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Résume

Abstract by Christopher Jesse
Institute of Industrial Research, University of Portsmouth, England.

Telephone:  +44 (0) 23 9284 4449
E-mail: chris.jesse@port.ac.uk
Website: www.port.ac.uk/iir/

Chrisisamember of the University of Portsmouth Institute of Industrial Research with expertise
in Programming, Data Structures and Artificial Intelligence. Chris has been working closely with
alocal industria partner involved with Flight Data Analysis and the UK’ s Civil Aviation
Authority.

Chrisis managing a Research and Development project into the creation of an intelligent search
engine which will combine expert knowledge and artificial intelligence to automate processesin
flight data analysis.

Institute of Industrial Research

The Institute of Industrial Research has been established to enable industry and businesses to
become more globally competitive through the application of Artificial Intelligence (Al)
techniques. Thisis achieved through capitalising on research and expertise across the University
of Portsmouth and devel oping this knowledge into bespoke solutions for our industry and
business partners.
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Introduction

With a6% increase of aircraft traffic in 2006 (Concil, Anthony [1]), an expansion rate that is
expected to continue into the future, the pressure of meeting increased demand requires airlines
to maintain the highest levels of flight operations safety.

Every airline needs to adapt in times of change with safety being the number one priority. This
paper will examine and discuss many of the changes airlines face and use real Flight Operations
Quality Assurance (FOQA) / Flight Data Monitoring (FDM) examples to demonstrate how flight
dataanaysis has assisted airlines to detect threats to operational safety.

The paper will briefly address these topics before examining some case studies.

New Training
Techniques New Standard
Operating Procedures

New Airline ,\‘\ I /

Staying Safe @————> Operational
in Times of Change Pressures

New Routes \
New FOQA / FDM

Techniques

New Types

Seasonal Changes Crew Issues

Figure 1
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Staying Safe in Times of Change

New Airlines

Startup airlines inherently face many of the changes listed above. The combination of New
Crews, New Aircraft Types and New Routes means that there are fewer defence layersin place
to reduce the risk of an incident occurring. There were 34 new Startup Airlines formed in 2006,
which is 21% more than the previous year (AeroTransport Data Bank [2]).

The early implementation of aflight data analysis program has been proven to assist in detecting
irregularities in flight operations with new crews flying new aircraft types.

One FOQA / FDM program highlighted that aircraft were slowing significantly after takeoff. The
flight data showed that pilots were pitching the aircraft too steeply in theinitial climb, allowing
the speed to fall.

Low Speed After Takeoff

Below isanormal takeoff plot (from another operator) showing the airspeed increase during the
takeoff roll to time=20 seconds when the aircraft rotates. The 15 deg nose up attitude in the
initial climb ensures the climbout is at about VV2+15 knots before the nose islowered and the
aircraft accelerates.

Example Takeoff Plot
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Contrast this to the operator with the speed |oss problem. As the pitch attitude passes 15 deg, the
airspeed is starting to fall but the nose continues to rise to over 20 deg and the airspeed has fallen
to aminimum of V2 — 15 knots.

Low Speed After Takeoff Example
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Figure 3

If an aircraft had suffered an engine failure during this phase, it could have turned thisinto a
serious accident.

There was a suggestion that the aircraft was not being flown correctly, but flight path modelling
work demonstrated that the technique described in the training manual was being followed. In
fact the pilots who followed the flight director slavishly and without reference to other
instruments who were most likely to experience this problem.

The results of thisinvestigation were documented and sent to the operator who forwarded the
report to the aircraft manufacturer.

The aircraft manufacturer issued a software update, stating “...it has been reported that flight
director pitch bar was moving instead of standing still at the desired pitch during rotation and
subsequent takeoff ... changes have been made to avoid this pitch guidance movement”. For the
operator concerned, this change, together with training that reinforced the need to maintain scan
of the flight instruments, has reduced the frequency of this event to almost nil.
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New Types

An Airline operating Airbus A320s were soon to receive an order of A321s. Crew licensed to fly
A320s are dso licensed to fly A321s. In order to make a smooth transition between the two
types, they studied the differences between the two and studied the existing flight data to see
where crew training might be required in order to be prepared for the arrival of their first A321.

Different Types: Different Pitch Attitudes

The A321 is 7 meters longer than the A320. This reduces the pitch attitude to ground contact as
follows:

Pitch attitude to ground contact
Main gear position A320 A321
Fully extended 13.5° 11.2°
Fully compressed 11.7° 9.7°

Figure 4

Once the new pitch attitude values had been obtained, they studied existing A320 flight data
statistics to see if the current handling of the A320s by the crew would cause a possibletail strike
if they then flew the A321 in the same manner.

The results showed the following:

Figure5
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Here you can see that a proportion of the flights (those to the right of the 11.2° line) would strike
thetail on an Airbus A321. With the datain hand, crew that were to fly the A321 were made
aware of the differences between the two type’s pitch attitudes and trained in the simulator to use
aslower rotation technique.

A new set of FOQA / FDM events were created to monitor the pitch attitude employed by crew
in preparation for the new aircraft type.

This demonstrates how FOQA / FDM as a system can be used effectively to detect potential

issues of operating a new aircraft type before you take delivery of the first aircraft and implement
new training and SOPs in preparation.
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New Training Techniques

Measure Training Effectiveness

FOQA / FDM can be used to measure and monitor training effectiveness. To continue the
previous example of the A321, here we reflect back to the original A320 histogram of pitch
attitude at takeoff with the same histogram for the A321 overlaid on top of it.

The following confirms that the training and operation of the new aircraft type was successful in
decreasing the pitch attitude at takeoff.

Figure 6

Highlighted is one A321 flight that iswithin the Tail Strike region of the graph. The actua pitch
attitude recorded was 12.3°, 1.1° greater than the defined limit of 11.2°. Very fortunately for the
crew, the runway they were taking off from has a 1.3° slope increasing the pitch attitude to
ground contact to 12.5°. Still, very close!

Other examples of implemented training measures include:

- Monitoring of the percentage of unstable approaches that resulted in a Go-Around
Comparing the number of extended flares made in the same aircraft type across different
airlines
Introduction of alow power approach al gorithm to complement atraining and flight
safety campaign
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New Standard Operating Procedures

Validating TAWS / TCAS reactions

Using flight data, it is possible to validate crew’ sreaction to TCAS and TAWS warnings. This
can include both the reaction time to the warning as well as the adherence to the warning
instruction (e.g. Climb 1500 ft/min).

Hesitation of TCAS events.

When a TCAS Resolution Advisory command instructs a pilot to initiate a certain rate of climb
(e.g. 1500 ft/min) it is essential that the pilot acts promptly.

In this example, the aircraft had levelled out in the climb at 9,000 feet when a TCAS RA
Warning to descend occurred. According to the data, 2.5 seconds after the warning, the crew
commenced a decrease of pitch by 4.22°. The aircraft was then throttled back until 2 seconds
after the warning had cleared. An dtitude of 236 feet was lost.

The delay of 2.5 seconds before any reaction occurred is more than would be expected in the
given situation.

Figure 7 [3]
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Reaction to TAWS events

This next example shows the crew’ s reaction to a GPWS warning instructing PULL-UP at 1540
feet during the approach. The RELIEF trace clearly shows the terrain approaching the aircraft.
The GPWS warning sounds when radio altitude gets below 1000 feet and crew apply more
throttle and further increase pitch until the terrain flattens again.

Clearly the crew reacted quickly and in the correct manner (pitched up) to clear the GPWS
warning.

Figure8[3]
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Operational Pressures

Late Gear Retraction

Flight data analysis found that the pilots of one operator were flying the first 15 minutes of flight
with the gear down.

The following flight data trace shows a gear retraction during normal operation of the aircraft.
Shortly after takeoff, at 106 feet the gear is retracted.

Figure9[3]

The next flight data trace shows the undercarriage being left down for much longer.

Figure 10 [3]
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When investigated further, it was found that the aircraft did not have brake cooling fans and the
short turn around times imposed by their operating schedule weren’t allowing the brakes to cool
enough between flights. The practical solution wasto use an alternative aircraft with cooling fans
installed.

Also note that because the gear was left down, the airspeed had to be kept below the limiting
speed with gear down. During after takeoff checks, the check for gear up cannot be completed
and so because future checks will assume the gear is aready up, there is a possible opening for
error here.

Thisisaclassic example that the aircraft isn’t actually endangered at al, but reflects the conflicts
that can arise between operational requirements and the company’s SOPs.

FOQA / FDM gives you visibility of these matters and it is then up to the airline to make a
decision between flight safety and operational requirements.
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New FOQA / FDM Techniques

Speed brake and Power on

The 737 FHight Manua permits use of the speed brake down to 1000 feet in the descent. Go-
Arounds have been monitored from above 1000 feet where the power was being applied while
the speedbrakes were still deployed and therefore the aircraft did not climb as expected. When
thiswas investigated, it was found that the crew had followed the Go-Around procedure
correctly but there was no mention of speedbrake in this procedure, so they were being left
deployed.

The FHight Manual had been checked by the airline, and approved by the certifying authority.
Everybody believed that everything was being done perfectly and by the book. However, FOQA
/ FDM has identified a systemic problem that has traces back through all the approval
procedures.

As soon as this data had been analysed and the Flight Safety Officer had completed his interview
with the crews, an email was sent to al pilots in the company reminding them of the importance
of retracting the speedbrakes and explaining that this was not in the current Go-Around
procedure.

Urgent action was aso put into place to correct this omission and issue updated Flight Manuals.

A new FOQA / FDM event was devised to identify this case and the operator has changed their
procedures to reflect thisissue.

Thereisaso no event of thistype listed in CAP 739 or the JAA advisory material.
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Crew Issues

Employing Different Groups of Crews

Airlines that expand to new operations in different regions of the world may find it necessary to
employ local crews and there may be a difference in the style of aircraft operation between the
different groups of crews. This may be due to different training techniques or just differencesin
regional terrain.

Below you can see adifference in the proportion of approach event types occurring between two
such crew populations.

First Crew Group Event Set:

Figure 11

Second Crew Group Event Set:

Figure 12

In fact, the overall event rates were similar but there was a distinct difference in the patterns of
events, with more late flap events in one population and more high descent rate events in the
other. In fact, the crews were operating into different airports with different challenges so you
would expect some variation, and all factors like this need to be taken into account before
reaching any conclusions. However, even with this simplified data you can see how this
information can be used to monitor the performance of a new group of pilots.

Christopher Jesse Page 15 of 23 January 5, 2007



Flamboyant Operation

Two flightsinto CDG within two days, the pilot flying had deployed the Slats above 25,000 feet.
It was carried out intentionally by the Captain who thought it was a valid procedure to slow the

aircraft down.

Figure 13 [3]

Figure 14 [3]
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This somewhat flamboyant operation of the aircraft does not form part of the airline’s SOPs. At
the time, there was no specific event for detecting Slat deployment at this level. However the
occurrence was detected because the pilot exceeded the Mach limit for Slat deployment.

The incidents were brought to the attention of the pilot involved and structural checksto the
aircraft were undertaken.
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Seasonal Changes

Depending on Airlin€e s route structure, different seasons of the year can reflect in avarying rate
of events. A typical acharter airline based in the UK flies primarily to holiday locations.

Charter Airlines

The following graph is of atypical event, “ Descent rate below 1000ft” showing the event rate
annual variation. As anote, the airline’ s successful implementation of an FOQA / FDM program
has ensured a constant decrease in the number of events per flight. This can be seen by the
shorter bands of colour as the years increase.

Figure 15

The Winter Holiday season to ski resorts starts in December but increases during the months of
February through to April. During May, the Summer Holiday season starts and the airlineflies a
different route pattern into small airportsin the Greek Islands.

The airline’ s event rate increases during the holiday seasons due to a combination of increased

flying activity and more challenging airports; here follows an example to illustrate one reason
why this occurs.
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Winter Holiday Destination

One common Winter Holiday destination for the airline is Chambery (Aix-les-Bains) airport at
the foot of the French Alps. The approach plate below shows a rather steep 4.46° glidesiope
approach with surrounding mountains of 3,000 to 6,000 feet.

Figure 16 [4]
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Of the following two photos of Chambery airport, the first was taken in August and the second in
February.

Chambery airport in August:

Figure 17 [5]

Chambery airport in February:

Figure 18 [6]

With steep mountainous terrain surrounding the airfield and approach only from the North, it is
frequently necessary to fly a downwind approach to the airfield before breaking off at 2 nm to
carry out acircling approach. The high rates of descent caused by the steep approach with a
tailwind accounts for the increase in event rates during these months of operation.
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New Routes

Corporate operations variation

A new route for most of the larger airlines can be abig change. Unfamiliar approach plates or
Air Traffic Control procedures can become another added workload for the crew.

However, for many charter airlines and corporate operations, new routes can be the norm.

Taking one particular corporate operator as an example, not only do they often fly new routes but
they may also only fly to each destination once a year, (say for the Grand-prix!) or just once and
never again. This makes trending approaches into specific airports near impossible.

This map of the routes flown by a single aircraft shows the extent of the world they have
covered.

Figure 19 [7]

Since the commencement of their FOQA / FDM program in March 2005, this aircraft has visited
more than 337 airports around the world, of which 37% have only been visited once or twice. It
isdifficult to determine patterns for such disparate operations.

FOQA / FDM isinitsinfancy dealing with data that is not statistically viable for trending. This

isthe reason for the author’ s research work, with Flight Data Services support, to better detect
emerging patterns of behaviour.
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Future Safety Issues

FOQA / FDM programs have improved considerably during the past few years, but global
acceptance of FOQA / FDM has been hesitant and is still relatively immature.

In order to be proactive in flight safety, FOQA / FDM programs need to detect the unforeseen,
unpredictable information that lies deep within the flight data. The author is currently conducting
research and development into a new automated artificial intelligence engine which will
incorporate the knowledge and expertise of industry leaders in order to uncover this information.

The author is developing an automated tool by processing thousands of flight hours of data with
known anomalies and training the system to detect to identify and highlight these.

This paper hasillustrated some typical flight safety gains being provided by Flight Operations

Quality Assurance today. Using the advanced tools currently under development, flight data
analysiswill then achieveits goal of being truly proactive.
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