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Abstract

This article describes a new methodology allowingoabined exploration of experience feedback
databases. Based on a small set of data provideoh ajrline, the study demonstrates the feasibility
and the benefit for safety management of this nppr@ach which highlights links between human
factor components revealed by crew reports andabipeal deviations detected through digital flight
data. Such a new understanding of the insight ®fajherations could have a major impact on safety
management and contribute to the proactive safeipagement culture that many airlines try to
promote.

1. Introduction

1.1 Applicative challenge

Safety has always been a significant challengeatonautical activities. For many years, dedicaeperience
feedback tools have been developed and implemdmtedrlines to assess their operational risks. Kbetess, the
last decade shows up a turn of the safety managerukure. Worldwide, major’s aviation actors arevimg from a
safety management based primarily on reactingedast accident or incident to a proactive apprazcafety that
relies on identification and alleviation of liferdatening conditions and events [1].

This cultural shift leads the aeronautic actorsdévelop technologies and methodologies to accyradkntify
plausible accident precursors from normal operaticaxperience ([2], [3]). Improvements have beerdenin
collecting and analysing operational data acquitkugh several experience feedback channels that m
encompass crew reports as well as in flight reabdigital parameters. These evolutions have beeonaganied by
fundamental changes in the understanding of huntanseand their implication in aviation safety ([4%]) and also
by recommendations in the organisation of safetgagament in airlines (e.g. [6]).

Nowadays, large commercial airlines store huge antsoof operational data. Each type of experienedback tool
provides a specific point of view on the operatlomality. These databases contain many informatiiimprove
safety, but the main challenge remains to mineethisdabases and find these relevant cues beforatbaevealed
by a major incident. Some on-going researches curated on the search of atypical situations thhodigital flight
data ([7], [8]) while others focused on the clasation of flight crew reports or incident repof®. In both case, the
challenge is to discover the precursors of the redident, or in other words to pinpoint new unknorisky
situations encountered in operations before theyearealed by a major aeronautic event.

In most of the airlines, the routine operation éimel crew reports are both observed and analyzedighrdistinct
channels that produce statistics and trends. Ttherresults of these analyzes are combined to cquglobal view
of the operations. A major breakthrough could hed by developing methodologies and tools thaebeeflect
the links between objective elements revealed toyat flight data recorders and explanatory elets¢operational
conditions, threats, errors...) captured by repoftse challenge is to build a more comprehensive vidvthe
operational context by integrating coordinated dwderogeneous data sources (digital in flight daégorts,
demographic, weather...). This new type of analysisid impact the understanding of the operationalityeand
contribute to manage safety.

The aim of the study reported in this paper wadamonstrate the feasibility of such combined asialgn a case

study. The work relies on a limited set of fligltovided by a commercial airline and uses the Fbi@uncept
Analysis theory which is presented in the nextisact
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1.2 Theoretical background: the Formal Concept Analysistheory

Formal Concept Analysis (FCA) is a mathematicabthieof data analysis. Let us have an intuitive dpsion of this
unsupervised machine learning technique. The aphrtakes as input a representation of the dataipasematrix
(called the context) specifying a set of objectsl émeir properties (called attributes). Then it g@tes all the
concepts that "make sense" for the given databmsmncept is a pair containing both a cluster gjfeots and a
cluster of attributes, these two clusters verifyiihg following properties: the objects of the cqrtcghare exactly the
attributes of the concept (and no more) and norathgect in the database holds all these attributes

Let us for example consider the context represebtedhe following table. It contains four objectadafour
attributes, the first objects (Obj_1) is descrilbgdhe three attributes (A_1, A 2 and A_4).

Table 1: Example of context represented by a binaagrix

A1l A2 A3 A 4
Obj_1 X X X
Obj 2 X X
Obj 3 X
Obj 4 X X

With this context, the pair ({Obj_1,0bj2,0bj_4} A{2}) is a concept because these three objecte shaly the
attribute A_2 and A_2 belongs only to these thigieas in the matrix. The set of all the conceswéble from the
input matrix can be partially ordered and equippéth meet and join inner operators so as to getathematical
lattice structure which can be represented as aeHdmgram. As an example, the lattice structurgatoing the
seven concepts issued from the context of Tabdedisplayed on the Figure 1.
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Figure 1: Hasse diagram generated by the LatticeeMbol [13]

An extended presentation of this methodology (aksited “Galois Lattices”) with all the mathematiagfinitions
can be found in [10]. Several tools, often openrsed, implement this theory ([11], [12], [13]) ardow to
calculate and sometime to display the set of cascedmong them, Kontex, developed by ONERA, offars
graphical interface to investigate the contentaafrenode of the lattice structure, to select asgldy sub-lattices.

Based on previous studies conducted by ONERA [{9]}) the FCA theory and the Kontex tool have beelected.
The main advantages of FCA for our study are:
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» The unsupervised clustering process: no expertikga@mvledge about what is looking for is required;

* The lattice structure that allows extracting sutidas and studying sub-parts of the data: sevevait of
view on the data can easily be exploited;

e The format of the context (two dimensional tablgttallow merging data from different sources;

e The adequacy for small set of data (qualitative aiaihing);

e The capability of generating contextual rules poblag an inductive methodology;

e The availability of open source dedicated software.

1.3. Structure of the paper

This paper describes a methodology dedicated tdbicwmand jointly mine several sources of data.ds$ been
applied on a small set of commercial flights foriethboth digital flight parameters and crew repovise available.
The article reports the results of this case stedpluates the feasibility and the benefit of sachew type of
analysis for airlines safety department.

Section 2 describes the data available and theiphanof the analysis methodology. Section 3 pres#re tools used
to analyse and store digital flight data and creports. Section 4 discusses codification and aealigsues. It points
out that several knowledge representation choicespassible and we analyse how they impact the eziésn
highlighted by the analysis process. Then, theag®imade to extract and codify relevant elemewts fthe two
heterogeneous sources of data are described.

Finally, section 5 presents the results of the ytudhich demonstrates that meaningful correlatioe$ween
operational markers (such as crew performancesphjettive performances (speed events or alignmests) can
be discovered by this new type of analysis.

2. Available data and principle of the combined analysis

2.1 Context

The aim of this study is to demonstrate that a doetbanalysis of digital data recorded during tight and crew
reports could help the airline to better managghflisafety. The work relies on a limited set ogfflis for which the
airline provided both digital flight data recordiedthe aircraft and crew reports. Digital flighttdayive an objective
view of what really occurs during flights throughetevolution of flight parameters (speed, trackha aircraft,
aircraft configuration...) while crew reports deserithreats, errors and other more explicative elésnéraffic
conditions, weather, air traffic controller cleatan, passengers issues...) which shape the crevityacBo, these
two sources of information are complementary, tiwgtal flight data highlighting what happened dwithe flight
while crew reports reveals more subjective humantofarelated clues allowing to assess why someatievis
occurred.

These two experience feedback channels exist irt aidmes but are operated separately. The oriigynaf this
study is to feed the data analysis tool with eleis@noviding from both data sources in a way thiais to look for
correlations between information produced by theseexperience feedback channels.

Such combined analyses are not realized by airtieeause firstly their digital flight data systendaheir reporting
system are two separated tools which do not allomake the link between the data and secondly tkeadack in
methodology and tools available in their safetyatapent to conduct an analysis on two differentetypf data
(numerical and textual).

2.2 Available data

This study has been conducted in cooperation withidine which agrees to manually extract fronmirtioperational
databases crew reports and the correspondingIdigitet data.

Collecting the crew reports is the most sensitisifpas it requires the involvement of pilots. histairline, pilots
were asked, over a limited period of time, to systgcally report on each safety-compromising ewehich
occurred while on duty. During a few months, thesgorts in free text have been extracted from titatthse. Thus
a set of 21 relevant reports was produced andtsgdNERA with a complete identification of the tig(date, flight
number, departure and arrival airports).
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In the same time, the safety department of thigailsystematically extracts and analyzes the aidlight data for
all the flights. The analysis is made with the tobthe company (AirFASE® which detects prescribed deviations
(called events) and feed a large database. Theeaghfety officer is in charge to check the operat validity of
the events detected by the tool and exploits thebdae to manage safety. For this study, the saffitgr extracted
from the database all the events related to thiligtits and sent them to ONERA with a complete tifermation of
the flight (date, flight number).

The data collection has been achieved with a unfteet of Airbus’s aircraft on a single city pawyer a few
months. As only a small portion of flight encourtgrsafety-compromising events, the set of availéllghts was
reduced to 21 flights. This small set is not repnéative of the amount of data the airline shoudgldwith if
applying the methodology to all the fleets on b tdestinations but is sufficient to demonstraee féasibility and
the interest of the target analysis.

2.3 Principle of the combined analysis

As stated in the previous section, a set of 2lhftigvere available with two types of data for eflight. On one

hand, the events produced with AirFASE from thghiliparameters. On the other hand, the crew reporiee text.

These ones were codified with an Airbus dedicatedl (LOAS® which is described in section 3.2) byrtAis

personnel as this tool was not used yet by then&irlThis process produced keywords associateddo e=port. So,
each flight is described by a set of AirFASE’s @geand a set of LOAS’s keywords.

Then, the aim of the combined analysis is to hgittllinks that may exist in the database betweeRASE's events
and LOAS's keywords. For doing this, the Kontextl twas used. As described in section 1.2, it isiasupervised
clustering tool based on the Formal Concept Analtfstory. The principle of this analysis methodglegdisplayed
on Figure 1.

Digital Flight Crew Reports

Codification with

Commercial Flights LOAS tool

(Airbus Aircraft)

ﬁ- Events + D e  —
Flights Analysis =1 = -
9 T =T

Combined Analysis with Kontex

Figure 2: Principle of the combined analysis

3. Description of the used tools

The work has been achieved with the use of threls:tairFASE for the analysis of the digital fligbata, LOAS for
the codification of crew reports and Kontex for Hralysis of the data. We will now make a briefaduction to the
two first tools.

! AIrFASE®: Aircraft Flight Analysis and Safety Explr is a measurement, analysis and reporting acétiool
developed jointly by Teledyne and Airbus.
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3.1 AirFASE

AIrFASE (Aircraft Flight Analysis and Safety Expkm) is a measurement, analysis and reporting sodtweol
developed jointly by Teledyne and Airbus, which Idewith in-flight operational performance of comriet
aircraft. This tool, routinely used by over 100liags, offers a stable definition of deviations amdused by the
airline involved in this study. After the flighthe recorded flight data are inserted in this tobich first analyses the
flight parameters, detects deviations from therartegular profile and then insert the resultshef analysis in the
airline database. Figure 3 displays the result fight analysis where two low severity events (#0Gand #1402)
were detected as well as a high severity eventQ&1WWith this tool the safety officer can quickdgcess to all the
aircraft parameters during the flight and experfliggts with high severity deviations.
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Figure 3: Flight analysis with AirFASE
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Within the airline, all the flights are analyzed hlye safety department and the high severity dieviatare
operationally validated. Then, an objective viewtba flight operations is build through statisticakults on the
database. This approach is well dedicated to makagen safety issues.

3.2LOAS

LOAS (Line Operations Assessment System) is aniegijin dedicated to collect, analyze and archive t
observations performed in the scope of the aifligat monitoring program. The tool relies on a dation system
which allows to describe elements issued from aatise with keywords from a structured taxonomygufe 4
shows the interface of the tool. The chapters aeel Wio navigate in the taxonomy and access theargi&eywords.

Once tagged, a score describing a level of sevegitybe added to the keywords.
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Figure 4: Report codification with LOAS

Then the codified report is inserted in the airldagabase and statistical analyses can be condincteder to help
the safety department to better manage safetysssueountered in operations.

4. Data codification and generation of the analysis context

4.1 Crew reports codification

Crew reports are reduced to a paper narrative turadalanguage. A dedicated sheet was given tq#rticipating
crew members and was filled after each flight whsakety-compromising events had been encountemredveOvere
asked to report more specifically thréagmd errors and to clearly explain what happened, and howahy it
occurred. The reports collected were sent by thénaito the Airbus Training team which was in dmrof
analyzing, codifying and inserting them in the LOASI. After that step, each report was describgdlset of
keywords from the LOAS taxonomy with scoring nungbélr to 4).

2 Threat: An event originating outside the influené¢he crew which requires active management timtaia
safety. Such an event may increase error potestiaécome the precursor of an error chain.

% Error : an undesirable action or inaction by a enof flight crew which has the potential to commpise the
safety of the flight.
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Then, the challenge is to build a context dedicttetie Formal Concept Analysis methodology, inakhieports are
described by attributes derived from the LOAS taray. Several choices were possible. As demonstiatétb],
all information contained in the taxonomy can bptaeed by the FCA context if attributes are asgedido elements
of all the levels in the taxonomy: each chaptetha taxonomy and each keyword are represented siinati

attributes in the FCA context.

Nevertheless, such a choice is not always the eii@ent for a first analysis of the data: elensefrom the higher
levels of the taxonomy are often too general dpsms$ while the lower levels can be too selectiMee choice of the
good granularity for the description of the repadhes both on the number of reports to analyze their relative

diversity.
For the data supporting this study, the more adagiatext was finally built by using only the chexst information.

The associated lattice structure reveals thateésdlt?1 flights, 6 can be considered as excepttbey flo not group
with other flights) while the 15 other flights che clustered in 3 well separated classes as showdgare 5.

Operating // |
environmer

.

Rl
Coordination

Figure 5: FCA Lattice structure for LOAS attributes

The relevant level of description for the LOAS menkbeing determined, let us now focus on the ABEAevents
codification.

4.2 AirFASE events codification

Each flight is analyzed with AirFASE in order todi prescribed deviations. This process allows wdeszribe each
flight as a set of events (the deviations foundhwheir respective level of severity (1 to 3). @ragain, different
options are possible so as to derive a FCA coritert these events. The best choice mostly dependbedata
available. Here are some possible options:

» Each type of event is associated to an attribb&eséverity level is not codified,;

* The use of a first order logic codification: Evesat{erity) is used and then the equivalent FCA odrite

derived according to [15];
» Only severity 3 events are kept as often airlirmsentrate their analysis on this class of events;
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» Classes of events are defined and used as atBibute

As we only have a limited number of flights forghdtudy, the more adapted codification system waohe based
on classes of events in order to define more géa#ributes. Such classes can be defined easihg ke AirFASE
identification of the events [16]. Indeed, the raffidigits of the event reference number indichtetype of the event
with the following meaning :

10: speed events

11: pitch events

12: roll events

13: height events

14: vertical rates events
15: acceleration events
16: configuration events
17: thrust events

18: alignment events
19: warning events

20 and 22: Level 2 : risk detection events

Hence, we decided to use these classes of eventefming the attributes of the flights. The le#istructure
generated by the new FCA context becomes:

Figure 6: FCA Lattice structure for AirFASE events

It indicates that classes of events #10 (speedtgvand #18 (alignment events) are the ones whistemte the
bigger clusters.

We can now combine the LOAS attributes and thesEASE attributes in order to build and analyze ¢benplete
context.

4.3 Building the FCA context for the combined analysis

The FCA context used for the global analysis hasotmbine in a single binary matrix the informatiorovided by
the two experience feedback channels. This stegasdy done by joining the attributes describingASreports
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with the ones describing AirFASE events in a sirfgA context. Figure 7 displays one part of thiateat (some of
the LOAS markers are missing in the table for latklace).
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Figure 7: Excerpts from the global FCA contexttfoe combined analysis

So, the methodology used to build the context Ugiohey the combined analysis is based on a two spepsess: (1)
for each experience feedback channel, select flesamt attributes that characterize the flightsg #B) join the
attributes of each channel in a single binary tablés process can be applied to a large numbdatf sources and
allows to merge all the descriptions. For instarmres could add information extracted from a weattaabase in
order to study the impact of weather conditionghenflight safety.

5. Results of the combined analysis

Based on the context given by the binary matrie, lditice structure is processed (see Figure 8. graphical
representation of the lattice which shows all thesters of flights that are generated by the unsiped analysis
method is going to guide the exploitation of theuls. In the Figure 8, the level of the conceptha graph is
directly linked to the number of flights it contain

Firstly, the graph highlights two concepts thategpto be higher in the lattice structure. These ¢ancepts allow
identifying attributes that generate big clustefdlights. In our case, these two attributes arpe@&l events" and
"Alignment events". So both of them come from tlgitdl flight data analysis and describe type ofiddons. For

these two attributes, we will now search if we hawene links with other attributes by studying tksaxiated sub-
lattice (section 5.1).

Second, the graph points out one flight which cafoclustered with other flights (FL_33 on Fig@&)e This flight
is atypical in the database and will be studiecassply. In our case, a crew report has been getklecause of
flight planning issues that disturbed the preparatf the flight by the crew. Nevertheless, at tdas this flight,
there were no direct impact on the prescribed dievia.

Third, the lattice structure allows to identifylaglit that can be clustered with nearly all theestfiights (FL_11 on
Figure 8). This flight will also be studied sepahat(section 5.3).

Finally, the lattice structure will allow to findusters related to the three main attributes ifiedtin section 4.1 and
evaluate if there are correlations between thesgahuehavioural attributes and prescribed deviat{eaction 5.2).
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Figure 8: Lattice structure for the combined analys

5.1 Study of the main clustersof flights

Let us focus now on the two higher nodes belowtdipeof the graph. They identify the two more gehataibutes
in the lattice which are in this case AirFASE’'ssdas of events (speed events and alignment ev&us)speed
events" and "alignment events" are the two maissea of events that emerge in this database. Waamwi look at
these two clusters in order to determine if thgped of events are linked to the occurrence ofratiabutes.

Speed events:

If we select and display only the speed event raokits children nodes (Figure 9), we find thas ttlass of event is
mainly related to alignment and pitch events (tlghér children nodes). The first two LOAS attribaiie this sub-

lattice are the two related to ATC (90_ATC_commatimn and 100_ATC_Handling).

Thus speed and alignment events are often cordelpiieh events are also correlated to speed ebentssually to a

lower level. The issues related to the air tradfimtroller (ATC), which are revealed by LOAS attribs, seem to be
one cause of the occurrence of speed events.

Alignment events:

The alignments events are mainly correlated to dpeeents, which is the higher children node, and to
ATC_Handling issues.

So the study of the two concepts that cluster nabghe flights demonstrate that one cause of theemusual
deviations is linked to the interaction betweendrewv and the air traffic controller.

10
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Figure 9: The speed events node and its childreieso

5.2 Study of themain LOAS markers

Let us now have a look on the three main type ofABOissues found previously (Coordination, Operating
environment, Crew performances). If we extract shb-lattice dealing with ATC handling issues (Fgd0), we
can see that the two higher nodes are the AirFA8Esses #10 and #18. So ATC handling issues maifgy
alignment and speed events. This result is cohevigntthe one found in section 5.1.

7
75/
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’,//// N,

/J/ /// // \\‘\
s / 18 (Alignment events)

// // / /_//\
/ / ,{ N

s
FL_40 v

; f FN
e / /~"\10 (Speed eve ntsﬁ\
i Y

Figure 10: Sub-lattice for ATC_Handling node

The sub-lattice of the 43_Vigilance attribute (Crperformance issue in LOAS) shows that it coulairthe co-
occurrence of speed and vertical rates eventd\the@vents appear on the same node, Figure 11}eTta classes
of AirFASE’s events seem to be more correlated whgigilance problem is reported than otherwise.

11
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14 (Vertical rates events)
10 (Speed events)

\/

Figure 11: Sub-lattice for Vigilance node

FL_33

The results of the analysis for the three grouds@AS markers can be summarized as follow:

Crew performances (Vigilance, Cross-check) are morelinked to:
Speed events
Vertical rates events
Co-occurrence of these 2 types of events

Operating environment (ATC) are morelinked to:
Alignment events,
Speed events

Coordination (ground) are more linked to:
Alignment events,
Pitch events

The results related to the Crew performances aadiberating environment clusters make sense faparational
point of view. On a bigger set of data, it couldibkeresting to make the analysis by phase of fliglorder to see if
we have a time connection between these LOAS arfedASE attributes.

The third result is primarily more difficult to iatpret. Why coordination problems on the ground ffiese flights at
the beginning of the flight) can have consequemepitch values or alignment events? Of courses, dmalysis,
based on a small set of data, can only give somesan this issue. We will just have a look onftigiat #11 which

belongs to this group in the following section.

5.3 Study of a specific flight

The flight #11 was identified in section 5 as acsgleone in this database because it belongs to/roancepts. Let
us have a look of both the LOAS and AirFASE degmiys of this flight.

Summary of the LOAS report: The crew had to return to stand to offload 6 igdssengers and wait 30 minutes to
get someone on board to handle the situation.

Summary of AirFASE events: “bad” approach and landing phase with 9 eventsf ldgh severity level, 2 of medium
severity level .

This flight is the one with the more severe dewiasi on the AirFASE data, but also one with a ses#ressing and
unusual situation for the crew at the beginningtted flight. Maybe the “bad” approach and landingh dze
considered as a consequence of the initial sitoatio

This example flight emphasizes the fact that suafiodal analysis can reveal unsuspected relatipasbétween
events and it highlights situations were the safety be involved. A analysis of the LOAS reportnalavill allow to
identify the airline organisation issues but witmeveal the real impact on safety and all thesegnences of such a
situation. The analysis of AirFASE events alonel wit allow to go back to the origin of the safg@oblem. Of
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course, due to the limited set of data from whicbse results are extracted, one must be very taméfu their
generalization and a larger study should be madétain more reliable results.

6. Conclusions

This study proposes a methodology and tools to cmenBlata provided by different experience feedbawknnels
and acquire a more global understanding of thetysdfsues for aeronautical operations. It demotestrahe
feasibility, on a reduced set of flights, of a canaldl analysis of crew reports and safety eventaetad from digital
flight data. The results showed that some eventsrted by crews may have immediate impacts on teus
detected by the FOQA program while others haveréntlibut severe consequences on the flight saféty.study
shows that this new methodology allows to highlihks between human factors component (revealedrbw
reports) and objective operational deviations. €Hass remains hidden when the available expeedaedback are
mined separately. Also, such a combined analysigddcdelp the airline safety department to get atelbet
understanding and measurement of the consequehttestbreats encountered and managed by the crews.

With the increase of data stored in airlines, itdmaes of prime necessity to improve the safety mament tools
available. The way opened by this work relies oa building of a better view of the operational ityaby a

combined exploitation of several experience feeklmdmannels. The development of more integratea sfisafety
management tools should help the emergence ofdibined analysis in industrial software. Other ptamentary
data mining methodologies, such as the statistieakarch of atypicalities [17], or automatic analyand

classification of reports [18], are also under EadThe complementarities of all these new appresshould allow
the airline to make a new step for a more proactismagement of safety.
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