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EXECUTIVE SUMMARY 

Problem Area 

The fast majority of aircraft takeoffs and landings is conducted on dry runways. Only a small portion is 

conducted on non-dry runways like water contaminated (flooded) runways. Statistics show that the 

likelihood of a runway excursion during takeoff or landing is much higher on flooded runways than on dry 

runways. Extreme loss of tyre braking can occur during rejected takeoffs and landings on flooded 

runways. As a result the stopping distance increases significantly which could exceed the available runway 

length. Most research in the past has focused on the braking capabilities of aircraft on wet runways 

instead of water contaminated runways. Most of the knowledge of aircraft braking performance on water 

contaminated runways was gained during the late 60s and mid-70s. This knowledge is still used to 

determine the takeoff and landing performance of today’s modern aircraft. During the development of 

the European Action Plan for the Prevention of Runway Excursions it was recognised that current aircraft 

designs may act differently when braking on water contaminated runways, from aircraft tested in the 60s 

and 70s.   

Description of Work 

This report provides the presentations given at a Flight Data Monitoring Workshop being held at NLR head 

office, Amsterdam, the Netherlands on 26 September 2018. The workshop discussed and presented the 

results from the FUTURE SKY SAFETY (FSS) Project on P3 Solutions for Runway Excursions. The focus is on 

newly developed tools and algorithms for Veeroff Risk Monitoring (WP3.3 of FSS). These new algorithms 

and monitoring techniques were developed and tested against flight data from major operators in Europe.  

The objective of the workshop is that aircraft operators and Flight Data Monitoring software developers 

learn from the results of the project and implement it into their FDM programmes. 

Results & Conclusions 

The workshop participants had the opportunity to discuss the new algorithms and techniques first hand 

with the developers and users. The presented tools and techniques developed and explored within Future 

Sky Safety P3 activity can be of great use to the aviation community in improving flight safety. To make 

these tools ready for exploitation a number of steps need to be taken. Currently aircraft operators use 

commercial software to conduct flight data analysis. Some of the larger companies have resources and 

knowledge to conduct analysis beyond the standard features of the software using in-house tools. 

However most will simply use the software as is with only minor modifications to its settings. The 

presented tools and techniques as developed in FSS P3 should be incorporated into the standard FDM 

software by the vendors to exploit their benefits to flight safety. Some of the tools developed are easy to 

implement, like the algorithms for touchdown analyses and wind reconstruction. These algorithms are 

also beneficial for the analysis of other safety events and are not limited to veeroffs only. FDM software 

providers should be able to incorporate these algorithms within 2-3 years. However this depends partly 
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on the requests made for it by the customers. The more advanced tools using machine learning algorithms 

will take more time to be exploited. This can be done without the standard FDM software. The main 

problem for the airline operators is lack of knowledge on machine learning. Although the larger airline 

companies have been investing into machine learning, this has mainly been in ticket pricing, maintenance 

forecast and other non-safety related areas. It has proven to be difficult to focus in safety related machine 

learning topics. To the smaller operators machine learning techniques are much more difficult to exploit 

also because their data volumes are generally much smaller. This makes it harder to use machine learning 

in a useful way. The main question is where this technology is likely to be in five years. As significant 

progress is made in the field of machine learning, it is more than likely that flight data analysis will benefit 

from these developments in this period. However, it is believed that the classical way of the flight data 

analysis will still be needed. Machine learning will be an additional feature to the safety analysist. 

Applicability 

The results presented at the workshop can be used by aircraft operators in monitoring the veeroff risk 

using recorded flight data.  
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1 INTRODUCTION 

1.1. The Programme 

FUTURE SKY SAFETY is an EU-funded transport research programme in the field of European aviation 

safety, with an estimated initial budget of about € 30 million, which brings together 32 European partners 

to develop new tools and new approaches to aeronautics safety, initially over a four-year period starting 

in January 2015. The first phase of the Programme research focuses on four main topics: 

 
 Building ultra-resilient vehicles and improving the cabin safety 
 Reducing risk of accidents 
 Improving processes and technologies to achieve near-total control over the safety risks 
 Improving safety performance under unexpected circumstances 

The Programme will also help coordinate the research and innovation agendas of several countries and 

institutions, as well as create synergies with other EU initiatives in the field (e.g. SESAR, Clean Sky 2). 

Future Sky Safety is set up with an expected duration of seven years, divided into two phases of which the 

first one of 4 years has been formally approved. The Programme has started on the 1st of January 2015. 

FUTURE SKY SAFETY contributes to the EC Work Programme Topic MG.1.4-2014 Coordinated research and 

innovation actions targeting the highest levels of safety for European aviation, in Call/Area Mobility for 

Growth – Aviation of Horizon 2020 Societal Challenge Smart, Green and Integrated Transport. FUTURE SKY 

SAFETY addresses the Safety challenges of the ACARE Strategic Research and Innovation Agenda (SRIA). 

 

1.2. Project context 

Within the FUTURE SKY SAFETY programme the project Solutions for runway excursions (P3) was initiated 

to tackle the problem of runway excursions. A runway excursion is the event in which an aircraft veers off 

or overruns the runway surface during either take-off or landing. Safety statistics show that runway 

excursions are the most common type of accident reported annually, in the European region and 

worldwide. There are at least two runway excursions each week worldwide. Runway excursions are a 

persistent problem and their numbers have not decreased in more than 20 years. Runway excursions can 

result in loss of life and/or damage to aircraft, buildings or other items struck by the aircraft. Excursions 

are estimated to cost the global industry about $900M every year. There have also been a number of fatal 

runway excursion accidents. These facts bring attention to the need to identify measures to prevent 

runway excursions. 

Several studies were conducted on this topic. Most recently a EUROCONTROL sponsored research “Study 

of Runway Excursions from a European Perspective” showed that the causal and contributory factors 

leading to a runway excursion were the same in Europe as in other parts of the world. The study findings 

made extensive use of lessons from more than a thousand accident and incident reports. Those lessons 
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were used to craft the recommendations contained in the European Action Plan for the Prevention of 

Runway Excursions, which was published in January 2013.  This action plan is a deliverable of the 

European Aviation Safety Plan, Edition 2011-2014. The European Action Plan for the Prevention of 

Runway Excursions provides practical recommendations and guidance materials to reduce the number of 

runway excursions in Europe.  

 

1.3. Research objectives 

The Action Plan also identified areas where research is needed to further reduce runway excursion risk. 

The present project focuses on a number of these identified areas. Four areas of research were selected 

for which additional research is needed:  

1. Research on the flight mechanics of runway ground operations on slippery runways under 

crosswind conditions;  

2. Research on the impact of fluid contaminants of varying depth on aircraft stopping performance;  

3. Research on advanced methods for analysis of flight data for runway excursion risk factors, and;  

4. Research into new technologies to prevent excursions or the consequences of excursions. 

The current report is written as part task 3.,3 in which new algorithms were developed to monitor runway 

veeroff risk, to disseminate and look for possibilities for future exploitation of the results.  

 

1.4. Structure of the document 

Section 2 of the reports gives a brief review of workshop. Activities after the workshop are discussed in 

section 3. The presentations givens at the workshop are shown in the appendix to this report. 
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2 WORKSHOP SUMMARY 

A Flight Data Monitoring Workshop was being held at NLR head office, Amsterdam, the Netherlands on 26 

September 2018. This workshop discussed and presented the results from the FUTURE SKY SAFETY project 

on Runway Veeroff Risk Monitoring. New algorithms and monitoring techniques were developed and 

tested against flight data from major operators in Europe. The objective of the workshop was that aircraft 

operators, Flight Data Monitoring (FDM) software developers and other interested parties would learn 

from the results of the project and look for implementation into their FDM programmes. The general 

topics considered were: computation of crosswind using aircraft recorded data, monitoring of applied 

crosswind techniques, accurate computation of touchdown point and vertical speed at touchdown, 

monitoring of lateral deviation during the landing (roll), and more. Presentations were given by the 

organisations that participated in the P3 work: NLR, Airbus space and defence, and Cranfield University.  

The following presentations were given during the workshop: 

 General introduction to runway veeroff risk and monitoring – (Gerard van Es, NLR). 

 Algorithms for calculating crosswind during the landing (Peter van der Geest, NLR). 

 Algorithms for vertical speed calculation (Peter van der Geest, NLR). 

 Algorithms for landing trajectory calculation (Peter van der Geest, NLR). 

 Assessing the relative risk of veer-off associated with a given set of conditions (David Barry, 

Cranfield University) 

 Advanced techniques for analysing flight data for runway veeroff risk (Sara Lagunas Caballero, 

Airbus) 

 Use of machine learning tools for runway excursion risk monitoring (Gerard van Es and Vincent de 

Vries, NLR). 

 Connecting the dots: How can airlines monitor runway veeroff risk (Gerard van Es, NLR). 

 

All these presentations are shown in the appendix to this report. 

This workshop aimed to bring together a variety of participants from the aviation safety industry including 

aircraft operators, Flight Data Monitoring software developers, aircraft manufacturers and regulators. The 

more than 50 participants came from different organisations as shown in Figure 1. Participants came as 

far as from Asia, although the majority were from Europe. 
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Figure 1: Distribution of attendances organisation 

 

The workshop participants had the opportunity to discuss the new algorithms and techniques first hand 

with the developers and users. This opportunity was clearly taken as there were many fruitful discussions 

during the workshop. All participants were extremely pleased with the presented work and found it very 

relevant to future developments in flight data monitoring. 
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3 POST WORKSHOP ACTIVITIES 

After the workshops participants and also people that did not attend the meeting, asked for additional 

information. In participants airline operators asked for more details on the implementations of some of 

the presented algorithms. All requested were handled and the organisations were provided with feedback 

and assistance. At the request of EASA the results from these activities in FSS P3 are also going to be 

presented at the EASA’s Safety in Aviation Forum for Europe – SAFE 360° , organised in May 2019.  
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4 FUTURE EXPLOITATION DIRECTIONS 

The presented tools and techniques developed and explored within Future Sky Safety P3 activity can be of 

great use to the aviation community in improving flight safety. To make these tools ready for exploitation 

a number of steps need to be taken. Currently aircraft operators use commercial software to conduct 

flight data analysis. Some of the larger companies have resources and knowledge to conduct analysis 

beyond the standard features of the software using in-house tools. However most will simply use the 

software as is with only minor modifications to its settings. The presented tools and techniques as 

developed in FSS P3 should be incorporated into the standard FDM software by the vendors to exploit 

their benefits to flight safety. Some of the tools developed are easy to implement, like the algorithms for 

touchdown analyses and wind reconstruction. These algorithms are also beneficial for the analysis of 

other safety events and are not limited to veeroffs only. FDM software providers should be able to 

incorporate these algorithms within 2-3 years. However this depends partly on the requests made for it by 

the customers. The more advanced tools using machine learning algorithms will take more time to be 

exploited. This can be done without the standard FDM software. The main problem for the airline 

operators is lack of knowledge on machine learning. Although the larger airline companies have been 

investing into machine learning, this has mainly been in ticket pricing, maintenance forecast and other 

non-safety related areas. It has proven to be difficult to focus in safety related machine learning topics. To 

the smaller operators machine learning techniques are much more difficult to exploit also because their 

data volumes are generally much smaller. This makes it harder to use machine learning in a useful way. 

The main question is where this technology is likely to be in five years. As significant progress is made in 

the field of machine learning, it is more than likely that flight data analysis will benefit from these 

developments in this period. However, it is believed that the classical way of the flight data analysis will 

still be needed. Machine learning will be an additional feature to the safety analysist. 
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5 RECOMMENDATIONS 

It is recommended to disseminate this report further so that parties not present at the workshop can 

learn for the developed tools for runway veeroff risk monitoring.  
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APPENDIX 

In the following, the presentations from the Workshop are provided: 

 General introduction to runway veeroff risk and monitoring – (Gerard van Es, NLR). 

 Algorithms for calculating crosswind during the landing (Peter van der Geest, NLR). 

 Algorithms for vertical speed calculation (Peter van der Geest, NLR). 

 Algorithms for landing trajectory calculation (Peter van der Geest, NLR). 

 Assessing the relative risk of veer-off associated with a given set of conditions (David Barry, Cranfield 

University) 

 Advanced techniques for analysing flight data for runway veeroff risk (Sara Lagunas Caballero, 

Airbus) 

 Use of machine learning tools for runway excursion risk monitoring (Gerard van Es and Vincent de 

Vries, NLR). 

 Connecting the dots: How can airlines monitor runway veeroff risk (Gerard van Es, NLR). 
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