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[bookmark: _Toc228777899]1.0 – Introduction
[bookmark: _Toc228777900]1.1 – Situation Brief
Medical relief supplies require transportation through a valley known to be a minefield. Alternate routes which would avoid this minefield are too lengthy for the time sensitive mission. Any use of large air vehicles to transport would be countered by man portable air defence systems. The only land vehicles made available for this mission are Land Rovers and Toyota pickup trucks. A pre-existing solution (Python) has been ruled out due to perceived bullet vulnerability. There is a lack of capability to transport heavy vehicles. The solution must clear, mark and remove mines to produce a safe pathway through the valley which can be used repeatedly by both humanitarian missions and locals.
The munitions expected are the OZM-72 (a Russian bounding mine) and the M15 (anti-tank mine). The OZM-72 is an anti-infantry measure which when triggered will bounce 1 metre into the air sending a fan of shrapnel at chest height propelled by about 660 grams of TNT. This mine is lethal to approximately 25 metres and causes serious injuries up to 50 [1]. The OZM-72 is usually set up with a tripwire to trigger and is very sensitive however it can also be configured to use seismic sensors or pressure. The M15 anti-tank mine is much larger being 330mm across. It is also much less sensitive requiring at least 160kg of pressure to initiate. These mines can be fitted either with tilt switches or pressure sensors [2]. The fill is 10000g of composition B (RDX/TNT). All mines encountered in the operation may be in poor condition having remained in place for long periods of time. There is also the possibility of anti-tamper devices installed to prevent clearance. Lastly, there is no guarantee that these examples will be all that is encountered in the operation.
[bookmark: _Toc228777901]1.2 – Scope 
The scope of the operation will be deployment from a base in proximity to the minefield. The system will consider methods of transport, operators and personnel. The system does not include any convoy vehicles other than those that play a direct or supporting role in the clearance of mines.



[bookmark: _Toc228777902]1.3 – Areas of Responsibility
The team working on this project were divided into roles relevant to their profession. This meant all parties were able to apply knowledge from their workplace to provide the best possible solution.
[bookmark: _Toc228777769]Table 1 – Areas of Responsibility
	Name 
	Role

	William Critchley
	Research & Development

	Shaun Malone
	Test & Evaluation

	Theo Dunning
	Manufacture

	Arron Simpson
	Breakdown & Disposal

	James Cawte
	Test & Evaluation Safety

	Euan Kelly
	Manufacturing Safety 

	Caspar Thurston-Smith
	Operational Safety



[bookmark: _Toc228777903]1.4 – Collaboration
Once the roles had been assigned, communication channels between all members of the group were established. These took the form of a Microsoft Teams working area to collate information. This also allowed for a live version of the project file to be kept and worked on simultaneously by all members. This eliminated the issue of multiple versions of the same document being used with inconsistent information which may have not been up to date. As well as the Teams area, a mobile messaging group was set up so that quick questions could be asked to the whole group at any time to get an answer and continue with work without having to organise and meet up. It was decided that out of university block meetings should take place to review progress on the group work.


[bookmark: _Toc228777904]2.0 – Systems Engineering	
[bookmark: _Toc228777905]2.1 – Requirements 
The first stage was to get a set of non-functional system requirements. These were decided as a group in person with all members contributing. The requirements decided on were as follows:
	The system shall detect buried or surface-laid mines typical of legacy and improvised mine threats.

	The system shall render detected mines safe by removal, destruction, or permanent disabling.

	The system shall be transportable and operable using light vehicles (Land Rover, Hi-Lux, or equivalent).

	The system shall clearly mark mines cleared lanes and boundaries in a way visible to follow-on with light wheeled vehicles

	The system shall function in high dust, sand, heat, and vibration conditions without degradation of performance.

	The system shall clear the required route length within a time window compatible with urgent medical convoy movement.

	The system shall limit blast, fragmentation, and collateral damage within the confined pass.

	In the event of malfunction, the system shall default to a safe condition without creating additional hazards.

	The system shall be designed to enable safe, compliant breakdown and disposal of all system components, including explosive payloads, electronic subsystems and structural elements in accordance with applicable environmental, explosive safety, and hazardous waste regulations at end of life. 



[bookmark: _Toc228777906]2.2 – Rationalized Requirements
Once selected, the non-functional system requirements were subjected to a pairwise comparison to establish the most important goal for the system. In a pairwise comparison, each requirement is compared with every other requirement and given a weighting determining the preference to achieve one requirement over the other. The pairwise comparison was undertaken with all members of the group present. The process was a subject of immense discussion, and the ratings were repeatedly re-evaluated.
[image: ]
[bookmark: _Toc228777773]Figure 1 – Pairwise comparison of requirements

[bookmark: _Ref228767503][bookmark: _Toc228777774]Figure 2 – Bar Chart illustrating importance of each requirement
Figure 2 shows the preference given to each of the non-functional system requirements. In this project, “the ability for the system to render detected mines safe by removal, destruction, or permanent disabling” has been decided as the most critical requirement.

[bookmark: _Toc228777907]2.3 – Required Functionality
Following the non-functional requirements, each requirement was expanded into functional requirements by group agreement. At level 1 these are simple functional requirements detailing what the system must do to achieve all non-functional requirements. At level 2 these provide more granularity on the tasks the system must be capable of allowing for a more informed decision when progressing through the function means analysis.
[bookmark: _Toc228777770]Table 2 – Table linking non-functional requirements to functional requirements
	LEVEL 1
	LEVEL 2

	Deploy Clearance Capability
	Load off to light Vehicle

	
	Move to clearance start point

	
	Online systems and sensors

	
	Establish exclusion zone

	Detect Explosive Hazard
	Surface detection

	
	Subsurface detection

	
	Noise filtering (rocks, clutter etc)

	
	Geo-reference detection location

	Assess and Decide
	Correlate sensor inputs

	
	Assign confidence level

	
	Select neutralisation method

	Neutralise or Removal
	Mechanical disturbance / actuation

	
	Controlled detonation

	
	Extraction or displacement

	Verify Clearance
	Post clearance scan

	
	Record cleared area

	Mark Cleared Route
	Define lane width and limits

	
	Deploy physical markers

	
	Deploy visual markers (day / night)

	Enable Convoy Transit
	Lead vehicle convoy

	
	Clearance interiority monitoring

	
	Halt / warn if anomaly detected

	Recover and redeploy
	Safe stowage of equipment

	
	Relocate to next identified area

	Render Safe or Dispose of System
	Deactivation and Neutralisation

	
	Isolation and Containment

	
	Dismantling and Disassembly 

	
	Documentation and Certification



[bookmark: _Toc228777908]2.4 – Design QFD 1
Quality Function Deployment (QFD) 1 takes the non-functional system requirements weighted by their importance from the rationalised requirements pairwise comparison and compares how much each functional requirement achieves it. A critical interaction is marked with a 9, a moderate interaction with a 3 and a slight interaction with a 1. This calculates the function which is most critical to fulfilling the requirements. 
[image: ]
[bookmark: _Toc228777775]Figure 3 – QFD 1


[bookmark: _Toc228777776]Figure 4 – QFD 1 Functional Importances

[bookmark: _Toc228777909]2.5 – Function Means Analysis
The purpose of the function means analysis is to come up with a variety of methods to achieve each function and then narrow them down until a suitable solution remains.
A function means analysis was undertaken as a group discussion to gain a wide variety of concepts and appropriately decide solutions. 
[image: ]
[bookmark: _Toc228777777]Figure 5 – FMA[footnoteRef:1] [1:  For a larger image see ANNEX A - FMA] 

Past this point in the process, the team split to complete work directly relating to the areas of responsibility. 

[bookmark: _Toc228777910]2.6 – Functional Metrics
The functional metrics analysis was carried out by Shaun Malone and James Cawte being responsible for trials and evaluation and trials and evaluation safety respectively. A series of trials were decided upon through an iterative process until the result adequately tested every requirement. 
[image: ]
[bookmark: _Toc228777778]Figure 6 – Functional Metrics Analysis[footnoteRef:2] [2:  For a larger image see ANNEX B – Functional Metrics] 


[bookmark: _Toc228777911]2.7 – FMEA 
In order to assess the dangers posed in each trial, a Failure Modes Effects Analysis (FMEA) was conducted [ANNEX C – FMEA] to decide the trials most likely to pose risk to personnel involved. For each trial, the 5 failure modes[footnoteRef:3] were considered for cause and effects. This was then scored on Severity, Likelihood and Ease of Detection. These values were then multiplied together to provide a final score for each failure. If this score exceeded a threshold of 300 then additional safety mitigations/controls were conceptualised to get the trial to a tolerable state. [3:  1. No function 2. Too much function 3. Not enough function 4. Intermittent function 5. Unexpected function] 


[bookmark: _Toc228777912]2.8 – System Pugh
To assess how the selected system compares to the widely used Python, 3 options were compared on a basis how well they achieved each requirement compared to Python. A solution with many positives indicated that, for this situation, Python would be an inferior option.
[image: ]
[bookmark: _Toc228777779]Figure 7 – System Pugh

[bookmark: _Toc228777913]2.9 – QFD 2
QFD 2 was completed as a group. It showed how well each component of the selected solution contributed to the functional requirements. 
[image: ]
[bookmark: _Toc228777780]Figure 8 – QFD 2
[image: ]
[bookmark: _Toc228777781]Figure 9 – Feature Importances
The result of QFD 2 was that trained personnel are the most critical feature of the system followed by the ground penetrating radar. 



[bookmark: _Toc228777914]2.10 – P Diagram 
A P Diagram was produced to collate all the noises affecting the function of one of the most critical parts of the system (the ground penetrating radar). The external noises included environmental factors such as dust and depth of mines. One example of unit-to-unit noise was differences in component quality. Deterioration noises included the power source draining and general wear and tear. All these factors would impact the command input providing a ground profile. 
[image: ]
[bookmark: _Toc228777782]Figure 10 - P Diagram (GPR)

[bookmark: _Toc228777915]2.11 – What Why 
A what why table was created for the ground penetrating radar component of the system as it was the second most important according to QFD 2. The noises from the P Diagram were compared with the controls implemented to determine if any noises were uncontrolled/unmitigated. The only noise that was not reduced was the age of the mines. This can not be impacted by any measure but may have an impact on the ability of the system to detect reliably (if the mines are degraded past what would be expected).
[image: ]
[bookmark: _Toc228777783]Figure 11 – “What Why” (GPR)

[bookmark: _Toc228777916]2.12 – Manufacturing
Theo Dunning and Euan Kelly undertook the manufacturing stages of the project. Firstly, manufacturing requirements were developed as a basis for the manufacturing QFD 1. This organised the manufacturing requirements into a hierarchy. Next, a function means analysis was carried out for the manufacturing stages and the selected methods were put into the manufacturing QFD 2. This provided the most important stage of the manufacturing process being the hand packed explosive. A process Pugh was filled out comparing other manufacturing systems to the proposed. QFD 3 was then undertaken to compare the methods of manufacture with each component and assign relationships 1, 3, or 9. This proved that manual assembly was the most applied process in the creation of the charges. A manufacturing P diagram identified the noises and available controls. Examples include temperature and lighting as external noises, lack of training as unit-to-unit noise, and fatigue as a deterioration. Controls included a sterile work environment and clear operating procedures. “What Why” tables then provided the link between the noises and controls showing that training is the most crucial control. QFD 4 compared the process controls with each process step.
Manufacturing was informed about the nature of the trials planned so that the products produced would be suitable and able to pass. Group coconscious lead to only the explosive disruptor being manufactured due to the majority of the system being comprised of off the shelf equipment that would be more trouble to make than buy.

[bookmark: _Toc228777917]3.0 – Trials & Evaluation Safety
General trials safety would be in accordance with The Health and Safety at Work Act 1974 [3] and Explosives Regulations 2014 [4]. Each test site will have its own safety regime to adhere to.
Any trial which was able to have the energetic material removed did. This brings the risk and difficulty of conducting these trials down. If trialling explosives, then it must be done on a range.
 The FMEA provided a shortlist of trial failures which would need additional mitigation. The highest scoring failure was on the identification training trial. This was for an intermittent failure where the system is unable to consistently identify the threat leading to potential false positives or more serious false negatives. The mitigations to this were to not use real ordnance in the trial until potentially the very end of identification training. By this point the software should be consistently identifying the threats. The next highest scoring failure was in the firing test against a munition. This failure was unexpected initiation of either charger or target munition. This cannot be mitigated by removing the energetics due to the trial testing the effectiveness against a live target. Since a sudden unexpected initiation is very unlikely all that can be done past standard explosives handling practices is to have first aiders on site with trauma kits and a robust plan to get the casualty to a suitable medical facility.



[bookmark: _Toc228777918]4.0 – Reflection
The requirements for the system do not specify any safety requirements. The oversight to implement a requirement detailing that it must achieve its purpose safely shows there was a failure to consider safety at the early stages. However, the team had 3 people each working on a specific area of safety rather than 1 overarching safety responsible individual. This could have led to each focusing in on their specific area and not considering the system as a whole. There was good interaction between the Trials & Evaluation safety and the occupational safety as much of the framework used to make the trials safe would apply in real use. The process is iterative and as nothing has been created yet, safety requirements can be implemented with relative ease.
Due to time constraints, noise factors were only considered for a single part of the system. A more comprehensive investigation into all noises for all components could provide trends of noises which show up frequently which would make the systems vulnerabilities known at which point it can be mitigated or controlled into a more robust system. The controls implemented for the GPR may benefit other components as well, but this cannot be substantiated unless the process is completed.

References

[1] 	V. Jokic, “OZM-72 anti-personnel fragmentation mine,” 2011. [Online]. Available: https://nolandmines.com/Mines/OZM-72_bounding_AP_mine.pdf. [Accessed 02 05 2026].
[2] 	B. Seddon, “EXPLOSIVE ORDNANCE GUIDE FOR UKRAINE,” GICHD, 2025, p. 31.
[3] 	“Health and Safety at Work etc. Act 1974,” The National Archives, [Online]. Available: https://www.legislation.gov.uk/ukpga/1974/37/contents.
[4] 	“The Explosives Regulations 2014,” The National Archives, 2015. [Online]. Available: https://www.legislation.gov.uk/uksi/2014/1638. [Accessed 2 4 2026].







2

2

[bookmark: _Ref228769445][bookmark: _Toc228777920][image: ]ANNEX A - FMA

[bookmark: _Ref228771512][bookmark: _Toc228777921][image: ]ANNEX B – Functional Metrics



[bookmark: _Ref228772922][bookmark: _Toc228777922][image: ]ANNEX C – FMEA 
Rationalised Req PW


The system shall detect buried or surface-laid mines typical of legacy and improvised mine threats.	The system shall render detected mines safe by removal, destruction, or permanent disabling.	The system shall be transportable and operable using light vehicles (Land Rover, Hi-Lux, or equivalent).	The system shall clearly mark mines cleared lanes and boundaries in a way visible to follow-on with light wheeled vehicles	The system shall function in high dust, sand, heat, and vibration conditions without degradation of performance.	The system shall clear the required route length within a time window compatible with urgent medical convoy movement.	The system shall limit blast, fragmentation, and collateral damage within the confined pass.	In the event of malfunction, the system shall default to a safe condition without creating additional hazards.	The system shall be designed to enable safe, compliant breakdown and disposal of all system components, including explosive payloads, electronic subsystems and structural elements in accordance with applicable environmental, explosive safety, and hazardous	11.541597375474263	11.609768131173	11.422392738181621	11.532512892812969	11.020865408656109	11.244949954532427	10.807701558681837	10.439551567708465	10.380660372779305	


QFD 1 Functional Importances
Deploy Clearance Capability	Detect Explosive Hazard	Assess and Decide	Neutralise or Removal	Verify Clearance	Mark Cleared Route	Enable Convoy Transit	Recover and Redeploy	Render Safe or Dispose of System	193.64212471591372	306.22385799272854	286.40746913597332	389.25620099417137	271.39455359920953	181.0296136925908	500.38518920898662	267.07688400652506	210.01254100421903	
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FUNCTIONAL METRICS ANALYSIS



Test methods and relationship to requirements



Importance

Drone & Radar 

Sequential 

Environmental Testing

Identification Training

Final Detection Trials 

(with false alarms) 

Payload & Delivery 

System Sequential 

Environmental 

Payload placement 

trial (timed)

Charge 

Characterisation test

Firing Test aginst 

munition

UGV Sequential 

Environmental Testing

Plough Test (along 

edges of path) (timed)

Vehicle Proving ground 

trial (equivilant freight)

Unmanned vehicle 

command testing

Prove Render Safe 

Procedures

Operational 

Evaluation (timed)

Requirements

The system shall detect buried or surface-laid mines typical 

of legacy and improvised mine threats.

11.5416 1 9 9 9 9

The system shall render detected mines safe by removal, 

destruction, or permanent disabling.

11.6098 1 1 1 3 9 9 3 9 9

The system shall be transportable and operable using light 

vehicles (Land Rover, Hi-Lux, or equivalent).
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FUNCTIONAL METRICS ANALYSIS



Test methods and relationship to requirements



Importance

Drone & Radar 

Sequential 

Environmental Testing

Identification Training

Final Detection Trials 

(with false alarms) 

Payload & Delivery 

System Sequential 

Environmental 

Payload placement 

trial (timed)

Charge 

Characterisation test

Firing Test aginst 

munition

UGV Sequential 

Environmental Testing

Plough Test (along 

edges of path) (timed)

Vehicle Proving ground 

trial (equivilant freight)

Unmanned vehicle 

command testing

Prove Render Safe 

Procedures

Operational 

Evaluation (timed)

Requirements

The system shall detect buried or surface-laid mines typical 

of legacy and improvised mine threats.

11.5416 1 9 9 9 9

The system shall render detected mines safe by removal, 

destruction, or permanent disabling.

11.6098 1 1 1 3 9 9 3 9 9

The system shall be transportable and operable using light 

vehicles (Land Rover, Hi-Lux, or equivalent).

11.4224 9 9 3 9 9 9

The system shall clearly mark mines cleared lanes and 

boundaries in a way visible to follow-on with light wheeled 

vehicles

11.5325 1 1 1 9 9 9

The system shall function in high dust, sand, heat, and 

vibration conditions without degradation of performance.

11.0209 9 9 3 3 3 9 9 9 9

The system shall clear the required route length within a time 

window compatible with urgent medical convoy movement.

11.2449 3 3 3 3 1 9

The system shall limit blast, fragmentation, and collateral 

damage within the confined pass.

10.8077 1 9 9 1 9

In the event of malfunction, the system shall default to a safe 

condition without creating additional hazards.

10.4396 3 3 1 1 3 9 3 9

The system shall be designed to enable safe, compliant 

breakdown and disposal of all system components, including 

explosive payloads, electronic subsystems and structural 

elements in accordance with applicable environmental, 

explosive safety, and hazardous waste regulations at end of 

life. 

10.3807 9 9

214 161 161 0 214 144 300 245 0 214 282 0 233 428 125 0 900 0 0 0 0 0 0 0 0 0
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Test Regime Trial Importance Failure Mode Effect S (1-10) Cause O (1-10)  D (1-10) RPN Safety Mitigations

1. System is not tested No information available on performance in mechanical and climactic environment 6 Malfunction of the test kit / Omission from trials schedule 1 1 6

2. System tested beyond specification Excessive degradation of equipment and failure of the trial - hardware damage 7 Malfunction of the test kit / Human error during trial set-up 2 4 56

3. System tested below specification Equipment under-tested - failure of trial 6 Malfunction of the test kit / Human error during trial set-up 3 4 72

4. System tested inconsistently Reliablilty of results questioned - failure of trial 5 Mid-trial malfunction 2 6 60

5. System tested unexpectedly Reliablilty of results questioned - failure of trial 5 Pre-trial malfunction 1 2 10

1. Complete failure to identify threat signatures Unsuitable system  8 Insufficient training data or poor software design 9 reducing to 3 1 Min 24, Max 72

2. Identifies all objects as a threat signature False alarms identified as threats - inefficient system 4 Insufficient training data or poor software design 2 6 48

3. Fails to identify/recognise some threat signatures Real threats missed - present a danger in operational field

9

Insufficient training data or poor software design

9 reducing to 3 3

Min 81, Max 243

Identification training will not use live munitions to begin with only introducing them when the 

training data is more competant. The location of all training munitions will be known to the trials 

staff and recorded in trials documentation.

4. Inability to consistently identify the same threat signatures Potential to miss real threats - present a danger in the operational field 9 Insufficient training data or poor software design 9 reducing to 3 6 Min 162, Max 486 Severity reduces as trial goes on. Mittigation by beginning with inert mines to train

5. System functions before point of intended use Operational radar in the presence of personnel not under cover 10

Poor hardware or software design / Human error - inadvertent turning on of radar

3 10 300

1. Fails to detect any threats No mines detected - area remains mined 9 Human error / poor command / insufficient training data or poor software or hardware design / hardware damage 1 1 9

2a. System provides false positive readings 2b. excessive RF power 2a. Time wasted dealing with false posatives 2b. potential initiation of ordnance 

2a. 4 2b. 10

insufficient training data or poor software design / hardware damage / poor hardware design

2a. 3 2b. 2 2a. 3 2b. 10

2a. 36, 2b. 200

Potential initiation via RF is mitigated by the GPR only operating from the drone a sufficient 

distance from the operators

3. System provides false negative readings Dangerous ordnance remains unknown to operators  9 Human error / poor command / insufficient training data or poor software design / hardware damage / poor hardware design  3 3 81

4. Different results betweeen sweeps of the same area Operators lack clarity on safety of the operational area 9 Human error / poor command / insufficient training data or poor software design / hardware damage / poor hardware design  3 3 81

5. Functions before point of intended use Potential RF exposure to personnel

10

Human error / poor command / poor software design / hardware damage / poor hardware design 

3 10

300

The system will be engineered in such a way that no single mistaken input may initiate the 

device. The system will not be provided a power source until just before trial begins. RF detector 

in proximity of staff to determine if they have been exposed

1. System is not tested No information available on performance in mechanical and climactic environment 6

Malfunction of the test kit / Omission from trials schedule

1 1 6

2. System tested beyond specification Excessive degradation of equipment and failure of the trial 7

Malfunction of the test kit / Human error during trial set-up

2 4 56

3. System tested below specification Equipment under-tested - failure of trial 6

Malfunction of the test kit / Human error during trial set-up

3 4 72

4. System tested inconsistently Reliablilty of results questioned - failure of trial 5 Mid-trial malfunction 2 6 60

5. System tested unexpectedly Reliablilty of results questioned - failure of trial 5 Pre-trial malfunction 1 2 10

1. Unable to deliver payload Payload not delivered to target 8 Insufficient lift capability / deploying mechanism failure / instability / human error 4 1 32

2. Places payload too close to target / with too much force Potential impact on disrupting target / potential damage or detonation of payload in operational field 7 Insufficient lift capability / deploying mechanism failure / instability  3 4 84

3. Places payload too far from target or with not enough force Potential impact on disrupting target / unstable placement of charge 8 deploying mechanism failure 4 4 128

4. Inconsistent delivery of payload Uncertain outcome of delivery system 7 Badly machined drone / inconsistant charge mass / human error / deploying mechanism failure 4 6 168

5. Payload delivered when not wanted (too soon) Payload dropped either before or during drone travel  5 deploying mechanism failure / insufficient lift capability / human error  3 5 75

1. Charge Does not function Charge deemed not suitable for use, UXO 9 Poor explosives manufacturing / insufficient explosives train / supporting equipment malfunction / human error  3 6 162

2. Charge too powerful More destruction than intended 9 Out of date charge / human error / unsuitable procurment  2 6 108

3. Charge not powerful enough Insuffcient damage 5 Out of date charge / human error / unsuitable procurment / insufficient explosives train 4 7 140

4. Intermittent charge function Partial detonation / potential missfires

9

Out of date charge / supporting equipment malfunction / human error / poor explosives manufacturing

4 7

252

Range uses UXO procedure to deal with any hazards. Trial carried out in a designated range 

area so any UXO does not pose additional threats

5. Unintentional initiation/detonation Danger to personnel operating equipment / danger in storeage 10 Out of climatic environment / out of date / impact, spark, ESD / negligence  2 10 200 First aiders on site. Other intances of the culprit munition treated as if very sensitive

1. Charge either does not fire or has no effect on mine Extra UXO on top of target / insulted mine left behind 9 Poor explosives manufacturing / insufficient explosives train / supporting equipment malfunction / human error  3 6 162

2. Charge too powerful More terrain damage / potential sympathetic detonation in operational field  9 Out of date charge / human error  2 7 126

3. Charge not powerful enough Mine damaged providing a dangerous UXO situation

9

Out of date charge / human error / insufficient explosives train

3 9

243

Damaged mine dealt with by range UXO procedures. Area considored dangerous until declared 

free from UXO

4. Inconsistent result from testing  Only some charges have desired effect 9 Inconsistant manufacturing / Human error in set up / Out of date charge / supporting equipment malfunction 3 4 108

5. Either mine or charge function unexpectedly One or both explosive devices function without intention or warning posing danger to personnel

10

Out of climatic environment / out of date / impact, spark, ESD / negligence 

3 10

300

Anti-static measures in place. First aiders on site. Other instances of the culprit munition treated 

as if very sensitive.

1. System is not tested No information available on performance in mechanical and climactic environment 6

Malfunction of the test kit / Omission from trials schedule

1 1 6

2. System tested beyond specification Excessive degradation of equipment and failure of the trial 7

Malfunction of the test kit / Human error during trial set-up

2 4 56

3. System tested below specification Equipment under-tested - failure of trial 6

Malfunction of the test kit / Human error during trial set-up

3 4 72

4. System tested inconsistently Reliablilty of results questioned - failure of trial 5 Mid-trial malfunction 2 6 60

5. System tested unexpectedly Reliablilty of results questioned - failure of trial 5 Pre-trial malfunction 1 2 10

1. Plough fails to move ground Intended effect not delivered 6 Poor manufacturing / UGV failure / ground too solid 2 1 12

2. Plough moves to much material Ditch and mound will be larger than intended 2 Bad design / UGV moves too quickly 2 3 12

3. Plough fails to move enough material Ditch and mound will be insufficent 4 Underpowered UGV / poor manufacturing / bad design 4 3 48

4. Plough produces inconsistant effect Boundary along cleared route will be inconsistant 5 Poor manufacturing /  4 2 40

5. Plough functions when not intended UGV creates ditch and mound when it should not making the cleared area harder to traverse 5 Poor design of UGV system 2 1 10

1. Freight does not survive  System unable to operate in intended environment 8 Unsuitable vehicle / poor build quality 3 6 144

2. Tested beyond specification  System may fail when suitable for intended environment 5 Poor trial design 1 1 5

3. Freight is not tested to sufficient standard System may not be suitable for intended envrionment 4 Poor build quality / unsuitable vehicle /  2 3 24

4. Inconsistant test result  System unreliable in intended environment 5 Poor build quality / unsuitable vehicle /  4 5 100

5. Stationary failure Test posponed until a suitable mounting feature developed 8 Poor brakes / failure to grip ground 1 1 8

1. Command not received Drone/UGV will not take action due to no command received 8 Poor software design / poor system design 3 4 96

2. Command given then executed multiple times Drone/UGV will take unwanted actions beyond what was ordered 7 Poor software design 2 4 56

3. Command given but not finished Drone/UGV will fail to complete the action 4 Poor software design 3 4 48

4. Consistant command given with different results Drone/UGV will be unreliable in the field  7 Poor software design 4 5 140

5. Command given but unexpected action taken Drone/UGV will be unreliable in the field  8 Poor software design 1 4 32

1. Failure to dispose  UXO remains / environmental impact 9 Poor explosives manufacturing / insufficient explosives train / supporting equipment malfunction / human error  3 4 108

2. High order disposal Potential damage / cratering 6 Out of date charge / human error  4 4 96

3. Partial disposal with materail left over UXO remains / higher hazard 9 Out of date charge / human error / insufficient explosives train 4 4 144

4. Disposal procedure unreliable Time delay / UXO remains 9 Inconsistant manufacturing / Human error in set up / Out of date charge / supporting equipment malfunction 3 6 162

5. Unintentional initiation  Hazard to operator / potential damage / cratering 10 Out of climatic environment / out of date / impact, spark, ESD / negligence  3 10 300 First aiders on site. Other intances of the culprit munition treated as if very sensitive
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