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MOVING CARGO BY AIR: IN A SAFE WAY
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Abstract — This paper deals with description of
development in the field of screening of air cradp.also
describes technology for air cargo security.

Key words — air crago security, air crago scanners.

INTRODUCTION

The air cargo system is a complex, multi-facetec

network that handles a vast amount of freight, pgek, and
mail carried aboard passenger and all-cargo airciidfe air

cargo system is vulnerable to several securityatsrencluding
potential plots to place explosives aboard airgrafegal

shipments of hazardous materials; criminal acésitsuch as
smuggling and theft; and potential hijackings aaticdage by
persons with access to aircraft. Several procedunadl

technology initiative to enhance air cargo secuetd deter
terrorist and criminal threats have been put icglar are under
consideration. Procedural initiatives include irtdgsvide

consolidation of the “known shipper” program; inesed cargo
inspections; increased physical security of aigoafacilities;

increased oversight of air cargo operations; sctraining for

cargo workers; and stricter controls over accessmtgo aircraft
and air cargo operations areas. Technology beingidered to
improve air cargo security includes tamper-resistanl tamper-
evident packaging and containers; explosive detectiystems
(EDS) and other cargo screening technologies; -éséstant
cargo containers and aircraft hardening; and biometstems
for worker identification and access control.
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Figure 1 Total air travel and freight volumes of IATA memnsbe

(seasonally adjusted). Source: IATA

AIR CARGO DEMAND

Freight volumes in February 2012 were considerably
higher than a year ago. However, there were distwtto the
results by the Arab Spring which happened a yeat agrgo
delays from Chinese New Year in January, and Carriival
Brazil occurring a month earlier in 2012. After agtjng for the
distortions, freight traffic declined through togember 2011,
after which it stabilized, moving around a broadlist trend
through to February 2012 (Figure 1).
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Figure 2 Total air cargo growth by region. Source: IATA

AIR CARGO SECURITY RISKS

Potential risks associated with air cargo security
include introduction of explosive and incendiaryvides in



INAIR ;i | E; 2012

cargo placed aboard aircraft; shipment of undedlace
undetected hazardous materials aboard aircrafgocarime
including theft and smuggling; and aircraft hijagy$ and
sabotage by individuals with access to aircraft.

AIR CARGO SCREENING TECHNOLOGY

of screening large cargo, pallets and freight iteoms both
passenger and cargo aircraft.

The compact HI-SCAN 145180-2is is capable of
screening objects up to 57in x 71in (145cm x 18Qamgeting
the maximum skid/pallet size allowed by the US Fpartation

Security Administration (TSA%.

Various technologies are available for detecting

explosives, incendiary devices, and the presenceraobus
chemical and biological agents and nuclear weaportargo.
Key technologies under consideration for screeaingargo for
threat objects include x-ray screening, x-ray basgglosive
detection systems, chemical trace detection systeamsl
technologies based on neutron beams. In additionthése
technological approaches, several experts and TSidiats
have been advocating and pursuing an increasedfusanine
teams for screening cargo and mail. The main draekvba any
of these screening techniques is that the scregmimgess takes
time and may significantly impact cargo deliveryhadules.
While the various technologies differ in their chijtities and
performance, in general, more detailed screeninglyaes
require more time and could affect cargo throughputother
concern regarding these technologies is the castcagted with
acquisition, operation, and maintenance of scregsiystems.

X-Ray Screening. The most common systems currently

available for largescale screening of cargo shigmaeitilize x-
ray technology. These systems rely on well undedsto
transmission and backscatter x-ray techniques ¢bercargo
containers. Many of these systems utilize low-dosey
sources that emit narrow x-ray beams thus virtualiijinating
the need for shielding. These devices are compadt light
weight, thus allowing them to be mounted on moptegforms
that can scan over containers.68 X-ray devicesbhamming
more common at major ports of entry, border cragsirand
airports overseas as post-September 11th securityeens are
spurring increased development and deployment @seth
devices. The systems are being utilized to screemrugs and
other contraband as well as explosives in cargonsémnts. One
of the most significant operational challenges Bing x-ray
screening devices is the performance of the hunpamator. A
variety of human factors considerations contribuite the
operator’s ability to detect threat objects wheawing x-ray
images. These include the monotony of the tasiguat time
pressure, the adequacy of training, and workingditimms.
These human factors are important to considereidifig x-ray
screening systems to ensure high detection ratésext objects
while minimizing false alarm rates that would unessarily
slow the cargo inspection and handling processhi@ogies
such as threat image projection (TIP), that supssse stored
images of threat objects on x-ray scans can hep k@erators
alert and may be effective tools for training aretfprmance
monitoring. Additional technologies, such as comeput
algorithms for highlighting potential threat objgctay also be

. . 1
considered to aid human observers.

Figure 3 The compact HI-SCAN 145180-2is was publicly
launched by Smiths on March 15, 2012. (Smiths Eletgc

Figure 4 Rapiscan Eagle® A1000capable of screening of air
cargo pallets and containers (Rapisscan)

The Rapiscan Eagle A1000 delivers powerful, high
throughput screening of single or mixed commoditycargo
pallets and containers. TSA Approved - on the Airgda
Qualified Technology List of approved air cargo essring
systems. A 1 MV X-ray imaging system - powerful egb to
screen pallets and containers for air cargo. Migltip
configurations — either scan with a conveyor sysmmwith
dollies towed by a tug. Large inspection tunnelcans even
large air cargo containers and pallets. Screenerasfgcargo
types — easily inspects homogeneous and mixed carge
Rapiscan Eagle A1000 offers high penetration, bestdss
imaging, robust standard features and advancedroptihat

Smiths Detection unveiled a new, dual-view x-ray

inspection system designed to meet the growingagldemands

! Bart Elias, Air Cargo Security, Updated July 30,020
Specialist in Aviation Security, Safety, and Tedogy Resources,
Science, and Industry Division

7

2 at:

Available online
http://www.airportsinternational.com/2012/03/smithanches-air-
cargo-scannerSmiths Launches Air Cargo Scanner, posted on March

20, 2012 by Tom Allett
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make it the most powerful, user-friendly and e#iti air cargo
scanner availablg.
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SECURITY DECISION MAKING: SIMULATING REALITY
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Abstract— high risk organizations, like airports, face tioming
threats that require ongoing and time-sensitive usieg
decisions. A time honored way to prepare securitgleyees to
deal with such decisions is through training. Thdighto react
quickly and effectively in a time of crisis cornga directly with
the quality of training given to the employee. Tapiove the
decision making process, we propose and develognandic
simulation model of security decision making, thamics the
reality of social behavior that is critical in thaecision process.

Today, nearly all compulsory training programs drased on
rule compliance, i.e., learning security rules aprbcedures.
However, recent evidence shows that over a thirdhaib of
airport employees bend, break and/or discard thkesuThis
occurs particularly in non-routine situations whereles may
either be absent or not applicable. Therefore, thtoal

knowledge of security rules does not always guaeante

preparedness of the security staff when facing d ceéical
situation.

To fill this gap, we have opted for a training metblmgy
employing an evidence based simulation of variousisc
situations. It takes into account formal and
relationships that exist in airport organizations between
departments as well as among co-workers.
progresses, a cumulative data base of stored expess is
generated and is used to create a realistic modelasious
parameters of the trainee and of airport organiaatl security
processes including: cultural differences, locabhs and rules
particular to each airport.

This methodology exposes trainees to computer based

simulations allowing security decision choices tmles over
time and be guided by a realistic security framedwior which
employees face both routine and non-routine sibuti In
addition, the simulation can run on a stand-alor@mputer
which results in significant costs savings throudexible
physical placement (home, office), the ability foid® tasks,
continue anytime — time flexible schedules, andctieation of
an individual model of each person during the ilifet of a
trainee’s employment.

Key words — airport, security decisions, behavioral model,.

simulation, training.

infatm -«

As training

INTRODUCTION

The BEMOSA research team has been examining

airports throughout Europe, focusing on key deaisioaking
groups such as security employees, service vendois
passengers. Each group is faced with particulastyyd security
and safety challenges. It became obvious in thiy stages of
the project that our proposed model could providgeaeric
structure of the simulation, but data is alwayscHjmeto each
airport, given that the model takes into accourd tultural
affinities and diversity inherent in the organipatil climate of a
particular airport.

To focus on airport security decision making we

therefore took a three pronged approach.

groups associated with land, air and maintenantieitaes
of an airport,
¢ Use this information to develop a behavioral sagenc
predictive model through trend and simulation asialand
From this model, formulate fundamentals for a srisi
management training program.

Advanced modeling and simulation is based on:

« Direct, multi-faceted observations of group behavio
airports;

¢ Developing a realistic model of social behavior idgr
security threats in airports;

simulations that help to capture and predict sdméddavior
under stressful emergencies.

We have defined principal parameters of the trainee

model as:
* Age
o Sex

¢ Years of experience

¢ Tendency to act as an adaptive person

¢ Person having inclination to social decision making
e Tendency to act as a bureaucratic person
Situation handling capabilities

Rules and regulation mastering

e Passenger care

¢ Cooperation with a superior

* Risk taking or time loosing

¢ Cooperation with colleagues

To examine in detail and trace over an extendec tim
period how security crisis decisions are made by ke

The development and integration of advanced softwar
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This set of parameters could be extended and al: Exploration & Production

reduced according to the needs of a particularmzggion. The Senczioe Jrecioent o
multidimensional model provides information abotrosg and ERisaton O Progocy //7
weak points of the trainee and it is a source dialgle data for :f";le”f_“ o “°501,?°' — i
decisions about further training needs of a pddictrainee. As O Juinw  Wagn  Phe \ .
an example, a table containing the database ofees model i, - T °§ﬁ>
parameters can be seen on Fig. 1. Each row corttatasof one °: ot | / ::
particular trainee. Each column is dedicated te parameter i o / a
and contains an integer variable attributing a esdor a given L ”T/v
parameter. Columns A and C are in years, column B e
represented by two values (0 (M) and 100 (F)) &edrést are in @
percent. - s

Figure 1— Model database example (b)

The airport model consequently consists of poténtia

trainees’ models and a set of parameters thatjissted for the Figure 2 —Social decision making general example (a) [1] and
purpose of the airport model. for one airport analyzed by BEMOSA Consortium (B) [2

An example of 3D graphical representation of a
multidimensional airport model that can be useddigcover
formal and informal relationships can be seen on Fi

ORGANIZATIONAL STRUCTURE, FORMAL AND |NFORMAL
RELATIONSHIPS

Values

Every airport is a complex technical and humai A

infrastructure. At the early stage of the projeet, close ‘g: .
examination of various airport organizations hasrbdone. We %50}
have collected extensive data via diligent obs@mabf an 701
airport’s traffic, gathering data via structurecegtionnaires and 65‘;
performing interviews. The results showed that iecision 404

making processes, formal and informal relationsippsy an N1

important role (Fig. 2). Group decision making hhsen
intensively studied and it has provided a solidebias modeling
the realities of how decisions in crisis situatiane made.
Obviously we could not create crisis situations ahdly them
in real time. Lack of hard evidence has been oveecdy s .
simulations and related training that provided aaltte of Trainee No.

knowledge about an organization’s functioning aoda chain Figure 3 —Graphical representation of informal and formal
decision making. relationships at an airport

SIMULATION

We have observed that, in time of crises, mostritgcu
personnel reacted far from optimum behavior. Weekel that
one of the principal causes for such failuresdk laf experience
with critical situations. For this reason we haveated various
training scenarios in the form of a computer sirtiata
accompanied with many good and bad possible sakitio
Various solutions for problem solving are provideda trainee
in the form of a suggested course of action.

11
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Each scenario represents a possible model of hum#émining program. The basic training structure andess to it is

interaction in the airport environment and simudatesponses of
participants. We have divided each scenario intoaded “mini
scenarios” that starts with previous decisionshef trainee and
finishes with the current decision of a traineet Evample one
of the scenarios deals with a dangerous lookinkesipiquid. It
could be a harmless soft drink or possibly a passn
substance. Both possibilities are included in thatipular
training session. The “Mini scenario” starts withetsecurity
person encountering the puddle of dangerously tapkiquid
and finishes, with the decision of “trying to seger an area
with a puddle away from passengers”. The followimini
scenario starts with an action such as “callingobeague for
help” which finishes the test case.

Between beginning and end of the scenario man_

possible trainee actions could take place. For ekamcall
police, try to solve the problem by themself, @alfriend for a
piece of advice, raise alarm etc. At the end efghssion, the
trainee is at liberty to write comments to indicédtée or she
was not comfortable with the choices proposed kycttmputer
simulation and indicate the preferable course dfoacthat
would be his or her strategy for problem solvingisTapproach
provides excellent feedback that can be immediatglized for
more precise model building.

EFFECTIVE TRAINING

It is very important to understand
connectivity and mutual interaction among dynamiodei
building, simulation and training programs, as thteraction is
absolutely essential for effective training. Ttesttie essence of
BEMOSA research and development. It is also impot@bear
in mind that each airport is unique as shown in Eig

70

— [— .
5 False/miss. doc
50 -
Ineffective com
f—
40 Overload
. “ Severe alanus
30 . . wlllegal access
Unattended items
20 . & Unruly/dis. people
. & Prohibited art.
—
10 . . - .
— .
— —_ —

Am Brat  Her Mal Bm

Figure 4 — Representation of differences among the airports
Amsterdam, Rome, Zilina, Bratislava, Heraklion, daBrno,
Prague and Riga

shown in Fig. 5.

Training Program Access

scenarios
history

* remoteaccess

* individual trainees

* simulated group decisions
(in-group and inter-group)

* progress monitoring via
trainees’ history

TRAINEE

SERVER

TRAINEE

Figure 5- Tailor-made training

Tailor-made training evolves in two stages as shown
Fig. 6 and Fig. 8. The “First training session” iglea collection
of data via questionnaires and interviews in otdecreate the
“Initial Trainee Profile”. Based on the first sessigrofiling of
the trainee allows for a suitable scenario to beseh. For
example, according to the first screening, a teinas tendency
to take too much risk in his approach to problenivisg.
However, the questionnaires and interviews couttigde only
very rough profile of a person given that theredigergence

the closdbetween statements provided by people in questi@mand

real life. For this reason the following stage é&wimportant. In
the example described above, the next training@segsovides
the trainee a scenario that requires a very caagiproach to
problem solving; otherwise it would lead to graemsequences.
The simulation then gives the trainee feedbackntiigates his
or her weaknesses in problem solving. Nothing & shenario
building is random. Scenarios are created veryfalyeand
purposely in order to identify profiles of behaviaf the trainee
as shown in Fig. 7.

(Initial)
Trainee’s
Profile

Trainee’s
Profile
Update

Figure 6 - Initial stage in the training process

As discussed previously, each trainee has his or he

uniqgue model that allows for a unique tailor-mackning
program for each participant involved in the traiAccess to
the training program is also via a computer. Theans that a
trainee can go through the training any time duraghift,
provided it does not interfere with his or her dati(e.g., during
the day when workload is low). This feature sholbédhighly
appreciated by airport managers because they dmeed to
reshuffle teams of employees because of theirgiaation in a

12

In our example presented in Fig. 7, we have chosen
three behavior profiles: adaptive, bureaucrati@pdures
compliant and social decision making. In real [ifeople are
never a hundred percent for any given parmatesutrexample,
the trainee’s behavior profile is evaluated asofefi: 60%
adaptive, 30% bureaucratic, 10% social decisionimgalBased
on that, the following training is tailor-made ftvat specific
behavior profile; the trainee’s evolution is mon@&d and it is
projected to his or her personal model.
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Many different scenarios could be created primarily

QUESTIONNARE for training purposes, personality building and oal$or

BEHAVIOR PROFILES prevention of anticipated crisis situations. Selvergsamples
—> o Bﬁﬁa\:?'\/‘e{“ follow:
7 [:> «  Dangerously looking spilled liquid
e Screening
¢ Quarrel among passengers
¢ Unruly animal
e Attack of a passenger towards airport employee
e Unruly kids
*  Non-public zone trespassing
e  Stolen luggage
« Abandoned luggage

—> personality

dynamics

Training program - application

—
Scene - image

Figure 7- Scenario building

—
The trainee communicates with the training program ’

via the computer user interface. Scenarios areepted in the ‘ % |

form of text, pictures and alternatively videos (FB). The : —— —

“Mini scenario” could also be in a dynamic formseen in Fig.
9. As an example, part of a “mini scenario” is diation of
a growing passenger queue resulting in signifiadelays, in
combination with a dangerously looking object irsuatcase.
Scenarios could also be presented in the form obraputer
animation. Naturally, more realistic presentatiaisproblem
scenes will result in increased training efficacy.

Scene 1

5 o
o Wimmnne ° RN

In the “Next step selection” (Fig. 8), the options scene?

available for the trainee will be selected accaydito the
trainee’s behavior profile. For example, airport nagement
responsible for security staff training wants tacte “adaptive”
behavior that it is necessary to follow the progeduln another Each step of a scenario (“mini scenario”) is eveda
training mode trainee is forced to solve a problone and and a trainee gets points to his/her profile (cstiej of

when she or he call police for advice he or shé gét “No  adaptive, bureaucratic, social decision making comepts).
response”. Calculation of points is rather sophisticated precds is the
result of an evaluation of many factors such asté¢helency to
act as an adaptive person, tendency to act assaméaving
inclination to social decision making, rules andyuiation

mastering, passenger care etc.

Figure 9 - Dynamic scenario

EVALUATION

One of the major advantages of our methodology is
the evaluation process that can be done by a grongisting of
experts in the field of security, airport managemgmowing
the environment inside out), police, fire fightets. Evaluation
is implemented to a computer simulation prior to astual
training session. This eliminates subjectivity amgproves the
quality of training.

Trainee’s
Profile

CONCLUSION

We are certain that the significant elements faahds
Figure 8 - User interface and principal scheme of a tragin elimination of hostile action in the air transpaegistem have
process been built by the BEMOSA project. Importance of gmaion
measures is without question. Our system includmgleling,
simulation and training is inseparable and coulatidoute
significantly to discover security gaps in an aitf®
organization. Additionally, security personnel abube well
prepared for crisis situations with the help of dwaining
methodology to avoid financial loss due to unneassdelays,
material damage, and possibly injuries and losdives. We
13
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have based the creation of our methodology on garasunt of REFERENCE
data collected in different airports of varying esz with
different types of passenger, and different loaatures etc.
This leads us to believe that the results of owmelbpment our
applicable in airports across the globe.

[1] Cross R. L., Parker A., Cross R. (2004). The HiddendPow
of Social Network:Understanding How Work Really Gets
Done in Organization

[2] Mariani, M. (member of BEMOSA Consortium) (2012).

We believe that BEMOSA project will contribute
significantly to the overall European objective @fminating
hazards of hostile action in the air transportesyst

14
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WORLD TRADE IN AIR TRANSPORT SERVICES: VALUES AND
SELECTED COUNTRIES RANKING

Ing. Martina Blaskova
Air Transport Department

University of Zilina
Zilina, Slovakia
martrina.blaskova@fpedas.uniza.sk

Abstract — The paper provides an analysis of ten chos
countries in terms of market position on globaldeain air

transport services. The analysis shows trade positibthese
countries according to export, import, turnover, @amt of

balance and market share values.

Key words — Air transport services. Export. Import. Turnave
World trade.

INTRODUCTION

Air transport facilitates access to markets, peop

WORLD EXPORT/IMPORT OF AIR
TRANSPORT SERVICES

300000000000

o 200000000000
= 100000000000
0

S

M EXPORT

M IMPORT

O N 0 O O
o O O O o
o O O o o
N N N N N

capital, resources and opportunities. Relationstgfwéen air
transport and economic activity is comprehensivetwBen
1970 and 2005, the total volume of passengersechby world
airlines increased 6.5 times from 310 million to bilion
passengers. During the same period, world GDPRettifiom 12
to 36 trillion USD (World Bank, 2008). Therefore ation is an
important component representative of global tradm)d trade
in air transport services included.

TRENDS IN WORLD TRADE IN AIR TRANSPORT
SERVICES

Values of world trade in air transport servicesfran
a long-term positive dynamics in growth in spitedefclines in
particular years. Since 2006, the value of expod enport of
air transport services grew every year until 20082009 the
value of export and import of air transport sersicecreased
due to global economic crisis to similar levelsim2006 and
then again increased in 2010.

Table 1— World exports and imports of air transport sezsi

Figure 1— Trends in world exports and imports of air traagp
services (Source: Processed by author using data fr
International Trade Centre, 2011)

Within 2006 - 2010, the average annual increase in
export of air transport services was 1,09% and itnpb air
transport services increased by 1,07% expressedughr
average composed growth annual rate. After a dedfinvalue
in 2009, the volume of exported services in aingport grew by
1,03% in 2010 and value of imported services grewl j94%
respectively. In 2010 world imports of services amed to
3,693 billion USD and the total import of air trpast services
represented 17,87% of total imported services étlorld. In
case of export, the total amount of exported sesvim the
world amounted to 3,665 billion USD and the totgb@rted air
transport services represented 18,36% of total megervices
in the world.

2006 - 2010
WORLD 2006 2007 2008 2009 2010
EXPORT (USD) 182721053000 214366642000 239241466000 195804234000 207738321000
IMPORT (USD) 195619088000 219236103000 242312235000 187904667000 205210380000

(Source: International Trade Centre, 2011)
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EXPORT ANALYSIS OF SELECTED COUNTRIES

On the export side, the most important air transpo
services exporters are United States with the tesdlie of
exported air transport services 192 billion USD miny the
values for 2006 to 2010 years, Germany with 10fohilUSD
and United Kingdom with 77 billion USD respectiveBverage
annual growth rate in the period 2006 and 201QHercountries
analyzed was achieving levels between 1,01% an&%.,0
Almost every country from selected countries reedrcan
increase in the value of exported air transponises in 2010
by about 1% in comparison with 2009 value on theeoside,
the decrease of exported air transport servicesesain 2009
was on average less than 1% in comparison with.2008

IMPORT ANALYSIS OF SELECTED COUNTRIES

r As can be seen in the Figure 3, the value of inggort
air transport services increased from 2006 to 2@98all
countries, just like the world’s value of import a@f transport
services. Also, the value then decreased in 20@9tdwglobal
economic crisis and increased again in 2010. Thestmo
important importers of air transport services amaedected
countries are United States, United Kingdom andr@ery with
average annual growth rate of imported air trartspenvices in
the period from 2006 to 2010 by about 1-2%. Almesgery
country from chosen countries recorded an increasiee value
of imported air transport services in 2010 by abdio
comparing it with 2009 on the other hand, the desgeof values
in 2009 was on average less than 1%.

USD AIR TRANSPORT SERVICES - EXPORT
350 000 000 000 2006
40 000 000 000 35z
$30 000 000 000 H2007
$20 000 000 000 12008
$10 000 000 ogg Ny 200
é/ @ d @ «& «& QV" @Q V% @ 2010
& 9‘3“@? ¢ ¥ s s & s é\x& S
X

Figure 2 — Export of air transport services by selectedrddas 2006-2010, (Source: Processed by authorgudata from
International Trade Centre, 2011)

Table 2— Selected countries air transport services ex3f6-2010

EXPORT (USD 2006 2007 2008 2009 2010
@ 13355228000 15160723000 16769327000 14094740000 14863041000
GERMANY 19330000000 20791000000 22834000000 20872000000 23762540000
ITALY 6188366000 6803643000 5852272000 4112563000 4351327000
JAPAN 9974290000 10079488000 9911087000 7876448000 8800420000
UNITED KINGDOM 14375628000 16193394000 17315488000 15084463000 15019687000
UNITED STATES 31735898000 36523552000 44559296000 36576924000 42889424000
CANADA 4286999000 4464203000 5184435000 4214854000 5500534000
SPAIN 9848948000 11747267000 13926100000 9882711000 12172741000
NETHERLANDS 7822330000 8465478000 9694218000 7238384000 8234832000
3389000000 4401000000 5197000000 5230000000 6027929000
(Source: International Trade Centre, 2011)
USD AIR TRANSPORT SERVICES - IMPORT

40000000000 2006

30000000000 2007

20000000000 ' 52008

10000000000 2009
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&@dv ‘&@VY\ & \v“@ @\eooé\ &&,\é (y@ov s° Q@@Q‘j /\\gzi&
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Figure 3— Import of air transport services by selectedrtoies 2006-2010, (Source: Processed by authorgudata from
International Trade Centre, 2011)
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Table 3— Selected countries air transport services impad6-2010

IMPORT (USD) 2006 2007 2008 2009 2010
FRANCE 13739100000 15074497000 15918263000 12477721000 13633417000
GERMANY 18349000000 20249000000 24070000000 18988000000 21566216000
ITALY 7046432000 8884016000 10456659000 9472204000 9322139000
JAPAN 14372437000 14216927000 14352887000 11660776000 13877892000
UNITED KINGDOM 19656370000 21119604000 18811828000 14788417000 15527413000
UNITED STATES 32939790000 34084972000 38066360000 29796808000 33697372000
CANADA 7391833000 8544828000 9236767000 7767474000 9412564000
SPAIN 6246072000 7983434000 10088256000 6793148000 8906139000
NETHERLANDS 3814131000 3879486000 4371626000 3868344000 4256095000
TURKEY 1792000000 1993000000 2185000000 2360000000 2837674000

(Source: International Trade Centre, 2011)

IMPORT SHARE IN WORLD TRADE IN AIR TRANSPORT SERVIES OF
SELECTED COUNTRIES

EXPORT SHARE IN WORLD TRADE IN AIR TRANSPORT SERVIES OF
SELECTED COUNTRIES

The total amount of United States exported air Table shows the share of air transport imports of
transport services in the period from 2006 to 20E8 34,7%  selected countries on total amount of world impbrtair
of total world export of air transport services.e€Tbhare of transport services. Between years 2006 and 201@d)States
German export on the world trade was 20,32%, ttaeslof emerge with the average annual market share ofd @gla key
United Kingdom and France was about 13% - 19%. Expoplayer in the air transport services trade alonth vermany
values of other selected countries such as Spathedands, 9,9% and United Kingdom with the average annuaketashare

Italy, Japan, Canada and Turkey ranged between 2%2%. of 8,6%.
WORLD SHARE - EXPORT
40,0%
3510% 2006
30,0% 2007
25,0%
20,0% 2008
15,0% 2009
10,0%
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Figure 4 — Export of air transport services - world sharéselected countries 2006-2010, (Source:
from International Trade Centre, 2011)

17

Procebgealithor using data



INAIR ;E | i; 2012

Table 4 —Export of air transport services — world sharesadécted countries 2006-2010

EXPORT SHARE (%) 2006 2007 2008 2009 2010
FRANCE 14,8% 14,1% 13,7% 13,6% 13,7%
GERMANY 20,6% 19,1% 19,6% 20,4% 21,9%
7,2% 7,3% 6,8% 6,9% 6,6%
JAPAN 13,3% 11,3% 10,1% 9,9% 11,0%
UNITED KINGDOM 18,6% 17,4% 15,1% 16,2% 14,7%
35,4% 32,9% 34,5% 33,9% 36,9%
CANADA 6,4% 6,1% 6,0% 6,1% 7,2%
SPAIN 8,8% 9,2% 10,0% 8,5% 10,1%
NETHERLANDS 6,4% 5,8% 5,9% 5,7% 6,0%
TURKEY 2,8% 3,0% 3,1% 3,9% 4,3%
(Source: Processed by author using data from IrstBomal Trade Centre, 2011)
WORLD SHARE - IMPORT
20,0%
2006
15,0% 2007
2008
10,0%
2009
5,0% 2010
0,0%
GERMANY ITALY JAPAN UNITED UNITED CANADA SPAIN NETHERLANDS TURKEY
KINGDOM STATES

Figure 5— Import of air transport services - world shardsselected countries 2006-2010, (Source: Procebgealithor using data
from International Trade Centre, 2011)

Table 4 — Import of air transport services — world shaséselected countries 2006-2010, (Source: Procasgedithor using data
from International Trade Centre, 2011)

IMPORT SHARE (%) 2006 2007 2008 2009 2010
FRANCE 7,0% 6,9% 6,6% 6,6% 6,6%
GERMANY 9,4% 9,2% 10,0% 10,1% 10,6%
3,6% 4,1% 4,3% 5,0% 4,5%

7,3% 6,5% 6,0% 6,2% 6,8%

UNITED KINGDOM 10,1% 9,7% 7,8% 7,9% 7,6%
UNITED STATES 16,9% 15,6% 15,7% 15,9% 16,4%
CANADA 3,8% 3,9% 3,8% 4,1% 4,6%
SPAIN 3,2% 3,7% 4,1% 3,6% 4,3%
NETHERLANDS 2,0% 1,8% 1,8% 2,1% 2,1%
1,0% 1,0% 0,9% 1,3% 1,4%

(Source: Processed by author using data from Irsttomal Trade Centre, 2011)
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States between 2006 and 2010. On the other sidebiggest
AMOUNT OF BALANCE ANALYSIS shortage, about -5,4 billion USD, had lItaly in pérfrom 2006
. . to 2010. In 2010 represented Japan’s value of ajm®rt5,1
Table 5 shows amount of balance in air transportg. . . P P . .
services of selected countries. Since 2007 UnitedeS and flion "USD which means, that Japan imported more a
: transport services than exported. United Statediromed its

\Ijzgar;cr:]e nﬁcoﬂzdcgr?zgz?mtriii dbgﬁgcgﬁ'tr;?umﬁ:?s position of the biggest exporter of air transpervices in 2010
pan, ftaly P e with value of surplus about 9,2 billion USD.

they exported in period from 2006 to 2010. Nethattg Turkey
and Spain exported more air transport servicesening from
2006 to 2010 as they imported. Germany exportedenar
transport services than imported in mentioned peviith the
exception of 2008. The biggest surplus had achidyednited

Table 5— Selected countries amount of balance 2006-2010

AMOUNT OF BALANCE (USD) 2006 2007 2008 2009 2010

FRANCE -383872000 86226000 851064000 1617019000 1229624000

GERMANY 981000000 542000000 -1236000000 1884000000 2196324000

ITALY -858066000 -2080373000 -4604387000 -5359641000 -4970812000
JAPAN -4398147000 -4137439000 -4441800000 -3784328000 -5077472000
UNITED KINGDOM -5280742000 -4926210000 -1496340000 296046000 -507726000
UNITED STATES -1203892000 2438580000 6492936000 6780116000 9192052000
CANADA -3104834000 -4080625000 -4052332000 -3552620000 -3912030000
SPAIN 3602876000 3763833000 3837844000 3089563000 3266602000

NETHERLANDS 4008199000 4585992000 5322592000 3370040000 3978737000

TURKEY 1597000000 2408000000 3012000000 2870000000 3190255000

(Source: Processed by author using data from Irsttomal Trade Centre, 2011)

TURNOVER ANALYSIS

Since 2006 United States hold a leading positioaiin Table 5 — Turnover dynamics of selected countries between
transport services trade with average annual t@na¥ 72,2 2009 and 2010
billion USD. The rest of Great Five including Urdt&ingdom,
Germany, France and Japan counted average anmoalveu TURNOVER DYNAMICS 2009-2010
between values 23 and 42 billion USD in the yeaayaed. In
2010 United States showed turnover’s value 76li@miUSD. SPAIN 26,40 %

. CANADA 24,46 %
Table 5 shows on year by year basis turnover

dynamics of turnover between 2009 and 2010 usimgpcsed TURKEY 16,81 %
average growth rate. Spain achieved the biggese\afl average
annual turnover dynamics, slightly more than 26%heT
countries with high turnover dynamics are also Canuaith

turnover dynamics more than 24%, Japan and Turkily w GERMANY 13,72 %
turnover dynamics more than 16%. The leader irtraiisport

JAPAN 16,08 %

UNITED STATES 15,39 %

- . NETHERLANDS 12,46 %
services trade United States had turnover dynaraiosut
15,4%, which represent the middle position withie group of FRANCE 7,24 %
mentioned countries. Low average annual turnovenposed UNITED KINGDOM 2.26 %

growth rate reported United Kingdom about 2,3%.

ITALY 0,65 %

Source: Processed by author using data from Intéonal
Trade Centre, 2011)
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The position of export and import leader represents

. . . United States with the export share more than 35% in global air
Our analysis shows that Great Five (United State ! W P °ing !

. . rfansport services trade in 2010. United States are also a leader

United Kingdom, Germany, France and Japan) represent. . . .
. L o . . in import of air transport services with the share more than 16%
cardinal countries in world trade in air services with regard to . i . .
. . - In global air transport services trade in 2010. Since 2009 has

turnover robustness. United States holds its position of a leadery .~ . . . .
. . . . . ade in air transport services growing tendency after a slight
in global trade in air transport services with the value of . . -

. . . __climb-down of global economic crisis. Average annual growth
turnover about 76,6 billion USD in 2010 and being the bigges : . :
exporter and importer of air transport services since 2006 unrt"lj}te of world export and import of air transported services
nof/)v P P represented during the period 2006 and 2010 more than 1%.

Effect of global economic crisis caused in 2009 decrease of

On the side of export of air transport services irmbout 1% of export and import of air transport services in

2010 changes have occurred in Great Five group as this graupsen countries in comparison with 2008. Trade in air transport
was entered by Spain excluding Japan out of the G5. Howewsarvices accounted for about one fifth of global trade in services

Japan had in 2010 the bigger value of turnover than Spain, Spair2010.

exported more air transport services than Japan in 2010. The
Great Five in import of air transport services in 2010 was

without changes comparing to Great Five in turnover of atrl]
transport services.

Amount of balance analysis shows that countries
like Spain, Turkey and Netherlands had during the 2006 afi#i
2010 period long-term positive amount of balance position on
trade in air transport services. That means that these countiigs
exported more air transport services every year during
mentioned period. On the other hand, Japan and Italy had long-
term negative amount of balance position on trade in air
transport services, so they imported more air transport servidd$
as they exported during mentioned period.

The biggest annual increase in turnover from 2009
to 2010 recorded Spain with 26,4% and Canada with 24,5%.
Group of countries with low annual increase, less than 10%,
between 2009 and 2010 includes France, United Kingdom and
Italy. The value of more than 10% and less than 20% of annual
increase in turnover had in mentioned period Netherlands,
United States, Japan, Turkey and Germany.
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Abstract— The purpose of this paper is to explore moreaaldi
environmentally efficient, and innovative technadsgor future
aeronautical transport concepts on a 2050 visionrcraft

design is affected in such a way, that a radicalkhig is out of
the question, showing no actual progress in thisl fid study. A
new concept will be introduced, omitting any of thetual

restrictions in which a radical thinking could berpromise.
This will enable the creation of “out of the box”eds in
aircraft design, in this case the design of an ambea
amphibious design. The preliminary design developrisad to
the creation of an Advance Amphibian Aircraft (AAthpat

exceeds its water capabilities by the use of a tramdoat hull
concept, and excels the air performance due tchigke results
generated by the Advance Amphibian Aircraft. A nesigh
optimization process is introduced in order to adape

trimaran concept into the landplane configuration.

guidelines will be: safer, quieter, cleaner anicefht. An
efficient concept will adopt the early guidelindsgher,
further, and faster), with no restrictions in mater
capital or infrastructure for planning, designingsting,
and constructing. Let us recall this is just acabivay of
thinking in order to expand the researcher’s miriith wo
restrictions what so ever.

II. PRELIMINARY DESIGN DEVELOPMENT AND

ANALYSIS

A. Introduction

In this 2050 Visionary Concept of an advance
amphibious aircraft, the guidelines stated befoi lve
taken into account in order to implement this idda an
amphibian design. However, not only the design

Keywords — Seaplanes, Amphibians, 2050 Visionary Aircrafcharacteristics will make a decisive change in the

Concepts, Trimaran, Optimization Design Method.

I. INTRODUCTION

The versatility of transportation vehicles in auftstic
idea will allow an increase in a wider perspectinto
looking greater designs. However, due to the ecacaim
constraints the world faces today, this “out of "
thinking is restricted to the same problems, moass
social acceptance. Now, according to the Europésiov
2020 guidelines [1], these have become: more adfue]
safer, cleaner and quieter. During the postwar #ma,

preliminary method, as well the computational
optimization design method will take a new approach
Some literature review approaches the design of a
seaplane by first designing the floating device. (the
boat hull or floats) and then designing the aircraf
components (wings, fuselage, empennage, etc.)[32],
[4]. The first steps for amphibian design is toateea boat
hull or floats that will be stable, with satisfyradynamic
and hydrodynamic properties, and will support water
loads. The design of the aircraft segment dependh®
properties of the hull or floats. This gives thepduibian

empirical guidelines during those days were: highefircraft designer a disadvantage in having an apam

further, and faster.
Some examples of this futuristic vision are theation

on the manner on how to elaborate an advance amphib
aircraft design with an “out of the box” configuat.

of flying cars, water hover vehicles, among othersthis approach limits the theoretical thinking into
However, there is a design of such vehicles that hanethod restricted by certain design parametersthen

existed for decades, amphibious aircraft. Curresighs

contrary on what the 2050 visionary concept guidi

are obsolete and lack an advance approach. Uptatesstand for. Nonetheless, the creativity to elaborare
these vehicles have been stagnated since the nafvance amphibian design will push the limits into

guidelines do not meet the requirements into angati
advance designs. The market is unreliable, andstinge
in such vehicles will be risky, an even if it iseated a
cleaner, safer, and quieter amphibian this will bet

proposing a new design optimization method. This
research paper will propose a new design seaplane
method by designing each of the seaplane segmniship (
vessel” and “aircraft”) in a separate manner, opmpthe

affordable. For this instance, a new vision would bdesign method proposed by the old reports. This iié
created focusing in the creation of advance aircra®dapt, instead, to design first the “aircraft” segtand

designs.

then adapting the “boat” segment into the concédptua

This new vision will be called Future Air Transportdesign. There are three main advantages of adaffting
Concept Technologies for 2050 in which the newonceptual design method:
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1. The “aircraft” segment can be design in a separaféhe code will work in two separate optimization huats.
manner, using whatever optimization method th€&irst it will calculate the landplane aircraft. dgi the
designer will like to choose. The “boat” optimizati proposed design method it will first input fix paraters,
design method will be elaborated in such a mannéAspect Ratio AR Wing Loading W/S and Thrust
that will adapt which ever aircraft configurationAvailable T,) to attain the desire design. The code will
(Conventional, Blended Wing Body, Canard, V-Tailrun iteration loops until the initial guess Take@foss
etc) and will optimized the desire boat hull desigiweight (TOGW) matches the calculated Gross Weight
parameters. Therefore, (GW) as shown from Fig. 2. This will give outputiwvas

2. The conversion of an existing landplane structnte i of the landplane that will be required to calculdbe
a seaplane configuration will be elaborated inte thfloating device. However, the designer may be klgio
design method. use any computation device or code to elaboratentbt

3. Simplification of this method will expand the optimum aircraft design.
complexity of creating an advance amphibian “boat -
segment by studying a more reliable hull design an ——T
running separate trial tests.

B. Mathematical Design Development F

In the design of an aircraft vehicle, there are ynan
proposed methods that are utilized to optimizedbsire
design. Raymer [5] uses a proposed design methu
mainly used in a Class | sizing process based llaae
empirical methods. Many other design methods ar
involved and introduced depending on the aircraf
configuration (canard, Blended Wing Body, Flying
Wing). The aircraft will be design in a separatenmex
from the ship vessel, and when the two designs a
elaborated, a new design method will be introduced
order to blend the aircraft and vessel into an dbiah
configuration.

A sizing mathematical code developed in MATLAB Fig. 2: Sizing Code Flowchart
was created in order to run specific theoretical . . . -
calculations that will be necessary to size thanmuin With the a|rcraﬂ S'Z‘_ad' the_ output chara_ctensm;
seaplane trimaran design. The sizing code is setoup the landplane will be input into the floating dewic
work with a number of different aircraft configuiais segment of the code. Fig. 3 shows the input cheriatits
which would then add the desire floating deviceafbo needed from the landplane necessary to calculae th
hull, twin floats, wing tip tanks, trimaran, hydoif) to  floating device characteristics.
transform the landplane aircraft into an amphibious -
configuration. The following flowchart{g. 1) shows the (B 1nput nitial.. linln o] | [ B imput nital ircraft Param..econl s

prOPOSEd Optimization deSign methOd- Enter Maximum Takeoff Weight [kg]: Enter Fuselage Length [m]:
6600 h4.47]

Enter Main Landing Gear Weight [kg]: Enter Wing Span [m]:
240 19.08

Enter Nose Landing Gear Weight [kg]: Enter Maximum Lift Coefficient:
140 i 163

Enter Empty Weight [kg]: il Enter Plate Drag Breakdown [m"2]:
3960 1.109

Enter Maximum Fuel Weight [kg]: Enter Cruising Speed [km/hr]:
1300 300

Enter Maximum Payload Weight [kg]: Enter Cruising Altitude [m]:
1710 4200

Enter Wing Area [m"2]: Enter Center of Gravity of Landplane from Bottom [m]:
3436 1.594

Enter Fuselage Diameter [m]: Enter Thrust Available of Aircraft [N]:
1.92 21300

i i [oc ) (coea) o] (e

i_ _i Fig. 3: Input Landplane Characteristics

The following individual component weights are sent
Fig. 1: MATLAB Mathematical Code Flow Chart to functions which will calculate other componeuts_thg
seaplane. Geometry and performance characteristes
then output and with this data obtained, a picsint@wing
the basic geometry is drawn.
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C. Trimaran Geometry Calculations

3 AO
The design method of an amphibious aircraft b = |7 (2)
implemented will be using a wide variety of methads _AO _
order to compare and maximize the desire results, i The length of the boat hull is calculated using(&).
this paper an advance design will be presented as a _ Riph
. . Lhull - 32 ( 3 )
reference and comparison. The trimaran technology b2,

superiority in terms of stability because of the whereR is the length-to-beam ratio. The length of the
arrangement of the hull is such that individualteesiof poat hull is then compared to the minimum fuselage
buoyancies have a righting moment about the cesftre |ength set by the designer. To calculate the heigtthe

gravity that helps in stabilizing the vessel. Pststdies hy||, it is simply multiply the beam of the hulhies 0.65.
conducted on trimaran shows that wave resistance of

trimarans is significantly lower compared to anieglent 2) Trimaran Hull Calculations: A trimaran is a
catamaran [13]. For this instance, in theory, tramahas Multihulled boat consisting of a main hull and aotw
superior seagoing performance. Since this amphibi@maller outrigger hulls, attached to the main twaiih
aircraft must excel in both hydrostatic and hydraiyic, lateral struts, as shown Hig. 5.
advance ideas on how to increase flight and wa
performance will also be introduced. Retracting ¢lera
components of the floats will reduce the aerodycami '
drag. The floats will form a single component enibdd
to the hull and fuselage when retracted. This wiluce
the drag form interference factor added by thet$l@nd
boat hull[5], hence decreasing the aerodynamic drag.
1) Boat Hull Calculations:The primary functions of
any hull is to give the amphibious aircraft buoygnend
to provide longitudinal and transverse stability te
water and when underway to takeoff speeds. The @ipa
hull must provide reasonable resistance while énwtlater
so that the aircraft is capable of taking-off witle power
it has available. It must also be designed in sualay so

as to hold landing impact pressures to reasonabigd. Fig. 5: Trimaran Example [7]
All of these factors can drastically change therfafthe  Few studies on the design of trimaran dimensiong ha
hull. been conducted and the empirical formulas givewreef

First, in order to find the necessary calculatitorshe  are well adapted to conventional floats and bo#s hbut
geometry of a boat hull, the fundamentals of Arattii®s ot for a trimaran concept. A new approach must the
Principle must be understood. The volumg (equired manipulated in order to find suitable formulas tbe
for the Seaplane to Stay afloat on water will biewdated design process of the trimaran device. The key

based on the displacement weigh{)( as shown in eq. ( characteristic connection between floats and bakis ks

1) A the slenderness ratio of a trimar&@LR shown in eq. @
V=22 (1) )-
w L
Where () is the density of the fluid. Calculation of the SLR = b (4)

total volume of the trimaran should take into actoan
extra 100% of the total displacement, which represe
the “reserve of buoyancy” [4]. Based on the literat
review, generally the beam is established as ttsigde
reference parameter of seaplane floats and hullTbg
beam is the widest section of the float as showFign4.

The slenderness ratio takes values depending ummon t
functional utility of the vessel in question. Thexredard
values of slenderness ratio are shown in Fig. 6.

8-10:1 For slow cruising vessels

For performance cruisers

For extreme racers

Beam Width

Fig. 6: Slenderness Ratio [8]

An important component of designing a hull or flgat
the forebody lengthThe size of the forebody represents
From fluid dynamics, Tomaszewski came with afompromising between flight requirements and
empirical formula on how to calculate the beash¢f a Seaworthiness at low speeds on water. If the leagth
hull based on a beam load coefficie€i ) [6]: the beam are too great, the structural weight dmed t
aerodynamic drag limit the performance of the whole
seaplane. On the other hand, if the length ando#zam
are too short, the spray characteristics becormaitation

Fig. 4: Beam Width of a Conventional Boat [8]

23



INAIR ;E l i; 2012

in gross weight and increase the hazards of operati are working properly over a range of aircraft types
rough water [9]. The forebody length)(In for a given geometry of an aircraft was run through the code to

beam load coefficient is [6]: determine how well the coded algorithms predicteel t
takeoff weight and performance parameterfhe code
I = b\/g (5) will be validated using the LET L-140 data [11].€Th

s k following comparison data obtained from the sizaugle

is shown in Table 2. A CAD (Computer Aided Design)
From hydrodynamic point of view, the afterbody) ( Model is shown in Fig. 7 of the typical Landplaneft.
assists getting over the hump and to provide bunyan

) Table 2: Typical Aircraft P t
rest. A relation between the length of the forebadg the aple = Typical Allcralt Farameters

afterbody is shown in eq. ()§10]: Parameters Typical LetL-410 % Error
lg = (110% to 115%)Lf (6) Gross Weight [kg] 6,500 6,600 1.52%
Since the total lengthL) of the hull or float is as ~EMPty Weight [kg] 3,900 4,020 2.99%
follows: Max Fuel [kg] 1,300 1,300 0.00%
L=1l+1, (7) Fuselage Length [m] 14.47 14.43 0.28%
. . [ 2 34.86 34.9 0.11%
Rearranging egs. (4) - ( ¥ and choosing 111% of Wing Area [m’] 0
forebody to afterbody length, the following formsilare Wing Span [m] 19.08 19.7 3.15%
obtained: Max Speed [km/hr] 414 390 6.15%
i _ SLR (8) Rate of Climb [m/s] 8.2 7.1 15.49%
b 2-111 , Absolute Ceiling [km] 7.2 7.4 2.70%
Cpy = K (ﬁ) (9) Thrust Available [N] 21,300 25500  16.47%

The only two unknown variables are spray coeffitien
(k) and slenderness rati8l(R. Spray coefficient can be
selected depending on the mission characteriskioss
in Table 1.

Table 1: Spray Coefficient Factors

k = 0.0525 Very Light Spray

k= 0.0675 Satisfactory Spray

k= 0.0825 Heavy but acceptable Spray,

k= 0.0975 Excessive Spray Fig. 7: 3-D CAD Model of Conventional Landplane exiaft

B. Preliminary Results

Selecting the appropriate spray coefficie) @nd U_sing the initial ian_Jts from Fig. 3_ and the initfaross
slenderness raticSLR, the beam of the hulbf can be Weight (GW) of the aircraft, th_e weight of,the_ boat hull
calculated from eq. (2). With the slenderness ré8ioR and. floats will bg calculated using Langley’s expemtal
selected and the beam hull calculated, the totajtteof t€sting. Calculation of Float Weight\f) was elaborated
the boat hull ) is calculated using eq. (¥ However, YSing & comparative curve of area and s_treamllmm fo
there is a constraint in calculating the hull léngthe hull  [2]: in which the following equation was derived:
length should not exceed the length of the landplan Wy = GW0.0365 + 43.5 (10)
fuselage. With the beam hull other characterisbicshe  Langley calculates the weight of the boat hull dase
hull can be calculated (Bow Height, Forebody Desri giagistics using materials from 1935: he calculdbed the

Angle, Step Height, etc.). In order to maximize thguejght of the boat hull is around 12% the total sgro
efficiency of the trimaran concept, the outriggéiteats) weight of the aircraft.

should be half the length of the main hull [8]. Téfere, With the introduction of new materials such as
with the spray coefficientf and slenderness rati8l(R  composites, the weight parameters of the floatiegia®
selected, the beam of the outriggers can be cadtllacould be reduced. Most composite materials have a
from eq. ( 4 ). The same approach as the mainwillll  density of around 1.60 gfnas compared to most
apply to calculate the rest of the outrigger chinstics.  aluminum alloys 2.8 g/fn It can be safely assumed that
the weight of the material can be reduced by 50%.
One of the main goals of this research is to create
1. PRELIMINARY TESTING AND RESULTS modern amphibian that has improved water capadsiliti
A. Preliminary Testing In order to excel in its hydrodynamics, the ampdnibi
In order to validate the functionality of the siginode must obtain the most suitable design charactesidtath
and to ensure that the sizing algorithms used eéncthde in strength and performance. As explained in theigte
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development, using egs. (2) 9 () and selecting the desire The following graph, Fig9, shows the water resistance

spray coefficient ) and slenderness ratiSI(R,) the
desire dimensions of the trimaran device was ektbdr
with the aid of the sizing code which will then &gded to

the landplane aircraft to create the amphibian. Th

following image (Fig. 8) shows the amphibian aiftra
with the trimaran concept.

Fig. 8: CAD Model of Amphibian with Trimaran Condep

The sizing code will then analyzed the hydrostatic,

hydrodynamic, structural support, and other paransah
order to compare the functionality of its water aad
performance.

The first step is to compare the hydrodynami
characteristics of the amphibian by calculating weter
resistance of the floating device. This will cakel if the
available thrust will be powerful
amphibian to takeoff from water. To calculate thatev
resistanceR,) the following equation is used:

R, = 0.5Cx, WAU? (11)

where Cg, is the coefficient of water resistandg,is
the area of load water plane, adds the velocity of the
amphibian. The coefficient of water resistanceiisded

enough for the

curve exceeding the thrust available at takeo#ntithe
aircraft will not be able to takeoff from water. & kvater
curve forms a hump at its maximum peak. This peak i
the point where the amphibian starts to separata the
water. Clearly, the available thrust of 21,300 [Nl]not
enough for the amphibian to takeoff from water. tBat
means, the thrust available must be increased,gafan
other parameters from the initial landplane confgon.
The necessary thrust available for the seaplanakeoff
from water is 30,000 [N], as shown from the follogi
graph.

s x 10* Resistance Cunes
- ~_ Water Resistance
T~ Thrust Available
251 T~ Aerodynamic Drag
~_
—
2+ 4
z
8
£ 150 1
kel
@
C ¢
1+ 4
0.5 B
0 ] — I I I
0 10 20 30 40 50 60

Velocity [m/s]

Fig. 10: Water Resistance, Thrust Available andodgnamic Drag

Since the seaplane was design with turboprop
engines, the available thrust lowers with speed and

into wave coefficient and coefficient of viscousaltitude. Therefore the use of a turbofan engink be

resistance. Wave coefficient is the resistance atewto
the movement of the body across the formation ofesa
Viscous resistance is the resistance caused bfyittien

between the fluid and the object, in this caseflibating

device, in which factors such as velocity, geomeaiyd
dynamic viscosity are taken into account. Then gigq.

(11) and plotting water resistancB,] as a function of
velocity (U) the following graph was obtained.

x 10* Resistance Cures
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T
Water Resistance
Thrust Available

Aerodynamic Drag
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T
/
/

.
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Resistance [N]
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utiized to compare the thrust performance of the
seaplane. An example will be to plot the same aubug
comparing thrust available of a turboprop engind an
turbofan engine. For comparison purposes, the Thrus
Available used will be of 24,000 [N].
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Fig. 9: Water Resistance, Thrust Available and Agnamic Drag
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Fig. 11: Water Resistance, Thrust Available andodgnamic Drag

Using a thrust available of 24,000 [N], the turbofa
engine will be able to takeoff from water, rathleart the
turboprop engine that will require more thrust (B0
[N]) to takeoff.
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When the sizing code satisfies the water Since the seaplane generates more aerodynamic drag
performance, it will then analyse the air perforcmmf caused by the excess of extra components (outspger
the aircraft. It is essential to think in technigue reduce the maximum speed will be less compare to the lamep
the aerodynamic drag caused by the outriggers.efulis aircraft.
technique is to retract the floats into a positidmere the C. Advance Amphibian Results based on 2050 Concept

floats will create a single body shape, eitheh®wing or The preliminary testing gave an idea unto which

the fuselage. It is explained when an odd shapfeihog will give the desire results that were giirethe

component is being calculated, an increase in WY ,5iyq from the 2050 visionary concept. First, éast of
interference factor must be added to the actualevid]. using turboprop engines, this amphibian aircraft é

‘l‘t is also exp’!amed: “The form factor is a meassf@lOW  op1aced with modern and more powerful turbofan
streamlined” the component is; it 'S 8 function e ogines that will generate more thrust. A trimatad
component thickness-to-length ratio” [12]. In thiase, . give the amphibian a greater water speed and

the form interference factoF) from of a flying boat hull | .istance. The retracting system will decreasesiral
must increase by a 50%, and for floats from 75%#800 support, hence decreasing the extra weight, and the

_depending on the shape. It was then assumed that thracting system will decrease significantly the
interference factor for the boat hull had an insecaf aerodynamic drag at flight. In such case, a newrtigwe
10%, rather than S50% increased, due to the perfegf, iy pe introduced. Instead of retracting the iggérs

aerodynamic shape mounted of the hull will be witl?md forming a single body with the boat hulfinal
respect to the fuselage. The outrigger will bea®®d o4 ion is to place the floats inside the boatl,has
into the boat hull, creating a “smoother” body thal shown in Fig. 14.

result in less aerodynamic drag, as shown in Rid14].

Fig. 14: Example CAD Model with undercarriage Fioat

Fig. 12: Trimaran Outriggers Retracted unto thetBaal . o
The floats will be retracted inside the boat htiig

With the calculation of the aerodynamic drag of th%ame way the landing gear is retracted undercaxriige
landplane, and the excess drag generated by tlselves ., grawback will be the added structural support

comparison drug curves with thrust available wohéd required, compromising an increase in weight of the
plotted in order to locate the maximum speeds tr&rutting

landplane or the seaplane can attain. Then, utilizing the input data shown in Fig. 3, but
«10* Drag Cunes changing the Thrust Available to 24,000 [N] and a
4 T T T T T . . .
Total Drag Landplane turbofan engine, the following altitude envelopedan
35 Total Drag Seaplane f payload range diagrams were obtained.
TurboProp Engine
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Fig. 15: Flight Envelope
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‘ Landplane Table 3: Advance Amphibian Aircraft (AAA) Final Ress
1600 - Seaplane |

Payload Range Diagram JET Engine
1800 T T

1400+

Gross Weight [kg] 6,600
Empty Weight [kg] 3,900

1200+

1000+

E a0l Max Fuel [kg] 1,300
00l Fuselage Length [m] 14.47
ol | Wing Area [m?] 34.86
200} | Wing Span [m] 19.08

0 ‘ ‘ ‘ ‘ Max Speed [km/hr] 645
0 500 1000 1500 2000 2500
Range [km] Rate of Climb [m/s] 13.8

Absolute Ceiling [m] 9,195
Maximum Range [km] 1,787

Fig. 16: Payload Range Diagram

Both diagrams show a trend between the air
performance of the landplane and the seaplaneafiscr Thrust [N] 24,000
Certainly, the performance of the seaplane willldgs
compared to the landplane due to the fact of theaex
weight the trimaran generates, as well as the extg
aerodynamic drag that will increase thrust consionpt

[V. CONCLUSIONS

The preliminary results show some of the advantage
of using the trimaran concept into a seaplane desigd
the increase in flight performance when the floats
retracted. The design excels in hydrostatic stgbilihe
water speed that a trimaran shows is also sigmifica
which water resistance is less compared when ey
floating aid devices such as wing tip floats obsizers.

For the flight performance, mounting the floatsides
the undercarriage decreases significantly the drag
compared to an extended position. The flight penforce
of the seaplane increases the rate of climb, raagd,
endurance.

The aim of this research is to design an “out eftibx” z :
idea that will stand out n_Ot On!y becau;e ‘?f itpiaved Fig 18: Futuristic CAD Model of Advance Amphibiariréraft (AAA)
performance, as well as its unique design ideaa@mg takeoff from Seaport
term basis, a brand new seaplane can be desigelbasy
suitable infrastructure (seaports) in order to ease
seaplane market and operations. An advance amphibi
aircraft emerges, exceeding both water and a¥%
performance on any kind of amphibian aircraft eftitpe.
The theoretical design exceeds the “out of the boxg
thinking, as well as the aesthetic design. The acka [
amphibian aircraft gets a futuristic design thalt afitract
the attention of investors, and will get a high iabc
acceptance.

The final results of the Advance Amphibian Aircraft Fig 19: Futuristic CAD Model of a turboprop Seamian
are presented in the following Table 3. As a reswith
the aid of Computer Aided Design (CAD) software,

SOLIDWORKS, a model was elaborated to show a
futuristic picture of this advance amphibian dessgpown
in Fig 17, Fig 18, and Fig 19.
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THE RESPONSE OF THE CENTRAL EUROPEAN AVIATION
MARKET DURING THE PRESENT VARIABLE ECONOMIC
PERIOD

Ing. Michal Cervinka, Ph.D.
Institute of Professional Competencd&yssines School Ostrava, plc.,Czech Republic
michal.cervinka@vsp.cz

expect growth of aviation till 2030: Airbus (Worlgears 2011-
2030 growth 5,4%, yr. 2020- 2030 growth 4,3%; Eergpars
2011-2030 growth 4,2%, yr. 2020-2030 3,8%)[ 11]; iBge
(World yr. 2011- 2030 growth 5%; Europe 2011-2@80wth
3,5- 5,1% according the destinations) [3], ICAO (Wayrowth

yr. 2010-2030 growth 4,7% Europe growth 2010-2036),8]

Abstract — Air transport is a reflection of the economic
performance of the global and national economy. &t@nomic
crisis has influenced the results of the aviatiadustry since
2008. Reports about the end of the crisis varyfaasas some
optimistic and pessimistic forecasts are concerridte author
examines the development of the air transport miark€entral
Europe. The study used selected subjects of tiadi@vimarket
i.e. airlines, airports and air traffic control. Ehresults show the

Growth 2011 to 2031

) . . L. . Middle East - Asia Pacific m7.2%
different effects in various segments of aviatias,well as in thin China 6.9%
eoqgral h|C areas. Within Asia Pacific incl. China G‘.7°a
geograp i A Pacic s o |
Within Latin America 6.5%
e — Asia Pacif ‘ ‘ ‘ ‘ 5‘.7vn
. .. . - . . North America - Latin America l 5.1 O‘n
Key words — Economic crisis, airport, airline Air traffic ntrol, Transpacific 4.89
recovery Within/to CIS 4:.8%
Africa — E = 4.8%
Europe - Latin America . 4.‘60
North A tic : 3‘.8%
AIR TRANSPORT AND ECONOMY — EXPECTATIONS UNTIL 2030 e }__; : >4
- ithin North America 2.2% ‘

Air transport reflects the economic performancéhef
economy. Air transportation services and economic
development interact with each other through aesermf Air passengers and GDP have been increasing in all
indicators. The country’s economic activity in tugenerates the regions during the last decades. There is subatardtiability
needs for passenger travel and cargo and the defoaramr in the growth rates. This reflects the variabilitythe nature of
transportation services. Air transport reflects theonomic interaction between air transportation and econoatitvity.
performance of the economy. Air transportation sess and The next 20 years will not be an exception.

Figure 2 — Boeing annual traffic forecast 2011-2031 [3]

economic development interact with each other thinoa series
of indicators. Annual GDP growth 2011 to 2031
. . South Asia . 7.1
The current performance of air transport in Europe ) s
generally gives little optimistic signals. The qti@s is whether Asia Pacific 46
it is useful to consider the development of aimsport and "
3 Southeast Asia 4.3
planning for the future. tin America | ‘ ‘ b 4.1
Middle East &‘3.9
CIS 3.4
World 3.2
12 World annual traffic (RPKSs - trillions) ce ‘2.8
10 ol vt €= = G011 North America 2.6
1.9
Airtratfic s R .
has doubled T thanet Northeast Asia | = 1.3
every 15 years 15 years

1

+ Figure 3— Boeing GDP forecast 2011-2031 [3]

e 500 200 ane == 20 The expected growth may slow by the debt crisis in
o Europe, high fuel prices or sale of emission alloves.
Figure 1 — Airbus forecast 2010-2030 [11]

. . . CRISIS PERIOD OF AVIATION IN  EUROPE AND WORLDWIDE
From the perspective of a longer time horizon,

however, the situation appears to be more optimistie The financial crisis, which came in the second bélf
opinion of reputable entities such as aircraft nfiacturers and 2008 (Lehman Brothers bankruptcy September 2008)fuiys
international organizations can be based as |aimgerforecast. reflected in air transport in 2009. In 2008 thewssweven a slight

Expectations of these subjects are very simildrsébjects increase in the number of passengers comparecetprévious
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year. Emerging crisis significantly affected aieiffht transport
on a global scale. It did not come significantlydier sectors
and regions. It is interesting that the crisis egadrfirst in the
freight transport sector, later was recorded irspager transport
segment.

The crisis fully hit the air transport in 2009. &dts of
the crisis were worse in Europe than in comparigdth the
world this year. The worst impact was in the freiglansport
sector in that year. Decrease of almost 11 persignificantly
slowed freight transportation sector.

The following year, 2010, there was a significan
recovery in air transport performance. In 2011, ¢oatinued
The recovery in the transport of passengers andradtr
movements continued in 2011. Absolute figures shioai air
transport in 2011 surpassed the results of 2008@ached the
pre-crisis level. But it is also evident significatdwdown in air
freight transportation.

Performance of freight transport shows that thizase
is more susceptible to the effects of the crisissignificant
slowdown in growth of air freight in 2011 may heta return to
the crisis phenomena to air transport sector. Batins in the
number of movements during the monitored periotecefalso
the effects of the crisis. Impact of the crisighis area is no so
deep. On the one hand increases the capacity ditbeaft is
increasing especially in Asia. On the other hamddost airlines
replaced the performance the classic of airlinesnany cases
especially in Europe.

Table 1- Performance of air transport worldwide and in
Europe 2008-2012

city and major regional airports were chosen far thsearch of
airport area. Two main airlines for were studiedligh Airlines

Lot and Czech Airlines were chosen. In the resedchot

included any Slovak airline because after bankgumt Sky

Europe there is no airline with comparable volurh&affic and

history. It is necessary to say that the situatidnthe two

investigated airlines does not guarantee long-&xpioration in

future

Table 2— Number of passengers carried by airlines [5], [7]

Airline 2008 2009 2010 2011
CSA 3974271 | 4102114 4504 044 | 4 635 000
LOT 5626 000 | 5464 600 | 5061 756 | 4 251 736

The performance of selected airlines has a downward
trend. No significant recovery in operation for leadrline was
recorded during improvement of air transport sectd@010 and
2011. The reason is caused by the poor economiatisit of
both airlines. The unsuccessful attempt to mergevden Lot
and Turkish Airlines was announced this y&8A is in a crisis
situation for a long time. These airlines sell ssd reduce
the number of aircraft, employees and cancel ovinohéng-
haul flights.CSA future is uncertain. No optimistic scenario for
future is possible. The situation in tEgSA has a negative
impact on the performance of the Prague airport.

The situation in the performance of airports igetiéd
by local influences especially in the Czech Repulditd
Slovakia. Airport traffic in Poland is more follomg European
trends. This trend is caused by significant mopitf Polish
people and operation of low cost airlines especiialcase of

Area | 2008 [2008/7] 2009 |2009/8 2010 |2010/09| 2011 [2011/10| Katowice Airport. Operation of Ryanair and Wizzaisitively
PAX |Word 14873994 0,1/4796468| -1,8 5037707 6,6[5440272| 53 influences to number of passengers in Brno.
PAX |Europe[1509352]  1,2({1408493| -54| 1466758|  43|1569907] 7,0
Table 3— The performance of selected airports[2,] [4]3]1
Mov [Word | 76968 -21| 74137 51| 7adse{ 11 77075 52 [15]
Mov [Europe| 20900] -03| 19388| -66 19263 05 20146 34 2008 2009 2010 2011
PRG 12630557 | 11643366 | 11556858 | 11788629
Cargo|Word | 86078 -37| 79817] 79| 90749 153 93149 02| | OSR 353737 307 130 279973 273 563
Cargo|Europe| 17516 -10] 15445( -109| 179200 155 18168 08 | BRQ 506174 440 850 396 589 557952
(free line below table)
source: author accordiri], [6], [7] BTS 2218545 1710018 1665 704 1585 064
KSC 590 919 352 460 266 858 266 143
Remark: PAX-Total passengers enplaned and deplaned;
Cargo-loaded and unloaded freigl mail. WAW | 9460606 | 8320927 | 8712384 | 9337734
Mov-Aircraft movement: Landing atake-off of an | kTw 2426942 2364613 2403 253 2544124

aircraft. Values in the table are given in thousand

CRISIS PERIOD OF AVIATION IN CENTRAL EUROPE

Air transport is a global industry and subject tobgl
influences. Performance of air transport in CertEalope is no
exception. Local influences are added to the effeftglobal

Remark: The number of passenger of passenger is

listed in the table. The codes of the airports méaague,
Ostrava, Brno, Bratislava, KoSice, Warsaw, Katowice.

Slow recovery of Prague airport mainly reflect poor
economy situation of Czech Airlines. Present positiof
Ostrava airport is also affected by Czech airlinmesd absence of
low cost airlines operation. Brno airports mainhpfiis from
charter flights and low cost airlines. Slovak antpoespecially
Bratislava are still affected by bankrupt of Sky &ue airlines,

and international influences. The subjects fromv&kia, Czech
Republic and Poland have been selected for dessripnd
research. Air traffic controls were examined by hens of
movements and airport operations. These entitiese vair
traffic control, airlines and airports. The airporih the capital
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their reduction and cancellation of operation dgr009 year.
This decline of handled passengers has not beéacesgpyet.

The different situation is in Poland. The firstsen is
the potential of Polish market (40 million inhalits), the more
pleasant economy situation and mobility of Poligoge. The
low cost carriers operation in Katowice is sigrafit factor of
airport’'s performance. There is based Wizzair rarliin
Katowice

These trends are obviously more reflected in areas
which are in the centre of the region than in tlezigheral
regions. Central European air traffic controls camddit from
their geographically advantageous position. Theg &ss
sensitive to the local economy downtime and reductof
airport traffic, which are reflected in the ternlimperations due
to increasing international demand for air transpor

AIR TRANSPORT DURING FIRST HALF OF2012YEAR

. The base of airlines is one of the key factons fo

airport operation. The trends in number of handtedsenger
confirm this statement. This fact is evident in @ where
CSA is reducing their operation especially on lorgilhsectors
and Prague is also loosing transit passengers.trohbles of
Bratislava are multiplied by vicinity of Vienna Aiopt. Ostrava
airport performances are affected by lack of ofter potential
passenger. Improvement of highway connection to Bumb to
Katowice will make more difficult the possibilityf @establishing
new routes from Ostrava.

New situation is created by opening of a new lostc
airport Modlin which is situated on the south of Mzawa. It
will be interesting to see whether the Modlin Airpwill creates
competition for Warszawa Okiencie Airport or theneggistic
effect will be the result of operation of two air® in a
relatively small distance.

Air traffic sector fully reflect the trends in diraffic
especially in overflying of the air space. The terahoperations
are more influenced by local situation at the aitp@nd their
performance.

Table 4— Movements of Air traffic services [10], [12].4]

ATC 2008 2009 2010 2011
PRG 694 191 665 094 683 078 714 279
en-r

PRG 235842 221908 205133 204 301
term

BTS 299 050 299 487 335 149 387 177
en-r

BTS 19 029 14614 14 514 n/a

term

WAW 597 023 553572 585 000 n/a

en-r

WAW 154 900 142 821 288 000 n/a
term

Remark: The table shows operations of Air traffic

control (Prague, Bratislava, Warszaw). The figureews en-
route (overflying) and terminal (take-offs and largh) at the
airports.

The figures shows, that the en-route operations are

more sensitive to global influences and less sgesto local
influences. Minimal recovery in terminal operatiagesreported
in Prague and Bratislava. This fact is correspondivith

difficulties of local carriers. The en-route opévat are copying
the trends in European air transport performance.
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The results of air transport in Europe are rattest. b
According ACI report from August 2012 overall paggen
traffic at European airports in the first half di12 increased by
only +2.3% compared with H1 2011. The overall freitraffic
among European airports declined by -3.4% in timesperiod.
Aircraft movements at European airports decreased1t6%

[1].

The passengers traffic within Europe remaining weak
at +1.3% while non-EU airport traffic reached grbwf +9.1%.

On a monthly basis, passenger traffic in June 2012
increased by +2.9% while freight - although neaiigt at
+0.8%. Aircraft movements declined by -0.1%. [1].

According IATA report he expansion of air travel
slowed in July. Compared to a year earlier the numife
revenue passenger kilometers (RPKs) flown was ap 3ui%.
in June this comparison was 6.3%.[7]. IATA releagsdevised
outlook for 2012 in which it says that Europearrieas’ losses
are now expected to be €900 million compared td&€#8lion
in its March forecast [7].

According Eurocontrol the Eurozone crisis continued
to impact flights in Europe, down 3.2% in May 20d@npared
with May 2011 [6].

Figure 4 shows the forecast of monthly movements in
comparison with previous year

IFR Flights/Day in ESRA08
30,000 -

28,000 -
26,000 -

24,000 -

o000 1 ' ' ' '
Feb May Jun Jul Aug Nov Dec

2012 Actual
2012 Central Forecast

'
Apr

'
Mar

2011 Actual

(] 2012 Wide Forecast o

Jan

Jun12 Estimate

Figure 4 — Comparison of European movements
between 2011 (real figures) and 2012 (January-Amedal
figures ; May-December-forecast) [6]

The expectations of Eurocontrol for number of IFR
flights are slightly under the real performanc011 year.

This development is also confirmed by results aof Ai
Navigation Services Prague when the -2,7% decreese
reported [14].

The negative trend continues at Prague Airportr&he
was reported 9,1 fall of handled passengers difisghalf of
2012 in comparison with the same period of previgear [5].
The reduction of passengers is expected in Bragislawmillion
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of passengers were reported by the end of Augudt2.20 situation in the performance of airports is affectey local
According airports forecast the results will be ilamlike in  influences especially in the Czech Republic and %eva
2011 year. Airport traffic in Poland is more following Europe&rends.

On the other hang there is existing also positive The en-route operations are more sensitive to globa
example. Warsaw airport reported increasing ofs@ager influences and less sensitive to local influenckinimal
volume by 8.8% year-on-year and the July was thsiesti recovery in terminal operations is reported in Beagand
month ever in the history of the Warsaw airporte tumber of Bratislava. This fact is corresponding with diffites of local
aircraft movements fell compared to June 2012,détgnat carriers. The en-route operations are copying teads in
13,300 (up 2.1% on July 2011) [15]. European air transport performance.

In total, the airport welcomed over 5.8 million The results of air transport in Europe are rattest. b
passengers from January to July 2012 (+4% on 2@idiuding The passengers traffic within Europe remaining wediie
983,000 travelling on domestic flights, 63.2% mtren in the non-EU airport traffic reached growth. This yeae titumber of
corresponding period a year before [15]. IFR flights is slightly under the previous year. Thegative
Hend continues at Prague Airport and Bratislava.roaa
airport reported increasing of passenger volumist Fialf year
results confirm the uncertain situation. in Eurapeair
transport.

The total volume of handled passengers for botl
Warsaw airport (Okience and Modlin) should be iesting
comparison with the situation before Modlin openitige first
data will be Available by the end of this year hem this
second low cost airport was opened for Europeartb&dlo

championship this year. REFERENCES
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Abstract—To overcome the traffic growth predicted by cutren
ATM research programs in Europe and the US, we mem
new model to avoid conflicts based on small spegdlations,
as depicted in the ERASMUS project [6], with intdrgonflict
constraints as in [2].

After a first conflict detection phase, a centraliz solver
computes new RTAs to dynamically adjust the flighhgp
during the flight, taking operational costs for laies and for
ATC into account. The resolution would be iteratiyityformed
over a rolling horizon to handle the uncertaintiegherent to
trajectory prediction.

The described model is currently being implementsihg
Constraint Programming and Local Search as optinmzat
techniques. Simulations will be carried out with Eagewide
traffic data.

Key words — Air Traffic Management, Speed Regulation,

Conflict Avoidance.

INTRODUCTION

For more than forty years, global air traffic haver
ceased to increase. The current traffic controltesys are
reaching their structural limits, so that the fiafjrowth might
reduce the safety level of the airspace. Thus, methods and
concepts are to be set up in order to adapt taduraffic, as
advocated by research programmes such as SE$8IRin
Europe or NextGen in the US. Therefore, in this goapve
propose a model for speed regulation in order toicaa
maximum number of conflicts. This work is built updhe
conflict model presented in [2] and uses small dgegulations
like in [4] to avoid conflicts.

A standard day of traffic within the european adsp
is made of approximately 30,000 flights. Each ftigbllows a
flight plan described as a sequence of waypoirgsttie aircraft
will fly over. The aim of this project is to avoithe air space
conflicts in advance by the use of slight modificas of flight
speeds, or equivalently by constraining fly ovemes on
waypoints (RTA2), in order to decrease the contrslle
workload. Our model assumes that a conflict betwego
flights that follow intersecting trajectories canlyphappen on a
common waypoint of their routes — catching-up flighare
handled by considering multiple waypoints. After fiast

° Single European Sky ATM Research
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ier@recherche.enac.fr

potential conflict detection step, resulting in ambinatorial
optimization problem that generalizes the one mreskin [2],
the RTA are computed by a centralized system so as tal @i
many conflicts as possible and to optimize opegatiosts. Then
they are transmitted to aircraft during the flightmodify their
flight plans. To take uncertainties into accoutte tproblem
would be iteratively solved over a rolling horizftgpically 20—
30min) as presented in [4].

This combinatorial optimization problem could be
solved by state-of-the-art techniques such as GCanstr
Programming as in [2] or Local Search as in [1].

SEPARATION CONSTRAINTS

As in [4], this model is designed to take into agto
the functionalities of future Flight Management ®yss (FMS)
in the SESAR context, which will be able to dynariica
accommodate several RTAs on the waypoints of their
trajectories with an accuracy of a few seconds.olifput is
therefore a set of RTAs for each flight involveddnpotential
conflict within the time window of the resolutiotrying to
minimize the number of actual conflicts and theirations.

In this context, the trajectory of a flight i isaresented
by a sequence of 3D points and associated timesspunding
to the waypoints of its route indicated by theHtiglan:

{(wll‘ﬁf‘) , ke [l,n,:}

where the®).x  are the decision variables antthey number of
waypoints of flight i. Furthermore, we note:

of, the curvilinear abscissa (or oriented length glon
the trajectory) of each waypoint k of flight i;

&

e v, (for all %< [l.n;—1]), the speed, considered
constant, between waypoir«t; gl
DISCRETIZATION OF TRAJECTORIES
Following the conflict model presented in [2],

potential conflicts between two flights i and j adetected by
pairwise checks on the points of a discretizatidn each
trajectory, with a grain fine enough to ensure thaen the
shortest potential conflicts will be taken into acot, as
described in [3] for example. We note:

{(;)Ik'.tf‘"). = :l.m,]}

® Requested Time of Arrival
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the discretization of the trajectory of flight i mgisting of a
sequence of m3D points § and associated times<t as
illustrated in 1.

1+l

W. W

v J

Figure 1 — Projection in the horizontal plane of the trajedtes

of flights i and j, which are in potential confliat their common

way pointw = ;' . Point g is in potential conflict with points
|"+1

p and g**.

Similarly to the waypoints, we noté ghe curvilinear

The resolution will therefore consist in regulatiting
speed of these flights (through the issuing of RTasthe
waypoints only) so as to avoid conflicts, i.e. emsthat the
corresponding inequatio # Gj' holds for all the neighbouring
pairs of potentially conflicting points‘p# p;".

However, catch-up conflicts along the same route
portion (or if the angle of intersecting trajectariis very low)
cannot be considered local to a single waypointusThall
potentially conflicting points located between ways o
andw** are reported to a potential conflict associateith wi*.
Several such conflicts will then be defined at eaghcessive
waypoints as long as the flights follow the samgeo

We can now define a generalized (intersecting or
catchingup) potential conflict between two flightand j as the
set of conflicting pairs of trajectory points ardum single
waypoint:

CH = {(K,l)e[1, mi] x [1, m;], st
p¥ and p’ are in potential conflict near w¥ = w!,
and oF! < sF < n“" . «7‘1 L & ,s-;" < n""'}

To compute the resulting contraint betwédrando,',
we first need to expresé as a function 06 and the speed of

abscissa of each point‘p These abscissze can be easiljhe aircraft, which is {* before waypointy and V* afterwards.

computed by adding the distances between the prepoints
of the trajectory:

k' —1

\f‘ = Z l/ixf(pi. R jli- +1)
V=1

providing that the turning points of the trajectorg.
the waypointsy* , are included in the discretization point§.p
A similar relation would be true for the absciss® of the
waypoints (as they indeed are the turning points, only
during cruise, as the waypoints are too distamhfeach other to
approximate the vertical profile of the descentchmb phase
precisely enough.

CONFLICT DETECTION

Two points § and g of flight i and j are in potential
conflict if their horizontal and vertical distancesth violates
the separation norm (usually 5NM horizontally an@oQ ft
vertically), as depicted in figure 1 for the horital plane. For
two such points, there would be an actual conflietween

flights i and j if they are located at these pomitshe same time.

To avoid a conflict, it is therefore necessary:that

VK € blAm__ATI' € [1,m;],

distu(p¥',p¥) < 5NM A disty (p¥,p) < 1000 ft

@

Therefore:

V' € [1,m;] ,3k € [1,ni],

K

ok

. 'Y ' ko ’
0F + 2T si sk < ok

2
Inequation 1 and equation 2 can then be combined,
with four different cases depending on the locaiof points
p and g with respect to waypoins = o;'. Note that if flights
i and j have several distinct (non continuous) ptét conflicts,
there will be as many (non empty) sC¥/ of configipoints:
Y(k,1) € [1,n;] x [1,n;] st. CK #0,¥(k',I') € CH,
[:” # fi‘ =

Jr ol ‘X" ”; . ’ 5 ’
L 2% st > ol and sF > o

=0 _ ok e S ol and s < ok
. —‘—13—‘-7—-'—g—r*—|,~7‘.74'.m s; <0;
ok — gt £ 0?3 .
' ’ k

s —o s gk . "
<Ll — 1L ifs; <ojand J > 0}

o 'y W M 2 ' L
8) =9 _ 8 —0¢ e 1, k k
Lt — et if s; <oj and s} < o}

®)

However, these expressions depend on the (unknown)
variable speeds of aircraft, whereas the conflictleh presented
in [2] uses static bounds for the time differenetn®en flights i
and j at waypointo = u)jl. In the next section, we explain how
the speed variations are tightly bounded in ourragenal
context, which allows us to approximate the valofesquation 3

where disj is the distance in the horizontal plane andy small intervals.

dist, in the vertical plane. For intersecting trajectsriave
assume, as in [4], that successive potentially lmbiniy points
are all located in the vicinity of the same waypoks the speed
is considered constant between two consecutive oiatg it is
possible to translate these conflict inequatiorie their closest

waypoint, such that the conflict constraints carekgressed as a

temporal separation at this waypoint.

34

SMALL SPEEDADJUSTMENT AND CONFLICT
APPROXIMATION

Following [4], we consider the same kind of small
speed variation as in the ERASMUS project [6]. Tvedior
paramatera < land@ > 1 gre introduced to bound the possible
speed adjustment, such that if we nqfethe reference speed of
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flight i, all other speed variables are restrictedake values in a

small intervalle @ /] : M ODEL
Vie [1,n],Vk € [1,n; — 1], vf € [av?, @] (4) The conflict detection processing of the previous
sections can now be sum up with a more standaui ¢ancise)
where n is the number of flights in the instance. combinatorial decision problem formulation, withriables o

These ratio paramaters are typically chosen in thgPresenting the RTA of flight i on waypoinf, for a set of n

rangex = 0,97 an@ = 1,06 to limit the cost of ragjoh on potentially conflicting flights over the time windoconsidered:

the fuel consumption of aircraft and to have thelsest impact Find: Vie [1,n], (05)kepn,
possible on standard Air Traffic Control (ATC) praets. ‘

19

st: V(i,j) € [1,n])%i < 4,
As the speed variations considered are small and

bounded, we can bound the values6¢f - 6 described in V(k,1) € [1,ni] x [1,n5] s.t. Ci5 #0,

. Ny ST ki U 4 |kl KT
equation 3 by constan’i_ (lower bound) ¢ (upper 0; —0; & [ri;, "U]

bound) defined as follows: Vi, Vk € [L,m — 1],

Y(k,1) € [1,ni] x [1,n;] st ("{;," 0, V(K'I') e (‘,'_ ,,f, Fl_ gk o |11AT}
st ot s _ok . ’ . —

L2 -2 ifsh > ol and s¥ > of

R P ; i , ) The first set of constraints are derived from the

L2 4+ I if ,\‘2 > o; and J < oy ) ] o o e

’ e ! conflicts between two potentially conflicting flighi and j,~2_

' . C L, .\‘“’ > TR . .
y sagami, 2 and " being the bounds of the forbidden values Far t
! < ol and s¥' < ok difference of fly times over the conflicting waypoio* = o/

The second one characterizes the speed limitattwneéch

s QA R L and s*' > ok . . .
awy ~ T 18520 s A aircraft as stated in equation 6.
o= ol sl . 7 Ve .k OPTIMIZATION
—L - 5t if ~3 < 0;j and 57 > o;
ohoal!  GE_ ¥, ! v k Among the admissible solutions of this decision
—=< + Lt ifs; <oands; <o L -
¥ i » 3 ' " (5) problem, the ones that minimize airlines costs khobe
) CH. ) preferred. To optimize their operating costs, a@$ generally
For one conflict sei™" , bounds of a forbiddeny, e he Cost Index (Cl) parameter (used by the FHIS t

interval for the difference of t'mﬁ . 9}' at thg waypoint (.:an optimize the flight parameters along its trajecjofgr each
then be computed by cumulating the inequations Gwemairs  gign: which represents the relative importancetit cost of

.. . s e OK.
of conflicting points (k"; 1= ©5* fuel with respect to the cost of flight time, i.e.:

! . 08

r¥ = min § O = SOStuime
k.l)eC COStfyel

T

ri; = max

7 wecy where costne is in $ per time unit, and cqgtin $ per
Jnass unit.

Moreover, the bounds on the speed of each aircr
further constrain th variables for two consecutive waypoints For a given flight i, we can therefore consider tie

(Dik andmik+1i airline cost is the sum of the extra cost of time af the extra
cost of fuel multiplied by Gl (the Cost Index of flight i),

Vk e [t,n;—1], 05 —6f € =m0 compared to the reference trajectory at the reerepeed:
Lty av (6)

cost; = CI; x ('t).\t\f"'l + 1" - [H:“ — /l;I )
with d* = 6** - 6%, the distance between* ando**™. In the
following, these bounds on the travel time of flighbetween

two consecutive  waypoints are respectively

o d4* —n F
lf::{*—;md I:‘ = .
i av,

T

ke

where 7' =i % s the total flight time of flight i at its
noteqterence speed®v

If we assume that%s the optimal speed of the flight
and that a discrepancy fronf leads to a proportional increase
of fuel consumption during the time flown at thpeed, then:

ng—1

k 0
v — Y X :
cost™ = ) ot -2 - 4 (BF+1 —gF)
v ! )
k=1

ne—1| g
‘li, (pk+1 k
:F—(H: —07)

k=1
So the cost for one flight can be expressed as:
n—l)
cost; = CI, ; }’I_ — (6" — 6! )1 +TO — (6 —6})

35
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and the total cost of one solution simply is thensaf
the costs of all flights:

n

cost = Z cost;

i=1

)

Note that other parameters could be taken
account, like the number of speed changes, or assdda more
realistic function to estimate the effect of theeap discrepancy
from the reference speed, provided we could gaheugh data
from airlines and manufacturers.

INFEASIBILITY

If some conflict constraints cannot be satisfiéanay
still be of interest to relax these constraints asdrch for
solutions with as few violated constraints as pquesi
Furthermore, when a conflict constraint is violatéte longer
the conflict lasts, the more hazardous is the djpera situation,
so it is interesting as well to search for solusidhat minimize
the duration of all actual conflicts, as propose{4].

As the conflict constraints of our model enforcatth

remaining conflicts with the operational one, sa@sake both
criteria into account for overconstrained instances

CONCLUSIONS AND PERSPECTIVES

To overcome the traffic growth predicted by current

INRTM  research programs in Europe, we propose a novel

deconfliction model based on small speed regulafitoilowing
the mixed integer program presented in [4] wittoaflict model
that generalizes the work presented in [2]. Theodated
centralized solver would output new RTAs to dynaihjca
adjust the flight plans during the flight, takingerational costs
for airlines and for ATC into account. The resolatiwould be
iteratively performed over a rolling horizon (20-36in) to
handle the uncertainties inherent to trajectoryljotéon.

The described model is currently being implemented
using Constraint Programming and Local Search amizattion
techniques. Simulations will be carried out withr@pe-wide
traffic data.
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DO YOU MISS THE INTERNET ON BOARD?
THE ECONOMY AND PASSENGERS DO.
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Abstract — This article deals with the problem of in-flight

internet connection offered by airlines. Nowadays, nyna
American carriers offer Wi-Fi connection on the rinUS
routes. On the other hand, European airlines arargebehind
when it comes to connectivity on the boards of thema-EU
flights. Lack of connection has major economic egugnces
due to unproductivity of business travellers. Ma&p survey
shows that European passengers are interested yingt@anline
as much as the American ones. Financial and sowlenieal
aspects of on board Wi-Fi connections are described

Key words — In-flight Wi-Fi, internet connection, economic

aspects, technical aspects, airlines.

l. INTRODUCTION

Person undertaking their business trip are stillwark” when
on board. For many of them, it is wasting of theetias they are
not able to solve their business relations becadseo email
access for several hours.

According to U.K.'s consultancy provider Firstsoairc
Solutions, the business travelers’ email blackohilevflying is
costing the British economy around 640 million GBR/ear.
This is the number for one economy only. There seeeral
comparable economies within the European airspdiehwecan
generate more values like this (e.g. France, Geynetn).

1. CURRENT SITUATION IN EUROPE

Some U.S. airlines allow passengers to use thenigite
on board of domestic flights, but most Europeatinais ban it
for insurance reasons, despite research suggehtingt is safe
to use the web in air transport.

SURVEY

With growing penetration of laptops, smartphones,

tablets and other portable electronic devices mio everyday
life, the need for wireless connection to the inétris more and
more demanded, not just at our homes but alsceawitthe range
of public places.

This kind of places this can be easily found witthie
civil aviation market as well. When you are an mEssenger,
basically you go through two public places. Firairport
terminal and the aircraft board afterwards.

In the first case, you usually have no problenuse
free Wi-Fi offered inside the terminals by an aitpoperator.
But on the other hand, there can be a problem ordbwhile
airborne. Airlines do not offer internet connection every
flight. Right now, we are talking about U.S. airknesince
European ones do not offer the internet conneaiointra-EU
flights at all.

Thus, the airlines are under the increasing prestsur
implement technologies to enable their customep ke their
virtual reality — whether it is for business orsigie purposes.

1. EcoNomic CONSEQUENCES

For many travellers, aircraft journeys are onehsf t
last bastions of the peace and quiet. But all thay be set to
change.

If airlines do not allow passengers to connecth® t

internet while airborne, this practice is damagihg economy.
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However, according to the new study conducted by
research agency YouGov, passengers were inclinéeéwve in-
flight internet access. The survey found that lo&lfJK adults
would like internet access on board airline flighthe results
can be found in the Figure 1.

Would like you like to have an in-flight internet
access

m Do not know/
do not care

H No

Yes

Figure 1— Survey by YouGov among UK adults (24 — 55 yrs.)

On the other hand, only 13 per cent of UK adultd sa
they actually disliked the idea of having in-fliginternet, with
almost two thirds (64%) of those citing that thég dot wish to
be disturbed by emails or expected to respond tailerwhen
flying. The survey also showed that a quarter adfiliadwho
work in an office (25%) would become stressed aryyifighey
received a work related email outside working hours
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Among the younger demographic (18 — 24 years oldAmerican, AirTran, Delta, Virgin America and othesfter a

75 per cent would like to use internet connectiamirdy the
flight.

Finally, 32 per cent of over 55 year olds said the
would like in-flight internet access showing thiaistgeneration
is happy to just relax, maybe watch a movie, redmbak or
enjoy a nice sleep while flying.

Another poll, conducted by The Telegraph (Figure 2)

confirms the previous statements. 70 per cent spaedents
think that having Wi-Fi on board is a good idea.

Is having wifi on planes a good idea?

M Yes

® No

solid start in 2008, GoGo lost a deal on equippilmgted with
Wi-Fi last fall when the airline committed to a atle
newcomer, Panasonic Avionics, which relies on angf-
%atellite technology. Moreover, GoGo plans to foaus a
segment of small business jets. According to GaBexe were
15,6 million connections over in-flight Wi-Fi in 2@ and that
figure will jump to 96,9 million connections by 281

In a similar fashion, In-Stat has predicted revenue
from in-flight Wi-Fi will climb to 1,5 billion USDin 2015. This
number is very perspective from airlines’ managemsint of
view.

SURVEY

Five hundred U.S. air passengers took part
Fly.com's survey, of which 80 per cent said theyldike the
option to connect to the internet during a flighi. additional 66
per cent would like to be allowed to talk on thegil phone. The
results are shown in the Table 1.

n

Table 1- Survey by Fly.com

| Of the 500 U.S. travellers:

Figure 2 — Poll by The Telegraph

65% Think it is important that airlines offer interratcess on flights

Above mentioned data clearly represent currendtren

36% Would take advantage of in-flight internet access find

information and deals relating to their destination

In spite of that, none of European -carriers offavhat

26% Would use in-flight internet to catch up on emails

passengers truly want.

V. SITUATION INTHE U.S.

As mentioned earlier, some of the U.S. carriersvall
passengers to connect to the internet during itpet fl

This is good news for airlines that already offer
wireless services to their passengers. Howeverpslnhalf
(49%) said they do not expect to pay extra to hs& internet
connected devices and 27 per cent would pay no tiame 5

Launched four years ago, the use of Wi-Fi on U.§ysp.

commercial aircraft has yet to catch on, with eatas that the
wireless technology is still used by only 7 pertaginthe flying
public.

On the topic of mobile use during flights, travedle
were not quite as enthusiastic with 38 per ceniebielg that
allowing mobile phone use on flights would meantipgt up

There are a number of reasons. With free Wi-Fi afjth the annoyance of people talking too loudlyrtRarmore,

many airports and public locations, passengers aomant to

pay as much as 10 USD for a flight of a few hoR®assengers
also may not know when Wi-Fi is available on aHtigince the
airlines provide the wireless service on only alspercentage
of their planes.

Many of the major U.S. airlines have now begun to

equip their planes with new in-flight Wi-Fi servicAround 8
per cent of U.S. airline passengers use the semréom 4 per
cent at the end of 2010, according to In-Stat, seaech and
consulting firm. This is likely to increase to 1@rpcent of
passengers by the end of this year. According tStat, the
airlines in the U.S. collected 155 million USD ihazges for on
board internet service in 2011, and are expectezbliect 225
USD million in 2012.

The service primarily attracts regular
customers who fly long distances and want to staynected to
the ground via email. Monthly unlimited plans cdét USD a
month from Wi-Fi in-flight supplier Gogo, formerlpircell.
GoGo has equipped 1700 commercial aircrafts withFW
using a plane-to-ground technology. Its customersluile
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many (59%) do not understand the "flight mode"isgton their
mobile device and 46 per cent do not know why theyasked
to turn off their devices.

V. TECHNICAL ASPECTS

There is no doubt that what would make air tramglli
better is the internet access to become a stanBatdo become
a standard, several steps must be undertaken.

First of all, Wi-Fi equipment needs to be mountetd i
the aircraft. To equip one airliner, significanhdncial costs
must be invested. One airliner costs as much a®Q0WSD.

Another step to be conducted is to choose optimal
technology which could offer reliable and cost-airsible

businesdnternet connection (a Wi-Fi network on a flighbwded with

online business customers can quickly fail downf).pfesent,
airlines are mulling over the most effective wayhofv to do so.
There are basically two options: a ground basetesy®r via
satellites, the latter probably being much faskdrlines have
been split on whether to adopt a ground-based raysie
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satellite-based systems. The ground-based systemects a
Wi-Fi hot spot installed in a jet to one on thegrd. Satellite-
based systems offer faster speeds, more bandwidthgbal
coverage over oceans, but currently are not adazee

When talking about intra-US flights which offer web
access, we have ground-based system in mind. ltbeansed
from New York to California, but the minute an aaftrhead off
the coast, the connection fails. When talking abloug haul
flight over the ocean, satellite-based system iguired to
implement.

The expense of offering this satellite Wi-Fi hasyan
prohibitive for airlines that see low usage anchtigsts to outfit
planes with new technology. In spite of that, “mi&tional Wi-
Fi” is not impossible, just not available as freqie as at the
domestic U.S. market.

VI. SITUATION IN THE LONG HAUL FLIGHTS SEGMENT

AIR FRANCE ANDKLM CASE

Browsing the web or watching a live broadcast during
the flight will become a reality on board Air Franand KLM
flights. In partnership with Panasonic Avionicse tfwo airlines
are launching a joint in-flight connectivity prognane on board
their long-haul flights, with trials in early 2013.

This will enable customers to stay connected with t
world through text messages or emails as well dsrriet
connection and ultimately through live broadcasfs T
programmes. Thanks to this new technology, Air Eeaand
KLM will offer passengers access to a broad scope&ata
communications during the flight. On the specialsigned in-
flight website, a broad range of services will iiered for free,
like latest news, TV channels relevant airline atestination
information and a unique offer of online magazines.

The trial phase will be conducted over the year201
on two Boeing 777-300s, operated by each airlineatexrer

Both Europeans and American “continental” markets¢ravel class. They will ask the customers to previdedback,

were described above. At this point, long haulhfiggsegment
will be explored.

Though Wi-Fi is increasingly available on domestic

flights, it remains expensive and relatively littleed, according
to most analyses. On international flights, wherecan be
argued that it is most needed, Wi-Fi remains dyrafio prove

the previous sentence, we will point a finger aw fairlines

offering “international Wi-Fi”.

LUFTHANSA CASE

along with their expectations and suggestions oprawing
these services.

VII. PRrICING

Lufthansa, Qantas, United this year, KLM and Air
France next year. This is revolutionary in 20127 Eivcraft
crossing oceans, it is.

There are several reasons for the slow move to iWi-F
on international flights. Most of it, predictablgpmes down to
money. Most Wi-Fi signals on domestic flights arevided by

German flag carrier offered the first on boarda series of ground towers. All flights over oceaesisatellite

broadband internet access. Passengers can usfedhise on
many North Atlantic flights as well as flights toet Middle East
and South America. This service is now also aviglan some
long haul flights to the Japan and Korea. In 2@, airline in
cooperation with the partner Panasonic Avionics Grafion is
implementing this service offer across the majoribf
Lufthansa’s global long haul network. Online acdessrovided
in all travel classes. During the course of thiary¢he adopted
technology will also enable the passengers to feardata by
GSM and GPRS technology. So in future, once cruialtiyde
is reached, they will be able to use their mobherne to send
and receive SMS and MMS messages or synchronise vitat
smartphone.

The option of making mobile phone calls has bee
disabled in response to the wishes of a majority thod
customers. In addition, customers are advised tharnet
telephony (VOIP) is likewise not permitted. Aftepeming the
browser, passenger will connect automatically te tinee
Lufthansa portal where he will find the latest Imgsis, political,
sports and entertainment news.

QANTAS CASE

Australian airline Qantas started in-flight Wi-Fi i
March 2012 by launching an eight-week trial witle 8ervice on
flights between Australia and Los Angeles, allowpassengers
in first and business classes to access the intefiney join
airlines that include Lufthansa, and later thisrydaited.
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connections. The satellite connections are far nexgensive
propositions for airlines. That cost is increasgduihat appears
to be moderate user interest at current pricingléeev

Passengers are not sure in-flight Wi-Fi is a produc
worth buying. Sure, there's enough bandwidth tal semails,
texts and so on. But when it comes to streamirdpamloading,
the performance can be poor. According to industrysultants,
airlines should invest in the infrastructure, use Wi-Fi for its
own purposes and then give a small amount for fiee
passengers whose expectations will drop becaisérée. Once
people start paying for it, they expect a premienvise.

When investing such a high amount of resources,
airlines need to secure a corresponding amounteeénues.
ecause of this, internet access is not always Treere are few
examples of how much can be passenger charged twfieg to
connect to the aircraft hotspot. Japanese Airloresheir flight
from Tokyo to New York charge 11,95 USD per hout,hdurs
can be gained for 21,95 USD.

Deutsche Telekom offers two distinct tariffs folings
internet access at some of the Lufthansa long fights. One
hour is charged 10.95 EUR (or 3,500 miles from FERR)hours
will cost caper 19.95 EUR (or 7,000 miles).
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VIIIL. CONCLUSION

The internet nowadays is really a portal into aaoth
world, and it could, for example, mark the end @Eryone
having to watch a limited selection of films. Widltcess to all
sorts of media and social networks, people can meikgood
use of their time travelling.

The growth of laptops, smartphones and tabl
computers means consumers are increasingly uswigedethat
give them access to the internet on the move.

It is expected that business travellers, who flgglo
distances, would particularly like to stay connddi® colleagues
or customers in the office via email. Holidaymakessuld also
no doubt appreciate the added entertainment valfie
downloadable games, music and films that in-flighternet
could bring to a tedious journey.

In-flight internet providers will need to partneritiv
customer service specialists that can offer effectieb- based
customer service solutions as phone calls ardatestrin the air.
Customer engagement platforms such as live web Ehatter
and online forums will be important in helping parsgers deal
with queries or problems on board flights.

inevitable. Consider that Aircell, the company beh@oGo, the

it is working on a satellite system that will eraliternational
service by 2015.
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The most important lesson of this digital age iatth

customers want to communicate when they want, wieerthey

(1]
(2]
3]
4]

]
(6]
[7]
(8]
9]

want and via the device of their choice.
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Abstract— This paper deals with analysis of causes of teven The second most important cause of the accident was

and of effect safety campaigns, which are issue@A% CZ, on
safety of air traffic in the Czech Republic. Basadle analysis
of final reports about flight incidents, there wedescribed
causes of these events. Recognition involves desgiven
campaigns, assurance of information, processing &indl

assessment of efficiency published safety campaigms
conclusion the obtained results are compared witstohical

development of civil aviation incidents in the CzBépublic.

Key words — Incident, serious incident, accident, investayat
of accidents, safety campaign, human factor.

. INTRODUCTION

the weather, the bad weather conditions. In thigoge the
impact of weather occurred in 21% of one accidet @another
12% of the accidents played a significant role wither
influences.

Another major cause was the human factor. Dueiso th
cause was due to 14% of accidents. The decisitm\ahether it
was or was not an accident due to human error iy ve
controversial. Mostly it is a concurrence of seVetaer causes
(technical failure, weather conditions) and subsegubad
decisions pilot. In many cases the accident wouwdtl lmave
happened if, for example, better weather and thasebeen no
technical glitch.

Several accidents were caused by so-called systemic
deficiencies at the airport. It was exactly 11%tlod total. In
retrospect, this group is something very special anique.

The causes of accidents are now as in the past, theday, probably no one can imagine that the plamédctake

same (meteorological conditions, human factor, et

failure) or similar. Some causes disappear, othgse. Rather,
different importance and share of the total cav$excidents in
aviation.

With the gradual development for improving tecahi
performance, reliability and overall Security ofgechaircraft as
well as the technical level of the security airpofformed and
improve the procedures and limits of safe operatibaircraft
and airports, which led to an overall increaseha tevel of
safety and in some cases completely eliminatintatecauses
of accidents (eg: single engine failure in airpEn®y contrast,
as | mentioned, some of the causes of accidentisrett because
introduced into operation of new technologies (egtrument
approach).

1. CAUSES OFACCIDENTS

In the 1918-1939 was the most common cause 0O

accidents technical glitch caused 40% of accidehtswas
mainly about engine failure at single aircraft, @¥hiresulted in
an emergency landing, which was the better optinnthose
cases, the worse the accident. Later at largemsixte and
application of multi-engine aircraft, this glitcha$ lost its
importance. It was possible in order to fly witheongine to an
alternate airport on the route of flight and laafesy.
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off collide with mower etc..

One of the last category is unknown cause, which
includes 9% 1 accident, and it is an accident, Wwhvwas never
found the cause. Accidents that never did not iyate
because it was not set up a Commission to investihe causes
of aviation accidents or accidents that relevamudtents have
been preserved to this day.

Last several accidents belonging to the categaies
loss of radio communications related with radioigation.

During the Second World War (1939-1945)
Czechoslovak civil aviation in fact did not exigtetefore the
analysis of the causes of aviation accidents islebts

In the period 1945-1960 to the investigation of air
accidents began to approach far more responsibtluding
afting detailed statistics and making assessment
methodologies accidents. The most serious cauaeocdents in
this period was human error, which is very diffictd judge, as
| mentioned. In most cases due to overlapping bémwfactors.
Human error contributed to thirteen accidents, Wwhis a
percentage calculation of 65%. Accidents affectgdativerse
weather conditions the state are included in thegoay of
human error. Indeed, that pilot must take such oreasthat the
impact of bad weather eliminated. The weather wgsina
involved in these accidents, rather than as the wese, as the
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cause of co. Some accidents were several causebufagn
error in coincidence with bad weather conditionsyhich there

Table 1- Number of accidents 1993 - 2011.

Yvas a controlled flight into terrain, called CFIT (@wml| Flight Period 1993 - 2011 Number of accidents
into Terrain)).
) . 1993 29
In six cases there was a technical proble
The four incidents occurred due to uncontrolledtrimsent 1994 31
approach. This category is specifically designetdighlight the 1995 36
proportion of uncontrolled instrument approach txidents.
The official statistics do not find this kind of icge. accidents 1996 41
in this category can be included in the human fadiecause it 1997 40
is either a bad decision of the captain or the thpE bad 1998 27
weather conditions, which, as | mentioned agaith tedder
human error. The last category covers only onedaati This is 1999 24
a loss of connection. Again, it is a purpose-cigatategory, 2000 30
which in any official statistics prominent. It isdluded here
because it has been shown that the importance [-of 2001 23
communication and navigation aircraft equipmentifstrument 2002 27
flight. It can in fact be regarded as a technicalfamction. 2003 38
The period 1961-1992 is characterized by the oofset 2004 21
jet and turboprop engines. Influence of human facto the
causes of accidents is again only one of many. llysiias in 2005 25
coincidence with other factors, to which the pitesponded 2006 36
poorly. It is again a chain of events, one of whiictk is the
human factor. As a result, the human factor as#huse of most 2007 30
accidents, the pilot could have its timely and ecrintervention 2008 21
to prevent the accident. In this period became @2dants out 2009 42
of a total of thirty-four, in which the proportioof qualified
human factor. In percentage terms, this amounts656o6. 2010 35
In comparison with the global scale is about 5%es§, which 2011 22
can be neglected and say that the causes of atzidehuman
error here at a comparable level as in the world.

Distribution of accidents by cause involves fits influence of
meteorological conditions. Again this is only a trdrutory
cause these accidents can again usually be includettie
category of human error. As already mentioned pite¢ should
always be able to take such measures to elimihateteffects.
Effect of bad weather conditions occurred in nireidents,
which in percentage terms is 27% of the total numobk
accidents.

Another cause is uncontrolled instrument approach,
which there have been three accidents, which i©Bbtle total.
It is a purpose-created category, which has poirdet the
influence of this on the overall causes accideAtmin, these
accidents can be categorized as human error. Fbmital
reasons were seven accidents, ie. 20% of all azsdénother
significant cause is unstabilized approach. Thisaiglobal
problem and not exceptional. For this reason, tleéned
conditions stabilized approach, the crew may caomtirthe
approach and when it should be discontinued. Aesalt of
unregulated approach two planes crashed.

M. EVENT STATISTICS (1993-2002)

Number of events in each year of the period the
downward trend with incidence peaks between 1994 1897.
The largest number of events are represented ira¢hilent,
which was the largest outbreak in 1996 and serinaslents
with maximum incidence in 1994. The incident wasaximum
incidence in 1999 and other years, the incidenceless
important.

The main share of accidents was human facto0e4.8
Another important fact was the technical cause%f ®llowed
by other causes (7%), unknown cause (3%) and we@#e.

V. EVALUATION PERIOD 2003-2010

During the years 2003-2006, the number of aircraft
accidents occurred at approximately the same arspanvund
10 accidents per year. After 2006 the number ofdacts in
airplanes dropped to 4 and to the end of 2010, ugdgd
increased, until in 2010 there were 14 accidents.

Another cause of the accident is called Runway

Incursion (Violation Railways). This is the case whhe same

runway two planes occur at one time. This problesn i

very timely and a growing number of movements diviidual
airports becoming increasingly important. One & tauses of
aviation  disasters may be inappropriate
Another of the major causes of accidents may bel@aging
the crew fatigue.
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THE MAIN CAUSES

The largest share of the aircraft causes the human
factor. If a technical problem occurred, mostlylaw. Total due

manningt LN technical causes in the period 10 people .died

Weather as the main cause of the aircraft involneat 3% for
the whole period. Weather resulted in many casesaas
contributory cause. The systemic failures occuriredb% of
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cases, mainly due to the operator that his inattention damaged
aircraft. In several cases also were surface irregularities on the
runway or taxiway. Other causes included those factors that
could not be in any of these factors to classify.

V. SUMMARY

How is the apparent meaning of the causes of aviation
accidents over the years and thanks to the development of
aviation technology, whether the flying, navigation, security, or
ground, changed. Previously more prevalent accident due to the
default aircraft because the aircraft contained unreliable
components and units, which is fostered by the fact that the
management wasn't often backed up. Previously, pilots also use
fewer prepared emergency procedures that reduce the risk of
accidents when unexpected situations (reading checklists in
emergency situations, etc.). Whether because of their complete
absence, or their ignorance. In later years, in the period after the
Second World War, far more strongly developed commercial air
transportation, which come with a greater emphasis on safety
measures. Improved to the level of maturity of the aircraft,
which during the Second World War, has undergone rapid
development. In general, after the Second World War, the
number of accidents. And due to technical causes of accidents
and other causes bizarre now either disappeared or decreased. At
the end of this period was dominated by the influence of human
factors as one of the leading causes of aviation accidents.

30
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Figure 1 — Number of events by cause
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VI ELIMINATION OF THE INFLUENCE OF HUMAN FACTORS

Expression elimination of the influence of human
factors is currently no hiding extensive study, which seeks to
define this phenomenon, which also describe the causes of these
serious errors. These studies are the basis for a consistent
methodology that seeks to reduce the percentage of occurrence
of these errors. Eliminate the influence of human factors in
aviation is possible in two ways. The first method is the
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complete elimination of human intervention in the management
of aircraft or air traffic control. When piloting large transport
aircraft such as the Airbus A-380 that is almost achieved. The
aircraft is controlled for most of the flight auto-pilot systems
with the exception of emergency situations, where management
takes the pilot. Let us not forget, however, that the successful
completion of the flight is also involved in managing themselves
air traffic ~management, airport facilities technicians,
maintenance mechanics or indirectly responsible for the
condition of the aircraft. These people are from today's
perspective, the air traffic indispensable. Total elimination is
impossible. The second method is the elimination of the above
mentioned analysis and definition of human factors and the
formation of integrated methodologies. They are produced by
different methodologies aimed directly at the actors (pilots, air
traffic controllers, mechanics, maintenance, etc.). For example,
pilots are SPRM or TEM methodologies that are mentioned and
briefly described in the next chapter. But despite all these
efforts, in the end it always depends on the actual pilot whether
he's going to avoid errors, thus eliminating stress, fatigue,
stereotype and other factors.

System
deficiencies
50, Other
Weather 4%

3%

Technical
cause
21%
Human
factor
67%

Figure 2 — Percentage of the causes

VI SAFETY CAMPAIGN

For the past decade has significantly increased the
number of accidents. This trend is probably caused by
facilitating access to sport and recreational flying public. This
may be due to better economic situation of the Czech Republic
and the better financial situation and potential pilots also
becoming increasingly popular class UL aircraft that are less
operationally intensive. This led to the CAA's efforts to reduce
this number. One of the efforts is prevention. Safety Campaign
published under the auspices of the CAA or directly by the
Office, the main instrument of such efforts on preventive
measures. These campaigns aviation accidents certainly will not
stop completely and it is not their goal. It always depends and
will depend on the pilot in the cockpit that can completely
rationally and objectively assess the weather conditions, your
skills, technical condition and characteristics of the aircraft and
a variety of other factors influencing the successful completion
of the flight. These campaigns are more likely to aim to
highlight the most common problematic aspects of flight or pre-
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flight preparation and acquaint or
Safety campaigns are emitted from the end of 2@&®.far
issued three complete blocks, of which the lastdtilock is
underway and its chapters are now published. Ekxk lis also
aimed at a different target group. In the next ¢bigp described
the campaign and tried to evaluate their effecflight safety,
using statistical methods.

The first campaign takes the form of presentatio
which is available through the website of the CAAttd Czech
Republic. It is chronologically the oldest and wias first in late
2009 and 2010. It was issued Aircraft Associatioithwthe
support of several other organizations active irtraific in the
country. And namely, in cooperation with the Minystof
Transport, Civil Aviation Authority, the Instituteoff the
investigation of civil aviation accidents and inends and the
Aeroclub of the Czech Republic. The task of the cagmpwas
to highlight sport and recreational pilots on thesincommon
errors and serious problems that affect flight tyaféhe effort
was mainly remind pilots facts and principles tla¢ often
neglected. And also again prove to obtain impori@formation
(eg state meteorological conditions), and how thabe in
certain situations (eg emergency procedures). Emepaign is
divided into five thematic units.

Thematic units:

a) Meteorology - Rain, ice formation, Cloud and fog;
Acquisition information on the meteorological sitoa, etc.

b) Emergency proceduresEngine failure after takeoff, landing
safety; Principles of selecting areas in need, etc.

¢) Technique of flying Corkscrews, Crosswinds, Budget, II.
Flight mode etc.

d) Aircraft technology- Pre-flight inspection, Petrol, winches
etc.

e) Airspace - Airspace Classes
Aeronautical Chart;

The period of development of air traffic accideisthe

re-remind  pilots

in FIR Praha, Czech

- Managing threat and error - TEM (Threats and E&rro
Management)

SPRM area deals with human perception, the abdity
understand the situation, the right decisions,e@ble to avoid
stress, etc. Eg. negative feelings, family problentws
employment may jeopardize the very real decisiokinta

rocess right pilot. Conversely area
EM trying to pilots familiar with such procedurisat can help
them avoid errors arising from stereotypical acicsuch as the
pre-flight inspection aircraft. the campaign
pilots trying to present procedures and instrugti@o as to
prevent these often negligent omissions that mayl ® an
accident.

The second campaign is the chronological orderhef t
other. It was founded in late 2010 and 2011. It wasated by
the Civil Aviation as aid Aeroclub of the Czech Repeibl
Institute for the investigation of air accidents,irchaft
Association of the Czech Republic, air traffic mamaget and
the Ministry of Transport. Campaign received crdxitause it
is supported by other commercial entities involweith me,
either directly or indirectly, to the air traffimithe country.
These are for example: Aero Vodochody as Vodochidyort,
Aviation School or F-AIR Air and Cabin Crew Trainingt®ol
Czech Airlines. Previous campaign was targeted piiynéor
sports and recreational pilots, in terms of theufoof my work,
mostly for pilots with PPL licenses and qualificats GLD
(qualification for flying gliders). This campaigs aimed more
generally, and aims to reach the vast majorityilotq@ Office in
the course of issuing individual chapters sendihgha pilots,
which had contact through e-mail notification fonew chapter.
For those who were not in the database CAA was #ble
register on this website and receive this notifosatas well.

The campaign is processed in the form of ninegtsho
videos, which again focus on the most problematieas
Each video contains an analysis of the causes, @ranfrom
real LN and their disastrous consequences or plaslets

Czech Republic corresponds to the history of the Czedhowing what is meant by such lack of disciplinéieAseeing

Republic itself. This is the period of 1993 - prdsenhis

campaign was released in late 2009 and 2010, trered

milestone for its impact will be the beginning &f1®. So years
from 1993 to 2009 consider before the campaigrogeaind the
years from 2010 to 2011 for the period after themaign.

The campaign Is focused on deficiencies in techmglo
methodology, knowledge, etc. Unfortunately, the hmsesious
cause of accidents is the human factor. Througlawidtion
history this factor with greater or lesser extamts as the main
and most serious cause of accidents. For this measeated a de
facto amendment of this campaign, which focusedlgan this
issue and very aptly named HUMAN FACTOR
AVIATION. This sub-campaign created Czech Airlin@sore
air and cabin crew training school Czech AirlineSSA Crew
Training. Thus, an organization that this issuey\etensively.
The campaign is divided into three basic issues:

- Human factor and its impact on flying

- Optimization of pilot activities - SPRM (Single I&ti
Resource Management)
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the video, you can fill out a short test to telletler the person
is properly understood topic. Each part also offéehe

opportunity to comment and ask questions directiyators
campaign.

The third campaign is the third and currently umdsr. Is
published irregularly since June 2011 as an iatlire
continuation of the previous campaign. Again, the ACA
published in cooperation with other actors involvied civil
aviation in the country. It is designed very simifaits chapters
again consist of video commercials describing weritopics.
Yet this campaign is different from the previouspaspecially

INin the target group of viewers. The campaign isedinat a

broader public and to become acquainted with theradv
running of the Czech aviation environment. The dbjes of
this campaign again rather quote the words of spuke of
CAA can not be assessed the impact on air safésycéimpaign
has, because now underway. But you can say in advinat
can be estimated less influence on decision-matinglots and
their overall behavior. This is mainly because tieet group
itself audience for this campaign is much broadsd & not
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targeted only to pilots themselves, resulting inteat and form [2]
processing campaign.

(3]

VIII. CONCLUSION

Comparing the current period with the period 1993 -
2003 found that the occurrence of events in indialdyears
unevenly, and can not talk about a marked lossvefts or to [4]
increase substantially. In contrast, transportraftan a period
1939 - 1992 which is the period much longer, it barobserved
that the incidence of accidents with the progrésseselopment [5]
in this period decreased.

As it turned out, most accidents happen at landing
phase. By comparing the current period with the rofeasons [6]
you can notice a small increase in accidents tgxphases.
accidents in a phase of climb and the approachgana
decreased with time.

At all times of the accidents, most came from human
factor, the technical defects, which corresponds Wie global
statistics. [&]
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Abstract — The economics of the small seat capacity (33/5%

regional jet are becoming more and more problemgi air
carriers are looking for better operating efficises from new
types of aircraft..
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INTRODUCTION

While the airline industry has experienced a nunafer
significant institutional innovations over the ygaincluding the

adoption of hub-and-spoke networks and frequenterfly

programs and the use of yield management technidues
technological innovations have been less frequ&he most
significant such innovation over the last fifty yeawas the
emergence of thget passenger aircraft in the 1960sMore
recently, the 1990s have witnessed another tecbivalo
innovation that ,while less dramatic than the mtotution, is
nevertheless significant. This innovation is thi#oduction of

the regional jet aircraft, which was made possible by the

development of efficient jet engines suitable foaler planes.

WHAT IS A REGIONAL JET

Under the term of a regional jet most people in th

aviation industry see a twin turbofan engine aficrsith a

maximum of 100 seats. It is interesting that gehesccepted
first regional jet is broadly understood to be tiak 40,

introduced in the Soviet Union and flying for Adoifalready in
1968. Furthermore, it is rather interesting tha Soviets were
significantly ahead of the west in developing thi&egory of
aircraft. But there were also other new jets wiighgly larger

size such as the Sud Aviation Caravelle and the &oki28.

The purpose of the regional jet was to replac%

turboprops on routes which have served small conitrearand
connecting these communities to larger hubs, ad wasl
providing in many cases direct city to city servicbypassing
hubs.

REGIONAL JET SEGMENT
The regional jet segment practicaikploded in 1989

when Canadian framer Bombardier came to the markdt wi

CRJ100, stretching its Challenger business jet intsmell
airliner seating 50. Bombardier followed up with t8&J200.
That seated also 50 but has been equipped with efticgent
engines. Bombardier sold together 1.054 of theseomab
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ts..But Bombardier did not have this market tolfitke long.

ew emerging framer, Brazil’'s Embraer saw the opmitt on

the market and developed its ERJ135 (37 seats ERJd45 (50
seats ) which proved to be more popular of the filee ERJ
was launched in 1989 and by the end of 2010 Emiiraisold
over 990 ERJs.

The regional jet segment consistedabfleast 2.000
aircraft at the end of 2010. To get an idea ofdimensions of
the regional jet market we can cite the data frow® Wnited
States Regional Airline Association which has 62 tpem
airlines . They together fly 160 million passengees year with
aircraft averaging 55 seats and typically fly 45ifenfegs. This
means that, in the United States ,regional airlihe25% of all
passengers carried by air and 75% of United Statesnunities
rely on regional airline service for their only sduled air
service.

Regional jets offer a previously unaalié combination
of attributes. They combine a relatively small gagger capacity
,usually 80 seats or less, with a relatively loagge ( 1500
miles ), a high cruising speed ( over 500 mph 3 arlevel of
passenger comfort that almost equals that of nmainjets.
Turboprop aircraft, while providing a similar smalhpacity
,have a shorter range ( less than 1000 miles )eraauising
speed ( 350 mph ), and provide less comfort ,mdelyause of
higher noise levels and somewhat limited cabinspac

Because regional jets are superior toopops on most
dimensions ,passengers prefer them. This preferisnoee of
the explanations for the expansion of regional $etwice since

fhe late 1990s. Regional jet service gained a fddtbeer early

1990s and grew dramatically after 1996.

While regional jets have been widely dude replace
turboprops as hub feeders from smaller end-poithgir
attributes admit other uses as well . Since regimta offer jet-
like features but with smaller capacities, they ¢e@nused to
boost flight frequencies on routes that would ndiyrze served
by mainline jets, either by supplementing or rejplganainline
jet service. The smaller size of regional jets vadloflight
requencies to be raised without the penalty of tgngeats ,
which would be incurred if additional mainline jetere used to
boost frequency on route. Yet, there is a disacagmbf both
regional aircraft types ( turboprops and regionetsj) to
mainline jets and that is a higher operating cestsgat mile.

FUEL AND LABOUR

Airlines are run in a way similar gupermarkets.
Customers pay for services in advance, while tHmaipays its
vendors anywhere around 120 days after the flighe cash
management is therefore a key activity and is owmengle of
how complex managing an airline is.
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The airline sells a seat for a fixed price at tingetof sale with
future delivery of the transportation but its cossy, and when
volatility increases a projected profit can becayné&kly a loss.
Two big cost inputs for airlines afeel andlabour.

Using the data from US DoT and 1995 as a base ,yeacan
see that even though labor costs of US airline strguhave
grown marginally ,fuel costs have played havoc osts and
this situation is similar in the most of airlinedimstry worldwide.
It is therefore little wonder then that the airlinedustry
including the regional airlines had to enter a @emf cuts and
restructuring ,sometimes quite painful.

Airlines have to keep at cost reductions relenlyes#/hereas
fuel costs were 12% of total expenses in 1995, g to 27%
by 2009. One of the ways how to put the costs dasvn
encouragement to park or to retire older and smaliecraft

which are not anymore that fuel efficient as thevreercrafts.

Considering that in 1995 the average stage length 829

miles, the industry achieved over 0.034 miles paltog per

passenger and by 2009 the industry was operatirayerage
length of over 1.100 miles at 0.021 miles per gallper

passenger. This is a remarkable 38%
demonstrates why the airline industry can fairlynpdo its fuel
efficiency and safety record — it is greener arfdrsa fly.

LOOKING FORWARD .

Air travel is increasingly a commodity and not jirst
developed economies only.

improvement ant(Je

likely that older generations of the parked aircnafll never
return to ordinary commercial passenger service.

NEW TECHNOLOGIES

GOING GREEN

Although aircraft CO2 emissions account for cca 2%

of total global greenhouse emissions, civil aeros@nd airlines
are stepping up efforts to develop products withw ne
technologies that will reduce fuel consumption, réase
efficiency of operations and generate fewer emissio

The cost pressure on aerospace and airlines imgriv
steps that are likely to see older airliners rdtivefore they have
lived out their commercial lives. Rising fuel costean that
older aircraft simply have economics that do notrkvany
longer. During the last oil spike, many airlinesksal their older
aircraft which many of them were relatively mode#tter oil
prices eased ,few of these aircraft came backseitaice.

One the industry hottest topics under discussidhéas
need to reduce dependence on fossils fuels. This case
volatile and there is growing demand to become pedkiting.
Of these two factors, we believe the cost inpubysfar the
greater impetus to move towards biofuels.

Boeing estimates biofuels could reduce aviation-

related greenhouse-gas emissions by 60% to 80%. Sdiation
might include blending algae fuels with existingfigel. IATA’s
goal is for its members to be using 10% alternafives by

In 2009 IATA reported that intra —Asia-Pacific air 2017. The latest oil price spike could only sergeatcelerate

travelers surpassed those within North America @oome the
world’s largest air travel market. There is stdl doubt that this
trend will continue despite certain data showing sfowdown
in the China economic growth.

China and India are expected to have relatively sbbu

travel demand. However, it is important to underdtthat in the
new, emerging markets can be seen two types ofthrowair
transport demand. The first is classic demand flogncities,
where critical mass ensures these communities iesip hub
status. But when looking at nations like China artldnwhere
governments are determined to ensure relativelid rgpwth
occurs in many centers within their countries ttrengrowth in
demand for air transportation can be seen all dveron’t only
be the established communities. It is these sedahew
aviation centres that are going to be highly ativacbusiness
opportunities for regional jets.

Twenty years after the delivery of Bombardier’stfirs

regional jet, a change in market dynamics has chasgers for
50-seat regional jets to collapse and productioretse, with no
successors planned. Regional airlines appear thifimg fleets

to larger aircraft ,whether turboprop or jet. Tlaeger aircraft
offer more capacity and what is most importanofiers lower

operating costs per seat mile. Older 50-seat regifts are
typically moving out of airline fleets ,spendingns®e time in

storage and then usually moving overseas to casnimi Africa,

South America etc.

As of June 2010 total civil aircraft parked was 291
which was up 57% from a ten year low of 1211 in 200 is
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this effort, making it perhaps happen sooner thaRdi7.
ENGINES

Regional jets are clearly under the same pressure as

other civil transport aircraft. The search for lowests is never
ending story and this means lower weight, lowel fugn,better
economics. In terms of breaking down the cost intgpadASA

has a research project looking at the next threergéions of
aircraft. The project is called N+3 and the pragéagains in fuel
burn for a conventional configuration aircraft, HiSthe period
of 2030-35+, is projected to be around 50%, of Wh20%

would be due to new engines,12% due
improvements ( structure + dynamics + etc), and 1&%%
operational procedures made possible by NextGenTC A

improvements.

But this is a long way off. Looking #he more
immediate future regional jets face the identidadlienges of
large airliners. Fortunately, regional jets arelykto see newer
engines before the larger aircraft. For exampletsistishi’s
MRJ will use Pratt and Whitney geared fan engine and
expected to fly this year. Bombardier CSeries, uglirgsimilar,
but larger engine is expected to fly in 2013. Thbkeo key
engines in the regional segment come from GE anérBet.

There are few CIS firms with the cutremstern levels
of reliability. Among the firms which are regarded credible
source of power for the regional jet segment beddvigtor Sich
of Ukraine, powering the AN 148/158. Unfortunatetlye
aircraft’s performance has not been up to expectatnd this is
due in part to the engines.

to airframe
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Another source is Aviadvigatel whiclevdloped the
Soloviev D-30. The D-30 powers the Beriev A-40. Thisa
23.000 pound thrust engine, slightly more powettfiain used in
western regional airliners.

CONCLUSION

The regional market remains quite dynamic. As man
airlines migrate to aircraft with higher capacitiessearch of
lower costs there could be seen an evolution withénregional
segment. As an example, in turboprops we have seeh off
with 19-seaters and now they are at 75 seats adnlp at 90
seats

The next generation regional jets are benefittiognf
engine technologies found on larger jets. This eeime on
wing for engines is approaching the same high &ewdbreover
the avionics on the flight deck are also clearingirt way from
the latest thinking at Airbus and Boeing to regiojealframers.
Fly by wire system is but one example.
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Increasing use of latest materials ensures thestlate
generation of regional jets is increasingly as tliggight and
efficient as larger jets. The bigger airplanes aflays beat out
smaller ones based on economies of scale. Howhees tire a
growing number of markets that cannot exploit tlaegér
aircrafts. It is these markets that offer regiojetd a successful
future.

y
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Abstract— This paper focuses on the issue of the education

civil aviation. It provides a brief overview of timéstory of the

In the Czechoslovakia the university education wif ci
aviation specialists commenced in Zilina in 196heTAir

air transport department and sets out challengesd antransport MSc. course started originally at a coamgb

opportunities of the future.
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PROLOGUE

Our Department has more than fifty years. It was

established 59 years after the first successfulbeped, piloted
flight of Orville Wright on December 17, 1903 butlp 48 years
after the first scheduled commercial airline flighihich took
place on route from St. Petersburg to Tampa onatgiriy 1914
so the history of the Air Transport Department it half of
the history of commercial aviation.

This is a good opportunity to look back and evauat

what we have done, but also what we can expedidrfitture.
We are educational institution with one of the lesigtradition
in civil aviation. We have provided education amairting for
young people during various political regimes. e tong run |
consider this as our advantage. It gave us a widew,
‘setback’ and we can compare. Anyway, the pacehahges in
recent years has been amazing. Are we able tondgpahem?

FIRST STAGE

The 60’s of the last century were a good periodtier
civil aviation. Cheap surplus war equipment was us$ed
training. Aviation benefited from the World War iiventions,
technical improvements and technology progress.otRil
technicians and other aviation personnel were Usuexk-
military. However, it was clear, that civil aviatioworkforce
should have different profile and different typeti@ining.

Table 1-1Trend in payment for the pilot training

department of road, urban, water, air and othenspart.
Already in the following year Department of Opevatiand
Economics of Air Transport was established as aarse
department focused exclusively on aviation. Thet fgraduates
finished the course in the 1966.

During the 60’s the Department benefited from aewid
base of teenagers who were organised in the selitenyiaero
clubs and received gliders pilots training freecbfrge. This
was, in my opinion, the best and most natural wayre-
selection of all aviation personnel both for mitjtaand/or civil
aviation. About 15 % of students had flying expece before
enrolment. What were the most important differeniseveen
the study programmes from 60’s? The dominant featdrthe
study program ‘air transport’ was always focusimgezonomic
and operational factors of air transportation.

One of the most significant component of the study
programme which enhanced operational knowledge haef t
students was pilot course - practical and theakti@ining
which was provided to all students free of chargeaia Private
Pilot Licence (PPL). It was very useful hands-ompesience.
Students completed the course during a summer cdi@pthe
third year of study and received extra 30 flyinqui®in the
subsequent two years. Students not only acquiredskils but
it was also the best and the most natural way ey verified
their theoretical knowledge from flight planningir adraffic
control, airspace organisation, aircraft constarcti aircraft
propulsion, airport and airline operation, meteogyl
navigation, aircraft maintenance and others. Buwafs also
strong promotional factor to all who liked to stualiation. The
competition among students during the entrance ctiefe
process was very high with success rate approxiynat&0. To
meet different students’ preferences they coulécsebptional
subjects during the last two years to specialiseremm
Economics or Technology.

Course Years (from — till) PPL CPL IR TR MCC + Line
Air Transport 1962-1989 Yes - - - -

Professional Pilot 1974-1989 - Yes Yes (Slov-air) Yes (CSA) Yes (CSA)
Professional Pilot 1989-2008 - No No Yes Yes
Professional Pilot 2008-2012 - No No No No
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SECOND STAGE

At the beginning of seventies it became clear that

professional pilots’ education needs new, highealigu and
systematic professional training. The departmespaaded to
these needs by building up pilots’ air school, mpélets training
centre the only one in the former Czechoslovakia dtademic
part of the curriculum was identical with the amrtsport MSc
course. Those who liked to become commercial pitatd to
select in addition theoretical and practical tnaghiwhich was
designed in line with the ICAQO training manuals riegonent. In
1974 Air Transport Department received an accréditdor the
new MSc professional pilot course leading to CPanfrthe
Ministry of Education. This course was also freecbérge and
only the best students could enrol. Their studwlteswere
strictly monitored. Both MSc study programmes welteaative
and students were highly motivated. After graduatisajority
of professional pilot students joined Slov-Air caangy which
provided services for agriculture. It was expectitit pilots
gain experience and log at least 1500 hours. They tould
receive IR and multiengine qualification in the Skiv air

school (free of charge) and started they -careertha

Czechoslovak Airlines where they got type and lir@ning

(also free of charge).

In the new regime we were able to travel free @ w
had money) but what was more important we couldpamour
results with those at ‘west’. To our surprise weraveot doing
badly during the old regime. In 1993 the Czechodt@vaplit
and we lost 2/3 of ‘former’. There were few othaniversities
which started up to offer similar courses as we liith in the
Czech Republic and Slovakia. On top of this many ensities
offered new programmes which were banned duringabsm
like management, marketing, business administratithey
where new and because of this very attractive tioents. This
increased competition in the segment of the bestestts from
secondary schools.

Bologna Declaration launched in 1999 by Ministers of
Education and university leaders of 29 countrieu$ed on the
European Higher Education Area (EHEA) [6]. Bologmeabled
students and teaching staff to benefit from madbdgitorganised
mainly through ERAZMUS programme. On the other hamd
had to transform our educational system from trawll
education, usually with 5 year courses for engsiger3 Bc. + 2
MSc. In Slovakia similarly as in much of contindnEurope,
the previous higher education system was modelledthe

The proof that the courses were well designed an@erman system, in which there was a clear different

successful was that you could find our graduateshe top
managerial positions in the most of civil aviatiemterprises not
only in the former Czechoslovakia but worldwide.

The biggest advantages of the study courses between e

1962 — 1989 were:

the only ‘federal’ university and had no competitio
excellent selection of students

attractive curriculum with subjects offering hana-o
operational experience

highly motivated students with top commitment.

However, there were also drawbacks in particular:

international isolation - no possibility of compson
with ‘western’ European universities

no possibility of student exchanges and very lithite
number of mobilities for teachers.

INTERMEZZO

The situation in the society which followed thel fafl
the Berlin Wall resulted in so called Velvet Revasafi in
November 1989 in the Czechoslovakia. The changeovethe
one hand opened new possibilities for us, we becaroee
independent, but on the other side we were cufrofffi regular
funding sources. The practical pilots PPL trainifay air
transport students had to be stopped and the oskillity how
to continue with the professional pilots’ courseswa charge
students for practical training.

" There are a lot of definitions of revolution onetiodse is: A
radical and pervasive change in society and theiasostructure,
especially one made suddenly and often accompabyediolence.
http://dictionary.reference.com/browse/revolutidetrieved 26.8.2012
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vocational and academic higher education. This Indegtd an
impact on the old engineer's degrees. The confiaifothe two
types of degrees was counterproductive in theviotig cases:

The vocational three-year degrees were not intended
for further study, so those students who also vehtde
advance to a master's degree were at a disadvantage
The master's degree effectively became the minimum
qualification for a professional engineer, rathlearn

the bachelor's degree.

The academic three-year degrees prepared only for
continuing towards master's, so students who ehtere
the workforce at that point were not properly prepa

Yet they would have the same academic title as the
fully trained vocationally educated engineers.

As | already mentioned due to decision of our new
rector shortly after the revolution we were cutrefourse for
flight training and students had to pay for theopitourse
themselves. It resulted in dramatic fall in intérefor
professional pilot course but also for air transpourse. For a
while we had to accept also ‘rich and stupid’ anarted to
struggle with the quality of students.

However, we were able to upgrade the course to meet

JAR — FCL standards and we were the only one untyessid
FTO in the former Czechoslovakia offering academégrde
combined with ATPL course ‘under one roof'. Theuation
improved gradually. We were able to find additioredourses,
form EU research, European projects infrastructtuatls, but
also sponsors. We gradually got certified for the,|ATPL and
MCC courses. We also managed to get new FNPT Il N@Gtfli
simulator. During the last 3 years we were ablegain new
BITD simulator, two flying labs (Seneca V and Diardo#?2)
and another one Seneca Il for IFR training.

We stabilised the FTO and academic courses. Number
of students was increasing slowly but surely. O@p&rtment
had a very good name in the civil aviation and students a
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very good position in air transport industry. THeacge came
with the economic crises in 2008 [2], however, sftaation has
significantly deteriorated after SkyEurope bankeypin August
31, 2009 [3]. SkyEurope bankruptcy meant not onlyss of the
major carrier in the Central and Eastern Europe,elspecially
collapse of labour market for hundreds of pilotd asther
aviation professionals. Many other airlines bankedpor had
problems in this period: Alitalia, Austrian, Nordiirways,
Olympic Airlines, Spanair, Sterling, Viking Airlirsp Wind Jet,
Air Adriatic, Axis Airways, Centralwings, Clickair4] and
Czech Airlines. As we know air transport industralti@ness is
closely linked to countries economic performancal ahe
problems in aviation indirectly indicate how sesdhe crisis is.

The situation was mirrored in the students' inteires
study of aviation programmes and professional pitmirse in
particular. We had to face a decline in interesbof Bc. and
MSc. courses.

Moreover our department had to fight not only with

the consequences of the crisis in aviation, but aith the other
competition. In recent years, many new private ersiies were
establisheli offering attractive but ‘escape’ programmes. Fo
some of youngsters it is not important to work viadon as it
was for us. They are different than we were. Theuld like to
get a job which allows them to live a good lifeytauflat, nice
car and start a family. The young ones have diffiepeiorities,
different way of communicating, learning, infornatiretrieval.
They live in significantly wider, global life withinstant
information...

FUTURE

Our core business is and will be the education and

training with strong commitment to Slovakia, the Clze
Republic and territory of the Central Europe. Howevier

diversify our contemplations we should focus oufort$ on

Asian countries and offer complex educational araining

systems to outside EU markets. We should aim amegvhere
educated workforce is, or will be scarce. This thge with

expected economic growth determines South East dsithe
most promising region for aviation education. Adling to Gus
Lubin [5] ... ‘young countries will outperform th@d countries
so India, Philippines, Malaysia and Indonesia log&od,

meanwhile China is aging’ (see also Fig 1 - 2).
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Rising share of labor force

Laborforce % of Total, 2020E

Dedlining share of labor force

45 50 5

Labor force % of Total, 2010E

Fig. 1 - 2 Labor force to total population (%) over next dde
(Source: International Labor Organization)

In the forthcoming years we also need to consider

problems of declining number of students due to agaphic

downturn in Europe. World population continues tovg but for

more developed countries population has been grpwina

slower rate at least since the 1950s. Populatiogrisving

slower in Europe and Northern America then it i®iher areas
of the world (see Fig. 1 — 1). Population in oné-gegion,

Eastern Europe, has even declined in the past dddddThis

combined with persisting economic problems limits humber
of potential students from Slovakia and the CzechuBkp

5,000,000,000
4,000,000,000
3,000,000,000
2,000,000,000
1,000,000,000
—
ol
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
—Asia = Latin America and the Caribbean
——Northern Africa —— Northern America
Sub-Saharan Africa — Europe

Fig. 1 - 1World population by region (Source: Global social
change research project World trend reports;
http://gsociology.icaap.org/report/demsum.htmlyieted
7.9.2012)

8 There are 23 public and state universities and fi8ape
universities in the Slovak Republic. Source: Thaidtty of Education,
Science, Research and Sport of the Slovak Republi
http://www.minedu.sk/index.php?rootld=414; retriev&9.2012
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In cooperation with our partner universities Ungigr
of Sevilla and The Ecole Nationale de I'Aviation i@ ENAC)
Toulouse we submitted Erazmus-Mundus MSc course
‘Sustainable Management of Air Transportation Syste-
SMARTS this year. This joint study programme waseleped
by three prestigious universities which have beemerating
in this educational process for a long time. Unfoately our
project has not been selected for financing. Ti@sdot mean
we are giving up. Besides the possibility to revise project
and submit it again there are also other optionklwkve are
considering double and joint degrees. We are ajrexdfiring
our MSc. Air Transport program in English which lieases its
attractiveness for partners.

M ORAL

Academia and aviation has always been influenced by

politicians, their more or less bright decisionfeTquestion is
what we can expect in the future. Where have we @étere do
we get? Even though it may seem that these arequisstions
of my little friend Charlie Brown they are not. Thesee
guestions of young people who are frustrated fromsent
situation and see no future for them. It is almihst same all
over Europe. People are angry with the corruptigpoditicians,
expensive operation of states which fail to funetith is not just
the movement in the U.S. ‘Occupy Wall Street’ ardignados!
in Spain. The current crisis is not an economisisrilt is
mainly the crisis of morality. People are irritatisht those who
Should represent them are corrupted and follow inaimeir
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own interests. The word ‘politician’ is usually paunced with
contempt. In this environment it is important tondi
personalities who could serve as an example to yqeople.
One of possible places is academia, a place whiitkeeps its
independence.
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Abstract— Security at airports heavily depends on theaatilon

of sophisticated technology for identifying threatéet the
decisions about what to do next are dependent

interpretations made by employees. Analyzing data fa field

survey of airport employees across European aigome
sought to identify how trust in security technolagfects the
implementation of security rules and regulations.ahalysis of
514 respondents from surveys in eight airports ianrope

demonstrated that compliance with security rules pratocols
was related to two main categories of trust in te¢bgy: one
oriented to the technology itself and the othetetthnology as a
means of catching offenders. A further multivariatealysis
showed that security decisions by each 'trustingugrtended to
reflect its degree of commitment to the organizetio
administrative guidelines and the organizations’ ciagty

attitude. It is demonstrated that this has implicas for

training and recruitment of security employees farport

security.

explanation for non-compliance may be based on how
employees interpret the technology's output, pagity the
degree that employees "trust" the technology; beufiting the

on

technology completely or perceive it to be the lvesy to detect
threats (Brooks, 2009). We theorize that when sechriology
is not trusted, there is a higher likelihood thanhstompliant
security decisions are made. To test this argumest,will

explore how and what way "trust” in security teclogy affects
airport security decisions. The implications arerisaching for
airport security as well as diverse types of tramsgion
security operations.

TRUSTING TECHNOLOGY AND RULE COMPLIANCE

In order to understand the link between security
technology and security decisions, it is vital exagnize that
airports are socially based economic organizatammposed of
complex and interdependent groups of decision nsaker
(Remawi, et al, 2011). This means that making $gchased
judgments even under a rule compliance framewakdeample
room for bending or even disregarding the set athtnative

Key words — trusting technology, airport security, securityrules. But would this also hold in terms of secut#ghnology

decisions.

INTRODUCTION

The utilization of security technology in airports
detect security threats to travelers and airpodilifi@s is
embedded in an organizational framework that
technological output to sets of rules and regutettithat govern
security employee's behavior. This organizatidraahework is
designed to provide a functional and complete wuyki
environment for a security risk management resiesysterh
(Talbot and Jakeman, 2008). Under ideal conditizugh
technology and compliance with rules and protoesisociated
with its output should provide adequate protectiagainst
potential threats. Yet, recent evidence in airpbés shown that
this is not always the case (Kirschenbaum et a@2ap There
are a consistent and fairly large proportion opait security
employees who utilize security technology but béne rules
and even break them if the situation calls foilQhe potential

where decisions have been automated? Here, it isth®
trusting of the actual physical technological appas itself but
in trusting the output signals of the technologsttmay affect
actual compliance behaviors. This distinction ispamant
because technology acts as detectors of securésgtt) they can
be seen as instruments that provide employeesimfithmation
that should make sense (Weick, 2001). But employess find

linkshemselves in situations when the output of theursic

technology may not match the situation. The classample of
liquid medication exceeding the allowed size bwgdesl by an
elderly disabled person during a flight. It is dnehat trusting
the technology or utilizing its output as one déalative means
in making a security decisions becomes paramount.

METHODS

Given the above alternative perspectives of what
trusting technology entails, we have posited a Bsatip
theoretical working model (See Figure 1) which wiliide us in
our analysis. The model basically argues that titrgs

technology is a two-pronged construct that may eotfl

employees complete trust in the security technotiepise itself
° The basic underlying assumption made by policy mmake and/or the percgptlon of tecf_lnology_ z_as a meansbedining

and managers alike for maintaining high levelssefcurity rests on an output upon which a security decision can be mabee

administrative framework governed by both intelrganizational rules dominance of an employee's trust toward one view of

and protocols as well as externally imposed divestgenerated by legal technology or the other will, in our model, have imwpact on
authorities. ! !
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the likelihood that compliance with the securityless and
protocols will be adhered too. Thus, in order t@lese how
trusting technology affected actual behavior ofusiég related
decisions made by airport employees, we generatsetias of
studies at various international airports in Europarying in
size and traffic volume, and across different matlostates and
cultures. The first step was an exploratory ethaphic study
which laid the foundation for a pilot study and rihe
comprehensive structured questionnaire survey. \8&d uthe
ethnographic study to provide the raw social daaged on
actual behavior for understanding the social preegsnvolved
in security related activities in airports. Over025eparate
observations were recorded in a number of airghesincluded
a diverse number of air and land sites. Many ofaibservations
incorporated multiple scenarios so that an intt&tulation was
that over 700 separate behavioral items were drtiaand
described in detail from the ethnographic obseovesti-®

Based on the analysis of the ethnographic studyll a f
scale field survey based on an extensive and ddtail

guestionnaire was given to a purposely chosen sawipbl4
employees distributed throughout the airports’ pational
structure at eight (8) airports purposely selectedhe basis of
their size, distribution and cultural diversity. &hstructured
questionnaire covered a broad range of potentialstcocts
which were discovered in the initial ethnographibservations
involved in security decisions. The basis for theasures was
linked to our assumption that airports are socrglanizations
that would reflect multiple organizational behasgiggenerated
within its formal and informal structures. A pilquestionnaire
survey first tested the reliability and validity thfe measures. In
certain cases, the questionnaire was translatedhetdominant
language where the airport was located. The quesdices were
anonymous to meet the ethnical code of the Heldtktocols
and given out and collected in the same day whasip@®. In
our case, a part of the questionnaire was usedpthteasures
that were relevant for investigating trust in teclogy. Two key
measures of "trusting technology" were employedpBedents
were asked if "l put my complete trust in secut@ghnologies?"
based on a dichotomous 'yes-no' response. In additey were
asked if "Technology is the best way to catch ggcur
offenders?" based on a 4 value Likert type scalemfr
‘completely agree' to '‘completely disagree'. Theiagh of two
measures of 'trusting technology' reflected two pesspectives
found in the trusting literature: one focusing asémexclusively
on the technology itself (complete trust) and thieeo on the
output of the technology (best way to catch offeaeln this
way it was possible to not only distinguish how readfected
compliance with security decisions related to tedbgy but
search for the sources of such decisions.

We also employed three measures of compliance.
first level was based on measuring the degree t@hwhn
employee was "bending the rules" asking the questionould
exceed or bend the rules if the situation called ifd The
second level of compliance went beyond just bendlirgrules
but actually "breaking protocol is sometimes neaggs The
third level of compliance reflected an even moreviatg
behavioral pattern as was measured in terms ofjtiestion "I
would even act against orders" .In all cases a ¥aluwe Likert
type scale from completely agree to completely glisa was
measured. Overall, the characteristics of the sasipbwed that
most were male (65%), having an average age of\&&fs with
most under 30 years of age and close to half (48&6jied with
about a third single (38%).

Security Threat

Technology
Complete Best Means
Trust

Bend
Comply Rules
With

Figure 1 — Theoretical Working Model of Security Decision
Making Tree Linking Trusting Technology and Commtiato
Security Rules

RESULTS

COMPLIANCE WITH RULES

In general, the questionnaire survey results potrit
that a considerable proportion of the sample hasbtdoabout
the ability of security technology to be effectie found, for
example, that just over half (52.4%) of the respons stated
that they put theicompletetrust in technology. In terms of
agreeing with the statement that technology ishtést way to
catch security offenders, the split was toward eigrent (51.7%
mostly agreed and 14.2% completely agreed) but wiilh a
third disagreeing with the statement (24.4% disagj@nd 9.7%

10 . . _
For more details of the ethnographic method and thgompletely disagreed). We took these results axmlored

results, see Kirschenbaum et al, 2012b The ethpbgr study was

based on three airports with scripts recordedcaegorized by a team
of judges. This data set was then analyzed by awaaf program

designed for qualitative data analysis.

1 1t should be noted that the results of an analg§ithe
ethnographic study closely matched the resultsheflater performed
questionnaire survey providing interactive empirisapport for the
overall findings.
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possible relationships between the compliance hetsavAs
usual when using ordinal and interval type datas,seie
employed Pearson correlations and Chi Square nawgdric
types of analysis. These obviously do not provideredictive
direction of the relationship but do establish timportance of
the relationship. What we discovered was the aatoni

The
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between them proved to be highly and positivelynigicant

confirming that employees who put complete truserhnology
also tend to agree to trust its ability to catcfemdlers. These
findings are cross-referenced with parametersrédate to rule
bending: "exceeding or bending the rules" and "doact

against orders” which is also significantly cortethas well as
correlates with "break rules if necessary". Thia @dtially be

interpreted to mean that there appears to be aiapbng the
respondents in terms of their willingness to keepoend the
rules.

TRUSTING AND COMPLYING

Following up on these initial results led us totlfier
examine the relationship between trusting technol@mnd
compliance. As Table 1 shows, there seems to hibstantive
difference in complying with the rules for those vima
"complete trust" and seeing technology as "best"waystop
threats. Having complete trust in security tecbggl is
positively and significantly related to all form$ compliance
levels with the rules and regulations. Simply, thasho put
their complete trust in technology as a means tal déth
security threats are less likely to deviate frome firescribed
rules and protocols that are generated by the tdtpmn these
devises.

Table 1- Chi Square and Pearson Correlations Tests of
Trusting Technology and Rule Compliance

Comply Complete Trust in| Best Way to Catch
Measures Security Technology | Security
Offenders

Bend Rules | % =ns 1 =22.6*
(r=0.096%) (r=.ns)

Act Against | x> = 0.093* 1 =ns

Orders (r=0.101%) (r=.ns)

Break xp2= 0.090** xpz =ns

Protocol (=0.117% (r=-ns)

*P< 0.05; *P< 0.10; ns=not significant

This is not the case for the alternative measure
technology trust based on responses to the quedtian
technology is the 'best way to catch offender'.e-l@re note a
great deal of latitude in complying with the resuievealing no
significant correlations and only a hint that theray be
significant group differences when it comes to hiegdhe rules.
At this point we can only speculate that a behalidifference
between 'complete trust', a form of behavior tleatvés little
margin for flexibility and viewing trust as the begay to handle
a threatening offender, but not the only way tolde#h a
security matter, is crucial in determining secudgcisions.

COMPETING EXPLANATIONS

Given the clear distinction in complying with seityr
rules and protocols between employees who truséedrisy
technology completely and those who saw it as tst tvay to
thwart offenders, we next sought to discover theerpial
explanatory variables for trusting technology. Ascugity
related decision making does not occur in a vacloun is

embedded in the social network of relations thatusty
employees find themselves, (Park and DeShon, 2010;
Timmons, et al, 2008), we sought a number of reasien
variables that would likely help explain our prewsofindings.

To do so we generated multivariate tests on a nunafe
theoretically potential explanatory variables. histcase, we
intentionally utilized statistical tests that wouldrovide us with

the robustness and direction of the relationshipamely
regression models.

Table 2— Regression Model Contrasting Trusting Technology
by "Technology is The Best Way to Catch Securifen@ers"
and "l Have Complete Trust in Technology" with Pdggnt
Independent Explanatory Variables.

Trusting Technology Best Way Complete
Trust
IModel Standard
Standard Coeff Coeff
Beta Beta
1(Constant)
Do you use a computer 126 -.048
X-ray or security imaging .165 .013
machines
In contact with passengers .062 -.056
daily
Passengers are annoying .097 -.036
Makes a break in my routine .092 .090
Are good source of security -.032 .025
information
Am trained to recognize -.052 -.031
security threats
Am trained how to respond to 132 -.184
threats
Most threats are false alarms .041 .003
Ever faced a real security -.004 -.064
threat?
Ever face security threat not -.115 .067
trained for
During your shift Do you work -.007 .025
with technological aids

*p>.05; **p>.01

As can be seen in Table 2, we focused on several
cHossible avenues that would help in explaining ndmpliance
based on the ‘complete trust' and 'best way' regsaioward the
use of security technology. Possible alternativplanations
might be generated, for example, due to (1) emgsyeeing
familiar with other types of technology; (2) or yhare involved
in passenger interaction that perhaps makes thera semsitive
to threats; (3) being familiar with alternative gHty
information sources; (4) being trained and haveperaskills to
take advantage of the technology; (5) have altermatays to
recognize threats; and (6) having the initiativeraising the
alarm. To examine if these factors do impact osting, we ran
two separate regression models employing the sadepéndent
variables.

Examining Table 2 allows us to contrast the two
dependent variables, "Complete Trust" and "TechnolBgst
Way" in terms of the potential explanatory indepamtd
variables we noted above. Employing a 0.10 sigaifte levels
as noteworthy in explaining the dependent variatile, table
reveals that none of the proposed alternative easpbay
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variables is significant in the case of those whyp they have
complete trust in security technology. On the otiend,
responses that ‘technology is the best way tthoaffenders"
reveals regression model results that show thailifaity with
technology — probably on the job experience — aadny been
exposed to a threat that the employee was notetlafar are
significant explanatory variables.

CoMPLIANT DECISION MAKER

The distinction among the respondents who ha
complete trust in technology and those who seedtput as a
means to catch offenders led us to analyze thecsoof
employees having such complete trust in securitirtelogy.
(See Table 3). Exploring a large number of poténtia-
determinants explaining ‘complete trust' led ussuggest that
we were dealing with a special group of employeé® it a
profile best described a 'compliant bureaucrafitlis profile
was initially discovered when we generated a cluéfzctor)
analysis of the data set in an attempt to profilepleyees
(Kirschenbaum et al, 2012c¢). By focusing on chiaréstics
associated with employees by their degree of 'cetagfust' in
security technology, we note (See Table 3) that gbe of
significant associations reflect employees who sarestantially
embedded in the administrative security structuré @entify
with its goals. Thus, we note that trusting tecbgglcompletely
is significantly correlated with such behaviorsfadowing the
bureaucratic administrative protocols (deal onlyhwboss; ask
security officer, await orders), receive peer graypport for
such actions (friends alike) and identify with ségugoals
(safety of passengers).

Table 3- Significant Variables Associated with Employees
Having "Complete Trust in Security Technology"

Variable Correlation
%2 R

Safety/Security of Passengers 4.618* .099*
is foremost
Receive Information everyday 9.53** .152**
Receive Updates from my 6.09** .130*
Boss
Friends have similar 3.99* .104*
backgrounds
Deal only With my Boss 8.69* -.136**
Await until given orders before 11.67* -.131**
alarm
Ask Security officer before 6.47 -.106*
acting
What | do is important 11.16** -.088*
Not doing job right endangers 6.22 -.078
passengers

*p>.05; **p>.01

CONCLUSIONS

Our objective in this paper has been to explore and

evaluate the link between trust given by airporipkayees to
security technology and their degree of behaviooahpliance
with the prescribed security rules and protocolat tsuch
technology dictates. The evidence from a samplengfloyees
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in airports scattered throughout Europe showed tiids
relationship is complex as trusting security tedbgg is seen
by employees as alternatively trusting the deviselfior as the
best means to catch offenders. In the analysisowad that in
terms of complying with the rules and protocolsosin
employees who completely trusted security technotegded to
follow the rules while those who viewed it as atbegans of
catching offenders tended to bend or break thesriflehe
situation called for it. A closer examination ofsttbehavioral

\;éattern strongly suggested that specific charatiesi of those

who viewed technology as completely trustworthy dahdse
who viewed technology as a means of catching offendvere
singly different. Employees who completely trustsecurity
technology were characterized by their organizafion
commitment to administrative directives and theusiég ethos.
Those seeing technology as a best means to catehdefs
were likely to have dealt previously with securigchnologies
and face threats not trained for, likely sensitizthem to the
vagaries and false alarms that occur during airgexturity
operations.
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Abstract— This article focuses on the analysis of possiediof
currently unused class F airspace in the Czech Repédr a
small uncontrolledairport. This airspace class will allow the
introduction of IFR operations at those airportsdditionally,
this article includes the necessary adjustmenthé¢olegislation
and indicates possible obstacles in practical reation.

Key words —class F, IFR, airspace, safety.

I INTRODUCTION

Nowadays it is necessary to move aviation in the

Czech Republic further. This can be achieved by asing the
number of quality airports, and quality can be ofed by
introducing IFR traffic. This, however, brings mangcessary
changes either in legislation or regulations. THteoduction of
IFR traffic also increases safety.

Situation — we are flying VFR and weather can btg

described with the word CAVOK. Suddenly, clouds ihetp
form and weather conditions are rapidly deteriogti We
should land, but in the vicinity is not any airpofhen, in few

more minutes the Earth is no more visible. What Pow

Emergency situation for the pilot, which could leesiey solved
by the introduction of instrument approaches atoatrolled
aerodromes, where he could change to IFR and Idaly sa

So, if we introduce IFR operations at uncontrolle
aerodromes we increase safety and sudden weatieeiodation
will be no longer problem. But before this implensian we
need to identify and apply the changes to the iaviahdustry.
These relate mainly to processes and procedurtee airport
and legislative framework.

Il THE REASONS FOR THE CLASS F INTRODUCTION

Currently, the Czech Republic airspace is up to 1000#t

AGL classified as G. It is based on ICAO Annex 11d an
transformed into Czech national standard L 11. Henew the
Czech Republic airspace are the rules for using Gasmdified
and IFR flights is banned in class G. Aerodromefitrafones
(ATZ) around Czech uncontrolled aerodromes are elisss G
and because of this it is impossible to introdueR traffic on
them. Since the class G airspace is approprigpeeserve, as it
is defined, it is necessary to create a new on#CAO airspace
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classifications is class F, which we can use tovalentry of
aircraft flying under VFR and IFR conditions to soaispace.

Another reason for implementing the F airspace is
increasing safety in General Aviation in the CzeclpuRdic.
The introduction of IFR operations at small airpavif reduce
risk of an accident, because the pilot will haveopportunity to
land safely in the time of bad weather.

Class F airspace also enables implementing IFR
operations at airports without the need to creale fat the
airport and CTR and TMA around it, which would aledeto be
done with the change from an uncontrolled aerodramea
controlled one.

IIl.  DEFINITION OF CLASS F AIRSPACE

Class F airspace is defined in standard L 11
and allows VFR and IFR flights, where for IFR is podnd
beyond flight information service also air traffiadvisory
service. For IFR flights is also a requirement fetablishing
ermanent two-way radio communication. This definit is
ased on ICAO Annex 11. We have in the Czech Republic
small change, when air traffic advisory servicaas applied.

IV. REQUIREMENTS FOR AIRSPACE AROUND
UNCONTROLLED IFR AIRPORTS

For the introduction of IFR operations at
uncontrolled airports is necessary to ensure safitgontrolled

dairport means no ATC service and therefore the presef

Aerodrome Flight Information Service (AFIS) is assal at the
aerodrome. It is also required to maintain constard-way
radio communications between a pilot and AFIS effic

V. OPTIONS FOR INTRODUCING CLASS F AIRSPACE

There are three ways to implement class F airspace
and these are:

Changing the class of ATZ airspace at the aerodrome,
where we want introduce IFR operations.

Creating activated class F airspace in close vicioftthe
aerodrome.

Introducing Traffic Information Zone (TIZ), clasgfl with
class F.
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CHANGING THE CLASS OFATZ

Aerodrome traffic zone is in the Czech legislation SNM
defined as airspace with 3NM radius from the aeyodr ==
reference point and reaching up to 4000ft AMSL. Adispace
classis G.

With the class change of the ATZ an interesting AT

situation would have been created in the Czech Rgpubl
airspace. Here will be two types of ATZ, in maps

indistinguishable, but with radically different Eyof operation. E e
Therefore it would be appropriate to act togethwat entroduce ) . Ilooon ~
the class F airspace in all ATZ. G G
ground
SNM
E 40008 AMSL
F (cureatly G) Figure 2 — Proposed activated class F airspace
S—— f—
g TRAFFIC | NFORMATION ZONE
3NM
Traffic Information Zone is a third option for the
introduction of IFR operations at small airports. &on the
Scancdinavian model it introduces at small airpaisspace
equivialent to CTR, where the size of TIZ area is taze the
needss of IFR routes.
3NM
RWY
———
SNM
5000ft AMSL
Figure 1 — Aerodrome Traffic Zone
E
THE INTRODUCTION OF ACTIVATED CLASSF AIRSPACE {5000t
— f -
The second way to allow IFR operations at G F e G
uncontrolled aerodromes is change the class gbaiesaround ~ o .

the airport from G to F. A model can be taken fribv@ German
airspace, where the class F airspace is useddystotect IFR
operations at uncontrolled aerodromes and is detivanly for
IFR flights. If there is no aircraft flying under & this class F
airspace is deactivated and is replaced by class G.

Figure 3— Example of Traffic Information Zone

SELECTING THE OPTION FOR CLASSF INTRODUCTION

Changing the class of ATZ faces two problems arising
from the way of change to the class F airspacavelfchange
only some ATZ, under this abbreviation will be migitwo types
of airspaces differing in classification and opergtules. There
is the potential risk of confusion. The second apis to change
every ATZ to class F, which is feasible, but notessary, since
IFR traffic cannot be introduced to all uncontrolerodromes.
ATZ has one more drawback and that is the sizesofadius.
3NM is not sufficient to descend 1000ft with stame8°
glideslope and therefore ATZ would need larger uadiFor
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these reasons and in view of that ATZ is at Czedtontmolled provide flight information service and alerting \@ee for
airports well established it is appropriate to é@was is. aerodrome traffic at uncontrolled aerodrome, in A3@d in

”

The possible introduction of class F airspace,
activated only when there is need to protect IFRfidra In Chapter 3, section 3.2.5 it is necessary to add
(following the German model), is unsuitable for usethe “TIZ” in all places where is mentioned “uncontralle
Czech Republic due to boundary between class G and agrodrome” or “ATZ". Example of change - the oldrfmlation:
airspaces, which is 1000ft AGL. This is very lowdaso it will ~ “An aircraft operated on or in the vicinity of asradrome shall,
be necessary to raise the upper limit, which alydatls within  whether or not within a control zone or ATZ: “[5ind the new
the E and beyond the capabilities of simple chamjgsses of one: “An aircraft operated on or in the vicinity af aerodrome
airspace. shall, whether or not within a control zone, ATZIdZ: “.

The most appropriate type of airspace for the Similarly, it is necessary to add some variations

introduction of class F in the Czech Republic app&atse the resulting from the introduction of TIZ. Example ohange -
Traffic Information Zone. This space would repldbe ATZ at  Aircraft shall report:
aerodromes, where the IFR operations will be intcedu
Compared to ATZ and activated class F, TIZ hasgelasize so
it can absorb IFR operations with sufficient safetundaries. v) place of leaving the circuit;
The proposed dimensions of 5NM from the runway ghodd
and 3NM on each side of the runway centerline togretvith
height 5000ft AMSL allow ATC to give approach cleaca and vii) place of leaving TIZ;
maintain separation with procedural control.

vi) place of leaving ATZ;

MAIN CHANGES IN L 11 STANDARD

VI. BARRIERS TO IMPLEMENTATION CLASS F AIRSPACE
In the standard L 11, changes concern

The only obstacle to the introduction of Class FAppendix N, namely:
airspace is the need to noticeably change theiawiatgulations

because class F is currently unused. In the paragraph 1.1 it is necessary to add aitiefin

of TIZ: ,1.1.4 Traffic information zone (T1Z). Anncontrolled
airspace of defined dimensions extending upwards fthe
surface of the earth to a specified upper limitwtwhich two-
way communications is required for all aircraft afigjht
information is provided by an ATS unit.“ [4].

VIl. THE PROPOSED AMENDMENTS TO THE REGULATIONS
FOR THE IMPLEMENTATION OF THE CLASS F AIRSPACE

Table 1- Changes in legislation and rules

— . In the following paragraphs where ATZ is noted is
Definition of TIZ, AFIS; Operations af needed to supplement the possibility of TIZ acawgdio the
2 the airport and in the vicinity i pp P y ,(m‘lj
_ _ following example: Paragraph 1.2 - the old formiolat “AFIS
Appendix N - Aerodrome  Flight s provided to all known aircraft that are opergtit the airport
11 Information Service (AFIS) and in ATZ.” [5], and the new formulation: “AFIS jsovided to
Communications all known aircraft that are operating at the aitpand in
7030 ATZITIZ..
Specification of differences between
P ICAO Annexes and L standards MAIN CHANGES IN L 7030STANDARD
Implementation of TIZ In standard L 7030 there is the need of minor
1P changes in the Communications part, where is reduire
. - maintain two way radio communication in uncontrélerspace
Update for pilots training

TIZ.

MAIN CHANGES IN AIP CR

MAIN CHANGES IN L 2 STANDARD ) .
One of the main changes is the need to

In Chapter 1 is needed to add a definition of TIZypdate GEN 1.7 DIFFERENCES FROM ICAO STANDARDS,
Traffic information zone (TIZ). An uncontrolled apace of RECOMMENDED PRACTICES AND PROCEDURES and
defined dimensions extending upwards from the serfaf the rite down all above mentioned changes to it.
earth to a specified upper limit within which twaw
communications is required for all aircraft and gfii
information is provided by an ATS unit [4]. Furtheore it is
necessary to change the definition of AFIS unithe tld
formulation: “Aerodrome flight information servianit (AFIS In the ENR 1.1, “1.1.2.1.1.1 Aerodrome
unit). A unit established to provide flight informationréee  Flight Information Service (AFIS) is provided on an
and alerting service for aerodrome traffic at udcmied uncontrolled aerodromes published in AIP CR, Volutheund
aerodrome and in ATZ" [5], and the new one: “Aete in Aerodrome Traffic Zone (ATZ) or in Traffic Infaration
flight information service unit (AFIS unitA unit established to

It is also necessary to modify formulation in
the AIP for uncontrolled aerodromes to make it ctbat Traffic
Information Zone (TIZ) can exist around them.
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Zone (TIZ) of these aerodromes within aerodromeratfmal Of these three options - ATZ, activated class E Tappears to
hours and encompasses the following information: be the best the last mentioned - Traffic Informatéone. With
this type of airspace it is easy to implement [iite area
around the aerodromes, which is the first step he t
i) Relay of departure clearance” implementation of IFR operations on uncontrollega@its.

and “1.1.2.1.1.2 Establishing of the radio contaith Also shown here is one way how to modify the
AFIS unit is compulsory for an aircraft equippedhmiadio set, legislation in order to implement TIZ with class dfrspace.
operating on an uncontrolled aerodrome and/or withh When incorporated into Czech legislation, TIZ willoav new
ATZ/TIZ, when commencing taxiing and/or prior ermbgr an class of aerodrome to be born — uncontrolled IFRdreme.
ATZ/TIZ. Pilots shall transmit their reports whether not an
Aerodrome Flight Information Service (AFIS) is pided. To
enter TIZ aircraft must be equipped with radio”set. ACKNOWLEDGMENTS
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VIIIL. CONCLUSION

This article shows three ways to implement class F
airspace in the Czech Republic to increase airsgagibifity.

60



INAIR ;E l i; 2012

LEISURE VERSUS BUSINESS PASSENGERS:
BELGRADE AIRPORT CASE STUDY

Jovana Kuljanin, Phd student

University of Belgrade - Faculty of Tr

ansport anffic Engineering, Serbia

jovanakuljanin@gmail.com

Milica Kalic, Associate Professor

University of Belgrade - Faculty of Tr

ansport ancffic Engineering, Serbia

m.kalic@sf.bg.ac.rs

Abstract— This paper examines two major segments of bissines

and leisure passengers who start their travel atgBale
Airport. Cluster analysis differentiated those twegments
which were used as input for further descriptive gasl The
paper provides similarities and differences of theguirements
and characteristics relying on several surveys whighre
conducted at Belgrade Airport in the period betw@802 and
2010. Political and economic environment in Setibidhe last
two decades, together with increased penetrationoofdost
carriers, represent the main factors which haveuiafice on
both number of passengers and their mix at Belgrauport.
The result of data processing in SPSS software aradysis
concerning gender, age, employment, permanent plaice
residence, place of final destination were usedHerpurpose of
profiling both business and leisure passengers etg®de
Airport. Data analysis also shows difference in eatibn of
factors which these two segments take into considerathen
choosing airline to fly with.

Key words: air transportation, leisure passengers, busine

several segments that exist while leaving othemsegs to
competitors. For example, Southwest Airlines fosuse price
sensitive consumers who prefers low ticket pricettwer service
features. In contrast, most airlines follow tkédferentiated
strategy. They offer high priced tickets to busmeravellers
who are inflexible in that they cannot tell the gse time of
flying in advance, but filling the planes up pdifiaRemaining
seats on the plane are then allocated to more tisensi
customers.

Prior to 1980s, air travel was the privilege of the
wealthy and only they could afford to fly. Busingssssengers
prevailed in global market accounting for approxieha60% of
total market share (Table 1.). The situation toagompletely
the opposite. Increasing segment of leisure passeng
encompasses two major subsegments — those whd wave
holiday and those who travel to visit-friends-aethtives
(VFR).

Table 1- Global market share: Business versus leisure
SS
passengers throughout decades [2]

passengers, surveys, Airport Belgrade.

. INTRODUCTION

Segmentation, targeting, and positioning togethe

comprise a three stage process. First, one haseternaine

Segment of Segment of

Business Leisure

passengers passengers
'70s of 20th century 60% 40%
'80s of 20th century 50% 50%
'90s of 20th century 35% 65%
1st decade of 21 century 20% 80%

which kinds of customers exist, then to select Whiastomers
one is best at trying to serve and, finally, to liempent
segmentation by optimizing one’s products/servifas that
segment and communicating that one has made theechm
distinguish oneself that way. Segmentation involpescess of
identifying a group of customers who have suffitiencommon
that they form a viable basis for a product/pricefpotion
combination.

This paper examines characteristics of both leiance
business passengers, mainly focusing on theirrdiifees and
similarities. Alongside the price elasticity ane thalue of time,
as major attributes which distinguish these twonssgs, the
paper also investigates many others which canénfta airline
as well as airport. All findings are the resulaafinique database
gathered from surveys conducted at Belgrade Airpo2002,

Generically, there are three approaches to matketingg3 2005, 2006 and 2010. The paper provides anview of
[1]. In theundifferentiatedstrategy, all consumers are treated th%olitical and economic circumstances in Serbia e iast

same, with firms not making any specific efforts satisfy jocades for better understanding of behaviour efehtwo

particular groups. This may work when the prodigta
standard one, where one competitor cannot reafigr ghuch
more than another one. The second one is the kmlcal
concentratedstrategy where one firm chooses to focus on one
61

segments and their impact on airlines and airpoetations.

of



INAIR ;E ' i; 2012

POLITICAL AND ECONOMIC ENVIRONMENT IN  SERBIA
IN LAST DECADE

Il LITERATURE REVIEW

Application of segmentation is a topic of central
importance in airline industry and airport systeimsorder to
meet requirements of different kind of customersfifably. nineties in former Yugoslavian republics have clahgheir
Separation between business and leisure passaaggysimon former economic situation and overall state thateh&een
and widely used in many a priori segmentations. wsShaexacerbated and whose consequences had tremengmact on
emphasizes the importance of identifying “customir”the all its members. Sanctions imposed on Yugoslavia982 by
leisure and business air travel market [3]. In &ddj he found UN Security Council have largely paralyzed the entiountry’s
that business passengers are primarily concerneth wieconomic activity. In the same year, inflation heached an
convenient flights (suitable frequency of flightéimings, unprecedented rate of up to 19810%. During 1993 ctuntry
punctuality, seat accessibility) with frequency ffing much has been hit by hyperinflationary crisis with a by inflation
higher in contrast to leisure passengers. Therefousiness rate of up to 5x1¥ (period from # October 1993 to 9
passengers are willing to pay high fares in ordesatisfy their January 1994). Traffic volume at the Nikola Tesigpart has
specific needs. Business travel is in the focus ainyn sharply dropped from 1991 due to the country’satoh and a
researches nowadays. For example, Mason and Grag hdan on traffic to and from countries which are thembers of

Political and social events that took place in yearl

investigated the short haul business air traveketan Europe
using a conceptual benefit segmentation that adeseshe
industrial nature of the market [4]. This papergesis division
of short haul business passengers into three dissegments
obtained by iterative cluster analysis: the scheddtiven
segments, the corporate cog segment and the infobmegeter
segment. Lian and Denstadli investigated the segnuén
business passengers in Norwegian air travel mdg&etTheir
special interest was in analyzing structure andivaton of
business travel in the future regarding innovative
communication technology that can jeopardize ariimdustry.

Teichert et al. developed two approaches o
segmenting air passengers [6]. The first one reliethe use of
class flown as an a priori segmentation criteriime second one
is alternative segmentation specified by combingmgference
patterns for product features (flight schedule,altofare,
flexibility, FF program, punctuality, catering, gnod services)
with behavioral and socio-demographic variablessyThargued
that the first approach does not sufficiently captuhe
preference heterogeneity among customers and léada
misunderstanding of consumer preferences. It isrdegl as
common sense that both business and leisure pa&ssesan fly
either economy or business class. O’Higgins and sSkw
investigated perspectives on business class awiatid benefits
delivered to passengers in relation to the faréd pg. There
are a few studies that have analyzed the LCCs useference
and segments. Martinez-Garcia and Royo-Vela haviiaesl
the travel preferences of LCC passengers at secomdfayrts
by indentifying market segments applying an ad-approach,
while Mason has attempted to evaluate the properfsit
business passengers to use low cost airlines irsiidyt haul
market [8].

The authors of this paper were highly inspired loy t
paper of Dresner in which he investigated how diifees
between business and leisure passengers may aifkces or
airport operations [9]. As low-cost airlines incseaheir market
share in the world and in Serbia as well as, thegmtage of
leisure to total passengers will substantially éase. It must be
indicated that air travel market in Serbia sigmifidy differs
from even those in Europe and especially in Ameritiaus,
comparing to which extend results of our reseatcBedgrade
airport coincide with the findings of Dresner’s pawould be
very useful in positioning ourselves against Amemi@ir travel
market.
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UN Security Council. Thus, traffic volume has reathits
minimum of only 339 thousands passengers in 1998ufe 1)
[10].

Millions

TN T NON DDA MY -

2011

Figure 1 — Total number of passengers at Belgrade Airport i
the period from 1990 to 2011

Transition that occurs after several years of entoo
isolation is an inevitable phase through whichcalintries with
former socialist system of government have to passder to
integrate into the European Union. Qualitative gfeanderived
from this process imply a particular form of intaelgmarket
economy, creating more favourable business enviesirand
institutional infrastructure. Although the trangiti process can
be long and difficult to sustain because it requitee existence
of certain preconditions and execution of manyaadj it is
evident that it brings positive effects. These @Heassume
mutual opening (entering) of markets of Serbia athe

European Union towards one another and promotion of

cooperation. Proper and effective segmentation avdaé of
interest both for the airlines that currently ude tairport
resources as well as for the needs of Nikola Tesfzort from
which the largest number of travel from Serbia ttheo
destinations of Europe and the world perform.

For better understanding of air traffic demand in
Serbia, it is useful to consider demand driversnatro levels.
Air traffic demand is influenced by the followingadtors:
income, ticket price and service quality (networkhda
frequencies). Income is usually expressed as Gbasmestic
Product (GDP), which represents a basic measural dinal
goods and services generated within the bordeesaafuntry in
one year. According to Gillen, demand for air tlavgh respect
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to income (per capita GDP) varies from 0.8 to 2pahding on circumstances led to Serbia becoming an attragtieeket to
what countries are being linked [11]. According KBAO low-cost carriers. It is evident that low faresfeoéd by such
surveys, the elasticity of demand for air travetlizssely related companies, have shifted the mix between businedslesure
to GDP. Also, it is noticed that although traffiolume growth passengers, such that the percentage of leisusemgeys has
is twice as fast as GDP growth, the curve shapebaih increased. It must be indicated that purchasingepaf Serbian
parameters is very similar and followed the samelicy habitants is still sufficiently low that travellingy plane is only
changes, which points out a high correlation betwtbem. This reasonable if the price of air ticket is twice dwree times
rule could be applied at the Belgrade Airport andk tls cheaper than what competitors offer by other modés
presented in Figure 2. transportation. ELFAA (European Low Fares Airlines
Association) study supports this claim indicatimgtt 59% of
passengers using the LCC service represent the readyed
demand and those passengers would not have usedhfér
services in the absence of low fares service [ER}ther, this
new market consists of passengers who would nat travelled
at all in the absence of low fares services (71#6yauld have
taken another mode of transport (29%). Table 2 shbw list of
low-cost carriers currently operating from the Balig Airport
with the network of cities that they serve.

=t=No.ofpax ~E=GDP per capita

10%

Table 2— Low-cost carriers operating from Belgrade Airpor

15% Low cost carriers | Starting Date C”"?‘“t .
Destinations
Figure 2 — Annual traffic growth in air transportation ar@DP German.wing.s September 200¢_Stuttgart
growth in the Republic of Serbia gﬁml?'an Alr April 2007 (S:%F::im?r%en’ Oslo,
Fly Niki February 2010 Vienna

The generators of the GDP growth in 2011 were Hsvis: the London (Luton),
supply of electricity, gas and steam, the conswncind mining I(\B/Igtnr;%r}g;(ra%
industries. The highest GDP has been recordedeirséistor of | Wizzair April 2010 Malmo, Rom,e,
trade, administrative and service activities. It vigrth to Stockholm,
mention that average net monthly salary in Sertda heen Eindhoven

quadrupled in the last decade (from 90 EUR in 29163
EUR in 2011) allowing generation of additional traff
Perhaps the most significant benefit of the LCC
services has been the development of tourism amalstion of
new traffic rather than diverting existing traffigVith ticket
price significantly lower than their competitorsi these routes,
low-cost carriers are more attractive to leisurespagers due to
their higher “price sensitivity“.Although less proportion of
business passengers is carried by these airlihes is still a
slight proportion of those “more sensitive to ptipassengers
who are willing to use low-cost services. These iness
passengers prefer price of ticket to frequency lging or
convenient time of flying and in most cases they fm their
trip by themselves. Although, legacy and low-coperators
focus on different categories of passengers, vident that the
arrival of low-cost competitors affects the estsiidid airlines to
lower their prices. Thus, for example, an on-liheapest flights
to Vienna before the arrival of Niki was 217 EURdarow Jat
As it was mentioned above, additional supply afirways and Austrian Airlines have tickets on spéoffer at
Belgrade Airport affected the demand in terms ofréasing the price of 99 EUR.
number of passengers in both segments. In thechdm 2006
to 2010, four low-cost carriers introduced Serhizarket. They IV. DATA
have spurred the current network, offering newhtigyspread
across Europe. Their entering the Serbian markst been
primarily caused by abolishing the visa regime 8erbian
citizen to EU countries. In June 2006, Serbia tampobegan
to apply the Multilateral Agreement on the Europ&ommon
Aviation Area (ECAA). According to this agreemerdany
company from any ECAA member state is allowed tp fl
between any airports in all ECAA member states. tAkse
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Although air transportation in Serbia, followed by
recovery of the entire economy, has recorded coatia growth
in the past ten years, it still has not reached lthael of traffic
that was recorded in the late 80s. The main reagbelw air
transportation development in Serbia are a very $tandard,
existence of strict visa regime to some countnethe world as
well as delayed ratification of the Open Sky agreetmwhich
prevented the development of an open market fortraffic
services in Serbia and introduction of low cogiHts. However,
increasing number of passengers at Belgrade aiigart be
partially attributed to low-cost carriers that estk Serbian
market in the last few years.

ADDITIONAL SUPPLY AT BELGRADE AIRPORT. Low cosT
CARRIERS

Data was obtained from surveys that were conducted
at Belgrade airport. Belgrade airport is a primangrinational
airport and is declared together with airport Nis dommercial
airline operations by Civil Aviation Authority. Aigrt Nis has
only a few flights per day and the annual volumetraffic
significantly lower as compared to Belgrade airpdtierefore,
passenger survey at this airport was out of foousur research
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since it would not have considerable effects on derall
results.

The surveys were designed to allow for a genera
analysis of the Belgrade airport passenger profiteey were
performed once a year during the period of one waglere
were five such surveys between 2002 and 2010. mhkyss of
data on passenger profile was conducted as p&epéartment
of Air Transport Research (mainly undergraduate gradiuate
research reports). The assumption used prior tegswas that
the characteristics of departing and arriving pagses were
very similar because of the fact that the flowsvio directions
were symmetrical.
interviewed due to the activities and the time thaty spend in
the terminal.

The interviews were carried out at the airport ipein
after security control and passport control, bdbkeeproceeding
to gate. Passengers on the various flights wersechcandomly
by poll-takers who posed questions by “face-to-facethod
and filled out the questionnaires. All the questiaines were
then processed in SPSS software and were aftenasaisble
for further analysis. Table 3 contains basic infation about the
surveys. It must be noted that survey from 2010 &atightly
different questionnaire and targeted sample of ggagys on
specific flights and therefore its results are carparable to the
results from other surveys. Thus, results of thisvey will be
presented separately in Chapter V.

Table 3— Information about the surveys

B_elgrade Number of Number of
Year Airport Survey . .

Week questionnaires | passengers
2002 | 21.04 - 27.04. 1058 2274
2003 | 30.05 - 05.06. 1039 2732
2005 | 12.12 - 18.12. 1109 2146
2006 | 18.12 - 24.12. 1141 1898
2010| 15.03 - 21.03. 1509 2713

V. DESCRIPTIVE ANALYSIS

Each of the questionnaires from 2002, 2003, 20@b ar

2006 consisted of 18 questions divided into twdgarhe first
four questions were used to gain insight into theegal socio-
economic characteristics of passengers such asegende,
employment, permanent place of residence, whileaneimg 14
questions referred to passengers’ behavior regartliie air
travel. This second set of questions provided resags
statistical data on purpose of flying, frequency fifhts,

number of checked bags, factors that are beingidemrsl when
choosing an airline, the selected class in airpa@anrtketc. It must
be underlined that these four surveys encompassed
connecting passengers as well. First part of tmalyais is
devoted to processing the socio-economic charatiteyi of
passengers. As already mentioned, statistical $IP&fam was
employed to code the data and analyze it usingrigtise

statistics.

Trip Purpose

Thus only departing passengerse we

but not including Easter holiday period, while therveys in
2005 and 2006 were in the month of December, before
?hrlstmas holidays. Fig. 3 indicates that in 20021 @005
majority of passengers (55% and 57% respectivelgrew
traveling for business purpose, while proportion thbse
traveling for leisure purpose in 2003 and 2006 whghty
higher (53% and 61% respectively). The term “ledsur
passengers* applies to all passengers not travelingusiness
purpose such as: vacation, visiting friend and figminedical
and other private reasons.

® Business ® Private »Tourism = Othe
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Figure 3— Passenger percentages by trip purpose

Gender Profiles

Until now, the business travel market has been
overwhemingly dominated by men. Such trend candmn st
our surveys where around 80% of all business pgsserare
men (Fig. 4). Regarding the leisure segment, anoappate
balance between males and females can be obseritedlight
predominance of females in 2002, 2005 and 2006.

# Male = Female

Letsure Business Letsure Business Letsure Business Lelsure Business

2002 2003 200% 2006

Figure 4— Passenger percentages by gender

Age Profiles

t Regarding the age, some well establised assumption
are confirmed: business passengers tend to be teateckin the
middle aged 30-55 age group. One major finding lmamrawn
from Fig. 5: comparing to business passengers,gptiop of
leisure passengers is higher in 18-25, 55-65, amt 65 age
group. This is quite expectable since young addi&s25) and
population over 55 usually have a high propensitfit due the
higher disposable income and more time availabigpdttion of

Trip purpose was classified as follows: businesdUSiness passengers is higher in 26-39 and 40-84gamips,

tourist, private, and other. It is important to rtien once again
that the surveys in 2002 and 2003 were performebarspring,
64

which is also logical since this period of life (88) often
coincides with period of lower disposable income l@iure
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passengers due to the costs associated with fdifeilyOn the
contrary, this is the most fruitful period of lifler business
passengers.

66 and over

868

40-54 = Business

* Lelsure
2639

Figure 5— Passenger percentages by age in 2006
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Figure 6 — Passenger percentages by place of residence

so in the future. Fig. 7 shows that business aisdre segments
were almost equal regarding the proportions ofaregiwhich
represent permanent place of resident of resposider2005. In
2006, increasing proportion of passengers origigatfrom
Montenegro was evident in both segments (24% dhkas and
19% of leisure passengers compared to 12% of esgphent in
2005). Constant proportion of passengers originatiragn
Autonomous Province of Vojvodina can be observedath
leisure and business passengers in 2005 and 2@96 ith
the exception of 7% in 2006 in business segment).

100Pe

Nre m

8o

I | T

oPre 8 -

e = Montenegro

10Pe Rest parts of Stbia
= Vojvodina
* Belgrade District

Business  Lelswre  Business  Lelsure

2005 2006
Figure 7— Passenger percentages by place of residence (only
Serbian and Montenegro citizéfs

Sector of employment

Fig. 8 shows the distribution of business and heisu
passengers regarding the criterion of (non)employm¥gast
majority of business travels were carried out by plassengers
who were employed in private companies (more tié)6 The
term “self-employed” applies to independent paseenguch as
lawyers, musicians, some doctors etc. Those passeagcount
for less than 20% of all business passengers. Amibeg

Passengers were classified by residence as: thos@siness passengers there are around 15% of thyseyed in

living in Serbia, expatriates (Serbian citizenriyiabroad), and
foreigners. Based on Fig. 6 some conclusions abasggmgers
structure could be made. Foreign passengers acdouna

significant proportion of the total number of passers in both
business and leisure segment. Their proportion usiness
passengers are slighty higher than in leisure passs (54% in
2005 and 62% in 2006). 48% of leisure passenge28@® were
Serbian citizens, which together with 20% of exjp#ts, build
the majority of 68% of total leisure segment. Ir0&0Serbian
citizens together with expatiates constituted dyacbne half of
the total number of leisure passengers. Unlike Swezbian
citizens who tend to show reluctance to participatsurveys,
foreign passengers are used to it and willing te ginswers.
Thus, it might be the case that these figures doreftect the
real picture.

Permanent place of residence — Serbian and Monteney
citizens

public companies. Only small amount of businesseragers are
retired (less than 5%).

Concerning the leisure passengers, they are prasent
all six indicated categories. But still, around dhi&d of them
are employed in private companies. This could l@saopable
implication to conclude that those passengers haigher
disposable income to afford leisure travel. Appnauadely 20%
of total leisure passengers are employed in putdimpanies.
Proportions of students and retired passengerslatest the
same accounting for around 15% of total leisures@agers.
This high proportion of retired passengers mighékglained by
situation where recent population migration hag kfong
residual ethnic links between communities (e.g.ndparents
visit their families abroad or VFR travel). Proports of
unemployed and self-employed passengers are quitevithin
the segment of leisure passengers (accountingdand 5%).

Our special focus was to investigate which parts of

Serbia and Montenegro are responsible for generatioair
traffic and what are their proportions in overajures. Not
surprisingly, approximately 60% of all passengerginated
from Belgrade Area (the city itself with its broagbsirbs). This
finding indicates that Belgrade is the city with theaviest”
economic and political potential in Serbia andiit eertainly be

12 The State Union of Serbia and Montenegro

effectively came to an end after Montenegro’s fdrma
declaration of independence off June 2006, and Serbia’s
formal declaration on 'S June. Up to this date, Serbia and
Montenegro constituted the state union.
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his paper about similarities and differences betneesure and

Student business passengers. Due to the high trip frequdmcsiness

) travellers become expert, familiar with standardfered by
Unemployed L . .

airlines and airports. On the other hand, leisuasspngers fly

Retired less frequently which can cause the need to aatbe airport

* Lelsure earlier. Thus, we completely agree with Dresnert tharly
arriving passengers may pose less of a burden auiseline
than late-arriving passengers, allowing for lesacspto be

allocated to security and for fewer security persn

Public company = Business

Selfemloyed

Private company

3
3
B

‘o 2rte 30Pe : [ e ore e

Number of bags checked

Figure 8— Passenger percentages by employment criterion Our a priori expectation that leisure passengeny ca
more baggage than business passengers has beemednby
this survey. Almost equal proportion of businessl dgisure
passengers checked one bag (higher than 50%). tiiane20%
It is well known that business travel belongs toof business passengers have no bags for checlhare Tmight
market characterized as higly concetrated. In allintries, be two reasons for this. First, business passerigavel for
business travels are carried out by a small numbker shorter time period. Second, they have fears thuir t
individuals, each of whom travels by high frequencypossessions could be mishandled and fail to arevethe
Concerning this claim, Serbian market is not anrmagsion. Fig  destination at the same time and thus they put thggage into
9. demonstrates that more than 60% of busines&pges are cabin overhead bins. On the contrary, only a slggbportion of

Frequency of flying

well experienced in using air services with frequenf flying
between one and three per month which is betweetotéhirty
flights on an annual basfs Approximately 25% of business
passengers fly once in three months which meansndréour
trips annually. 10% of business passengers tramelto two

times annually. Proportion of business passengef® w

undertake their travel less than once in a yeansgnificant
(2%).

Less than once in a year I_
1.2 thmes annually _—
® Lelsure
Once in 3 months = * Business
1-3times per menth __

Figure 9— Passenger percentages by frequency of flights in
2006

Among the leisure passengers,
proportion of them (40% of total leisure passengéysone to
two times per year. Proportion of those leisurespagers who
travel one to three times per month is the samthese who
travel less than once a year (accounting for ardilbtb). 25%
of leisure passengers fly once in three months.

leisure passengers have no bags for check duestoature of
their trips. Fig. 10 shows that leisure passengeeslikely to
check two (30%) or more than two bags (10%) conpdoe
around 15% of business passengers who have twatbageck
and 5% of them with more than two bags.

Morethan two

- = Business
Two
® Lelsure

One

Nene

L™ orPe

Figure 10— Passenger percentages by bags checked in 2006

The differeneces between these two segments
regarding the number of bags checked indicate ¢hahging
mix of passengers could have impact on baggage lihgnd
capabilities of airports and airline.

the highest

Although expected, all these findings could have

impact on both airports and airlines. Our conclngioncerning
this topic is highly correlated with the one giviey Dresner in

13 Thereby, upon one flight we consider one departure

which means that we were rather interested in tnaber of
travels on business purpose undertaken by busjreessenger
than on sum of flights carried by business passsnge
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Valuation of factors considered when choosing ainties

Surveys include questions which are designed to a ,

passengers to grade the factors that one consilersnost
important in choosing an airline. For this purposeale ranges
from 1, indicating factor as not important to 5, aery

important, was used.

=t Lesure ~8- Business

Price Direct Mlight Timings Quality of  Punctuality
service

Figure 11 - Evaluation of factors considered when choosing
airline

It is evident from Fig. 11 that both business aiglure
passengers have the same order of priority regattimfeatures
such as direct flight, punctuality, timings and lifyaof service.
Although, the business passengers have valuatedt diight
and timing significantly higher than leisure paggas, both
segments tend to have same preferences towardsctdvistics
of airline service. Both segments place major eniphas
punctuality. The “punctuality” refers to reliabilito be on time
most often and consequently to enjoy security ahping the
schedule. Punctuality is of crucial importance tasibess
travelers, with flight delays meaning inconvenienceissed

#Setbia = Foreign = Expatriates

-

35%

Letsure Business

Figure 12 - Residence and Trip Purpose

The first conclusion that can be drawn from Fig.12
is that the percentage of Serbian citizens, residgrius
expatriates, was prevailing and comprised about 85%isure
segment and about 70% in business segment of gEssen
Although significant, proportion of foreigners inuginess
segment has declined compared to previous surveys 2005
and 2006 when their proportion in total businessspagers
accounted for 54% and 62% respectively.

Most frequent destinations

Table 4 and 5 represent the top ten final destinati
of business and leisure segments [13]. It can bi#yeabserved
that the first several destination countries inhbs¢gments are
the ones with the largest population of expatriadash as
Germany, Austria, France and Switzerland. Since thirvey
was conducted out of winter and summer peaks, those
destinations reflect major leisure passengers flow.

Table 4— The most frequent final destination among bissine
passengers

appointments and potentially the loss of custonienect flight
together with suitable timing of flight will enablbusiness

passenger to make day-return trips. Quality ofiseris placed

lower on the list of priority if an airline meetsudiness

passenger's requirements regarding direct fligimjngs and

punctuality in the most appropriate manner. Pricécket is the

second important factor valuated by leisure passsngvhen

selecting a carrier. This confirms the theory thia¢ most

dominant requirement in leisure market is a chenpaee. For

business passengers, price of the ticket is stilthe bottom in

the list of requirements.

Final Destination Frequency Percent
Germany 172 24%
Austria 101 14%
France 78 11%
Switzerland 55 8%
USA 44 6%
Spain 25 4%
Italy 23 3%
Belgium 21 3%
Netherlands 19 3%
Other 175 24%

2010SuURVEY

Table 5— The most frequent final destination among lesur

Data from the latest survey will be used here a&s thpassengers

most recent and reliable. Flows towards destinatioith the
most expected demand for private and business tripse
considered as well the ones with best offer ofdfens to other

destinations. Those were primarily Austria, Germany

Switzerland and France, i.e. directions west andhnolhe
following charts and tables provide results fronis teurvey.
This survey shows that 47% of passengers fly oninbes
purpose, while 53% of total passengers are on liisirre trip.
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Final Destination Frequency Percent

Germany 194 24%
France 125 16%
Switzerland 120 15%
Austria 104 13%
USA 59 7%
Spain 30 4%
Canada 26 3%
UK 22 3%
Italy 12 2%
Other 100 13%
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VI. CONCLUSION

This research has shown similarities and difference

between two major segments of passengers: busiaeds
leisure, emphasizing once again importance of proged
effective segmentation. By providing a review of mamic and
political situation in Serbia, we tried to expldis effect on both
number and changing mix of passengers. It is wadivkn that
the emergence of LCCs on the market is contributincheinges
in air travel demand, making price perhaps the nmopbrtant
factor when choosing carriers. Since the Serbiamkaebais
characterized as a lower disposable
substantial decrease in air fares has especiailprdd the
leisure segment to use air service. Increasing qtigm of
expatriates in leisure segment can partially belagxed by
lower air fares offered by low-cost carriers. Witkeir networks
connecting Belgrade with all countries with whichri8a has
strong ethnical links, low-cost carriers could sasly
jeopardize the legacy carriers by diverting a propo of the
existing traffic. However, the introduction of logost carriers in
Serbian market has primarily attracted a signifigaroportion
of the leisure market.

Although the findings of our research are not

surprising, they support many theories about chanatics of
two segments observed. Furthermore, these findprgside
useful marketing information to airline managersboth low-
cost and legacy carriers as well as to airportaitth Based on
our research, one can see that business passéngjagsvalue
features of service such as: direct flights togethéth
punctuality, then time of departure and qualitysefvice while
price of the ticket remains aside, if all previoaguirements are
fulfilled. Profile of “an average business passengeen at
Belgrade airport regarding the surveys is as folldvesis male,
a citizen of Serbia (Belgrade), tends to be conaésdrin the
middle-aged 30-50 age group, mainly employed oowaner of
a private company with frequency of flying arountedo three
times per month, and in most cases has only ondgdiabeck.
On the other hand, typical leisure passengers afr&# airport
could not be described so straightforwardly sirtoeirt socio-
demographic characteristics are changeable thraughe time.
Still, some conclusions can be drawn: leisure pagss could
be both males or females, citizens of Serbia oragigies,
encompassing all ages and employment statuseglitigto
Germany, France, Switzerland and Austria duringafwinter
and summer peaks with frequency of flying one to times
annually and with one or two bags to check. Thasssgngers
are primarily interested in the features of airlggvice such as:
direct flight, punctuality and price of air faréghey do not find
time of departures and quality of service so sigaift when
choosing airline to fly with.

All  findings could have sufficient implication
primarily to Belgrade airport authority. As low-cosarriers
increase their market share, the mix between leisand
business travelers will shift, with leisure passasgaccounting
for a greater percentage of total passengers. comislusion we
share with Dresner in his paper about airports isgnthe
Washington-Baltimore metropolitan region. Althougthe
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indicates that airline and airport managers haveébdéomore
aware of the increasing number of total passenthenrs of the
changing mix, we argue that increasing number dsute
segment at Belgrade airport might result in labquiements
for additional baggage handlers, some requiremértsnew
security equipment and reduced capacity for reveymnerating
freights in the belly of aircrafts.

Further studies could be based on investigation of
propensity of business travelers to use low-cosvices
concerning their increasing market share at Belgrsdmort in

income econontpe last few years. Regarding the leisure segments iof

fundamental importance for airlines to explore dfleir
characteristics regarding decision-making unit ideo to meet
their subtle requirements and to create marketingl a
advertizing in the most effective manner.
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Abstract — The increasing imbalance between the airpor

capacity and demand urges airport management t& &mean

optimal allocation mechanism that efficiently g slot
scarcity. The current slot allocation system harbavidely

criticized to be inefficient, leading to a decreage the

economical welfare and less market competition. Regehere

has been a strong case for a secondary marketréailto better
describe the market dynamics and promotes capatffitiency.

The system managed to increase the allocative anduptive

efficiency at hub airports serving mainly long hautwork

carriers. However, little attempts have been madadsess the
economical performance of the system at airportsvisg

diverse market segments. Accordingly, the reseaiofed to

identify the variation in aeronautical and commaeilcievenues
between traded airlines due to the introductionafandary slot
trading.

Key words — slot allocation, secondary trading,
congestion, airport, airline.

INTRODUCTION

market,

§econdary trading is that the latter improve thecation of the
primary airport slots (Czemy et al., 2002). Thisuers that all
slots are efficiently allocated to the appropriaidines with
minimal disturbance to the scheduling procedureshe©
academic researchers and consultants moved onealségpl to
highlight that slot trading has a substantial imip&t the social
welfare, market dynamics, level of competition, #mel efficient
use of airport capacity (NERA 2004, Mott MacDon&@06).
The following sections describe the socio-economipact of
the secondary slot trading and its implication be tarket
performance at congested airports.

P"’"""Y Regulator, airport, slot
Allocation coordinator
- — - Secondary
Allocation

Airline B

Figure 1 — Primary and secondary slot allocation methods

Source: Czerny and Tenger 2002

The growth of the air transport through the last

decades shows that industry plays a key role inréggonal
economies and in the integration of the global econ as a
whole (Czerny et al., 2008). However, this developim@ses
great challenges to the airlines, airports, regusatand
politicians. A particular problem arises that th@wth of the
demand does not go along with the respective graitthe
airport capacity. The resolution of the excess damés
generally based on the International Air Transpgssociation
(IATA) administrative slot allocation system. The ost
important principle is the “grandfather’s right”ah allocates
capacity based on historic use. The current systemmighly
criticized by economists since it relies heavily dhe
administrative rules and does not consider thelitvghess to
pay” as a critical measure for slot allocation. Tinability of the
IATA allocation system to achieve an “ideal systeof
allocating airport capacity” that describes the katibehaviour
has promoted the search for other slot allocatitamratives.

SECONDARY TRADING

Current administrative slot allocation mechanis
does not necessarily contribute an efficient ecdnalmand
social outcome and thus it is essential to refdrendurrent slot-
allocation system to reflect the market mechanis
(Gremminger, 2006). The secondary trading refersthe
redistribution of slots among airlines as illustctin Figure 1.
The basic difference between the primary tradingl dhe
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SOCIO-ECONOMIC APPROACH

Airports have increasingly been recognized as ffatlged
business enterprises that provides different sesvio airline
industry customers. Airports traditionally have ibagewed by
airlines as natural monopolists controlled by goweental
organisation (Starkie, 2001). Since the middlehaf 1980s, the
airport sector has managed to evolve from a puldllity to a
commercialized industry that vigorously exploits eth
aeronautical and commercial revenues. Moreover, ligppub
airports have been under a growing pressure byr thei
governments to become financially self-sufficientthwless
reliance on government support. The commercialmegs have
grown faster than the aeronautical revenues andnbe@ main
source for income to the airport. The increasing
commercialization and privatization have created istense
pressure on airport operators to fully utilize telts and
maximize revenues. Seig states that the best agproa
maximize airport profits is through the “use it lose it” rule
that ensures stability and reduces demand fluctua(Seig,

m

2010). Airports are not able to maximize the skltenues by
changing the landing and take-off fees accordinthéochanges
in demand. Air carriers that withess a temporaryrease in the

m .
Semand offers more flights to attract more passengben the

“use it or lose it” holds to avoid losing the sl@hus, the carrier
behaviour decreases demand fluctuation and acagpydime risk
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of forgone revenues are shared between the airport and the
airline. The losses are less severe if the commercial revenues
share at the airport is large. The major drawback of the “use it or
lose it” rule is that the mechanism increases the airport profit
while it decreases the social welfare and the airline profits. In
addition, the “use it or lose it” rule is not the ideal mechanism to
utilize slot scarcity and maximizes airport revenues during high
demand (Seig, 2010).

The introduction of the secondary slot trading creates
more value for society through stimulating both productive and
allocative efficiencies. Allocative efficiency is related to the use
of slots for destinations that are highly valued by the society.
Productive efficiency is related to the total number of slots that
maximize the number of passengers or the maximum revenue
management per passenger kilometres (Mott MacDonald, 2006).
Slot trading stimulates the allocative efficiency by providing an
indication of the value of the slot for potential slot buyers and
sellers. In this way, if the value of the slot an airline provides is
less than the opportunity cost, the airline will be willing to trade
this slot. The airline that pays directly to the slot is better aware
of the opportunity costs of the slot. Consequently, the airline is
more incentivized to use the slot for larger aircraft at more
remote destinations and thus productive efficiency is developed.
The increase in demand results in a shift of price from PO to P1
as illustrated in Figure 2. The consumer welfare increases due to
the price reduction for existing consumers and the potential
attractions for new passengers (blue area between prices PO to
P1). The producer surplus will decrease as the result of
reduction in air fare. However, the producer surplus will
increase (shift from SO to S1) only after the compensation of the
slot price by the increase in the volume supplied.

Additional Consumer
surplus

loss of producer surplus

P Additional
consumer surplus
Additional
Po producer surplus
Pl
MC, 1 1
1 1 D
1 1 Slot price
1 1
Q, Q, Q

Figure 2 — Consumer and producer surplus (shift in supply)
Source: Mott MacDonald 2006

Further to the increase in the capacity for existing
routes, the slot trading contributes a change in the mix of flights
such as new destination routes that are more attractive in terms
of generalized cost. This results in a shift of demand from DO to
D1 and in an increase in the consumer surplus as illustrated in
Figure 3. The shift of the demand curve does not result in
change in price (PO = P1) and thus contributes a social welfare
increase by providing more destinations to consumers. The
generated producer surplus depends also on the slot price. The
contribution of the secondary slot trading on the socio-economic
growth of an airport indicates that a net increase in the consumer
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and producer surplus is achieved through a potential shift in
demand and supply.

Additional
consumer surplus
So S,
P
Additional
producer surplus
P0
Py
MC, ')
1 1
Slot price 1 1 D,
1 1 Do

Q, Q, Q

Figure 3 — Consumer and producer surplus (shift in demand)

Source: Mott MacDonald 2006

MARKET DYNAMICS

The secondary slot trading introduces opportunity
costs that enhance the market mobility at an airport. The level of
slot mobility depends on the efficient allocation of airport
capacity. The larger the allocation efficiency is, the larger the
corrective power of secondary slot trading becomes (NERA,
2004). At the most heavily congested airports mainly in Europe,
the proportion of primary slot allocation is at its lowest. At
London Heathrow, less than one percent of the slots are
allocated by the coordinator (Wit et al., 2007). However, the
share of secondary slot trading at the European airports mainly
London Heathrow and London Gatwick is increasing
significantly during the recent years reflecting the market
dynamics. The share of traded slots at London Heathrow has
increased from 5.92% to 8.98% between the years 2008 and
2009 while the share at London Gatwick has increased from
7.23% to 10.64% during the same period (Table 1).

Table 1 — Impact of secondary slot trading on market dynamics

London Heathrow Airport London Gatwick Airport
No. of % Traded No. of % Traded
|Season |Transaction Sloty/ Sot=l Slot/Total |Transaction Stots/ Yotal Slot/Total
. Week Slots/Week Allocated N Week Slots/Week Alocated
S03 8 236 9,268 2.55% 3 52 5,628 0.92%
| W03-04 7 172 9,042 1.90% 6 205 4,118 4.98%
|S04 9 262 9,338 2.81% 6 140 5,485 2.55%
| W04-05 5 109 9,098 1.20% 0 0 4,320 0.00%
|S0s 3 68 9,371 0.73% 8 a1 5,886 0.70%
| WO05-06 8 130 9,174 1.42% a 7 4,495 0.16%
S06 1 139 9,435 147% 8 69 5,820 1.19%
| Wo6-07 6 109 9,210 1.18% 4 27 4,497 0.60%
|so7 10 235 9,462 2.48% 8 9 5,874 0.15%
| Wo7-08 9 182 9,235 1.97% 7 34 4,495 0.76%
S08 17 220 9,482 2.32% 28 194 6,060 3.20%
| Wog-09 17 244 9,271 2.63% 8 113 4,267 2.65%
S09 15 313 9,512 3.29% 1 264 5,758 4.58%
| W09-10 10 409 9,280 4.41% 5 267 4,242 6.29%
|s10 18 435 9,524 4.57% 9 246 5,658 4.35%

Source: Compiled by Author from Airport Coordianted Limited (ACL)
website

Most stakeholders including airlines and airport
authorities strongly support the mechanism of slot trading as
being an effective method to stimulate market dynamics and the
main advantages are as follows:

1. Simplicity and efficiency

2. Speed and limited costs of administration
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3. Ease of coordination with other slot regulations
4. Continual optimization and adjustments of network
5. Easier exit from market

6. Efficient usage of scarce resources (SDG, 2011).

The increase in slot mobility is subject to the

willingness of airlines to buy or sell slots. Ndit @rlines are in
a position to trade slots and loss of revenues coaginue due
to the airlines holding their slots (NERA, 2004)v&el reasons
may lead to airlines holding their slots such as:

1. Airlines may hold slots that are inefficientlypearated to
prevent other airlines to market entry and expangMERA,
2004).

2. Airlines may overestimate the opportunity cdsheir slot.

3. Airlines may view the slot as an asset and arnhald it in
light of future network development and an incre@seslot
prices. This mainly applies to airlines with stalfleancial
position (NERA, 2004)

4. Airlines may have an optimistic view about thgatentials to
increase route profitability.

5. Airlines may lack information regarding other tgtial
sellers of slots in a secondary market.

6. Airlines may not be willing to trade slots deetie instability
of the slot price at the market (NERA, 2004).

CAPACITY UTILIZATION

The introduction of monetary trading for slots ha:
proved to stimulate the efficient allocation ofpairt capacity
(Wit et al., 2007). As stated previously, the afitien of slots
reflects the airline willingness to pay. Slot tragliis a step
towards integrating the congestion cost into theketaprice.
Accordingly, the slot trading mechanism is a mdfiient way
to use the airport capacity since other externadtscoare
considered in the process. The contribution of shuting to the
airport capacity is summarized as follows:

1. Airlines optimize the capacity through the udelarger
aircraft that generates better yield. The analysishistoric
secondary trades shows that the average aircraft bas
increased by more than 33% (SDG, 2011). The uiglifhainly
due to the trading between short and long haulezarrLondon
airports (Heathrow and Gatwick) that have introdlcgot
trading still have the largest aircraft size conegato other
European airports as illustrated in Figure 3. Thtinated
growth of passengers considering that slot tradiisg
implemented in all European slot coordinated aipimequal to
1.2% by the year 2025 (SDG, 2011).

2. Airlines re-structure their route network forttiee utilization
of capacity through increasing the number of loagllioutes on
valuable slots. This is mainly due to the high eabf slot per
passenger kilometre (Wit et al., 2007).
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Average Aircraft Size at European Congested Airports

Figure 3 — Averageaircraft size at European congested &érpo
Source: Stear Davies Gleaves Consultant (2011)

The efficient use of airport capacity is subjextrisk
of speculation since traded scarce slots may heigatied with
an increase in the slot price. This stimulatesitiedficient use
of the airport capacity and thus slot buyers havelaigation to
use the slot for at least two schedule periodsci®tann, 2006).
Second, the current primary mechanism for slotitigadesults
in windfall profits for new entrants (Wit et al.,0R@7). For
instance, all the allocated slots through the 508 mentrant
process (slot pool) are able to sell their slototieer airlines
after a given period without having paid for theskets.
Accordingly, the following section assesses theaotpof the
secondary trading on the market concentration antpetition.

4\/] ARKET UTILIZATION

The European Commission (EC) states that the

introduction of the secondary slot trading systeilitates the
market access and promotes market competition @ital.,
2007). However, there is a potential risk thatghgate benefits
of an airline might become excessive which distoospetition
and reduces rather than enhance the social welfare
(Gremminger, 2006). Moreover, Lijesen states thatgdr
carriers are at a better financial position to aegaxisting slots
from other airlines leading to an increase in thmearket share
(Lijesen, 2004). These carriers benefit from newstidations
and frequencies that generate substantial netvearnkamies and
higher profits. In other cases, the dominant carneay
strategically obtain slots to limit competition tvibther carriers.
As a result, the increasing market concentratiandiates into
higher airfares for consumers (Pagliari, 2001). kwsv, the
secondary slot market may contribute positiveljtite market
competition only if a large number of slots areded to an
airline (Leveque, 1998).

The academic review of the secondary slot tradmgws
controversial results related to the impact of $getem on the
market dynamics and competition. Till today, therdpean
Commission lacks the administrative regulations thathibit
market monopoly and ensure transparency and higtaeket
competition. Main issues were raised regarding lthel of
neutrality and independency of the coordinator gitleat most
of these organizations are funded by national dirpo
management companies or airlines. Moreover, th& lac



INAIR ;E l i; 2012

definition regarding the slow ownership may encgera
excessive competition. In this regard, section d&dcribes the
experience with the secondary slot trading at csiggkeairports

under different regulations and ownership.

CONCLUSION

The secondary trading is considered the most pedcti
approach for implementation since it provides a @tmo
transition towards higher slot efficiency without ajor
disruptions for airline scheduling. The system states slot
mobility for airlines that are more conscious te ttiue slot
value and thus a growth in competition is achievdte socio-
economic review of the secondary slot trading iatis that the

system maximizes the consumers’ and producers’ lsirp

through higher capacity utilization. This resuhisain increase in
the average aircraft size per slot and profit mézdétion for an

airport. Experience with secondary trading at UWhiBtates and
European airports shows that the market conceotratias
increased significantly by dominant carriers and tavel of

competition between airlines has distorted. Moreowaérlines

tended to appreciate more the monetary value o$ltitewhich

resulted in an increase in the rates of slots rents

REFERENCES

[1] Czerny, A., Forsyth, P., Gillen, D., and Neimeier, M

Cope with Congestion at EU Airport&Vorking Paper,
Paris CERNA.

Lijesen, M. G. (2004)Home carrier advantages in the
airline industry PHD Thesis, Free University of
Amsterdam.

Mott MacDonald (2006),Study on the impact of the
introduction of secondary trading at community airns.
Volume 1 Report. November 2006.

NERA (2004),Study to assess the effects of different slot
allocation schemesA final report for the European
CommissionDG Tren.

Pagliari, R. (2001pelling Grandfather: An Analysis of the
Latest EU Proposals on Slot Tradind\ir and Space
Europe, 3 (1/2), pp. 33-5.

Seig, G. (2010),Granfather Rights in the Market for
Airport Slots Transportation Research Part B 44 (2010) pp.
29-37.

[10] Starkie, D. (2001),Reforming UK Airport Regulation

Journal of Transport Economics and Policy, 35, Hart
January pp. 119-35.

[11] Stockmann, U. (2006Political aspects of the revision of

the slots RegulatiorPresentation prepared for the EUACA
seminar on secondary trading, 28 June 2006, Aneterd

[12] Stear Davies Gleaves (2011Kkuropean Commission:

Impact Assessment of Revisions to Regulation 95i83|
Report (sections 1-12Btear Davies Gleaves 28-32 Upper
Grounds London SEI 9PD.

(2008), Airport Slots International Experiences and [13] Wit, J., Burghouwt, G. (2007)The Impact of Secondary

Options for ReformkHampshire Ashgate.

[2] Czerny, A. and Tenger, H. (2008econdary Markets for
Runway Capacity Berlin University for Technology,
IMPRINT.

[3] Gremminger, M. (2006)Commercial slot allocation- a
competition policy perspective. European Commisdiia

Competition Presentation prepared for the EUACA

seminar on secondary trading 28 June 2006, Amsterda

[4] Leveque, F. (1998)nsights from Micro-economics into the

Monetary Trading of Slots and Alternative Soluticios

72

Slot Trading at Amsterdam Airport Schiphol, seo
economisch onderzoeiarch 2007.

[14] Future strategies for airports / B. Badanik ... [et @n:

ICAS 2010 - 27th congress of international couné€ithe
aeronautical sciences [elektronicky zdroj] : 19-24
September 2010, Nice, France. - 2010. - [10] s.



INAIR ;E l i; 2012

INCREASING AIR TRAFFIC: WHAT IS THE PROBLEM?

Gaétan Marceau
Thales Air Systems and TAO, Rungis, France
gaetan.marceaucaron@thalesgroup.com

Areski Hadjaz
Thales Air Systems, Rungis, France
areski.hadjaz@thalesgroup.com

Pierre Savéant
Thales Research & Technology, Palaiseau, France
pierre.saveant@thalesgroup.com

Marc Schoenauer
TAO, INRIA Saclay, France
marc.schoenauer@inria.fr

Abstract— Nowadays, huge efforts are made to modernize tl

air traffic management systems to cope with uncetyai
complexity and sub-optimality. An answer is to emleathe
information sharing between the stakeholders. I3 fosition
paper, we present a framework that bridges the gayweésn air
traffic management and air traffic control on oneles and
bridges the gap between the ground, the approachthaden-
route centers on the other side. We present arsysii¢h three
essential components which are the trajectory modtie
optimization process and
uncertainty around the trajectory is captured withBayesian
Network where the nodes are associated to random hlagaof
the time of overflight on metering points of thespace and of
the traveling time of the routes linking these pminThe
resulting Bayesian Networks defines the airspace Idiodte-

Carlo simulations are done to estimate the probgabif sector
congestion and delays. Then, an optimization orprameters
of the Bayesian Networks is done to reduce theseapiiities.

Besides, a monitoring process is responsible toatgpdhe
actual situation of the airspace. Consequently, #Hwstem
manages directly the uncertainty through the trajges and
determines an optimal state of the airspace. Taited can be
communicated to the controllers in the form of objes. The
ideas behind this system were validated with the bélair

traffic controllers at Thales Air Systems. This @apresents a
new formal specification of this global optimizatiproblem.

Key words — Air Traffic Control, Mathematical Modeling,
Bayesian Network, Optimization, Monitoring.

. INTRODUCTION

the monitoring process.e Th

stakeholders would allow the enhancement of therentir

he

situation. Nevertheless, the information must bplated in a
way that the complexity will not increase. Othemyisthe
capability of the controllers to handle traffic hdlecrease which
is the opposite of the initial goal. Therefore, id@n support
tools are essential for this data processing taskrder to give
only the relevant information to the human aftesaies of
underlying analyzes. These ones encompass manyidusc
such as prediction, correction and optimizatioradidition, real-
time monitoring is a core component that shoulddien into
account in the development of future systems.

In this work, we propose a model to address the
uncertainty and perform optimization in the tadtjghase of Air
Traffic Flow Management. The novelty of the reshais to
address directly the uncertainty and the real-timenitoring
aspects. The main benefit is to anticipate the estign points
by enhancing the information sharing between stalkighns.
Also, this would improve the resilience of the systin case of
weather hazards. We believe that an inter-sectordawation
(Letter of Agreement) can be prepared through dibjes on the
trajectories. For the controller, it consists oihging the flight
to a geographical point within a time interval. ltan be done
by giving the clearances manually or by communigatihe
objective directly to the pilot. Then, the objeetivan be easily
entered in the Flight Management System (FMS) efdincraft.
These objectives associated to geographical potetsned
metering pointsn the following, are the core of our approach. In
terms of acceptability, the responsibilities of tmntrollers do
not change because they are not obliged to ftiffél objectives
since the safety has priority over optimization.

This article is organized as follows: Section lkgents
a literature survey of the air traffic flow managam problems.
Section 1l gives the framework definition, while Bection IV

For the next years, an increasing demand on thbe airspace model is presented together with &npnary

worldwide airspace will result in restructuring tlaér traffic
management systems. This restructuring will addréss
inherent problems of uncertainty,
optimality. A better exchange of information betwe¢he

73

analysis of its properties. Section V describesapgmization
problem over the model and Section VI gives a tagnaple.

complexity andb-su Section VII presents a Monte-Carlo approach in ortker

simulate trajectories over a realistic airspacaaly, Section V
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concludes the paper and states some open questaingill be
eventually addressed in our future research.

1. RELATED WORK

techniques. These techniques are powerful enougiddtlvess
large-scale scenarios.

Stochastic Optimization was used by (Oussedik@.) t

handle sector congestion with take-off delays atdrrative

The literature on Air Traffic Flow Management isroutes while managing the airlines constraints. riger N.)

quite rich in the Operational Research communitycesithe
beginning of the nineties. Different problems habeen
addressed with different levels of complexity, and different
axes can be used to classify them. First, thecstgtproaches
consider a single stage while the dynamic appraaahe multi-
stage. Static problems perform an optimization carue for all,
whereas dynamic problems construct partial solstion-the-
fly, based on new information, e.g. better foreaafstveather

deterministic or stochastic. In the stochastic cHwe constraints
and the decision variables are not known with @a&ga

Different scenarios are defined through a tree reehdor

reducing the problem to a deterministic equivalerddel. A

thorough literature review of these approacheshbmafound in

(Augustin A.), and the remaining of this Sectiorldescribed

the most well-known in turn.

The Ground Holding Problemminimizes the sum of
airborne and ground delay costs when the demattteatinway
exceeds the allowed capacity. It does so by aswigground
delays to flights. The first variant of the problethe Single
Airport Ground Holding Problemwas defined by (Odoni).
Later, a stochastic and dynamic version of the sproblem
was described by (Richetta), and recently addressgd
(Mukherjee), who overcome some limitations of threvpus
model such as modeling the change on marginal pitities
over a finite set of scenarios and allowing revisido assigned
ground delays of flights. The objective functiomssidered can
be a trade-off between efficiency and equity andhinbe non-
linear.

The second variant is th&ulti Airport Ground

Holding Problem It was formulated by (Vranas P.). This work

was the first approach to model a network of irdarected
airports and connecting flights with delays progagathrough

the network, and addresses the static and dynaasiescof the
problem. However, strong assumptions are made:s#wtor

capacities are unlimited and rerouting and speed@és are not
allowed. These assumptions are unrealistic in agested

airspace such as the European one. Thus, (S. SirBastD.)

presented the Air Traffic Flow Management Problerithw
sector capacities and rerouting. Also, the decisiamable of a
time slice is assigned to one only if the flightias by this time

slice in a given sector, resulting in tightening gtructure of the
linearized problem. Note that this work uses réali;istances
with several thousand flights.

Modeled the slot allocation problem, which consistassigning
slots to flights in the sector and respecting thapacity
constraint.
Programming model. Furthermore, the minimization af
traffic complexity in a multi-sector planning pangwh was
addressed by (Flener P.) also with Constraint Prograg.
Moreover, optimal path planning under weather uadey is

This problem was solved with a Constrain

addressed by (Aspremont A.) with Dynamic Prograngmin
and traffic demand. Second, the problems can bkereit techniques.

In all previous models, uncertainty was eventually

addressed by using a finite number of scenarioseitleeless,
the sector load prediction is an essential issusotsider. As a
matter of fact, a poor estimation of the time reedito travel
along a route will generate unnecessary regulatidpproaches
based on trajectories have failed to predict tretesof the
airspace beyond a time horizon of 20 minutes, feado the
design of aggregate models (Sridhar B.). These Hoduave
been used by (Bayen) to achieve control over oneisedth a
multicommodity network. Due to the fine discretipat of time
along the edges, the size of the optimization gnohbik huge.

However, to the best of our knowledge, no system
yet addressed the real-time monitoring and optitiipaof a
large-scale network by modeling the flight planhviemporal
uncertainty in a continuous domain and the purpdskis paper
is to propose a model allowing us to foresee susysgem.

. FRAMEWORK DEFINITION

The framework used in this work is different frohet
ones of the literature. The time horizon consideizdrom
current time up to 2 hours which is referred to steategic
phasein air traffic control. The idea behind the stgitephase
is, on the one hand, to bridge the gap betweenitheaffic flow
management (ATFM) and the air traffic control (AT@jd on
the other hand, to bridge the gap between the grotime
approach and the en route phases. This is nangetiesto gate
solution. The ATFM is responsible for validatingtfight plans
of the entire day by considering the sectors capacinstraints
while the ATC is responsible to ensure the aircsafparation
and to minimize the delays. The idea behind thatesgic phase
is to take into account the information from the@\&nd predict
accurately the future sector load. Then, regulationclearances
can be applied on incoming flights in order to extgthe sector
capacity and reduce the complexity at the ATC lelrelother
words, the current information is used to reduce thture

Finally, the Air Traffic Flow Management Rerouting complexity.

Problemwas defined by (G. L. Bertsimas D.) which is thesin
complete description of the real system. They imtegall the
phases of a flight, ground and air delays, rergjteontinued
flights and cancellations. The validation instanegs of the
same size than the National Airspace of the Uriedes. Also,
(A. A.-A. Agustin A), (A. A-A. Agustin A.) develped a
formulation based on the routes of the networkeiadtof the
nodes, both for the deterministic and stochastsegaAll the
problems mentioned so far were solved with 0-1 @gning
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Today, the controllers are responsible for applyi
regulations or clearances to manage their airspAsesaid
previously, the decision support tool must not éase the
workload by communicating too much information. \t¥énk
that objectives on metering points will suffice toeate the
multi-center collaboration. So, the responsibiditieof the
controllers are not impacted, but they have addtio
information on the global state of the airspacea.lw value on

ng
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temporal objective indicates that the flight candgectly to the
next metering point without causing a congestagasion in the
following sectors. On the other hand, a high vahgicates that
airborne delays should be applied to reduce th&laad in the
following sectors. From the ATFM view, the modetegrates
the Central Flow Management Unit (CFMU) slot allooat of
the European context. It is important to noticet thhe
uncertainty comes essentially from these depasiats. A slot
is defined around a calculated time of taketgffas an interval:
[ta—5
15 minutes. The following model will be a way toalate the
impact of such intervals.

routes linking the successive metering points. Blagistic can
be determined by different means: statistics oghfliposition
recordings when they are sufficient. It can alsaléfined with a
simulator that can model non-deterministic phenasndike the
effect of the wind, errors on the cruise speed,ttom flight
altitude changes etc. In any case, the followinglehdés enough
general to take into account any statistic under fdrm of a
probability density function. To obtain it, one cganerate the
histograms and approximate them with density egiima

tq + 10]. So, the uncertainty of departures is aroundechniques, e.g. kernel density estimation. Teeotfthe aircraft

performance, a lower bound and an upper bound B® a
associated to routes.

The objectives are affected by the evolution of the]_RAJECTORYMODEL

uncertainty generated by weather conditions,
performances and interaction between aircraft. Irpuaely

deterministic world, a global optimization should Bone once
and for all in order to find the global optimal plaAs seen, such
problems can be solved for huge airspace, but tmplete

solution can hardly be implemented due to the deparsiot

uncertainty of 15 minutes. This uncertainty will rbebe

integrated at the model level, and monitored inlesexd-loop

way, as it diminishes with time. If everything go&s planned,
the objectives will be slightly modified according the

evolution of the variance. In the case that an waseen event
occurs, the objectives will be modified in functioof its

severity.

V. SYSTEM OVERVIEW

This Section introduces the rationale of the prepos
way to manage the uncertainty and optimize thee stétthe
airspace at different time scales. The temporgbeds from the
current time up to 2 hours. The geographical sdaspi the
order of multiple centers in a congested area, #hg.European
airspace.

The system consists of three processes:
creation, monitoring and optimization. The modekation
receives new flight plans, and creates one Bayéségwork for
each flight plan once and for all (in particulatl possible
alternative routes are known at creation time). Teeiodic
monitoring adjusts the parameters of the modelovdlig
observations from the real world. This process mssthat the
model of the actual situation is consistent withlitg, a critical
issue for doing accurate prediction when samplifithe
optimization process optimizes the current situatiby
proposing modifications of the flight plans in orde reach an
optimal state. Then, these new plans (scheduledifiarent
metering points) are communicated to the contrmllexho
implement them their own way.

INPUTS

The inputs of the system are the airspace struetude
the flight plans. The airspace is defined by adfetmetering
points located in different sectors where ingoimgl autgoing
points are distinguished from the others. One flighan is
defined as a directed acyclic graph (DAG) wherertbdes are
defined as pairs (metering point, schedule), caitgi all
possible alternative routes for this flight. A fiilg plan also
includes the estimated time of departure, the eséchtime of
arrival and a statistic of the time required tovélaalong the
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mode

dircra

The model used to express the uncertainty around a
trajectory is a Bayesian Network (BN). This is a maltechoice
since it is a DAG composed of random variables (BM] their
conditional dependencies. A node is equivalent RVaand an
edge between two nodes represents that the firdhd®\a direct
influence on the second one. The BN framework cam the
used to do inference when new information arrivesirae goes
by. For more information on BN, see (Friedman).

Compared to other approaches from the literature, BN
is a framework that deals directly with uncertaintyome
continuous distributions can express a rich setsa#narios,
potentially an infinite number, with only few paraters. It is
mainly used to infer unobserved variables and sd@s well-
adapted for predicting the time of arrival on thaldwing
metering points. Many algorithms exist to do infare. Also,
learning is an important topic in BNs. Techniquesstefor
learning the parameters of the RV. This will be ampnt in the
monitoring process. Optimization can be easilygraéed in this
framework. Note that exact algorithms, like messagssing,
efficiently use the structure of the network tottls task. In the
se of huge networks, powerful approximate infeeen
algorithm, like particle-based, exists too. In gase, this set of
tools is well adapted to the graph structure of #iwespace
network. The interactions between metering poifiights and
sectors can be captured through this representation

In the context of ATFM, the metering points are 3D
points of interest (longitude, latitude, altitudejuch as
coordination points between sectors or converdentsf points.
In order to keep the representation as compacbssilge, only
the points included in the flight plan at hand aeet of the
network. LetGy = (V;, E;) be the DAG giving the anticipated
routes as well as acceptable alternative routdbgbt f. Two
particular vertices of the DAG are distinguish®&glis the origin
andV, is the destination. Associated to a paiof the route, a
probability density function (pdfr, (t7,;) gives the probability
distribution thatf will flight over this point over time. At this
point, the pdf ofV, is known, i.e. the CFMU slot or the
estimated time of entrance in the airspace. Lettemiine the
pdf of the others. To this end, we use the pdfigf,;,,, the
probability distribution of the time required to fflomi toi +
1. Also, we make the assumption that the time reguio go
from i toi+ 1 is independent of the time of arrival iatThen,
we suppose thaly;,, =Ts; + Ty ini41, i.€. the time at the
current point is the sum of the time at the presipaint with the
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time required to go from the previous point to therent one.
To make sense, the pdf f; . will be determined in function
of the pdf of Ty; and T ;.;4,. We use the joint probability
distribution fo'i_TfHH and we integrate along the line
trisi+1 = briv1 — L

In terms of density probability function, we have:

3}

Fry i (brivn) = f Fry ity (b trivn = tr) ditp

—oo

[ee]
= f Frp (i) Fropin (brivn = tr)dtr
—o0

[f 1o * [ Tf,zsm] (tri+1)

The second line is obtained with the independessearaption.
The third line expresses the fact that the pdhef$um of two
independent RV is the convolution of their pdfwé suppose
that the trajectory is defined as a series of

(Tf'i'Tf'i_’i"'l)ie[o..n—l] wheren is the number of points of the

trajectory, we can find that the pdf of any R¥; is the
convolution of all the previous pdf in the sequenfeis can be
proven by induction.

Then, in a real-time system, we would like to take
account new information. This can be done withabeditional
pdf:

fo,i+1|Tf,i(tfvi+1|tfvi) = fo,i—>i+1 (tf.Hl - tf,i) (Eqg. 1)

which simply translates the pdf of the time of &tivg of ¢/
time unit. This does not change the previous resslta matter
of fact, we can remove the pdf of the observed eand
variables, because there is no more uncertaintycieged to
them, and replace the first remaining pdf with aditonal pdf.

At this point, we have the necessary conceptsdater
the trajectory structure in our BN. This correspoid a path,
the sequence of metering points, and the RVs wélireg linked
to them. So, we can make a query on the BN by usiagoint
pdf and its relationship with conditional pdf. Fitre sake of

notation, letP(Ty,;) = fr,, and P(TylT;;) = fr,r,,- Here,
we use the Markov property:
P(Trie1lTr 00 Tri) = P(TpiaalTr )

which states that the conditional pdf of the futpoént does not
depend on the past points given the current onis. Simplifies

the computation of the queries that required tlat jodf. With

the chain rule and the Markov property, one canewri

P(NPy Tri) = [T P (Tri 0525 Tr )

n
= 1_[ P (Tl Ty i-1)
i=1
n
= H P(Tfisi41 — tri)
i=1

whereP(Ty ;41 — ty;) is the translated pdf defined at Eg. 1.

removing the old path and adding the new one. Mdtiat after
the modification, all RVs connected by a path tg arodified
RV are impacted and the associated pdfs must beuteohp

The modeling of the uncertainty of the trajectoryl w
be useful during the optimization process to eweluthe
objective function and the constraints. This shaalkb capture
the actual situation of the airspace updated bynteitoring
process. Contrary to the existing works on stocbasti
optimization of the ATFMP, the uncertainty is maostbidirectly
in the trajectory through the metering points.

SECTOROCCUPANCYMODEL

In the ATFM context, the usual way to measure the
complexity of an airspace configuration is to cotivé number
of flights that will go through the sector duringgaven time
interval (e.g., one hour). Given the flight plarfstiee day, the
complexity of every sector is predicted in ordedatermine the

R\potential congestion time, and when appropriate, igsue

regulations for certain flights. To this end, a @eify threshold
on the number of flights is used. Similarly, in theoposed
model, the sector constraint enforces that the murob flights
in a sector is below a threshold during a giveretstice.

Nowadays, the time slice has a constant size of one
hour. The reason behind this coarse discretizatmmsists to
absorb the uncertainty of the trajectories. In otherd, we can
be sure that the flight will be in that intervalagiven moment.
This has the effect to lower the effective capapibf the
controller to handle traffic. Figure 2 shows th@sequence of a
coarse temporal discretization. Assuming that tiveshold of
the capacity constraint is two flights, on the 6thutes, this
sector would be congested whereas two flights laiid at the
beginning and one flight will take off at the entithe time
slice. With a finer discretization of 15 minuteg)lyothe time
slice x; will be congested. Nevertheless, to achieve ar fine
discretization, the prediction capabilities of tmedel must be
of the same order of magnitude than the time slioe. This will
be an important element to validate on the realsist

To define formally the sector constraint, 18t . be the
random variable that models the number of fliglveéling in

f1

f2

f3
.——

X1 Xa X3 X4

60 -

Figure 6: Effect of coarse time discretization

sectori during the time intervat,, t;]. In the BN, we create a
nodesS; connected to every boundary points for every ttajgc
Then, the pdf associated $pis defined in function of pdf of the
boundary points, which can become easily cumbersdtotice
that to be a valid pdf, this definition shall respthe following

Notice that, for now, the graph structure of theproperty:

resulting BN is a forest, a disjoint union of tre€ansequently,

all trajectories are independent. To manage thee cak

diversions, we change directly the structure of Bid by
76
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o where 4 is the vector of expected time of arrival for tie
Z P(Sijtye) =) =1 Vg <t € RU[_OO' o] flights. The definition of the aggregation of thest function of
= . individual flights to obtain a global cost functiois not

unanimously accepted. As a matter of fact, it cameha major
impact on the benefits of the airlines. The equstya serious
issue in the domain and must be addressed in thiteinTo do
so, we use a super linear function, as in (G. Lidteas D.),
) - where the exponent will penalize the situation where all the
Finally, letCijc,c,) be the binary RV that models the fact that aregulations are assigned to a few flights for tleadiit of the
sectori is congested during the time interya, t,]. Then, others. Regarding the fitness landscape of the thgeftinction
]P(Ci,[to,tl] _ 1) _ ]P(Si,[tn,tl] > Ci) defingd previpusly; it is ind.eed possib!e thatsitmultimodal.
Consider for instance two flights that wish to ergesector that

i.e. that the probability that there are any numibeaircraft at
any time interval is equal to 1. Notice that thesnfiulation can
be used to describe the sector occupancy for ateyvals. It
simply changes the integration bounds of the ugateylpdfs.

wherec; is the capacity of the sector has a capacity threshold of one. Two optimal sohgiare to
delay either the first or the second flight. Thisckof symmetry
MONITORING implies that the landscape is multimodal.

Finally, the monitoring process is responsible forDECISIONVARIABLES
maintaining a consistent model of the actual siuabf the
airspace. Information from radars, aircraft and theather The decision variables model two types of reguitatio
centers can be taken into account to estimate ahees of the The first one is the rerouting regulation, whichdifies the path
distributions of the random variables of the BN. Ttask of the original flight plan. Here, we simply choosekeep the
undertaken in this process is filtering which esties the initial route or to choose an alternative in thé et possible
current value given past observations. Concretelge t routes for a given aircraft. Once an alternativehissen, the BN
monitoring changes the pdfs and integrates obsenstof must be modified and inference must be recompuléds
overflight time by creating conditional pdfs. Byasmple, when operation has a computational cost and an opegticst in
a flight takeoff, the exact time of departure irolum and the 15 terms of complexity. For this reason, the modifmatof these
minutes of uncertainty vanishes. This must be téknaccount decision variables shall be penalized. Neverthelessen

in the subsequent optimization phases. observing the change in the cost function with edéht
alternatives, we can assess of the robustnesg abollition with
V. OPTIMIZATION rerouting. Moreover, it can be a mean to evalulagererouting

strategy is appropriate to decrease the cost fumaif a flight.
esides, this permits to model the uncertainty adoainveather
phenomenon that will require the rerouting of gHti

Now that we have an airspace model, we want t
optimize the time of over flight in order to redube probability
of congestion for every sector and minimize theagelincurred

by resulting regulations. To do so, we need annupétion Once the rerouting decision variables are fixe@& th
problem with an objective function to minimize, @#on second regulation concerns the times of arrivathenmetering
variables and constraints. points. This is done through the parameters of ¢hesen
traveling time pdfs of the airspace model. On omadh a
OBJECTIVE FUNCTION change on the mean can suggest that the flighttrolggnge its

current speed and, on the other hand, a changkeowatiance
might suggest that the flight will commit to arrivat the
metering points with a greater precision. Besiddsese
parameters must be bound to respect the aircraforpgance
constraints. An upper bound for the number of deucis
variables isA-M-P where A is the cardinal of the set of
alternatives M is the maximum number of traveling time RV
per alternative an@ is the maximum number of parameters for
modifying the pdfs of traveling time. Consequenthe number
of decision variables can rapidly increase in fiorctof these
values.

For the purpose of optimization, objective functon
have to be defined. As a matter of fact, the irstsreof each
stakeholder of the airspace are often antagoruostitt defined.
A cost index quantifies the benefit of a trajectéoy an airline.
Usually, this cost index is not communicated exghjicdo the
controllers and so, integrating the airlines prfees in the
model can be difficult at this point. Neverthelefise initial
flight plan is supposed to reflect the interesthaf airlines and is
validated by the CFMU. Led be the vector of time of arrival
for every flight, usually given by the airline. Wibur airspace
model, we can obtain an estimator of this valuehwte

expected time of arrival:
SECTORCONSTRAINT

o

A =E(T;,) = f tfy, (Ddt The sec_tor constraint. can be used as a hgrd cimstra
or a soft constraint. For the first case, a feasgulution must
satisfies]P(Ci,[to,tl] > cl-) < ¢, i.e. that the probability that the
sectori is congested during the time inten\aj, t;] is under a
thresholdes. For the second case, the soft constraint wilpae
N of the objective function in order to minimize tpeobability
F(AA) = ZML' 4", p>1 that a sector is congested.
i=1

—00

Consequently, the cost function shall penalize #lays on the
expected time of arrivals:
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VI. EXAMPLE

In this section, we present a toy example of usitnef
airspace model. This will permit to understand lih@ts of a
theoretical approach with very simple pdfs and wihslate by
the use of approximation methods, which are simgtar
computer-based simulations.

So, let's imagine the case of two aircraft follogvithe
same flight plan. The sequence of waypoints is:3tL 2 is an
ingoing waypoint and 3 is an outgoing waypoint loé tsector
S1. Table 1 gives the parameters of the uniforrtridigion of
the input pdfs. The expected time of arrivalbfoth flights is at
time 46. Also, we choose a capacity of 1 aircraftdector S1.
Figure 2 shows the resulting BN where the blue nedeRRV of
the trajectories and the big yellow node is the RVthe sector
occupancy.

Figure 7: BN for two trajectories and a sector

With the d-separation in BN, we can see that thettajectories
are independent if S1 is unknown because it issaucture. If
S1 is given, then the information on one trajecteily impact

the pdfs of the other trajectories. Moreover, wa cae the
Markov property because there is only one edgeggout of a
RV of metering point going toward another meterioinp

Lower Bound Upper Bound

1 -5 10
1-2 10 12
2-3 15 20
3-4 12 18

Table 4: pdfs given as input

Now, imagine that the pdf at the point 1 and tdép

of the traveling time between points are all umifatistribution:

U(ty, t1). The pdf at point 2 is then the convolution of two

uniform distributions. The pdfs at points 3 and ¢ dhe
convolution of the resultant and a uniform disttibn.
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Figure 8: Convolution resultants on pdfs

Figure 3 presents the resulting pdfs obtained byctimvolution
operator. The up left figure shows the pdf of thigia point 1.
We choose the CFMU interval. The up right figure wtdhe
pdf at point 2, the down left shows the pdf at pdinand the
down right figure shows the pdf at point 4. Withe t€entral
Limit Theorem, we remark that the resultant of thens of
independent RVs tends toward the Normal Distributas the
number of RVs increases. To do the computation, we u
Mathematica8. We can see that the number of piecegfine
the function increases rapidly. For the pdf ofhk function is
defined with 24 pieces.

Now, the probability that the flightis not in sector 1 in the time
interval [ty, t;] is

P(Fisftoe, =1) =P(Ti2 > t;) + P(Ti3 < to)
—P(Tiz > t,Tiz < to)
= ]P(Tl"z > tl) + IP(TL"3 < to)

to
fri,(©) dt

[

= fr,(®dt+

t1

which corresponds to enter the sector after oxibtee sector
before the interval. Note that these two events ratgually
exclusive. Consequently, the probability to be ia #ector is:
1—=P(Figt,t,). S0, we can define the probability that the
sector 1 will be congested:

P(Citiy) = 1) = P(S1jto i, > 1)
= P(S1jto1] = 2)
=[1=P(Fiifeor) = DI[L = P(Fanftoe, = 1)]

From the last equality, we remark that the fliglaiee not
required to be at the same moment in the sectbe timken into
account in the probability. Consequently, the prdiglthat the
sector is congested durifigoo, o] is equal to one. For the same
considerations as described in the sector occupancglel
section, it is important to consider small intesvaOn the
contrary, the intervals must not be too small bseathe
probability that the two aircraft will be in therse sector during
a small interval decays rapidly.

As an example, let, =5, t; =10 and ¢ = 0.75, we

obtain P(Cy 1020 = 1) = % ~ 0.87 > ¢ and so, we consider

that a regulation must be undertaken in order doge this high
probability. For now, the objective function is edgito 0 since
the expected value of the pdf at point 4 is 46vef change the
parameters of the uniform distribution of 1-2 fag,14], that is

we delay a flight for 2 minutes, then the prob&pilirops at
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now equal to 2, fop = 1. This toy example shows that the
model is adequate to model the uncertainty of thjedtory at a
high-level. Besides, we can see that the objectinetion does
not take into account the variance of the RV ofvairtime. In
the latter, this issue shall be addressed.

VII. MONTE-CARLO APPROACH

~ 0.747 < &. On the other hand, the objective function is® cost in the number of random variables in thichsastic

process to be estimated.

An efficient way to estimate this stochastic pracis
to determine the time intervals during which thight is in a
sector. This is straightforward with the sampletiets at the
entrance and exit points of the sector. Afterwavd,can count
the number of intervals that intersect with theetislice and
compare it to the threshold.

From the example, we can see that working with the

pdfs with a symbolic computation approach can fgdie¢come

cumbersome. Consequently, we will rely on Monte-Carlo

simulations to estimate the sector congestion péfioom
(Andrieu C.), we know that a Monte-Carlo method uthexdfact
that:

N
1 N a.s. Nooo

— Oy d
N;:lf(x ) | f@pe) dx

wherex® is a sample drawn from the pplfx). This

is an unbiased estimator and, by the law of largalrers, it will
converge almost surely to the expected value. In aase,
scenarios are built with trajectory sampling foatistical
analysis on expected time of arrival and sectoupancy. A
scenario is complete when it gathers one sampigelctory per
flight plan. This process gives as an output 20681 scenarios
D ={{[1],---,{[M]}. The elements of this set are referred
particles in an approximate inference context. @dirse, the
accuracy of the Monte Carlo simulations dependstyren M

and a sensitivity analysis shall be done on thé¢ dataset in
order to determine the order of magnitudeMfin order to
obtain good approximations.

STOCHASTIC OPTIMIZATION PROBLEM

The goal of modeling a Stochastic Optimization

Problem is to address uncertainty over the outcahassystem
by considering the most likely ones. In our systéhis is done
with Monte-Carlo simulation, which generates thense® set
D. The optimization process contains its own copy thod
airspace model for evaluating the solutions withaftgcting the
monitored airspace model. Then, the optimizatiarcess starts
from the actual situation as a default solution gederates a
new set of parameters for the model. A trajectaaynpling
method is used to generate a new set of scenaribthase are
statistically analyzed in order to determine theiateon of the
aggregate cost function under the sector capasitpossible
stopping criterion for this iterative process is rtenitor the
value of the cost function, and to stop whenevestays stable
during a predefined time interval. This stoppingecion should
work even in the case where we do not have enamfghmation
on the landscape of the cost function. Howeverergtopping
criteria could be envisioned.

SECTOR CONSTRAINT APPROXIMATION

As seen previously, an estimate of the probabdity
congestion can be the ratio between the numbescearfarios
where the sector is not congested over the totahben of
scenarios. This probability is computed for evémet slice and
s0, this creates a stochastic process. So, adiseretization has
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OBJECTIVE FUNCTION APPROXIMATION

In the Monte-Carlo approach, the landscape of the
objective function is not explored directly, butpapximated
with a huge number of simulations. In this casés @ften more
relevant to maintain a pool of good solutions siacelution is
better than another solely with a given probability

Finally, regularization terms will probably be
necessary in the objective function, in order téaobrealistic
solutions. The rerouting must be penalized sinceadtls a
workload to the controller and the pilot. The mearisthe
traveling RVs should also be modified only slighthnd in a
consistent way, in order to minimize the numbecladnges in
the flight behavior. Finally, the variance should/ays reflect
the uncertainty of the system and should be intedrén the
objective function. These considerations will beren@asily

tdaken into account with the Monte-Carlo approach tuéts

flexibility.

More generally, it is very likely that several @ifént
objectives will have to be considered for realisMost
probably, the optimization problem might become tmul
objective - even though the ultimate output of dptimization
process in the context of the proposed system dhmeik single
set of changes for all flights. Hence some decismaking
algorithm might also be needed here - unless soumah
supervision can be imagined. This could lead toctieation of a
new role, e.g. multi-sector planner who will be dharge of
using the system.

VIII. CONCLUSION AND PERSPECTIVE

In conclusion, a new system is presented to cofle wi
uncertainty, complexity and sub-optimality. The alby is to
define the trajectories as a stochastic objectaijart of a BN.
Thereafter, these objects evolve with the realesgsand are
updated by a monitoring process to keep a consistendel of
the actual situation. From it, an optimization @ee determines
the optimal airspace configuration towards whicle #ystem
should tend. The optimal airspace is communicatedthe
controllers in the form of objectives on the trajeies.
Moreover this model is compatible with the curréit Traffic
Control system and does not imply a complete redzgtion of
control centers. As a matter of fact, the controlie still
responsible for rerouting flights at the tacticaltdl. The new
information is only a time interval on points ofetlirajectory,
which will create a collaborative environment betwethe
controllers.

Many research topics are encompassed by our system.

First, the definition of the metering points nees extended
analysis from the past trajectories. Trajectory stting
techniques can be used to determine the flows dmd t
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underlying points. Thereafter, because of the nurabdecision
variables, the multi-objective context, the graplucure of the
trajectories and the use of Monte-Carlo simulatioios

evaluating the quality of a solution, evolutionagtimization
techniques seems good candidates to address tbidepr.

Besides, powerful filtering algorithms should bedise keep a
consistent model of the actual situation. The mtazh of the
sector load depends on it. Finally, because of steehastic
context, a sensitivity analysis shall be done om lamber of
scenarios required to get good estimates.

This article gives the theoretical tools to deterni
exactly the pdfs. In the following works, we wilettrmine the
relation between the rate of convergence of thecqupation
and the number of required scenarios. Equity in dhgctive
function shall also be addressed.
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Abstract — this paper presents the results of the testdhen
exhaust emissions from a turboprop engine used tlier
propulsion of PZL SW-4 Puszczyk helicopter. Thés tegre
conducted in pre-flight conditions. The paper presethe test
results and their analysis that enabled the deteimg of the
values of the brake-specific emissions at seleldad points.
The load values were determined based on the cowfsdse
parameters recorded by an on-board flight recordaring the
pre-flight test. The obtained values of the brapeesfic

emissions as assigned to the engine load conditimre used
for the evaluation of the emissions of the helieophder actual
operating conditions. The load conditions of thewpdrain

were determined based on the analysis of the operakata as
obtained from several archival flight records. Thaalysis
enabled an obtainment of the values of the exhammss$sions
generated during the actual operating conditions thie

helicopter.

transport upon the environment as introduced by the
Environmental Protection Agency and InternationalvilCi
Aviation Organization mainly relate to noise andhauxst
emissions with particular consideration of nitricides [3, 6].
They relate to turboprop, turbofan and jet engiaed include
requirements for apparatuses and stationary tegtiogedures
depending on the operating conditions of an endiée
Turboprop engines used in helicopters are clagsifi¢h respect
to all standards, but no limits of exhaust emissiare
determined. Therefore, an attempt was made to atelthe
exhaust emissions generated by engines of PZL SWs4czyk
helicopter in its actual operating conditions.

METHODOLOGY

OBJECT OF TESTS

The tests on the exhaust emissions generated by a
helicopter turboprop engine were performed on PAN-8&
Puszczyk (Fig. 1) with its powertrain composed @fot

Key words — emissions, turbine engine, helicopter, pre-flighturboshaft Rolls-Royce 250-C20R/2 engines (Fig. 2). The

test.

INTRODUCTION

The increasing demand for transport tasks dedidated
helicopters is directly translated into growth b&tnumber of
such types of aircraft in use. This, in turn, igndlicant for the
condition of the natural environment. The emissadncarbon
dioxide and particulate matter is still a sevenedh and, at the
same, time an obstacle in the development of cquesny
combustion engines - turboprop engines in partiqdla2, 4, 5].
The current provisions relating to the effects loé taviation
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exhaust emission tests were performed in real @ipgra
conditions of the helicopter during a pre-flighsttePZL SW-4
Puszczyk was fitted with an on-board flight parametcorder
that not only records such parameters as flightaoigl and
altitude, but also the position angles of the loglier and the
operating parameters of the engines.
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Figure 1— PZL SW-4 Puszczyk helicopter

Figure 2 — Turboshaft Rolls-Royce 250-C20R/2 engines

The basic technical parameters have been shown
table 1.

Table 1- Basic technical parameters of the Rolls-Royd® 25
C20R/2 engine

Name Symbol Range rth::s?Jfre
Power output DY 380 kw
Unit fuel consumption o} 0.465 9/kWh
Mass flow rate & 17 kg/s
Compression rate I 7.9 -
Engine weight m 78 kg

The exhaust emission tests were preformed in th

actual conditions of the helicopter operation dgran preflight
test. The PZL SW-4 Puszczyk helicopter is fittedhwa flight
recorder whose purpose is recording airspeed,uaddtitand
helicopter angles as well as the operating parameié the
engines.

MEASUREMENTS EQUIPMENT

The exhaust emissions were measured in the actual

operating conditions of the helicopter. This apptoaequired
installing a system of exhaust gases uptake imdieopter near
its exhaust in such a manner as to make it possildperate the
helicopter (Fig. 3).
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Figure 3 - Placement of the exhaust gases probe

in A duct feeding the exhaust gas sample to the asalyz

was conducted through an open window in the loadpare of
the helicopter. Semtech-DS portable analyzer matwfad by
Sensors was used for the measurement of the coatientof
the exhaust components (Fig. 4).

AN

Figure 4 — View of the exhaust emission analyzer

The analyzer enabled a measurement of the
concentration of carbon monoxide, hydrocarbonsjcnaxides
and carbon dioxide. The exhaust gases were intsatlinto the
analyzer through a measuring probe that maintaitiesl

temperature of 19C and then were filtered out of the
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particulate matter (only in the case of diesel pagj and the
concentration of hydrocarbons was measured thrauglame
ionization detector. Next, the exhaust was cooledrdto the
temperature of 40C and the concentrations of tHeviillg were
measured respectively NOCO, CQ and oxygen [2]. The
analyzer measures the concentration of carbon nid@0x
hydrocarbons, nitric oxides and carbon dioxide &s the
characteristics given in tab. 2.

Table 2— Characteristics of Semtech DS (a portable exhaust
emission analyzer) [6]

Measurement
Parameter Accuracy
method
NDIR, measurement
co range +3% of the measuremerjt
range
0-10%
FID, measurement +2 5% of the
HC range measurement range
0-10 000 ppm g
NDUV,
+3% of the measurement
NO« measurement range range
0-3000 ppm 9
NDIR, measurement
u +3% of the measuremerjt
CO, range range
0-20% 9
Electrochemical,
ectrochemica +1% of the measurement
0O, measurement range rande
0-20% 9
Exhaust  flow +2.5% of the
Mass flow rate
rate measurement range
Exhaust +1% of the measurement
Up to 700C ’
temperature range
Warm up time 900 s
Response time a<ls

EMISSION TESTS RESULTS AND ANALYSIS

During the pre-fight test of the helicopter,
concentrations of the exhaust components were nmeghsilihe
results of the measurements of the concentratio@@f CO,

HC, NQ, were presented as measurement values for sevei

minutes’ measurement initiating from the momenobefngine
startup until several seconds following the stoppiof the
engines. The test course was additionally recolyethe flight
parameter recorder. The obtained courses were cemhzand,
then, used for further analysis of instantaneouisegof engine
loads (Fig. 5).

nter) Zaznaczanie <L

€O, HC x10, NO; x100 [ppmi

500

200 300 600

Time [s]
NOX === CO2

s CQ e HC
Figure 5— The compared courses of concentration of indadid
exhaust components and the course of the operpéirgmeters
of engines as recorded by the flight parameter meonduring
the pre-flight test of the helicopter

On the basis of the recorded course, engine laads i

time were determined. During the pre-flight tesgiaes work
under approximately 10% of maximum load for 7% tiofehe
test, under the loads ranging from 60+65% of th&imam load
for approximately 13% of time and under 95 % of maxm
load for approximately 80% of the test (Fig. 6).

100 - 80%
< 80
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Operating time share [%)]

Figure 6 — Test operating time share of the powertrain ef th
PZL SW-4 Puszczyk helicopter during the preflight t

On the basis of the available flow characteristi€s
Rolls-Royce 250-C20R/2 engine and the
instantaneous value of air excess coefficient, exhgas rate in
individual points of load was measured.
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The obtained values of instantaneous exhaust flow

rate, multiplied by the measured instantaneous evalfi the
concentration of a given exhaust component yieldbd
instantaneous emission of the individual exhaushpmmnents
during the test (Fig. 7-10).
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Figure 7 — The course of the instantaneous concentratiah an
emission rate of COin the exhaust gases during the test

3000 5 _
l'\ 2000 © E
et r 1000 gg‘
Y [}
0 g O
(@]
10
%) )
sw °
52 6
29 4
50 , %™ ~ N
\ |
0 . . N . .
0 200 400 600 800 1000

Time [s]

Figure 8 — The course of the instantaneous concentratiah an
emission rate of CO in the exhaust gases duringetste
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Figure 10— The course of the instantaneous concentratiah an

emission rate of NCOn the exhaust gases during the test

The obtained values of the exhaust gas conceniratio
as multiplied by the instantaneous value of comegion of an
exhaust component resulted in instantaneous valuemission
rate of particular exhaust gas components duriegptirformed
test. The obtained courses of instantaneous valughe
concentration of the individual exhaust gas comptsevere
compared to the instantaneous values of the enliads
recorded by the on-board flight parameter recordene
comparison resulted in obtaining of values of Unaised
emissions of exhaust gas components for indivighoahts of
engine loads (Fig. 11). It results from the obtdidata that the
largest ecological nuisance is the stage of startip and
warming of the engine under small loads. With arréase of
load, one may observe a decrease in the valueskéispecific
emissions. It is particularly the case in the emis®f carbon
monoxide and hydrocarbons. The values of unit-basedsion
of carbon dioxide and nitric oxides change insigaiftly for
75+95% of the maximum engine load.
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Figure 11— The values of brake-specific emissions genetated
the powertrain of PZL SW-4 Puszczyk helicopter dypittre pre-
flight test and for individual load values

The values of unit-based exhaust emissions as
determined for individual engine loads may be mlikd by the
percentage share of time of engine load duringtkdlight test
performed. This allows obtaining values of unitdmh®exhaust
emissions constituting individual characteristiax fa given
engine in a given pre-flight test (Fig. 12).
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Figure 12— The values of unit-based exhaust emissions as
generated by the powertrain of the helicopter durtimg pre-
flight test
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The unit emission of CO was approximately
1456 g/kwh, CO approximately 19.8 g/kwh, HC approxeha
3 g/kWh and NQapproximately 1.2 g/kWh.

CONCLUSION

[1]

The conducted exhaust emissions tests from PZ2]

SW-4 Puszczyk during the pre-flight test enabledbiainment
of data on the concentration of exhaust gas comperia the

exhaust gases of a helicopter turboprop engine.ushdr

analysis of the results as compared to the engperating

parameters provided values of brake-specific eomssi
generated by the powertrain for individual engioads. Based
on the obtained values, actual exhaust emissiooms fthe

powertrain of the helicopter during the pre-flighwere

determined. The here-discussed evaluation coregtitupart of a
larger work aimed at the evaluation of negative aotpof

operation of transport helicopters upon the natenaironment.

The work is also connected with the developmera ohiversal

test facilitating the determination of exhaust esiciss generated
by helicopters.
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(3]
[4]

(5]

(6]
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Abstract— The aim of this study was to investigate thecetie
fatigue on performance in short haul and mediuml liéghts,
identifying the most fatigue affected stage ofhfligpre-flight,
top of descent, post-flight) and to identify difeces in
protection between the UK FTLs and other InternaidfTLs.
32 pilots participated, they were required to conpla Samn-
Perelli (SP) questionnaire and a 5 minute Psychoemot
Vigilance task (PVT) before and after flight andaht the top
of descent for medium haul flights (MHF). Repeatezhsures
analysis of variance (ANOVA), correlation and T-testre
conducted on the data. There was no significante{fe>0.05)
found under the different FTLs on flight stagel atifferent
measures of fatigue (SP, PVT reaction time, PVEdap for
both MHF and SHF. The UK CAP 371 in comparison tepoth
FTL's did not yield significantly different fatigueatings
(p>0.05). Results also revealed a non-significaminreffect of
the difference in SHF and MHF. There was no sigaific
difference in the fatigue measures obtained atabgescent in
comparison to post flight MHF. There was significaria the
data that subjective fatigue (Samn-Perelli) was adgtor of
the objective fatigue (PVT & PVT lapses) for bothifMand
SHF. These findings highlight the difficulty in éstigating the
highly individual effect of fatigue in relation fTLs protection
and design.

Key words — fatigue, FTL, FTLprotection,
performance.
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Introduction

Fatigue has gradually become recognized as a fac
that has a significant impact in increasing thé 1§ human
error (Ferguson et al, 2005). With the growth ie #wiation
industry fuelled by the demands of today’s soci#tg, need for
twenty four hour operation in order to satisfy tltignsumer
demand, has led to the interest in fatigue resetraexpand.
Industries that require a round-the-clock operaiarapability
are prone to fatigue related accidents and furésgarch will be
of significant value. In airline operations, wheteft work, time
zone changes and irregular work patterns are prgsitots have
been identified of having a increased risk of diaéi and
associated error rate; an environment that is ehgihg at both
physiological and psychological levels (Eriksen &ebstedt,
2006), this raises concerns about the maintenante
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“satisfactory” levels of flight safety (Samel et, al997).
National Aviation Authorities such as the Unitedngdom’s
Civil Aviation Authority (UK CAA), have Flight Time
Limitation schemes (FTLs). The UK CAA scheme is Civi
Aviation Publication (CAP) 371, and it is titled “€RAvoidance
of Fatigue In Aircrews” (© Civil Aviation Authority2004).
FTLs define the maximum duty hours, flying hoursdan
commander’s discretion to deviate from these hourghe
problem for current aircrew is that companies are planning
flight operations up to the maximum that the FTlsw this
was not the purpose when CAP371 was written.

There are number of accidents where time of day and
irregular working hours were identified as possib&isal and
contributing factors in major catastrophes; e.@ @hallenger
space shuttle disaster (1986), Chernobyl (1986)edhvlile
Island nuclear power station disaster (1979) (Wrigh
McGown, 2001) . Prior sleep deficit, due to cireaddisruption
is common in the aviation industry; this is justo#rer factor
contributing to an increasing risk of accidents g&r et al,
2005). These well know accidents demonstrate thles rthat
work related fatigue presents to safety and theuaiazh in
human performance. With the expansion of technolagd
associated increased reliability, air transportrafiens flourish,
increased range that enable direct ultra-long Aayhts( 18hrs
or more), numerous night flying, mixed early statisie zone
changes etc requires new regulation to ensurdlidlatt safety is
maintained. The recent regulatory requirement fatigbie Risk
Management Systems (FRMS), that is defined by
International Civil Aviation Organization (ICAO) asA“data
driven means of continuously monitoring and mangdatigue
related safety risks, based upon scientific prite€p and
knowledge as well as operational experience that anensure
relevant personnel are performing at adequate lewdl
alertnes§ICAO FRMS Annex 6 2011), whilst this is a
theoretical leap forward, the actual cost and dliffies for
operators to achieve this, the lack of simple aéd tools, lead
to difficulties in effective implementation at airé level.

the

tor

There are numerous studies illustrating that fatigu
responsible for many aircraft accidents (Wright &Gbwn,
2001), thus to reduce this risk, the question arisdnat are the
main causal factors for aviation/transport fatigueBoth
physiological and psychological factors are ideedif the
physiological factors contributing to fatigue arelWknown and
identified, namely sleep disruption, irregular glegake pattern
and Circadian rhythm and other contributing facers time of
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day, duty period. Psychological effects cannotdymasated from
the physiological, many are linked stressors, bighaly

environmental and emotional factors are linked rofte the
physiological factors, further disruptions in amiindual’s life

often lead to a covert stress prior to commenceroért duty
pattern ( e.g. being away from base during an amsary,
child’s birthday, etc)(Matthews et al, 2004).

Defining Fatigue

Fatigue is complex in origin; it refers to a stateere
one is unable to maintain expected force (RadoviMamgren,
1998), it can be defined in terms of quality andat#on in or of
performance; it is not just a decrease of atteatiorsource
(Matthews et al, 2004). Fatigue usually includeseé¢h
components; the physical component, mental compenamd
the sleep component. The most relevant componeatsnast
probably, mental fatigue and sleepiness (Keclundk&rstedt,
2004) and tan be regarded as a consequence of severe
sustained stress and are important mediators of rédation
between stress and performah@g€eclund & Akerstedt, 2004).

Fatigue in Aviation

and alertness, with alcohol intoxication (UK CAA aew
fatigue 2005/4). Similar effects were obtained fraaearch by
Lamond and Dawson (1999), where moderate levefatgue
resulted in performance that was comparable toopmdnce
under alcohol intoxication. This highlights thatcd#on making
in state of cognitive impairment is highly pronenisjudgment
of the situation (Green et al, 2005) and that thesequences of
fatigue are still underestimated (Maruff et al, 30

The Circadian rhythm, or circadian clock, contrdle t
timing of physiological activity (thermoregulatiomigestion,
immune function) (Rosekind et al, 1996) and perfamoe,
alertness and mood. The lowest activity point & tircadian
clock for human functioning is circa 3am to 5ame gecond
low point occurs at circa 3pm to 5pm and this sassociated
with decreased performance.

Finally, sleep deficiency or sleep loss is recogdias
armajor cause of industrial accidents (Swan e2@06) and the
key factor contributing to fatigue (Dinges et 4994).Sleep loss
is accumulative, and this is often seen in the asite shift
work, early rising, night work or time zone shiftirther a
reduction of sleep to only 5 hours per day for fysdas the

In aviation, the research interest in fatigue hagquivalent for fatigue and performance to the los®ne full

increased with the growth of accidents attributeiuman error,
despite an overall reduction in accidents, the Uidl@iviation
Authority (UK CAA CAP 720) research claims that 6586
accidents in air transportation are due to fligietacerrors, many
are traced back to a decrease in performance ddepiavation
of sleep (not only on long-haul flights).

The unsociable working hours and continuous twenty

four hour operation schedules result in a disruptaf the
circadian rhythm and cumulative sleep loss (Roselghdl,
1997) that result in fatigue with a negative impamh
performance.

night's sleep (Akerstedt et al 2003). Reductionleep time is
especially likely when sleep is taken during they, dahere
many environmental factors (e.g. stress, noisepsig position)
contributing to the disturbance of both quality aseantity of
sleep (Akerstedt et al., 2003).

Fatigue Symptoms and Effects on Performance

Fatigue caused by sleep loss, physical or mentat wo
or both can decrease human performance ( Caldweleduc
1998). Petrie and Dawson (1999)(as cited in CaldwafD5)
described cognitive slowness, reduced concentratio
irritability, lethargy and sleepiness as a commgm@oms of

There are three distinctive influences on fatiguepilots fatigue. The sleep deficiency that is redat® shift

identified from the psychological point of view;ettask induced
fatigue, sleep deprivation and time of day (disiuptto
circadian rhythms) (Matthews et al, 2004).

Performance in general is affected by the timeaf d
that the task is performed (Green et al, 2005)pkrasks such
as reaction times, visual search speeds and wvigilarequire
low working memory, improve during the morning ¢arly
afternoon hours and decline in the evening, reacthie lowest
levels of performance at 4 am in the morning. (Gree al,
2005). Individuals tend to show differences in thgieferred
time of day, some are so called “owls”(evening B)psome are
“larks”"(morning types) (Matthews et al, 2004), thebjective
arousal of an evening type is higher in the everang for
morning type it is in the morning. This is refledtén their
performance; however this effect seems to vary with tasks
and associated processing demands (Matthews2804).

Night duties are especially fatigue prone, as thfegn
combine circadian disruption with prolonged dutadmg to
psychomotor impairment and reducing the abilitygspond to
changing circumstances (Akerstedt et al, 2003). &ebe(UK
CAA aircrew fatigue 2005/4) suggested that 22 hairsleep
deprivation could be compared to a 0.085% of blaldhol
level (in the UK, legally drunk).This relation wesrived from a
model where performance decrease is associatedalttness
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patterns manifests in reduced cognitive abilitidgjlance and
slower reactions (Caldwell & Leduc 1998). The consege of
visual fatigue is reduced or impaired performaremgfitive and
psychomotor) (Antunano & Mohler, 1988).

Aircrew performance is closely connected to safety
and fatigue reduces reaction time and the abititgdncentrate.
Performance changes result from fatigue (experirnentiucted
in a sleep laboratory in Farnborough) (UK CAA aiwerfatigue
2005/4), actual fatigue can be predicted by measemé of
performance. The results show the changes in pesgoce after
a period of 16 hours and 24 hours of wakefulnesm(oencing
at 7 am). One example of the effect on performasci a
memory recall task, after 16 hours of wakefulnessprs
increased to 8.8% and after 24 hours to 15.5% (wibiaseline
5%). Further, complex tasks e.g. multi-attributsktdMAT)
battery test, the response times increased frormahmal, with
a 25% increase after 16 hours and over 70% aftéoR4s This
illustrates the relationship of long duty hours aingpaired
performance or impact of fatigue on tasks (CAA rave and
fatigue research, 2005).

As the number of fatigue related accidents inciease
this clearly preventable cause needs to be addrabseugh
research and incorporated in international rulesincrease
safety for crew and passengers. Reports from a wuwi&39



INAIR ;E l i; 2012

pilots (Petrilli et al, 2006) revealed that pil@se most affected
by night flights and jet lag which is consistentwbther studies
(e.g. Samel et al,1997, Petrilli et al, 2006). ksen and
Akerstedt (2006) conducted a small study of 14tgilflying
trans-Atlantic routes, with a comparison of sleegs on
westward bound, morning and evening flights, udimg Wrist
Actigraph and Karolinska Sleepiness Scale (KSSky th
concluded that evening flights resulted in highevels of
sleepiness than morning flights; the most probahlgse is the
proximity in time to the circadian trough of alezis (Ericksen
& Akerstedt, 2006). To prove that fatigue is linkiedaccidents
in aviation, Goode (2004) assessed 121 accideots 979
until 1999, which were classified as human factoidents, in
order to demonstrate the empirical relation of @emaaccidents
and cockpit crew schedules and fatigue. The amab@icluded
that the probability of an accident does increash Vengthy
duty hours, where 20% of accidents happened inlfith or
more hour of consecutive duty (10% of pilots’ datysessed
was in the 10th hour or greater duty period). After 13 hour of
consecutive duty, 5% of accidents occurred (althoay that
time only 1% of pilots’ duty was longer than 13 mgu Further,
he suggested the limitation of duty hours as pgssblution
and risk reducing factor in commercial aviation ideats
(Goode, 2004).

FTL'’s basic principle

The main objective of FTL's is to control the fiig
duty and rest time, ensuring sufficient rest ptmmevery flight
in order to prevent fatigue and ensure safe opmeratThe
increased frequency of flying, number of take aiffel landings,
time of day all require consideration, as well g tminimum
rest between duties that a crew member requird®ut being
exposed to cumulative fatigue (UK CAA CAP371). leastvary
between airlines and depend on the regulatory atghas they
also take into account commercial requirements®fcompany,
and therefore the fatigue levels will differ in ensity in
between various airlines.

Many countries operate under the guidance of the U
CAA CAP 371, this has been long established ancbkes the
aviation “Gold” standard; this dictates the maximilimits an
individual can work. Thus some airlines set the imaxn limit
as their goal and whilst others a lower limit (W&002).

The aviation industry point out that they consisiten
operate within the constraints of these regulatiamsl are
therefore legal and safe. Variations in other Caesitfrom the
UK CAP371 rule of an annual legal limit of 900 flgitours do
occur, this number could reach as much as 1200shpar
annum in airlines operating under the FAA “regidmale, FAR
135.265(a) (Williamson, 2002), which raises a goestmark
whether the rules are working sufficiently well order to
prevent pilots flying when unfit due to fatigue.rges et al,
1996 (as cited in Caldwell, 2005), suggested thatustry
practices are currently not incorporating concerniaitigue into
their regulations effectively, thus increasing thioidable air
safety risk.

Short Haul Flights (SHF), Medium Haul Flights
(MHF) and Long Haul Flights(LHF).

In the recent years an increased number of studi
have focused on long haul flights (LHF), mainly &ese of
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rapid growth in intercontinental flying and the asation with a
circadian rhythm disruption and cumulative sleepss|o
recognized as contributing factors in fatigue. Thiay have
taken away the focus from SHF and MHF; these omermface
many similar, but also markedly different challemder aircrew
in comparison with LHF. SHF operations involve axnaf
overnight duties, early starts, late night finishab combined
with more sectors (one sector is one take off andihg), all are
stressors. However the long overnight operationng as
common as in LHF, therefore assumptions arosethteasleep
disruption would not be as severe ( Loh et al, 200ere has
been little aviation research on SHF, but the worklate would
indicate that this assumption is not entirely cotrrgoh et al,
2004). According to SHF research, work relatedgfai is
caused by scheduling issues e.g. number of seceamdy
morning starts, consecutive days work etc. (Speraed
Robertson, 2002). Spencer and Robertson (2002) adked|
fatigue in SHF to the time of day of the duty pdritn a six day
schedule, fatigue increased with the number of ecutsve days
and also fatigue impairment increased with the remmbf
sectors worked; the difference between flying orecta
compared to four sectors being the equivalent ofking an
extra 2.77 hours . Further factors connected wik Sdentified
was the inherent hassle, the pressure of grourff] atecraft
preparation, during time restricted turn roundsattinas a
consequent effect on performance (Spencer and Rober
2002). In comparison, LHF the accumulation of faiggeems to
be mainly related to insufficient sleep and corgihusleep
disturbances (Spencer and Robertson, 1999). The most
significantly elevated fatigue levels on LHF are the return
phase, possibly when the recuperative value ofpsieethe in
flight bunk facilities was less than on the initialitward leg
(Spencer & Robertson, 1999).

Measurement of fatigue

The simplest way to measure fatigue objectivellgyis
measuring how long you take to react to a givenai¢Green et
QI, 2005). A standard test used worldwide in redean human
performance is the hand-held (Palm®) Psychomotgilarice
task (PVT) that is recognized and accepted as mblel
measure, assessing functional consequences afidatiggmond
et al, 2005).The PVT version for Personal Data #tasit (PDA)
was developed by Walter Reed Army institute of Redear
(Thorne et al, 2005). The participant rests higdinon the
button and responds to a stimulus (Bulls-eye targppearing
on the display as fast as possible, the stimulyeans for 5
minutes at random intervals. In this research aeemsponse
times (RT) and number of lapses (response greater H00
milliseconds) were chosen for analysis. Lapsesgdilance and
increase in RT are identified with a reduction ierfprmance
(Doran et al, 2001).

Subjective fatigue is an individual’'s own perceptiaf
their fatigue and can be measured on a self reporte
qguestionnaire such as the Samn-Perelli (SP), anspaint
Likert scale.

The aims of this study are to investigate the ¢fédc
fatigue on the performance of aircrew in short Hdlidht time
less than 2 hours) and medium haul flights (flighie 2 to 5
déours), to identify the most fatigue prone stag¢hefflight (i.e.
pre-flight/ top of descent / post flight), exanmgi both
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subjective fatigue levels (using the Samn-Perrpbift scale) The three way interaction between the Flight time
and objective fatigue (using the Palm® PVT) ontgiloperating limitation, different tests and flight stage wag s@nificant (F
under the UK CAA CAP 371 and comparing with othet&T (1.024,14.341)=0.008,p>0.05, indicating that tlightl stage and
the different tests on SHF did not depend on tightfltime
limitation rule (CAP 371 or other FTLSs).

Finally, does the current and recognised as théd'Go
standard of FTLs, UK CAA CAP371, afford more prdiec in
comparison with other national regulations There are no significant effects of the type of (&P,
PVT) used, the time of flight testing (pre-fliglpost-flight) and
the interaction of these two variables on SHF.

A Mixed design experiment was conducted. This
design would consist of two within subject variahléhe Flight
Stage with three levels (pre-flight, top of descamd post-
flight) and Test with three levels (Samn-PerelN/TPresponse
time, PVT lapses) and two between subjects variéblight
Time Limitation scheme), with two levels (CAP 374 ather
International FTLs) and flight sector with two \alles (SHF The post-flight response times on SHF were lower
and MHF). under the CAP371(M=318,44,SE=54.73) than under thero
FTL's rule (M=321.42,SE=34.73).The post-flight lapson SHF
under the CAP371 were also lower (M=7.37,SE=10.@h)th

Participants comprised of thirty two adults, 23under the other FTL's rules (M=7.75,SE=4.43)
captains and 9 first officers, 30 male and 2 fenpilets, of
mixed nationalities, random sample, with an aggeainom 30
to 55 years (mean age 41.84 SD = 6.33). TEST AND FTL INTERACTION SHF/ Samn-Perelli x PVT

Design

The pre-flight response times on SHF were lower
under the CAP371 (M=244.81, SE=36.93) and highereund
other FTL's (M=248.85, SE=31.08), the pre-flighpsas were
higher under the CAP371 rule on SHF (M=1.38,SE=1n51)
comparison to other FTL's (M=1.25,SE=1.39).

Participants
Contrast for Repeated measures variables - SHF

Statistical analysis The first interaction looks at level 1(PVT test)
e s anlyes g eSS sovare (ersTPYE 0 L SaT oo e e e L
15.0: SPSS Inc., Chicago, lllinois, USA). Two measuwere ' DA e
analyzed from the Paim® PVT test (measure of obyject TEST AND FTL INTERACTION SHF/ Samn-Perelli x PVT
fatigue), the mean response times (RT) and numbdapsies lapses

(response time greater than 500 milliseconds). dbjective
fatigue was assessed using repeated measures mixdel
Analysis of Variance (ANOVA); the data obtained rfrathe
Samn-Perelli (SP) questionnaire was also subjdotadepeated
measures mixed model Analysis of Variance (ANOWAhere FLIGHT STAGE AND FTL on SHF
necessary (if violation of sphericity), the Greeanbe-Geisser
procedure was applied to provide a correction &dbgrees of
freedom, for all ANOVA analyses.

The second interaction looks at the level 2 (PVT
lapses) compared to level 3(SP test) under difféf@h’s rules.
This contrast is not significant (F(1,14)=0.001,®%).

Pre-flight testing and post-flight testing were
compared under the different FTLs. There was naifsignt
contrast (F (1, 14) =0.000, p>0.05.

The match of the subjective (self estimated fatigue
rating, Samn-Perelli 7 point scale) and objectiatighie (palm
PVT test) was further subjected to analysis usimggression The first interaction compares the level 1(PVT)susr
analysis to determine their relation. level 3(Samn Perelli test) at pre-flight test (let¢ and post-

A paired sample T-test was conducted on the top cf)l{ght test (level 2) under different FTL's. Thertoast is non-

descent and post flight data in MHF to determine thost significant (F(1,14) = 0.008, p>0.05)

TEST, FLIGHT STAGE AND FTL on SHF

fatigue prone point of the flight and a independ@&rest to The interaction of level 2 (PVT lapses) and Level 3
determine the most fatigue prone sector (SHF or MHF (SP test) on pre-flight test (level 1) and pogikti test(level 2)
RESULTS ;:geors)dlﬁerent FTL's is also insignificant(F(1,14) 0.008,

All effects are reported as significant at p<0.05 Mixed design ANOVA MHF data.

Mixed design ANOVA SHF data. .
xed design aa Repeated measures effect with corrected F valudsF M

Repeated measures effect with corrected F valuklé- S . i .
The data violated the sphericity assumption; the

As the data violated the sphericity assumption, th&reenhouse-Geisser correction was applied to tedtfiight
Greenhouse Geisser correction was applied. There mea stage data. There was no significant interactiotwéen the
significant interaction between the different FT(GAP371 and different FTLs (CAP371 and other FTLs) and theadiht tests
non CAP371) and the different tests (SP, PVT, P\pkds) (F (SP, PVT, PVT lapses) (F (1.101, 14.015) =0.058 .00
(1.014, 14.198) =0.043 p>0.05) . There was alsaignificant There was also no significant interaction betwden different
interaction between the different FTL's (CAP371 aother FTLs (CAP371 and other FTLs) and the differenthtigtage
FTLs) and the different flight stage (pre-flight,ogt- (pre-flight, top-of-descent, post-flight)(F(1.206,885)=0.033,
flight)(F(1.000,14.000)=0.000, p> 0.05). p> 0.05)
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The three way interaction between the Flight time The interaction of level 2(PVT lapses) and Leve&B(
limitation, different tests and flight stage wast rsignificant test) on pre-flight test(level 1) and post-flighst(level 3) under
(F(1.207,16.903)=0.023,p>0.05, indicating that tiight stage different FTL's was not significant (F(1,14) = 092>0.05).
and the different tests on MHF did not depend enflight time
limitation rule (Cap371 or other FTL).

The interaction of level 2(PVT lapses) and Leve&B(
test) on top of descent test (level 2) and poghfitest (level 3)
The pre-flight response times on MHF were higheunder different FTL's is also not significant (F{4) = 0.036,
under the CAP371 (M=272.68, SE=60.37) and lower undg>0.05).
other FTL's (M=267.66, SE=43.56), the pre-flighpsas were
higher under the CAP371 rule on MHF (M=1.63, SE=D.ip6
comparison to other FTL's (M=1.38, SE=1.99).

Top of descent fatigue on MHF in comparison to post
flight fatigue on MHF

A paired sample T-test was conducted on the top of
and post flight data MHF. On average, @paints
results from the PVT at the top of descent gendrateater
response times (M=3.16, SE=-39.67),in comparisonptst
flight response times (M=314.58,SE=41.26), howetbe
difference was not significant (t(15)0.365,p>0.05.

The post-flight response times on MHF were higher
under the CAP371 (M=315.88, SE=43.36) than undeother
FTL's rule (M=313.30,SE=42.07).The post-flight lapson
MHF under the CAP371 were lower (M=4.00,SE=3.85)th
under the other FTL's rules (M=4.75,SE=2.96)

The top of descent response times on MHF Wergescent
higher under the CAP371 (M=319.31, SE=41.50) andetow
under other FTL's (M=313.13, SE=40.36), the topdekcent
lapses were lower under the CAP371 rule on MHF (M53.
SE=2.91) in comparison to other FTL's (M=4.13,SH£).

Participants experienced less top of descent lapses
(M=3.94, SE=2.46) in comparison to post-flight (M34)

al(lt(15)=-0.665, p>0.05fFigure 1), however this difference was
not significant.

Contrast for Repeated measures variables - MHF Elgure 1: The graph shows the. PVT lapses and
response times at top of descent and post-flighNlBifr.

TEST AND FTL INTERACTION MHF/ PVT vs.
Samn-Perelli Comparison of top of descentand post-flight testing on MHF

The first interaction looks at level 1(PVT test) 1350
compared to level 3 (Samn-Perelli test) under ifferdnt FTL 300
rules. This contrast is not significant (F(1,14).654, p>0.05). 20

200 @ Response times
TEST AND FTL INTERACTION MHF/ PVT lapses 120
. 00
vs. Samn-Perelli 1

The second interaction term looks at the level Z{PV Top of Descent Postiight
lapses) compared to level 3(SP test) under difféf@ih’s rules.
This contrast is non significant (F(1,14)=0.019,;0%). Subjective and objective fatigue — correlation

FLIGHT STAGE AND FTL on MHF/ pre-flight vs.
post-flight

The relationship between the self rated fatiguenisa
Pre-flight testing and post-flight testing werePerelli 7-point scale questionnaire) on SHF and MatiE the
compared under the different FTL's. There was mmificant objective fatigue (Psychomotor Vigilance Task) was
contrast (F (1, 14) =0.043, p>0.05).Meaning that tating investigating using Pearson correlation coefficient
responses were very similar in pre flight and ghght ratings

under both ETLs. There was a significant strong relationship between

the Samn-Perelli pre-flight fatigue ratings and the-flight
FLIGHT STAGE AND FTL on MHF/ top-of-descent objective fatigue from PVT-response times on SHE®31,
vs. post-flight n=16, p<0.05), also the pre-flight fatigue ratirayed pre-flight

There was no significant contrast (F (1, 14) =0,184PVT lapses did yield a significant relation (r=(338

p>0.05) on top of descent and post flight ratinglemthe n=16,p<0.05).
different FTL's. This suggests that the Samn-Perelli questionnaire i
TEST FLIGHT STAGE AND ETL on MHE SHF was a predictor of the PVT results in pre-flifgtigue.

However, on SHF there was non significant
relationship between the Samn-Perelli post-flighigue and the
post-flight objective fatigue (r=0.113, n=16, p>B)Gnd post-
flight self rate fatigue and post-flight lapses(4-91, n=16,
p>0.05).

The interaction of level 1(PVT ) and Level 3(SPt}tes
on Top of descent test (level 2) and post-flightt téevel 3)
under different FTL's is also not significant(F(2)1= 0.143,
p>0.05).

The first interaction compares the level 1(PVT)suer
level 3 (Samn-Perelli test) on pre-flight test dext) and post-
flight test (level 3) under different FTL's. The rdoast is non
significant (F (1, 14) = 0.021, p>0.05)

The relationship between the self rated fatiguenisa
Perelli 7-point scale guestionnaire) on MHF and divgective
fatigue (psychomotor vigilance task) was also itigasing
using Pearson correlation coefficient.
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Results revealed a significant relationship betwben
pre-flight subjective fatigue (Samn-Perelli) and e-flight
objective fatigue (r=0.574, n=16, p<0.05) and pight
subjective fatigue and pre-flight lapses from P\&aafr=0.661,
n=16, p<0.05).

Figure 3: The Graph shows the objective fatigue
(PVT-lapses) on pre-flight and post flight on SHelaMHF.

Comparison of lapses on the MHF and SHF pre-flightand post-
flight

The relationship between the subjective fatigueomn
of descent and objective fatigue on top of desseas$ also .
significant(r=0.499, n=16, p<0.05).

The subjective fatigue on top of descent and object 4
results from PVT lapses on top of descent reveaedon- 2
significant relationship (r=0.199, n=16, p>0.05). 0

Pre-fiight lapses Post-flight lapses

The subjective post-flight fatigue and objectivesipo
flight fatigue, the correlation between the varéblwas Conclusion
significant (r=0.775, n=16, p<0.05).The relatiopshietween
the subjective fatigue ratings and PVT post flidgggpses did
yield significant correlation; there was a strongsitive
correlation between the variables with large efféze (Cohen,
1988)(r=0.875, n=16, p<0.05)

“The Air Navigation Order requires that a crew
member shall not fly, and an operator shall notuieg him to
fly, if either has reason to believe that he idesirig, or is likely
to suffer while flying, from such fatigue as may arger the
safety of the aircraft or of its occuparitsThis is a quote from
Fatigue ratings on SHF and MHF. the UK CAA CAP 371, subtitled “The Avoidance of igate in
Aircrews”. The UK CAA is a recognised pioneer irtigae
regulation and has been a leader in research fradield of
fatigue. Further these regulations are recognisduktthe most

The pre-flight Response Times (RT) on MHFfatigue preventative regulation currently in useivil aviation,
(M=270.17,SE=50.94) were greater than the pre4fligi on the “Gold” standard compared to other Flight Tinmenitation
SHF(M=246.83,SE=33.04)this difference was not digmnt schemes (FTLs). Is this protection measurablecamda pilot
t(30)=-1.538,p>0.05 accurately judge his real fatigue, subjective versjective?

The comparison of objective fatigue on SHF and MHRvas
investigated using an independent T-Test.

The pre-flight lapses on MHF (M=1.50, SE=2.07)1.) CAP371/NON CAP371 which has generated higher
were also greater than the pre-flight lapses on SHiatigue ratings?

(M=1.31,SE=1.40),this difference was not significa(80)=- The findings of the present study were not able to

0.301,p>0.05. identify evidence of a significant difference beemethe UK
The post-flight Response Times (RT) on MHFCAA CAP 371 FTLs rule and others FTLs in either SetF
(M=314.59, SE=41.29) were smaller than the préifliBT on MHF.
SHF (319.93, SE=44.31) this difference was alsosignificant
t(30)= 0.353,p>0.05. The post-flight lapses on M{F=4.37,
SE=33.4) were also smaller than the post-flightéspon SHF
(M=7.56, SE=7.86) this difference was not significa
t(30)=1.493,p>0.05.

Although not significant, in SHF the average resgon
times pre-flight and post-flight were higher undgher FTLs
compared to with CAP 371, with fewer lapses pogtili In
MHF pre-flight, the reverse was seen, as the datavs that
CAP 371 generated slower response times and mosedap

Figure 2: The Graph shows the objective fatiguecomparison to other FTL rules.

(PVT-response times) on pre-flight and post flight SHF and

MHE At the top of descent and post-flight on CAP 371

governed pilots, the lapses were lower than othErsF but
Comparison of Response times (RT) on the MHF and SHF pre- response times were higher. As lapses have beeifidd as
flight and post-flight the most useful measure of performance from PVTicdev
results (Powel et al, 1998), then based on lapsem-(
significant) CAP371 cannot be identified as the impsotective
from fatigue. These results should not be viewesluagrising, it
is difficult to create any scheme that can covéiralividuals
and flight circumstances that contribute to fatigeeg. the
different pace at which individuals get tired andeit
performance deteriorate (Williams, 2007) or thevithal peak
performance time (e.g. the owls and larks theoMathews et
al, 2000) and the individual different coping stgies. Further,
the amount of hassle that is present on arrivge@ally on
multi-sector (multiple take off and landings) SH¥: according
to Spencer (2002), a contributing factor. Nor togéd that it is
the individual, that is responsible for his owntrbefore each
flight. Variables of duty pattern, prior rest, ddes stressors,
age, environmental factors (temperature, humiditihave an
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effect that is hard to assess e.g. the CAP 37 1cjatits where
operating in a Country with high humidity, circa 85&hd
temperature range from day to night of 47-35 degyfeelsius in
comparison with more temperate climate operators.

2) SHF/MHF which is more tiring?

MHF appeared to be more tiring at the pre-flighigst
in response times and also in the lapses thankife Bhis may
be a factor that was outside the boundaries ofréfsisarch but it
was noted that the report time for duty was inQB80 to 0600
local time band, this is known to be at a circadiamw.
Nevertheless the SHF is more tiring at the endhef ftight,

observable in terms of both lapses and responsestim

statistically these results were not significanturtfer
differences in pre-flight and post-flight fatigueaynalso arise
from work related fatigue that is the result of eghling factors
(Spencer & Robertson,
individual's schedule was outside the remit of teiady. As
according to Powell et al (2007) the number of sscand duty
length are the most important determinants of etign SHF,
this is in line with this assumption arising froimet presented
data.

3)
on MHF

Comparison of top of descent and landing fatigel

No study so far identified, has compared the top
descent with post flight fatigue, the findings biststudy reveals
that mean response times at the top of descelfiglglg longer
than post-flight, this effect may be explained loyne form of
post workload arousal; prior to descent the crewehbeen
under relatively low workload and arousal, whichpidly
increases in the descent cumulating in landingj taxto
parking(often described as very stressful) anddsiwn . It was
established that the later stages of flight (desdanding etc)
are more risk prone and may effect performancegreater way
in comparison to the earlier stages (take off,yearlise) of
flight, (Petrilli, et al, 2006), leading to incremkpilot awareness
of fatigue and potential arousal. The identificatiof the stage
of flight that is the most fatigue prone could hare effect on
the future fatigue testing, allowing the incorparatof alertness
measures ( already proposed by one major airlinditbus
Industries), with the associated decrease in huereor. The
data obtained from this study however is inconeieisthe PVT
lapses in alertness, that are explained as a rslegp (Stern &
Brown, 2005) and are an indicative sign of impairmamne not
significantly higher at the top of descent in conign to post
flight lapses.

Interestingly, the numbers of lapses at the top o

descent under the CAP371 rule were less in compatsdhe
post flight lapses (average of 3.75 lapses TOD 408 post
flight). Under different Flight Time Limitationshe number of
lapses increased to a mean of 4.26 at TOD and a ofel75 at
post flight testing. The converse was true for RhET response
times, which may underline the need to gather nuaia,

potentially follow a group of pilots over a com@eabster period
to see the “bigger picture” as opposed to the “shafy

approach normal to research within this field.

As commented, the fatigue level seems to increase

prior to descent and decrease on arrival which ccooé
explained by elevated arousal levels as the tashadds are

2002); again the analysis of a

high (Matthews et al, 2000). This should be an doeduture
research, to follow and identify individuals thdtosv signs of
fatigue before the top of descent and do not apfa¢igued post
landing; how long does this increased performanst?|Would
it be dangerous for the individual to drive home &or pilots on
multiple sectors, what if any effect is there oe ttext sector?

4) Does subjective fatigue
objective fatigue?

indicate correctly the

What is the relationship between subjective and
objective fatigue in aircrew, are pilots better ipped to
recognize fatigue as per the requirement of thelatigns?

The data obtained in this study indicate that the
subjective fatigue was a significantly reliable giotor of the
objective fatigue in pre-flight testing for both BHand MHF,
this is inconsistent with the previous researcht tfaund
subjective fatigue not to be a reliable predictérobjective
fatigue (Bonnet, 2000, Matthews et al, 2004). Thet4ii@ht
correlation in SHF (both RT and lapses) as welhassuibjective
fatigue in MHF at top of descent was not significan
correlation with PVT lapses, which may indicate an
inconsistency in results; this could be interpretsdthat self-
rated fatigue is not a reliable predictor of ohjeetfatigue.
Further, the pre-flight correlation of the selfadtfatigue and
0rf::sponse times and lapses could be interpreteticigiduals
that are fresh at the start of their flight dutydaheir ability to
assess their fatigue levels more accurately aratgrein flight
tiredness may effect judgement of this as indicateithe top of
descent testing MHF group. The ability of the MHPyp to
judge performance and fatigue decreases with duniy, tat the
top of descent the subjective fatigue measure ess than the
objective effect on reaction time. Nevertheless, BMHF post-
flight correlation yielded significant findings, hdating self
rated fatigue with the objective measure, but as hewe
concluded before, SHF are more fatiguing than M5 may
explain the significant results on the post-flighiHF
correlation. Subjective levels of fatigue may bfeeted by the
pilot’'s expectation (Matthews et al 2004); at tmel @f a flight
they would expect to be more tired, although tffiect was not
identified in this study.

All flights operated under the protection of their
national FTL scheme, but it was observed that gilot
experienced a large number of recorded lapses atidéc of
degraded performance. The question is, how wouERMS
approach improve this? Pilots cannot be expectegttarately
measure their performance or fatigue levels acelyradt all
times. The development of alertness measures, pedaariant
of the current Palm® PVT, with an individual databdrased on
that person’s baseline normal performance, meagubioth
lapses and reaction time in comparison to the beseior use
prior to flight and during flight, could generate acceptable
area and a “amber” zone when performance wouldripaired.
Many airlines are showing interest in some formatdrtness
measure either laptop based or part of the onbaictaft
equipment and thus future research must work Itthfd gap.
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