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SafeOPS  
SAFEOPS - FROM PREDICTION TO DECISION SUPPORT. STRENGTHENING SAFE 
AND SCALABLE ATM SERVICES THROUGH AUTOMATED RISK ANALYTICS BASED 
ON OPERATIONAL DATA FROM AVIATION STAKEHOLDERS. 
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Abstract  

The present deliverable concludes the activities of SafeOPS Work Package 3, whose overall objective 
was to develop a risk framework to assess the benefits and hazards, which result from the introduction 
of predictive analytics in the specific context of go-around operations. The new risk framework is based 
ƻƴ 9ǳǊƻŎƻƴǘǊƻƭΩǎ !ŎŎƛŘŜƴǘ-Incident Model (AIM), which was identified in Task 3.1 as best suited for the 
purpose. The AIM templates were subsequently expanded in Task 3.2 to meet the scope of SafeOPS.  

The first step was to identify the functions performed by the air traffic controllers that guarantee the 
safety of operations during go arounds. In summary, these functions are: runway monitoring for the 
detection and prevention of potential runway conflicts, separation monitoring to guarantee that the 
minimum distance is always maintained among airborne aircraft, wake vortex encounter avoidance, 
and the prevention of the risk of Controlled Flight Into Terrain. 

The second step was to identify, in the existing AIM templates of the risk models associated with these 
functions, the elements and base events that would be affected by the go-around forecasts delivered 
by the SafeOPS tool. This activity lead to the creation of a new, enhanced version of the AIM risk 
models. The expert judgement of a group of air traffic controllers was subsequently leveraged to assess 
the extent to which the affected elements are impacted by the SafeOPS tool and to semi-qualitatively 
measure the benefits or disadvantages for safety brought by the go-around predictions. This analysis 
included the lessons learnt in Task 3.3 which investigated the Human Factors aspects related to the 
provision of statistical information to air traffic controllers.  

The results of the analysis show that the go-around predictions of the SafeOPS generally support the 
functions of the air traffic controllers, by heighten their situational awareness and increasing the 
available time to monitor the airborne and ground traffic situation, determine the consequences of an 
eventual missed-approach procedure, make a plan for resolving the situation, and maintain a set of 
alternative plans to react to every foreseeable development of the events. The potential unwanted 
effects of the go-around predictions are considered highly unlikely and much smaller than the 
expected benefits. The main one is that the predictions are mistakenly interpreted not as probabilistic 
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forecasts but as an exact information, thus potentially inducing excessive confidence or conflicting 
clearances.  

In conclusion, the new risk framework is effective in identifying the events and actions that are 
impacted by the SafeOPS predictive tool. Two aspects make information generated by artificial 
intelligence challenging to convey: the statistical nature of the information and the fact that the 
processes which produced it are often non-transparent. This latter aspect is particularly relevant to 
ōǳƛƭŘ ǘǊǳǎǘ ƛƴ ǘƘŜ ǘƻƻƭΩǎ ǇǊŜŘƛŎǘƛƻƴΦ 9ǾŜƴ ƛŦ ƛƴ ƘƛƎƘ-workload traffic situations they might lack the time 
to check why a go-around is being predicted, the controllers do want to know the causes of the 
predictions to gain insight into the way the tool works. For example, if flight crews repeatedly report 
the presence of strong crosswinds during final approach, and subsequently the signalled cause of a 
ǇǊŜŘƛŎǘŜŘ Ǝƻ ŀǊƻǳƴŘ ƛǎ ΨǿƛƴŘΩΣ ǘƘŜ ŎƻƴǘǊƻƭƭŜǊǎ ǿƛƭƭ ōŜ ƳƻǊŜ ǇǊƻƴŜ ǘƻ ǘǊǳǎǘ ǘƘŜ ǘƻƻƭΦ ¢ƘŜ ǇǊƻōŀōƛƭƛǎǘƛŎ 
forecasts produced by the tool are challenging for the air traffic controllers because, especially during 
high-intensity operations, they would rather have exact situational information to act upon than an 
event probability which they are not sure how to react to. To meet this need, the SafeOPS tool is 
designed to predict missed approaches with high precision (90%, hence a predicted go around will 
most likely happen) at the expense of the recall (that is, about 20% of all go arounds are predicted). In 
this way, the air traffic controllers can confidently interpret a go-around prediction as almost certain. 
In summary, two conditions for the acceptance of this and future AI applications for decision support, 
are: (i) that the air traffic controller can rely on the accuracy of the predictions, because in their 
experience the forecasts are mostly correct, and (ii) that they receive training and clear guidelines on 
the appropriate measures to take depending on the available information  
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1 Introduction 

1.1 The SafeOPS project 

SafeOPS investigates the impact of possible artificial-intelligence (AI) based decision-support systems 
on routine air-traffic operations. The scenario selected in SafeOPS for this investigation is the missed 
approach of a landing aircraft and the subsequent go-around. The go-around scenario has a number 
of uncertainties and safety critical factors associated with it. It is therefore an ideal candidate for 
studying the integration of a predictive technology, with the aim of providing greater support to Air 
Traffic Controllers (ATCOs) in managing aircraft. 

1.2 WP3 in SafeOPS context 

One aspect of the incorporation of a predictive technology in the air traffic operating environment, is 
the risk associated with the technology insertion, management and use. Therefore, it is critical to 
assess and manage this risk. Work Package 3 (WP3) of the SafeOPS project is assigned to the 
ƛƴǾŜǎǘƛƎŀǘƛƻƴ ƻŦ ǘƘƛǎ ǊƛǎƪΣ ǎǘǊǳŎǘǳǊŜŘ ŀǎ ŀ Ψwƛǎƪ CǊŀƳŜǿƻǊƪΩΦ ¢ƘŜ wƛǎƪ CǊŀƳŜǿƻǊƪ ōŜƛƴƎ ŘŜǾŜƭƻǇŜŘ ƛƴ 
SafeOPS aims to analyse the impact of the technology on the safety of the current system. 

The Risk Framework task in WP3 has been broken into three component parts which are aimed at 
bringing into the project current knowledge and experience of risk modelling, actual risk qualification 
and quantification in the case if the SafeOPS technology and also the deeper exploration of Human 
Factors related to the integration of an AI decision tool in the ATC system.  

According to this, the three components in WP3 are as follows:  

Task 3.1: Benchmarking of Existing Risk Models  

Existing risk models have been reviewed and considered as suitable candidates for use in the SafeOPS 
project. This has included models currently being used in ATM safety management systems (SMS) and 
previously published research conducted in SESAR and other European research projects. The user 
requirements from previous SafeOPS work packages were used as valuable inputs to this task. The 
outcome was a review of models for potential use in SafeOPS and the recommendation of 
9ǳǊƻŎƻƴǘǊƻƭΩǎ !ŎŎƛŘŜƴǘ-Incident Model (AIM) framework as the best one for the needs of this project.  

Task 3.2: Development of an Integrated Risk Model  

This task builds on AIM, which is adapted, developed and integrated to account for the existence of 
the predictive technological solution and all aspects related to its operational deployment within Air 
Traffic Control (ATC). Both adoption of the model and its development require the involvement of 
subject matter experts to evaluate the fitness to both the technology solution and the environment in 
which it will operate, but also to populate the aspect of the risk model that might be required as 
additions for the SafeOPS tool. Furthermore, a close connection to the development of the predictive 
AI algorithms will be important, as these algorithms will provide one major input to the risk framework.  

Task 3.3: Analysis of the Human Factors Impact of Real Time Risk Information Provision  

This task assessed the risks associated with the provision of real time probabilistic information to end 
users. It focused on assessing possible dysfunctional interactions between humans, tools and 
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procedures by looking at aspects such as reliability, trustworthiness, meaningfulness and display 
design of the information provided.  

The present document addresses the final phase of the process, Task 3.2 (although it has the label of 
Task 3.2, it is the final task in the three that comprise WP3), namely the development of an Integrated 
Risk Model. This task was conducted last in order to benefit from the knowledge gained in Tasks 3.1 
and 3.3.   

1.3 Aim and Scope of the present study 

This review aims to provide analysis and discussion of the safety considerations and consequences of 
integrating a go-around predictive tool. 

In order to meet this aim, this study has the following objectives: 

1. Identify the operations, decisions and actions which are impacted by the presence of the 
SafeOPS tool; 

2. Describe and integrate these components into the risk model which has been recommended 
in Task 3.1 for use in SafeOPS, namely the Accident-Incident Model (AIM) model; 

3. Describe how the individual elements of the model change after introducing the SafeOPS tool.  

According to this, the risk analysis in this review will follow the methodology used in the AIM model 
and so it is a development of that model for the purpose of the SafeOPS tool. The AIM model provides 
individual templates for a number of accident types which can be used as a basis for identifying where 
and how the change to the system will impact on the safety being achieved in the existing system. 
Therefore, there is an assumption in this study that the templates in AIM are up to date, accurate and 
complete in terms of articulated risk in the system. 
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2 A Model for go-around operations 

2.1 Modelling approach 

2.1.1 Accident Incident Model (AIM) 

The Accident-Incident Model (AIM) is a top down, barrier-based quantitative model, designed to 
capture the increase or decrease of risk introduced by a change in an Air Traffic Management (ATM) 
system, or part of it. In the case of SafeOPS, this is an ideal model to aid the analysis of the change of 
risk associated with the integration of the SafeOPS tool. AIM achieves this by providing individual 
templates for a number of accident types which can be used as a basis for identifying where and how 
the change to the system will impact on the safety being achieved in the existing system. The 
discussions with the air traffic controllers during the workshops dedicated to analysing the tasks they 
perform during the approach, take-off, and eventually missed-approach phases, enabled us to identify 
the most relevant templates to this project, from the latest release of AIM [1]: 

¶ Mid-Air Collision (MAC) Risk in Final Approach 

¶ Wake Induced Risk on Final Approach 

¶ Runway (RWY) Collision Risk 

¶ Runway Excursion Risk 

¶ Controlled Flight Into Terrain (CFIT) Risk 

The risks of potential separation or wake vortex problems were explicitly mentioned by the controllers 
of both airports as something they are always monitoring and came out in all use cases [2], thus the 
choice of the first two templates in the list. The hierarchical task analysis performed in Task 3.3 [3] 
clarified that mŀƴȅ ƻŦ ǘƘŜ !¢/hǎΩ tasks involve the monitoring and clearances of the movements of 
aircraft and vehicles on the runway. Consequently, the model templates for the runway incursion 
(which could potentially escalate to runway collision) and excursion were considered relevant. Finally, 
the CFIT template was included in the list with the aim of generalising the outcomes of the project to 
all airports. Indeed, that ATC commands might lead to a conflict with terrain is not an immediate risk 
at the locations of Airport 1 and 2, even in a situation where the ATCO needs to give vectoring 
instructions to the aircraft. However, in general this could pose an urgent threat in airports located in 
the vicinity of mountains or other obstacles. 

The use of AIM requires the identification of the parts in the relevant templates that would be 
impacted on by any change to the system. Subsequently, it is possible to explore how safety could be 
increased, decreased or remain the same with the addition of a new solution. The structure of a 
simplified fault tree associated with an AIM model is shown in Figure 1 as an example. 

! Ŧŀǳƭǘ ǘǊŜŜ ƛǎ ŀ ŘƛŀƎǊŀƳ ƻŦ ŀ ǎȅǎǘŜƳΩǎ ŜǾƻƭǳǘƛƻƴ ŦǊƻƳ ƛǘǎ ƴƻǊƳŀƭΣ άǎŀŦŜέ ǎǘŀǘǳǎΣ ǳǎǳŀƭƭȅ ǊŜǇǊŜǎŜƴǘŜŘ ŀǘ 
the bottom, to an incident or accident, usually visualised at the top. Safety barriers (green-filled 
rectangles in Figure 1) are in place to ensure that the level of hazard within the system is always under 
control and does not increase. If the barriers succeed, the operations are carried out safely as intended. 
When a safety barrier fails, the system progresses through a sequence of increasingly hazardous 
situations (the yellow-filled ellipses in Figure 1ύΦ ¢ƘŜǎŜ ŀǊŜ ŀƭǎƻ ŎŀƭƭŜŘ ΨǇǊŜŎǳǊǎƻǊǎΩ όƻŦ ǘƘŜ ƛƴŎƛŘŜƴǘ ƻǊ 
accident). The progression stops when another safety barrier successfully prevents the level of hazard 
from escalating further.  
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The high-level safety barriers can be decomposed into several elements, in an increasing level of detail. 
These elements (the black rectangles in Figure 1) represent the actual actions and tasks performed by 
the ATCO and pilots/drivers in achieving the barrier. In fault trees, these elements constitute the 
ΨŎƻƴǘǊƛōǳǘƛƴƎ ŦŀŎǘƻǊǎΩ ǘƻ ŀ ōŀǊǊƛŜǊ ŦŀƛƭǳǊŜΣ ŀƴŘ ƘŜƴŎŜ ŀǊŜ ǊŜǇǊŜǎŜƴǘŜŘ ŀǎ ŦŀƛƭǳǊŜǎ ƻŦ ŀƴ ƛƴǎǘǊǳƳŜƴǘ ƻǊ 
staff to perform its function. For example, two possible contributing factors to the failure of the 
άwǳƴǿŀȅ ƳŀƴŀƎŜƳŜƴǘέ ōŀǊǊƛŜǊ όFigure 2ύ ŀǊŜ άLƴŀǇǇǊƻǇǊƛŀǘŜ ƻǊ ƳƛǎǎƛƴƎ ǎǳǊǾŜƛƭƭŀƴŎŜ Řŀǘŀέ 
όƛƴǎǘǊǳƳŜƴǘŀƭ ŦŀƛƭǳǊŜύ ŀƴŘ άLƴŀŘŜǉǳŀǘŜ ǳǎŜ ƻŦ ǎǳǊǾŜƛƭƭŀƴŎŜ Řŀǘŀέ όƘǳƳŀƴ ŦŀƛƭǳǊŜύΦ 9ŀŎƘ ŎƻƴǘǊƛōǳǘƛƴƎ 
factor is identified by a unique alpha-numeric code in which the letters identify the barrier and the 
numbers characterise the level of depth at which the barrier has been decomposed. For example, the 
barrieǊ άwǳƴǿŀȅ aŀƴŀƎŜƳŜƴǘέ ƛƴ CƛƎǳǊŜ н ƎƻŜǎ ŀǎ ƭƻǿ ŀǎ ǘƻ [ŜǾŜƭ рΦ ¢ƘŜ ŜƭŜƳŜƴǘǎ ǿƘƛŎƘ ŀǊŜ ƴƻǘ 
ŦǳǊǘƘŜǊ ŘŜŎƻƳǇƻǎŜŘ ŀǊŜ ŎŀƭƭŜŘ ΨōŀǎŜ ŜǾŜƴǘǎΩ ƻǊ ΨƛƴƛǘƛŀǘƻǊǎΩΦ  

 

Figure 1. Main elements of the AIM barrier models illustrated with a simplified Mid-Air Collision template. 

The contributing factors in a fault tree are interconnected through Boolean gates. When an element is 
built of lower-ƭŜǾŜƭ ŎƻƳǇƻƴŜƴǘǎ ǿƘƛŎƘ ŀǊŜ ŎƻƴƴŜŎǘŜŘ ǘƘǊƻǳƎƘ ŀƴ Ψ!b5Ω ƎŀǘŜΣ ǘƘƛǎ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŀǘ 
element will only fail if all the lower-ƭŜǾŜƭ ŎƻƳǇƻƴŜƴǘǎ ŦŀƛƭΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛƴ ǘƘŜ άRunway aŀƴŀƎŜƳŜƴǘέ 
ŦǳƴŎǘƛƻƴΣ ǘƘŜ ŜǾŜƴǘ άLƴŀǇǇǊƻǇǊƛŀǘŜ ŎƭŜŀǊŀƴŎŜ ώΧϐ ƛǎ ǇǊƻǾƛŘŜŘ ōȅ !¢/ ŀƴŘ ŜȄŜŎǳǘŜŘ ōȅ !/κǾŜƘƛŎƭŜέ ƛǎ ǘƘŜ 
combination of two components that both have to fail for the whole barrier to fail. Namely, the ATCO 
has to issue the wrong clearance AND this has to go unnoticed by the pilot/driver who executes the 
manoeuvre. When two (or more) lower-level components of a given higher-level element are 
ŎƻƴƴŜŎǘŜŘ ōȅ ŀƴ ΨhwΩ ƎŀǘŜΣ ǘƘƛǎ ƛƴŘicates that the failure of either component is sufficient for the 
higher-level element to fail. 
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The success or failure rates of each barrier are determined by the combination of occurrence 
probabilities of all contributing factors. Because the AIM follows the Boolean logic, the failure rates of 
the events are added or multiplied depending on the gate type and under the assumption that distinct 
contributing factors at the same Level are independent. Consequently, if the failure of an event A 
depends on the failure of two base events B and C linked through an AND gate, the failure probability 
of A is the product of the failure probabilities of B and C. By contrast, if B and C are linked through an 
OR gate, this means that A succeeds only if both B and C succeed. Hence, the success probability of A 
is the product of the success probabilities of B and C. Conversely, the failure probability of A is the 
complement of the product of the complements of the failure probabilities of B and C. 

2.1.2 Considerations for assessing the SafeOPS tool  

One of the purposes of the AIM risk framework is to support safety impact assessments of operational 
changes. The SafeOPS risk framework builds on AIM to assess the impact of adding the SafeOPS 
predictive tool in the traffic management for approach and missed approach handling. The safety 
impact of the tool is assessed at the level of the identified AIM model (at the barrier, contributors and 
precursors level). Because the research nature of the SafeOPS project and the consequent low maturity 
of the tool, the impact assessment mostly builds on the expert judgement of the ATCOs that evaluate 
ǘƘŜ ǘƻƻƭΩǎ ƛƳǇŀŎǘ ƛƴ ŘƛŦŦŜǊŜƴǘ ƻǇŜǊŀǘƛƻƴǎ ǎŜƳƛ-quantitatively on a Likert scale. 

One important aspect of this assessment exercise has to be emphasised. When attempting to identify 
ǘƘŜ ΨǘƻǳŎƘΩ Ǉƻƛƴǘǎ ƛƴ ǘƘŜ !La Ǌƛǎƪ ƳƻŘŜƭΣ ŀǘ ǿƘƛŎƘ ǘƘŜ SafeOPS tool impacts on the current risk (as 
described in the AIM templates), it is important to fully understand the purpose of the go-around 
manoeuvre. The go-around manoeuvre and associated procedures are not, and should not be 
considered, an accident or incident, or a precursor. In fact, a go-around is a barrier in the sense of risk 
reduction and prevention other potentially hazardous situations, for example a separation 
infringement or runway conflict. Thus, in order to assess the impact of the SafeOPS tool, the model 
ΨǘƻǳŎƘΩ Ǉƻƛƴǘ ǘƘŀǘ ǿŜ Ƴǳǎǘ ŎƻƴŎŜƴǘǊŀǘŜ ƻƴ ƛǎ ǘƘŜ ōŀǊǊƛŜǊ ŀƴŘ ōŜƴŜŀǘƘ ǘƘŀǘΣ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ Ŧŀǳƭǘ ǘǊŜŜΦ  

Therefore, in this study, it has been appropriate to dissect the task performed by the ATCO which is 
the go-around and then identify the accidents/incidents that the go-around is aimed at preventing. 
Subsequently, it has been investigated whether the addition of the SafeOPS tool acts as an 
enhancement or a hinderance of the safety barrier(s) represented by the go-around. The following 
discussion is focussed on deepening and describing this process.  

2.2 hǾŜǊǾƛŜǿ ƻŦ ǘƘŜ ǊŜƭŜǾŀƴǘ !¢/hΩǎ ǘŀǎƪǎ ŘǳǊƛƴƎ go-around 

ATCOs are continuously performing a variety of tasks that guarantee the safety of airborne and ground 
operations. In that, the go-around phase is no different as the ATCO is continuing to monitor that the 
aircraft has performed the missed-approach procedure (MAP) correctly. The ATCO will only intervene 
in case they identify the initiators of a potentially hazardous situation. Each hazardous situation, if not 
timely detected and resolved by the ATCOs (or by the pilots), can potentially escalate towards a conflict 
or even an incident or accident. The chain of events that can encourage the evolution from an initial, 
άƴƻǊƳŀƭέ ǎƛǘǳŀǘƛƻƴΣ ǘƻǿŀǊŘǎ ŀƴ ŀŎŎƛŘŜƴǘκƛƴŎƛŘŜƴǘ Ŏŀƴ ōe schematically described using risk models. In 
these risk models, one function that an ATCO and the ATM procedures can fulfil. is that of being a 
άǎŀŦŜǘȅ ōŀǊǊƛŜǊέΦ ¢ƘŜǎŜ ΨōŀǊǊƛŜǊǎΩ ƪŜŜǇ ƻǇŜǊŀǘƛƻƴŀƭ ƘŀȊŀǊŘǎ ǳƴŘŜǊ ŎƻƴǘǊƻƭ ŀƴŘ ǇǊŜǾŜƴǘ ǘƘŜƳ ŦǊƻƳ 
developing into potentially dangerous events. 
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In this section, we briefly summarise the main activities which the ATCOs perform before and during 
the go-around manoeuvre to ensure the safety of all actors involved (see also Figure 2).  

Runway management and monitoring. In short, runway management from the point of view of the 
ATCOs consists of two main tasks:  

a. Ensure that the runway is used by only one aircraft, vehicle, or personnel at the time, and  
b. Issuing the necessary clearances to make sure this happens.  

The ATCOs constantly perform visual checks on the runway and on the ground radar to ensure it is not 
occupied whenever a clearance must be issued for take-off, landing or runway crossing. In high-traffic 
conditions, when it might be necessary for pilots to execute the take-off manoeuvre promptly and 
efficiently, the ATCOs monitor the electronic flight strip system (EFSS) closely, to ensure that the 
ŘŜǇŀǊǘƛƴƎ ŀƛǊŎǊŀŦǘ ƛǎ ƳŀǊƪŜŘ ŀǎ άǊŜŀŘȅέΣ ŀƴŘ ŜǾŜƴǘǳŀƭƭȅ ŎƻƳƳǳƴƛŎŀǘƛƴƎ ǿƛǘƘ ǘƘŜ ŦƭƛƎƘǘ ŎǊŜǿ ǘƻ ŜƴǎǳǊŜ 

 

Figure 2. Functions fulfilled by the ATCOs during go-around operations.  Appropriate risk models can be used 
to describe the ATCO's functions in terms of barriers that prevent hazardous situations from occurring. 

that they are empowered to act rapidly. During normal operations, before the flight crew of the 
upcoming inbound aircraft has communicated the initiation of a go-around, the ATCO monitors the 
runway to ensure that it is not occupied at the time he/she issues the landing clearance. If there is 
crossing traffic, or a departing aircraft lined up for take-off, the ATCO gives the appropriate instructions 
to ensure that the runway is vacated in the due time. Eventually, if the aircraft does not take-off rapidly 
enough, or if there is any traffic on the runway, the ATCO detects the potential conflict, informs the 
approaching aircraft that the runway is blocked and will therefore instruct a go-around.  

Separation monitoring. The ATCOs always guarantee traffic separation. In particular during the go-
around, this might require the ATCO to identify potential conflicts between the standard missed 
approach procedure and the trajectories of other traffic in the area. 
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Wake vortex monitoring. While guaranteeing the traffic separation, the ATCOs also monitor the wake 
category of the A/C in the area to ensure that a lighter-type A/C does not encounter the wake vortex 
generated by a heavier A/C. During go-around this might become relevant depending on the wake 
categories and climbing performance of the departing A/C which is taking-off and of the A/C which is 
going around, especially in case of late go-arounds. The ATCO continuously monitors the EFSS and 
radar to identify these situations and instructs the involved A/C accordingly to prevent potential wake 
problems. 

Trajectory management. To ensure separation and avoid wake vortex problems, the ATCOs might 
have to actively give instructions to the traffic in the area, for example by telling the departing A/C to 
climb straight ahead, or by telling the go-around to perform a non-standard MAP, or in some cases by 
cancelling the take-off clearance if necessary. Vectoring the traffic is a complex task for which the 
ATCOs need to be aware of the characteristics of the surroundings to guarantee the safety of 
operations even in presence of hills, mountains, buildings, etc. and avoid the potential hazard of CFIT.  

The risk templates used to characterise these functions are described in Sect. 2.3. The discussion of 
how these models are exploited, in order to determine the impact of the SafeOPS tool, is presented in 
Sect. 3. 

2.3 Available risk templates  

In the following, the AIM templates are presented which describe the risks related to the functions 
summarised in the previous section. In particular, Figure 3Figure 5 show the AIM fault trees associated 
with these risk models. Note that Figure 3Figure 5 do not show the AIM fault trees in their entirety but 
only the portion that is relevant to go-around operations. Functions performed by the ATCO act as 
safety barriers, and each barrier is decomposed in multiple building blocks that, if they fail, become 
the contributing factors or precursors of the overall barrier failure. 

In Figure 3Figure 5, the high-level safety functions and barriers are represented as blue- and green-
filled rectangles, respectively. Base events which involve a human error are normally shown as a green 
rectangle. The dashed lines that do not end in a base event indicate that the original AIM diagram has 
additional elements which are not shown because they are not relevant to the context of the present 
analysis. Note that the maturity level of the available AIM templates varies. The more mature 
ǘŜƳǇƭŀǘŜǎ ƛƴŎƭǳŘŜ ǘƘŜ ŜǎǘƛƳŀǘŜŘ ŦŀƛƭǳǊŜ ǊŀǘŜǎ ƻŦ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ŜǾŜƴǘǎ όŜΦƎΦ ǘƘŜ άaid-Air Collision in 
Cƛƴŀƭ !ǇǇǊƻŀŎƘέ Ǌƛǎƪ ƳƻŘŜƭ ƛƴ Figure 4) whereas in other cases this information is not present (e.g. the 
άRunway /ƻƭƭƛǎƛƻƴέ Ǌƛǎƪ ƳƻŘŜƭ ƛƴ Figure 3) because the development process is still ongoing and 
possibly not enough data is available to validate the models [4]. 

άwǳƴǿŀȅ /ƻƭƭƛǎƛƻƴέ Ǌƛǎƪ ƳƻŘŜƭΦ 

Figure 3 ǎƘƻǿǎ ǘƘŜ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ !La άwǳƴǿŀȅ /ƻƭƭƛǎƛƻƴέ Ǌƛǎƪ ƳƻŘŜƭ ǿƘƛŎƘ ƛǎ ǊŜƭŜǾŀƴǘ ǘƻ go-around 
ƻǇŜǊŀǘƛƻƴǎΣ ƴŀƳŜƭȅ ǘƘŜ άwǳƴǿŀȅ aŀƴŀƎŜƳŜƴǘέ ŦǳƴŎǘƛƻƴ ŦǳƭŦƛƭƭŜŘ ōȅ ǘƘŜ !¢/hǎΦ ¢ƘŜ ŘƛŀƎǊŀƳ ǎƘƻǿǎ 
the possible reasons why the barrier might fail when the ATCO issues an inappropriate clearance (for 
crossing, take-off or landing) and this instigates a runway incursion. This is relevant in the SafeOPS 
context because, for example, a landing clearance for a wrong or closed runway (RWY) might actually 
be the trigger of a go-around, if the pilot notices the error in time and discontinues the approach. In 
current operations, a potentially hazardous situation might occur if an inappropriate clearance is 
provided by an ATCO and subsequently executed by the aircraft or vehicle, for example a clearance on 
the wrong or a closed runway. This is a rare event that could potentially occur because of a cascade of 
one or more of the following contributing factors: 
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1. Inadequate or incorrect information is provided to the ATCO for him to assess the situation 
(for example the surveillance data are incorrect or missing, the flight plan data or the runway 
status information are unavailable or incorrect, the pilot/driver provides inadequate position 
reporting, etc.). 

2. Even when provided with appropriate information, the ATCO makes an error in assessing the 
situation. 

3. There is inadequate or incorrect communication and coordination between ATCOs and 
pilots/drivers and this results in an incorrect presence on the runway. 

Mid-!ƛǊ /ƻƭƭƛǎƛƻƴ ƛƴ Cƛƴŀƭ !ǇǇǊƻŀŎƘέ ŀƴŘ ά²ŀƪŜ-ƛƴŘǳŎŜŘ Ǌƛǎƪ ƻƴ Cƛƴŀƭ !ǇǇǊƻŀŎƘέ Ǌƛǎƪ ƳƻŘŜƭǎΦ 

The aspects related with the detection, prevention and resolution of conflicts during go-arounds in the 
άaƛŘ-Air Collision (MAC) iƴ Cƛƴŀƭ !ǇǇǊƻŀŎƘέ Ǌƛǎƪ ƳƻŘŜƭ is shown in Figure 4. The diagram describes the 
contributing factors which may cause infringements of the minimum radar separation rule during 
standard or non-standard missed-approach procedures. The failure to maintain the minimum 
separation in this situation might subsequently become the precursor of more severe safety issues 
(e.g. a mid-air conflict, an imminent collision, a near MAC and finally a MAC) which are described in 
the full AIM template [1]. A conceptually similar model is shown in Figure 6 which describes the risk of 
a wake-vortex encounter. Also in this case, the model considers the final approach phase because the 
focus is on the situation that might evolve from a missed approach, and the main contributing factors 
are related to an ineffective management of the separation scheme that would guarantee the 
avoidance of wake encounters.  

άControlled Flight Into Terrainέ Ǌƛǎƪ ƳƻŘŜƭ ŀƴŘ wǳƴǿŀȅ 9ȄŎǳǊǎƛƻƴΦ 

¢ƘŜ ŜƭŜƳŜƴǘǎ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ǘƘŜ Ǌƛǎƪ ƻŦ ά/ƻƴǘǊƻƭƭŜŘ CƭƛƎƘǘ Lƴǘƻ ¢ŜǊǊŀƛƴέ ό/CL¢ύ ŀǊŜ ǎƘƻǿƴ ƛƴ Figure 5. 
The relevance in the SafeOPS context is explained because the ATCO in the case of a non-standard 
missed-approach procedure might end up giving instructions to manoeuvre near the terrain or 
obstacles. An incorrect or misunderstood instruction at this Ǉƻƛƴǘ ƳƛƎƘǘ ŎŀǳǎŜ ǘƘŜ ŦŀƛƭǳǊŜ ƻŦ ǘƘŜ ά!¢/ 
ŦƭƛƎƘǘ ƳŀƴŀƎŜƳŜƴǘ ōŀǊǊƛŜǊέΦ ¢Ƙƛǎ ǿƻǳƭŘ ǊŜǎǳƭǘ ƛƴ ǘƘŜ ŜǾŜƴǘ ƻŦ άCƭƛƎƘǘ ǘƻǿŀǊŘǎ ǘŜǊǊŀƛƴ ŎƻƳƳŀƴŘŜŘ ōȅ 
!¢/έΣ ǿƘƛŎƘ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ŜŀǊƭƛŜǎǘ ǇǊŜŎǳǊǎƻǊǎ ƻŦ ǘƘŜ /CL¢ ŀŎŎƛŘŜƴǘΦ  

An aspect that it is currently not considered in any of the AIM templates is the ATC management of 
the take-ƻŦŦ ǇƘŀǎŜ ǿƘƛƭŜ ǘƘŜ ŀƛǊŎǊŀŦǘ ƛǎ ǎǘƛƭƭ ƻƴ ǘƘŜ ƎǊƻǳƴŘΦ LƴŘŜŜŘΣ ǘƘŜ άwǳƴǿŀȅ /ƻƭƭƛǎƛƻƴέ ƳƻŘŜƭ 
describes the possible risks when the departing aircraft is on the ground and might incur in conflicts 
with other aircraft or vehicles, whereas after take-off the possible unwanted outcomes are 
ƛƴǾŜǎǘƛƎŀǘŜŘ ƛƴ ǘƘŜ άaƛŘ-!ƛǊ /ƻƭƭƛǎƛƻƴ ƛƴ Lƴƛǘƛŀƭ 5ŜǇŀǊǘǳǊŜέΦ ¢ƘŜ ǎƛǘǳŀǘƛƻƴ ƛƴ ǿƘƛŎƘ ŀ ŘŜǇŀǊǘǳǊŜ ŎƭŜŀǊŀƴŎŜ 
is rejected while rolling when it has not yet taken off is not modelled. This situation, however, could 
potentially be relevant if the SafeOPS tool were used in operations (cf Sect. 3.4). This additional 
element could arguaōƭȅ ōŜ ƛƴŎƭǳŘŜŘ ƛƴ ŀ ƴŜǿ άwǳƴǿŀȅ 9ȄŎǳǊǎƛƻƴέ ǘŜƳǇƭŀǘŜ ƳƻŘŜƭƭƛƴƎ ǘƘŜ Ǌƛǎƪ ƻŦ 
runway excursion in the initial departure. Possibly because such event is very unlikely and there is not 
enough data to quantify the contributing factors, such an AIM template currently does not exist, and 
ŀ άwǳƴǿŀȅ 9ȄŎǳǊǎƛƻƴέ ƳƻŘŜƭ ƛǎ ƻƴƭȅ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǘƘŜ ƭŀƴŘƛƴƎ ǇƘŀǎŜΦ 
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Figure 3Φ tƻǊǘƛƻƴ ƻŦ ǘƘŜ !La άwǳƴǿŀȅ /ƻƭƭƛǎƛƻƴέ Ǌƛǎƪ ƳƻŘŜƭ ǊŜƭŜǾŀƴǘ ƛƴ ǘƘŜ {ŀŦŜht{ ŎƻƴǘŜȄǘΦ 
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Figure 4Φ tƻǊǘƛƻƴ ƻŦ ǘƘŜ άaƛŘ-!ƛǊ /ƻƭƭƛǎƛƻƴ Ǌƛǎƪ ƛƴ Cƛƴŀƭ !ǇǇǊƻŀŎƘέ Ǌƛǎƪ ƳƻŘŜƭ ǊŜƭŜǾŀƴǘ ƛƴ ǘƘŜ {ŀŦŜht{ ŎƻƴǘŜȄǘΦ 
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Figure 5Φ tƻǊǘƛƻƴ ƻŦ ǘƘŜ ά²ŀƪŜ ±ƻǊǘŜȄ ƻƴ Cƛƴŀƭ !ǇǇǊƻŀŎƘέ Ǌƛǎƪ ƳƻŘŜƭ ǊŜƭŜǾŀƴǘ ƛƴ ǘƘŜ {ŀŦŜhtS context.
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Figure 6Φ tƻǊǘƛƻƴ ƻŦ ǘƘŜ ά/ƻƴǘǊƻƭƭŜŘ CƭƛƎƘǘ Lƴǘƻ ¢ŜǊǊŀƛƴέ Ǌƛǎƪ ƳƻŘŜƭ ǊŜƭŜǾŀƴǘ ƛƴ ǘƘŜ {ŀŦŜht{ ŎƻƴǘŜȄǘΦ 
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