cache that can be brought forward, this means that only non-essential kit is left behind (for example additional rations and/or sleeping systems i.e. non-essentials). The soldiers still require the need to retain mission essential equipment – such as radios, weapon systems, target acquisition equipment, as well as ammunition, water and essential equipment to survive in the environment. Additional equipment may need to be carried, such as mission specific equipment including ladders, breaching charges, stretchers and medical equipment.

There are ongoing issues with the planned method of re-supply, and troops can find themselves in situations whereby essential equipment (if not carried on the person) cannot be brought forward or obtained when needed. Therefore, everything that may be required for operations must be carried either on the person, or in a rucksack. Rucksack sizes vary from individual to individual, and between job roles within their respective teams. Space and carriage is a luxury that few have, due to the essential equipment being carried. Limitations clearly exist, therefore whatever systems they carry need to be as small and light weight as possible, so as to not inhibit the movements of troops in any given theatre of operations.

These factors must be considered when introducing of new systems, as space is limited, troops already carry large quantities of weight. Where most exercising troops were physically fit and robust compared to the average scientist, the addition of excessive weight could reduce their ability of operate effectively in these environments, reducing mobility and exposing them to greater risk from enemy combatants.
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	Customer
	The system must comply with all relevant legislation, 

	Customer
	The system shall perform in cold and hot climates A1 - C2

	Customer
	The fail safes to ensure the system shall function in the event of a misfire

	Customer
	The system should deliver a disruptive effect that will last no longer than 12h

	Customer
	The entry to the room should be gained through an external wall

	Customer
	The Customer requires that the system should incapacitation or elimination of the Comms Users

	Customer
	The delivery system shall be able to perform from a minimum distance of 100m.

	Customer
	The damage be contained to the target room. 

	Customer
	The system shall be able to be used in multiple environments (Urban and Rural)

	Customer
	The system shall deliver a terminal effect. 

	Customer
	The system must be safe under operational Conditions (Backblast, Signature etc) 

	Customer
	The system must have a safe disposal method. 

	User
	The system must be safe throughout the CADMID Cycle

	User
	The system will be field maintainable where required. 

	User
	The performance shall be reliable with failures of 1e-6 per year

	User
	The system shall be Man Portable

	User
	The system should be single person useable. 

	User
	The system should have a simple unload / reload procedure

	User
	The system must be accurate to a 0.25m radius at 100m. 

	User
	The system shall have a Rapid setup and Deployment time. 

	User
	The system shall be easy to use. 
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	Function
	Means

	Ready System
	Hand Assemble Weapon
	Telescopic
	Tripod Launcher
	Handheld
	Unpack
	Make Ready
	 
	 
	 
	 
	 

	Identify Target
	Manual Aiming
	Laser Designator
	GPS Location
	Visual ID
	Smoke Marker
	Tracer
	Estimate
	AI Assisted
	 
	 
	 

	Aim
	Manual Aiming
	Laser Designator
	GPS
	Visual ID In Optical Sight
	Thermal
	Wire Guided
	Estimate
	Telescope
	FPV
	AI Assisted
	Tow Wire

	Arm Weapon
	Mechanically
	Electrical Controller
	Pin
	Switch
	Program
	
	 
	 
	 
	 
	 

	Launch/ Release Munition
	Robot dog 
	Drone
	Compressed gas launch
	Air drop - glide
	Sling Shot
	Propellant Charge
	Boost Rocket motor
	Spring Loaded
	Rail Gun 
	Hand Launch
	 

	Arm Warhead
	Mechanical
	Electrical SAU
	Timed Fuse
	Setback
	Rotational
	Hydrostatic
	Magnetic
	Radiometric
	None
	 
	 

	Travel to Target
	Drone 
	Robot Dog 
	Gravity-assisted drop
	Sustain Rocket motor
	Fin stabilised
	Glide
	Teleport
	 
	 
	 
	 

	Enter Target
	EFP
	Kinetic Impact
	Blast
	Minor Frag
	Sonic Shattering of window
	Personnel Infiltration
	Gaseous
	 
	 
	 
	 

	Neutralise Target
	Shock
	Blast Warhead
	Major Frag
	Flame
	Noise
	Flash Bang
	Water
	EMP
	Chemical
	Gas
	 

	Reload 
	single use / New unit
	Breach loaded
	Muzzle loaded
	Transfer control unit
	Magazine Fed
	 
	 
	 
	 
	 
	 

	Pack down
	Collapsable Control Unit
	Disposable
	Throw it away-able
	Single Use
	Sling
	Box
	Back-Pack/Rucksack
	Fold
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	System Purpose 
	Neutralise Contents
	O- Probability of Occurrence 
	1: Very Rare > 10: Frequent
	 

	
	
	S- Severity of Occurrence
	1: No Effect  > 10: Most Severe
	

	
	
	D- Probability of Detection 
	1: No Detection > 10: Certain Detection
	

	Owner
	Function 
	Function Failure Mode
	Effects
	

	
	
	
	On System 
	On Customer 
	S
	Cause
	O
	Detection/ Prevention Method
	D
	RPN
	Design Suggestions/ Comments

	LJ
	Ready System 
	Too Much
	Damage the System
	Replacement repair cost
	8
	Unit error
	8
	Training
	8
	512
	 

	
	
	
	Premature initiation
	Reputational Damage / Death
	9
	System Failure
	3
	Design
	9
	243
	 

	
	
	Too Little
	Failure to neutralise
	Threat escalates to customer
	9
	System Familiarity
	2
	Training and design
	9
	162
	 

	
	
	
	Wrong target neutralised
	Reputational Damage 
	8
	User Error
	5
	Training and Intel
	7
	280
	 

	
	
	No Supply
	No System  to Neutralise
	Threat escalates to customer
	9
	System Failure
	3
	Design
	9
	243
	 

	
	
	
	Mission Failed/ Loss of Life
	Reputational Damage 
	9
	System Failure
	3
	Design
	9
	243
	 

	
	
	Wrong Supply
	System will not initiate 
	Reputational Damage 
	8
	Unit error
	8
	Training
	8
	512
	 

	
	
	
	System Damage or Destruction
	Financial Loss 
	7
	System Failure
	2
	Human Factors
	9
	126
	 

	
	
	Intermittent
	Unreliable System
	Replacement repair cost
	8
	Unit error
	8
	Training
	8
	512
	 

	
	
	
	Mission may not be completed
	Reputational Damage 
	9
	System Failure
	3
	Design
	9
	243
	 

	DG
	Enter Target 
	Too Much
	Penetrate too far
	More collateral  damage
	8
	Over penetrative ability
	3
	Testing and Design
	3
	72
	 

	
	
	
	Overshoot
	Unintended damage to civilian area
	8
	Over propulsion
	3
	Propulsion QC check
	3
	72
	 

	
	
	Too Little
	Not able to penetrate the target
	Misson failed, civilian damage
	8
	Little penetrative ability
	3
	Testing and Design
	3
	72
	 

	
	
	
	Fall short
	Infrastructure damage
	8
	Under propulsion
	3
	Propulsion QC check
	3
	72
	 

	
	
	No Supply
	Desired effect not achieved
	Mission failed. Incorrect collateral damage
	5
	Run out
	2
	Organisation
	8
	80
	 

	
	
	
	Delay in effect
	Target may be moved
	5
	Damage to system
	2
	QC control
	7
	70
	 

	
	
	Wrong Supply
	Wrong effect 
	Too great effect
	8
	Incorrect reload
	2
	Training
	8
	128
	 

	
	
	
	Wrong effect 
	Too little effect
	8
	Human error
	2
	Training
	8
	128
	 

	
	
	Intermittent
	Unreliable effect
	Increased cost in multiple systems required
	5
	Manufacturing defects
	4
	QC checking
	8
	160
	 

	
	
	
	Collateral Damage
	Loss of life
	8
	Manufacturing defects
	2
	Testing and Design
	3
	48
	 

	LG
	Neutralise Target 
	Too Much
	Collateral Damage To System
	User Death
	10
	Premature Ignition
	8
	Design
	8
	640
	 

	
	
	
	Death of 3rd Party
	Bad Publicity
	10
	Excessive Payload
	8
	Design
	7
	560
	 

	
	
	Too Little
	Subject to counter-battery fire
	Mission Failed
	9
	Insufficient Payload
	7
	Design
	8
	504
	 

	
	
	
	Threat still present
	Mission Fail
	9
	Insufficient Payload
	7
	Design
	3
	189
	 

	
	
	No Supply
	Fail to initiate
	Bad Reputation
	8
	Faulty Booster
	6
	Quality Control
	3
	144
	 

	
	
	
	Can't complete mission
	Costs for Replacements
	8
	No Payload
	7
	Quality Control
	7
	392
	 

	
	
	Wrong Supply
	Wrong munition for mission requirements
	Mission can't be conducted
	8
	Poor Logistics
	4
	Quality Control
	7
	224
	 

	
	
	
	Incompatible Ammunition
	Costs for Replacements
	6
	Poor Logistics
	4
	Quality Control
	7
	168
	 

	
	
	Intermittent
	Unknown success rate
	Mission result in a superposition where it is both successful and unsuccessful until directly observed.
	7
	Poor Guidance
	6
	Design / RnD / Quality Control
	1
	42
	 

	
	
	
	Loss in confidence in system
	Costs for system improvements
	10
	Unreliability
	5
	Quality Control
	10
	500
	 

	RM
	Aim
	Too Much
	Wrong target neutralised
	Prosecution/Reputational damage
	10
	Bad Aim
	6
	Training
	8
	480
	 

	
	
	
	Collateral damage surrounding target area
	Prosecution/Reputational damage
	10
	Climactic Effects
	7
	Design
	7
	490
	 

	
	
	Too Little
	Failure to neutralise target
	Mission Failure
	6
	Bad Aim
	6
	Training
	8
	288
	 

	
	
	
	Wrong target neutralised
	Prosecution/Reputational damage
	10
	Climactic Effects
	7
	Design
	7
	490
	 

	
	
	No Supply
	Wrong target neutralised
	Prosecution/Reputational damage
	10
	System failure
	2
	Quality Control
	7
	140
	 

	
	
	
	Collateral damage surrounding target area
	Prosecution/Reputational damage
	10
	System malfunction
	4
	Preventative maintenance
	6
	240
	 

	
	
	Wrong Supply
	Bad Targeting Data
	Mission Failure
	9
	Failed recon
	6
	Training
	8
	432
	 

	
	
	
	User Error
	Loss of life
	9
	Lack of SQEP
	6
	Training
	8
	432
	 

	
	
	Intermittent
	Minimal damage to target 
	Reputational damage
	6
	System malfunction
	4
	Preventative maintenance
	6
	144
	 

	
	
	
	Failure to neutralise target
	Mission Failure
	6
	System failure
	2
	Quality Control
	7
	84
	 

	GJ
	Reload
	Too Much
	Double feed 
	Cost to Repair
	5
	Misfeed
	1
	Manual load per item
	10
	50
	 

	
	
	
	Explosion 
	Loss of Life
	10
	Safety mechanism damaged
	1
	Delayed arming once leaves location
	5
	50
	 

	
	
	Too Little
	System will not initiate 
	Mission Failure
	5
	No Supply
	1
	Continuity check/arming check
	10
	50
	 

	
	
	
	System Inoperable 
	Mission Failure
	5
	No Supply
	1
	Ensure sufficient supplies can be covered
	8
	40
	 

	
	
	No Supply
	System will not initiate 
	Mission Failure
	5
	No Supply
	1
	Check Load
	10
	50
	 

	
	
	
	System Inoperable 
	Mission Failure
	5
	No Supply
	2
	Ensure secondary load is available
	8
	80
	 

	
	
	Wrong Supply
	Cause damage to system 
	Mission Failure
	5
	Wrong Part fitted
	2
	Visual/Physical
	10
	100
	 

	
	
	
	System will not function 
	Mission Failure
	5
	Incompatibility
	1
	Secondary Weapon System
	10
	50
	 

	
	
	Intermittent
	System will not Feed
	Loss of Life
	10
	External
	4
	Easy to Reload
	10
	400
	 

	
	
	
	System will not deploy
	Loss of Life
	10
	External
	4
	Easy to deploy
	10
	400
	 

	CH
	Pack down
	Too Much
	Breakage
	Cost to repair
	6
	Structural Failure
	3
	Training
	6
	108
	 

	
	
	
	Loss of system
	Cost to Replace - Lack of Capability
	7
	Enemy Threat
	3
	Op Sec
	2
	42
	 

	
	
	Too Little
	Loss of system
	Cost to Replace - Lack of Capability
	7
	Malfunction
	6
	Design
	8
	336
	 

	
	
	
	Component Failure
	Mission Failure
	5
	Component Malfunctions
	7
	Design
	3
	105
	 

	
	
	No Supply
	Damage to system
	Injury to User
	9
	User Error
	8
	Training
	6
	432
	 

	
	
	
	Loss of system
	Cost to Replace - Lack of Capability
	7
	Negligent Discharge
	2
	Training
	4
	56
	 

	
	
	Wrong Supply
	Incorrect Packaging
	Damage to System
	8
	Supply Failure
	7
	QC Check
	3
	168
	 

	
	
	
	FOD
	Collateral Damage
	5
	Backblast
	8
	Training
	2
	80
	 

	
	
	Intermittent
	Changes in Operational Procedure
	Confusion and mistakes
	6
	User Error
	1
	Training
	8
	48
	 

	
	
	
	Damage
	Injury to user
	7
	Weapon Failure
	7
	Design Reliability
	1
	49
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	Concept Names

	Function
	EMP Device
	Robot Dog
	Shoulder Launched Missile
	Drone
	40mm Grenade
	Glider

	Ready Sysem
	Tripod Launcher
	Un-pack
	Hand Assemble Weapon
	Un-pack 
	Shoulder launcher
	Unpack

	Identify Target
	Laser Designator
	Manual Aiming
	GPS Location
	Visual ID
	Look Through Optic
	GPS

	Aim
	Visual ID
	Thermal
	Visual ID In Optical Sight
	FPV
	Manual Aiming
	Manual control

	Arm Weapon
	Electrical
	Program
	Electrical Controller
	Pin
	Safety Switch
	Electronic 

	Launch/ Release Munition
	Compressed gas launch
	Robot dog 
	Boost Rocket motor
	Spring Release
	Trigger
	Slingshot

	Arm Warhead
	Setback
	Timed Fuse
	Electrical SAU
	Mechanical
	Delayed Contact
	Electrical

	Travel to Target
	Rocket motor
	Robot Dog 
	Sustain Rocket motor
	Drone
	Ballastic Trajectory
	Glide/ propeller

	Enter Target
	Shape Charge
	Kinetic Impact
	EFP
	Sonic Shattering of Window
	Go Through Window
	Kinetic impact

	Neutralise Target
	EMP
	Chemical
	Blast Warhead
	Blast/Frag/Gas (LSD)
	Gas
	Payload - blast

	Reload 
	Transfer control unit
	single use / New unit
	single use / New unit
	Single use
	Breach Load
	New unit

	Pack down
	Back-Pack/Rucksack
	Single Use
	Collapsable Control Unit
	Back-pack/Ruck-sack
	Sling
	Single use

	Elimination Reason
	Theoretical
	Logistical Burden
	 
	Logistical Burden
	Reliability
	Time



	Elimination Criteria

	Elimination Reason
	Description

	Reliability
	Inconsistent delivery of effect

	Cost
	To expensive will become unaffordable. 

	War Crime
	Against the Geneva Convention

	Collateral Damage
	To much damage is unacceptable

	Time
	Deployment time excessive 

	Excessive Risk
	 

	Theoretical
	Tech exists – but not capable of being deployed on small scale 

	Logistical Burden
	Weight of stores/battery life too short/not man-portable/not field maintainable 
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Detailed N2 Analysis
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“An explosive device capable of neutralising a hostile communications
centre, housed in a room within the second floor of an office block
building. The design should be capable of accurate delivery into the
room from a distance of at least 100m and the effect event should be
such that collateral damage to adjacent rooms is minimised.”
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