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1. [bookmark: _Toc227576451]Introduction

Fault tree analysis (FTA) is a method for identifying the causes of system failures and the likelihood that those failures will occur. FTA begins with the specification of the failure that is to be analysed, known as the top event and works backwards into the system to determine the various combinations of system failures that could result in the top event. These failures can relate to the failure of system components, the introduction of software errors, the effects of the environment in which a system exists and the actions of the individuals who operate the system. A variety of logical gates such as AND and OR gates can be utilised to represent how the system failures can combine to create those higher level system failures. This approach is explained in significant detail through [1] stating “ FTA is deductive in nature meaning that the analysis starts with a top event (a system failure) and works backwards from the top of the tree towards the leaves of the tree to determine the root causes of the top event. The results of the analysis show how different components failures or certain environmental conditions can combine together to cause the system failure” 
FTA is useful in the design of a system to determine which failures will lead to the malfunctioning of that system and to fix those failure causes to increase the reliability of the system. In this report, FTA will be used and applied to the TruePath system. The top event that will be analysed is the failure of the system to clear the route of mines and to mark that route as safe for the military convoys to travel along.

2. [bookmark: _Toc227576452]System Description 

The TruePath system is a technological solution that allows humanitarian convoys to move through hazardous environments such as mountain passes that are polluted with landmines. TruePath utilizes two different types of unmanned aerial vehicles (UAVs) a detection drone and a neutralisation drone, both of which are autopiloted but can be overseen by an operator of the system. 
The detection drone has Ground penetrating radar (GPR) and nuclear Quadrupole resonance (NQR) sensors to detect explosive objects. Once detected, the location of these explosive objects can be logged via GPS. The neutralisation drone is then dispatched to the location of the explosive object and a shaped charge is placed over it and detonated remotely. 
After detonation, the detection drone scans the area to ensure the threat has been neutralised. Once confirmed, the system marks the safe route using a combination of GPS mapping and physical markers so the approaching convoy stay on course. The system also relies on communication links, onboard power systems and operator oversight to ensure mission completion under varying environmental conditions. 

3. [bookmark: _Toc227576453]Fault tree construction 

The analysis of the TruePath system’s potential failures start with a clear definition of the worst case scenario: the mission fails when the route isn’t properly cleared and marked for the convoy to pass through safely. From this starting point we build a fault tree by identifying the main failures that could each lead to the mission failing on its own. These initial failures are linked with “OR” logic, meaning if any one of them happens, its enough to cause the whole mission to fail. 
The primary failure branches identified are failure to detect a mine, failure to successfully neutralise a detected mine, failure to verify clearance after neutralisation, failure to correctly mark the safe route, system unavailability during operation and human or operator error. Each of these represents a critical stage in the mission process and failure at any stage compromises the overall system objective.
Each primary failure is further decomposed into intermediate and basic failures. For example, the failure to locate a mine may be due to the malfunctioning of the sensors, inability to communicate or navigation errors. Similarly, failure to defuse the mine might be due to improper charge placement, failure to detonate or detonation drone failing to reach the target. The lower level of events is then interconnected by logical connections depending on whether two or more events must happen simultaneously AND logic or just one of the events will do OR logic. 
This continues until the basic events are reached which represent the failure of secific components, environmental effects or human error. This produces a fault tree that produces an organised representation of the chain of events leading to system failure. 
4. [bookmark: _Toc227576454]Probability analysis

In order to determine the possibility of failure of the mission, probabilities were assigned to each of the basic events that were described in the fault tree diagram. Since no numerical information was available regarding the reliability of these basic events, estimated values were used in order to make a comparison between the main failure paths.
The first branch examined was mine not detected. This was considered under the condition of OR gate where GPR sensor failure, NQR sensor failure, navigation error and communication loss. The respective probabilities for these events were taken as 0.01,0.01,0.01 and 0.02. In case of OR gate probability is calculated as follows:
[bookmark: _Toc227576422]Equation 1 - OR gate probability
 [2]
Therefore:




The second branch mine, which was detected but not neutralised, was modelled using neutralisation drone failure (0.02), charge placement failure (0.02), detonator failure (0.01) and ineffective charge performance (0.02). An AND gate represents a condition where multiple failures must occur simultaneously for the event to happen and therefore the probabilities are multiplied. Neutralisation failure may occur due to a combination of failures such as incorrect charge placement and ineffective charge performance. In this case, an AND relationship can be considered.
[bookmark: _Toc227576423]Equation 2 - AND gate equation

Charge placement failure (0.02) AND ineffective charge (0.02):


In this analysis, most failures were modelled using OR logic as each failure was considered independently sufficient to cause the higher-level failure. With that being said, neutralisation failure may occur due to using the same OR logic:




The third branch, mine neutralised but not verified, was based on re-scan failure (0.01) and false clear verification (0.01):




  The fourth branch, safe route not marked used GPS marking error (0.01) and marker deployment failure (0.02):




The fifth branch, system unavailable, used battery failure (0.02) and drone crash (0.01):





The sixth branch, human error, included wrong target selection (0.02), sensor data misread (0.02), Timing/procedure error (0.01) and procedure not followed (0.01):




The top event mission failure, was then calculated as an OR combination of the first six branches:




The analysis provides an expected probability of failure of the mission at 22.1% or conversely a probability of success of the mission at 77.9%. It shows that while there is a better chance of success than failure, a good overall probability of mission failure still exists, mainy due to the failure to neutralise the mines, human error and the failure to detect the mines. Furthermore, the lecture on FTA reinforces OR combinations increase overall probability while AND combinations reduce it through multiplication, which supports the approach used here. 

5. [bookmark: _Toc227576455]Human factors

Human factors contribute considerably to the probability of mission failure within the Truepath system. Although the system is relatively autonomous, human involvement is still required during various phases such as target confirmation, mission monitoring and detonation control. Therefore, human error can influence the performance of the detection, neutralisation and route marking capabilities. This is consistent with [3] who demonstrate automation does not eliminate human involvement but instead shifts operators into supervisory roles which introduces new performance limitations and error pathways.  
Key sources of human error include incorrect target selection, misinterpretation of sensor data and errors in timing or procedure during detonation. For example, setting the wrong target location could result in a mine remaining active, while misreading sensor outputs could lead to confirmation of a safe route, both being unacceptable outcomes. Additionally, failure to follow operating procedures increases the likelihood of system-level failure.
Performance of humans is influenced by several aspects such as training, fatigue, workload and interface design. Poor design of the interface and confusion of data display can increase the level of cognitive load and errors. Similarly, working under stressful environments like mine clearance operations in humanitarian situations can impact decision-making.
The human error probability value (0.0587) shows that it is an important factor in relation to the malfunction of the system being analysed, since human error contributes considerably to the total number of failures within the fault tree. This implies that efforts should be made to minimise human error by automating the process and providing better training for operators. 


6. [bookmark: _Toc227576456]Conclusion
In conducting the fault tree analysis on the TruePath system, the main causes of failure that lead to mission failure are defined as the route is not being safely cleared and marked for convoy passage. By breaking down the TruePath system into components such as detection, neutralisation, verification, marking, reliability and human factors, we can understand how each component affects the others. 
The calculated value for mission failure probability is 0.221, indicating that while the mission succeeds more often than it fails, there still exists considerable risk. The main causes of failure are mine neutralisation failure, mine detection failure and human error. Therefore, it becomes crucial to improve the accuracy of sensors, the effectiveness of explosive charges and reduce human involvement. 
Overall, the fault tree analysis provides a structured method for identifying weaknesses in the system and supports targeted design improvement to increase mission success and operational safety. 
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