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Abstract

In civil aviation sector, the design of airports is divided into two as air side and ground side. The latter part of second
security gate in terminal building at the airports is defined as air side in the literature [which is defined as customs area].
The air side is also divided into; ground service and airspace. In this research, the concept of ramp services which
constitutes basic content of ground service management process is examined. One of the two most important causes of
delays in civil air traffic is that ramp services can not be planned effectively [the other reason is that airport capacity is
extremely dense], so this concept needs to be well analyzed and evaluated. The performance measurement system (PMS)
and balanced scorecard (BSC) methods in this review are examined in terms of the conceptual background within design,
measurement and implementation phases for effective ramp services process in ground handling management.

Keywords: Performance Measurement System (PMS), Balanced Scorecard (BSC), Conceptual Background, Ground

Handling Management, Ramp Handling Services.

1. Introduction

Today's civil aviation industry is highly dynamic
and has a systematic job definition where flights are
scheduled on regular basis [3, 4]. Civil aviation has
a high growth potential on one hand [1, 9] and profit
margins on the other as competition intensifies [7,
27]. Changes in the civil aviation sector affects all
members in the value chain [6]. Competitive
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pressures are not only affect air side of the value
chain but also affect ground services [18]. In this
context, logistics of ground services is one of the
biggest difficulties and the main factor determining
sustainable success [11, 20].

For this reason, efficient and privatized
processes in passenger, baggage, mail and cargo
forwarding areas mean great importance for airports

Citation : nan, T.T, (2018). Performance Measurement System
(PSM) and Balanced Scorecard (BSC) Strategies Used in the Process
related with Ramp Handling Services of Ground Handling
Management. Journal of Aviation, 2 (1), 1-9. DOL:
10.30518/jav.401511


mailto:ttinan@gelisim.edu.tr
mailto:ttolgainan83@gmail.com
https://javsci.com/
http://dergipark.gov.tr/jav

]A I/e-ISSN:2587—1676

Journal of Aviation 2 (1): 1-9 (2018)

and other logistics service providers [14]. There is a
tendency towards liberalization in ground handling
market exists at European level such as EU
(European Union) Directive 96/67/EC which is
developed through liberalization and increases
competition and cost pressures especially in the area
of ramp services [31, 8]. Ramp services which is an
important part of ground handling management in
general terms, seem to cover all transportation
activities as one of the main functions of airports.
Ramp services including loading and unloading of
aircrafts and activities of passengers, crew,
baggage, mail and cargo transportation between
aircrafts and terminal buildings represent the
interface of the airline on the one hand and the
interface to the airport infrastructure on the other.
Historically civil air transportation has become an
increasingly regular sector. This order has also been
used for public interest and is required for state
regulation. The EU directive 96/67/EG forms the
basis of today's market structure and was published
in early 1990’s to liberate air transport in Europe.

Main theme of this directive is to initiate step by
step liberalization process and to provide an
integrated system understanding of ground handling
management which is referred to as ramp services
especially affecting air side. Another aim is to
reduce operating costs of air transportation and to
increase quality of using aircrafts. The EU directive
sets the number of ground handling services that
must be activated to enter the market [13].
Exceptional cases are related with enforcing certain
rules on ground handling operations. In addition
changes to the EU directive have made the process
of liberalization in ground handling operations even
more difficult [22]. Because of this increasing
competitive pressure, employees in the ramp area of
ground handling services have had to rethink their
strategies and structures as well as their working
principles to achieve long term competitive
advantage [37].

As seen other areas in civil aviation sector, ramp
services system approach needs to be more
competitive, market oriented and customer focused
[23]. For this reason, it is very important for ground
handling companies to develop their ability for
evaluate their own performance according to their
competitors [14]. To achieve this development,

appropriate approaches should be used to allow for
a holistic analysis of performance measurement,
productivity and efficiency measures [16, 4]. In
these approaches measurement system for
performance use (PMS) does not answer gquestion of
"what are our competitors doing?" which is one of
the most basic questions [4]. Benchmarking is
considered to be a suitable tool that must be
combined with performance measurement to
identify best practice solutions across the industry
[26]. Performance gaps create a fundamental
understanding of not only targeting radical changes
but also aiming to provide both continuous
improvement and long term competitive advantage.

Benchmarking is criticized for being limited but
it helps to exchange information in parallel with
other businesses [15]. Nonetheless, taking the first
step in positioning businesses under strategic
grounds is linked for setting a firm's competitive
position and taking the foundations to achieve
sustainable competitive advantage [17]. Within this
context performance measurement system (PMS) is
described as an integrative approach that serves as a
source of information for benchmarking activities.
Nevertheless, such a system has not yet been
developed for the ramp services process. For this
reason, the research objectives of this article are
twofold: The first objective is to develop a PMS
sufficient to analyze productivity and efficiency of
ramp services operations. The second objective is to
test applicability of PMS developed to perform a
comparison.

2. Theoric Method - Performance Measurement
System Required for Effective Use of Ramp
Services

Although it is claimed that a PMS is required,
how to adapt an undetermined strategy and
implement such a system in order to increase the
efficiency of ramp services. Scope of ramp services
are classified; logistics services as passenger, crew,
baggage, freight and postal transportation as well as
loading and unloading of aircraft among terminal
buildings of aircrafts. This service is provided by a
third-party location operator, airline (self-
processing) or an airport ramp services unit [32]. In
this research, the role of integrated ramp service in
airports is emphasized.
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Today's airport  performance  measurement
approaches deal with airports as a whole
organization, not with ramp services in particular
[26]. In the context of airports; numerous studies
have been conducted focusing on financial,
qualitative, political or ecological perspectives and
most researches have focused on financial
performance indicators [45, 58, 17, 35, 13, 19, 39]
or quality based performance measures [53, 54, 30,
29, 16, 18]. Some researchers follow a combination
of economic and qualitative perspectives [7, 21, 74].
However, analysis of ecological effects such as
noise or exhaust emissions at airports is also
important [12, 15], in direction of liberalization
from current research subjects [8, 57]. Under
current research, researchers have the opinion that
there is no fully developed PMS that can be
implemented in context of ramp services
management. Therefore, the next section provides
the necessary conceptual background of PMS’s.

3. Findings and Discussions - Conceptual
Background

Performance measurement is a process that often
discussed but rarely defined [2]. While performance
can be observed in variety of ways, a measurement
method must be available to assess performance.
Particularly the distinction must be made between
concepts of logistics, productivity and efficiency
[33, 2, 14]. Efficiency is a measure of how much the
customer's needs are met and productivity is how
much the company's resources are used
economically by providing a certain level of
customer satisfaction [36, 2]. That is why we
support the decision making process of the company
by assessing main objective effectiveness and
efficiency of performance measurement [44] and
providing reliable information about performance
measurement [41]. For this reason, strategies called
performance measures can be arranged with a PMS
system to measure the efficiency and productivity
of company’s actions [2]. In this research in order
to get an overview of the interpretation of holistic
performance related with measurement table 1
shows; design, measurement and implementation of
a three stage performance measurement process
(developed by Bredrup in 1995) [28].

3.1. Targets and values which are related to the
performance of the Ground Operation as Design
Phase

Selected performance indicators must be added
to a valid, robust and integrated system and only
have different metrics [10, 14]. For example,
financial performance reflects not only the
development process but also the conclusion [43].
Focusing too much on financial or cost oriented
systems can be seen as inadequate as it neglects the
ongoing analysis to manage a logistics service
provider. Therefore, it is very important to continue
the process analysis of the logistics phase
successfully [76]. Logistics performance is seen as
a subset of company or organizational performance
in the general past approach [24]. However, this is
not sufficient to measure the logistical performance
of logistics service providers (for example, ramp
services operator). Because logistics services are
seen as the main function of these organizations,
there is a need for a stronger logistics and
organizational efficiency relationship to be reflected
in PMS for these organizations.

Ramp services is one of the most important
activity definitions for the continuous execution of
ground handling management. Because service
demand requires to be realized instantaneously,
customers (such as airline) or customer’s products
(such as luggage, mail and Cargo) must be
integrated into service process. This configurable
process is called airline and customer integration
because production and consumption occur
simultaneously in the literature [55, 77]. For this
reason, these strategies need to be taken into
account when designing a PMS for effective use of
ramp services. Based on these strategies, more
transaction and value chain oriented performance is
absolutely needed. Linking to measurement
approaches that take into account strategically well
planned processes affects the company's
development process positively [34, 2, 42]. As the
development progresses positively, the PMS
process for ramp services management includes
performance parameters [input, process, output and
result] structured with its own dimensions along the
basic logistics value chain [48].
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The loading and unloading of freights in ramp
services is done according to service process system
[55]. For this reason while PMS is designed for
using of ramp services, the service process needs to
be accounted for. More service and value chain
oriented performances are needed with service
process participation in account. Strategically the
most important processes need to be applied to
measurement approaches that add value to account
and link with company activity [34, 5, 42]. For this
reason, the PMS process for ramp services
management includes performance [input, process,
output and result] criterias that is structured with its
own dimensions in basic logistics value chain
process [48]. It seems that the start and finish
process of ramp services [55, 13] is closely related
to process of service [46, 6]. While the processes
and outputs from dimensions that make up input
process represent efficiency with result size more
generally for describing efficiency of the ramp
services organization. Several concepts have been
used to achieve the goal of structuring PMS
throughout previously established logistics value
chain and there are many accepted definitions for
PMS’s available in the literature [40, 52].

One of the reasons for selecting Balanced
Scorecard (BSC) practice associated with PMS
process is to identify the single performance
indicator used to reflect organization's internal
value chain with cause and effect relationship [64].
BSC also offers a multi dimensional study of
measured performance. BSC varies depending on
the performance indicators of company’s past and
future critical success factors by taking into account
processes under financial details [38]. BSC
evaluate; customer, business process, learning and
growth with financial perspective [64, 67]. The
system used in this study to meet the demand for a
PMS that reflects the logistics value chain examines
the perspectives of the BSC according to cause and
effect relationships under value chain benchmark.

Learning and growth perspectives focus on
inputs and ensure that key operations represent staff
and infrastructure of the company for continue. This
perspective concerns with suppliers [individuals
who perform certain pre determined actions). In the
business process perspective, transformation
process helps to define actions required to

determine desired outcome for customer and
company related with concentrate on output. From
a customer perspective, the financial or fiscal
perspective concentrates on outputs that are then
used to evaluate [41]. This combination of BSC
perspectives and service value chain dimensions is
shown table 1 [input to output] in the design phase.
Designed for effective use of ramp services in PMS
system, this structure also fulfills need to direct
more processes in airport surveys [26, 25, 4]. This
model which was designed for detailed
development of PMS process during ramp services,
has been devised by Kaplan and Norton [14, 67].

In this model, it is aimed that the mission, vision
and strategies of corporate units are transparent and
understandable for everyone [65, 63]. In BSC
model, the processes such as indicators in cockpit of
an aircraft is intended to precisely manage process
under complex information by managers [64].

The following transactions explain steps in this
process [64]:

1) Strategies in all units of corporate enterprises are
clearly defined.

2) Strategic sub-targets have been identified for
each BSC phase.

3) Sub targets are converted into performance
metrics and included in the process of logistics
value chain.

The first step is to plan negotiations that will be
carried out in line with strategic priorities of
companies so as to positively influence the working
process [47, 62]. The second step is to divide
corporate strategy into sub targets for each BSC
perspective. In the third step, the aim is to make
results operationally obtainable [15, 17, 67]. Thus,
BSC can bring the system to a better analysis by
integrating operational strategies into company's job
description [62, 16] and assessing cause and effect
relationship [61, 66]. In this article, processes in
BSC system are evaluated in terms of input, process
/ output and result dimensions. This evaluation is
aimed at obtaining process oriented PMS
requirements.
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3.2. Targets and values which are related to the
performance of the Ground Operation as
Measurement and Implementation Phases

The measurement of overall performance period
is carried out in order to make an advanced
comparison for PMS. Thus, it will be easier to
improve ground handling management process in
central airports across European Continent where
civil aviation is the most active outside the United
States of America. The conversion of performance
measurement into a benchmarking exercise to
facilitate this improvement is due to the fact that
using a single PMS alone does not provide enough
information about company's ultimate competitive
performance [3]. For this reason, comparisons can
be seen as an indispensable part of performance
measurement. As a result of the application of PMS
process prepared in line with measurable
performance that can be obtained by comparison
made, ground handling process can be successfully
managed in many airports especially in European
Continent [56].

To Show the relevant PMS application:

Table 1. Performance measurement application
[72]
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In the airports ground handling management
which constitute a major part of civil aviation sector
is necessary to adopt performance measurement
system (PMS) and balanced scorecard (BSC)
method. To perform airport strategies in a planned
way, these methods are significant in order to
reduce delays in ramp services field and to plan the
processes more effectively. BSC concept is shown
in table 1 and PMS system is concerned with the
most effective planning of design, measurement and
application phases in the context of conceptual
background concept in this table. With a well
analyzed PMS application, ramp handling process
in ground handling management can be managed in
a more planned approach and costs will be reduced
by this way. The equipment used in the process of
ground handling management is quite expensive
and depreciation is also decreasing over time. For
this reason, a well planned PMS system can also
adopt a control oriented approach for airport’s
ground handling management with cost and funding
process.
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Hava Savunma Sanayii Alt Yiiklenici Seciminde Bulamik Mantik Altinda Cok
Kriterli Karar Verme Ve Hedef Programlama Yontemlerinin Kullanilmasi
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Ozet

Tedarikgi secimi ve degerlendirmesi tartigmasiz bir organizasyonun basarisi igin en Kritik fonksiyonlardan biridir.
Tedarikgi segimlerini dogru yapan isletmeler pek c¢ok alanda tasarruf saglayip, pazarda rekabet avantaji da elde
etmektedirler. Dogru tedarikgi se¢imi farkli firmalar igin farkli anlamlar ifade edebilmekte, se¢im yaparken kimi zaman
sadece tek bir amaca yogunlasan isletmeler kimi zaman da birden ¢ok amaci1 ayni anda eniyilemek istemektedirler. Bu
caligma, savunma sektoriinde etkili tedarikgi se¢imi ve siparis verme siireglerini miimkiin kilan karar destegi i¢in melez
bir degerlendirme yaklagimini sunmaktadir. Calismadaki entegre degerlendirme yontemi bulantk AHP ve hedef
programlama yaklagimlarindan olusan iki asamay1 icermektedir. Tedarik¢i degerlendirmesi ve se¢cimi hem nitel hem de
nicel faktorleri igeren ¢ok Kriterli bir karar problemidir. Bundan dolay1 ¢calismada kalite, maliyet, tedarik siiresi, insan
gicti ve teknoloji kriterlerinin agirliklarini degerlendirmek igin ilk olarak bulanik AHP yontemi altinda tiggen bulanik
sayilarla ifade edilen dilsel degiskenler belirlenir. Daha sonra, bulanik kiime teorisine dayali bir hiyerarsi model kurularak
agirliklar hesaplanmus olur. ikinci kistmda yani sirlamanin belirlenmesinde ise, kapasite kisiti, iiretim maliyet kisiti,
kaynaginda Kkalite kontrol kisiti, teslim siiresi kisiti, fire oram kisit1 ve bulamik AHP oncelikleri kisitlamalar: ile
olugturulmug bir hedef programlama modeli olusturulur. Bulanik AHP’de elde edilen agirliklar hedef programlamada

kisit ve hedef olarak iki ayr sekilde ¢6ziimlenmistir.
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Multi Criteria Decision Making and Goal Programming Methods Using Fuzzy

Logic in The Selection of Supplier in Air Defense Industries

Abstract

Supplier selection and evaluation is one of the most critical functions for an organization's success unequivocally.
Businesses working with the appropriate suppliers pass on huge savings in many expense items and getting a competitive
edge on the market. Selection of the most suitable supplier can mean different meanings for the firms. In other words,
while some firms concentrate to a single objective for the supplier selection problem, some may aim to optimize the
multiple objectives simultaneously. This study presents a hybrid assessment approach for decision support, which enables
efficient supplier selection and ordering processes in the defense sector. The integrated evaluation methodology in the
study includes two phases, which are fuzzy AHP and goal programming approaches. Supplier evaluation and selection is
a multi-criteria decision-making problem involving both qualitative and quantitative factors. Therefore, in order to
evaluate the weights of quality, cost, duration of supply, human power and technology criteria, linguistic variables
expressed by triangular fuzzy numbers are determined under the fuzzy AHP method in the first phase. Then, a hierarchical
model based on the fuzzy set theory is established and weights are calculated. For determination of suppliers ranking
which is the second phase, a goal programming model is proposed with the capacity constraints, production cost
constraints, resource quality constraints, delivery time constraints, fire rate constraints, and fuzzy AHP prioritization

constraints.

Keywords: Defense Industry, Supplier Selection Problem, Fuzzy AHP, Goal Programing

1. Giris edilen dilsel degiskenler belirlenir. Sonrasinda

Tedarikei secimi, Kalite, maliyet, teslimat, bulanik kiime teoresine gore ilgili hesapmalar

giivenilirlik vb. gibi birden fazla birbiriyle gelisen ~ Y2PHir ve sonuca gidilir. Galigmada kullanilan diger

bir yontem olan Hedef Programlama (HP) ise
giinlimiizde yaygin olarak kullanilan ¢ok olgiitlii
karar verme tekniklerinden biridir. Hedef

kriteri degerlendirmeyi gerektirir. Ayrica, karar
vericinin segebilecegi birden fazla alternatif oldugu
da goz Oniine alindiginda, tedarikgi se¢im karari ¢ok

kriterli karar verme problemi olarak ele alinabilir.
Literatiirdeki ¢aligmalar incelendiginde birgok
tedarikci se¢im modelinin gelistirilmis oldugu
goriilmektedir [1]. Bu kapsamda tedarik¢i se¢imi
isletmelerin ihtiya¢ duymus olduklar1 {iriin veya
hizmetin kimden, ne kadar ve nasil alinacag
konularmin belirlenmesi olarak tanimlanabilir.
Yapilacak olan ise uygun tedarikgilerin segilmesi
isletmeler acisindan kalite, maliyet ve pazarda
rekabet saglamak adina énemli bir yere sahiptir.

Calismada kullanilan bulanik analitik hiyerarsi
prosesi (BAHP) yontemi biitiin 6lgiitler i¢in en iyi
olanmi belirleyen, sozel belirsizligi sayisal verilere
doniistiiren ve en iyi alternatifi bu sayisal veriler
1s18inda belirleyen bir yaklagimdir [2]. BAHP
yonteminde ilk olarak tiggen bulanik sayilarla ifade

Programlamanin amact birbiri ile ¢elisen ¢ok
sayidaki hedefin arasindan uygun sonuglara
ulasabilmeyi saglamaktir.

Bu c¢alismada iilkemizin 6nde gelen AR-GE
kurumlarindan olan TS firmasinda {izerinde
calisilmakta olan fiize sistemleri i¢in mekanik
bilesenlerin iiretimi s6z konusudur. Bu kapsamda
bu bilesenlerin {iretimi ic¢in tedarik¢i secim
¢aligsmasinin hedeflenmektedir.
Yapilacak olan bu se¢imin belirli kriterler altinda

yapilmasi

yapilarak nihai sonuca ulasilmas1 beklenmektedir.
Bu kriterler; kalite, maliyet, tedarik siiresi, insan
giicii ve teknoloji kriterleridir. Problemin ¢oziilmesi
icin BAHP ve Hedef Programlama algoritmalari bir
arada kullanilmistir.
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Calismanin ikinci boliimiinde, tedarik¢i se¢im
problemi ile ilgili literatiirdeki ¢alismalar hakkinda
bilgi verilmistir. Bu alanda yapilan c¢aligmalara
kisaca deginilmistir. Calismanin t¢iinci
boliimiinde, tedarik¢i secim problemi ile ilgili
tanimlar, en sik kullanilan kriterler hakkinda bilgiler
verilmistir. Calismanin  dordiincti  boliimiinde,
problemin ¢6ziimiinde kullanilacak olan Cok
Kriterli Karar Verme (CKKV) yontemlerinden olan
BAHP yontemi anlatilmis ve bulanik mantik
hakkinda kisa bir bilgi verilmistir. Calismanin
besinci  boOliimiinde, problemin  ¢6ziimiinde
kullanilacak olan hedef programlama yontemi ilgili
parametreleri ile anlatilmistir. Calismanin altinci
boliimiinde, buraya kadar anlatilan yontemler
kullanilarak gergek bir problemin uygulama kismi
anlatilmistir.  Problemin tanitilmasi, verilerin
toplanmasi, alternatiflerin belirlenmesi, kriterlerin
belirlenmesi ve gercek bir problem ¢o6ziimii
sunulmustur. Caligmanin son bdliimii olan yedinci
bolimiinde, yapilan bu c¢alismalarin sonuglart
hakkinda detayli bilgiler verilmistir.

2. Literatiirde Yapilan Calismalar

Tedarikei secimi ile ilgili literatiirde yapilan bazi
caligmalar agagida belirtilmistir;

Schniederjans vd. [3] bu makalede, ev seg¢imi
karar siirecine yardimct olacak bir model
sunulmaktadir. Ozellikle bu yazi, miilkiyet
ozelliklerini degerlendirmek ve en uygun evi segme
karar1 vermek i¢in Analitik Hiyerarsi Siireci'ni
kullanan  bir Hedef Programlama modeli
sunmaktadir. Ghodsypour ve O’Brien [4], bu
makalede, analitik bir hiyerarsi silirecinin ve
dogrusal programlamanin biitiinlestirilmesi, en iyi
tedarik¢ilerin se¢ciminde hem maddi hem de maddi
olmayan faktorleri géz Oniinde bulundurmak ve
aralarindaki optimum siparig miktarlarini satin alma
maksimuma  ¢ikacagi  sekilde

onerilmektedir. ~ Badri  [5],
uluslararast bir ortamda konum tahsisi sorununun

toplaminin
yerlestirilmesi

coklu ve cakisan nesnel dogasimi kabul eden bu
makale, konum tahsisi kararlart vermede yardimci
olarak Analitik Hiyerarsi Siireci ve ¢ok amagh
hedef programlama metodolojisini kullanmay1
onermektedir. Dagdeviren ve Eren [6], tedarikgi
seciminde =~ AHP ve Hedef Programlama
yontemlerinin birlikte kullanilmasi arastirilmustir.

Kagnicioglu [7], bu ¢alismada, hedef programlama
ve bulanik hedef programlama tanmitildiktan sonra
hem sayisal bir 6rnek model hem de ana iiretim
planlamas1 ile ilgili bir 6rnek model hedef
programlama ve bulanik hedef programlama ile
¢oztimlenmistir. Reddy vd. [8], bu makalede,
yazilim mimarisi se¢imi igin AHP ve Hedef
programlamanin biitiinsel bir yaklagimi olarak
adlandirilan ¢ok amacli fonksiyonlarla basa ¢ikmak
icin bir gerceve calismasi dnerilmektedir. Oztiirk
vd. [9], bu c¢alismada, isletmelerin karar
problemlerinde karar vericiler tarafindan yapilan
sozel degerlendirmelerde yer alan belirsizligi ele
alabilmek i¢cin BAHP ve Bulanik TOPSIS
(BTOPSIS) yontemleri onerilmistir. Girginer ve
Kaygisiz [10], bu c¢alismada; ele alinan bir
iniversitede gerek akademisyenlerin akademik
caligmalarinda gerekse egitimde kullanilacak olan
en uygun istatistiksel yazilimin belirlenmesinde,
Analitik Hiyerarsi Siireci (AHS) ve 0-1 Hedef
Programlama (HP) yontemleri birlikte
kullanilmistir. Aktepe ve Ersoz [11], tedarikei
se¢imi i¢in bir BAHP modeli ve bir vaka ¢aligmasi
yapmiglardir. Kazancoglu ve Ada [12], bu
calismada BAHP ile perakende sektdriinde tedarikei
secimi ¢aligmast yapilmigtir. Karpak vd. [13], bu
calismada, gorsel etkilesimli hedef programlama ile
tedarik¢i se¢im caligmasi yapilmigtir. [1] bu
calismada, makine sektdriinde faaliyet gdsteren bir
isletme icin tedarik¢i se¢im problemi ele alinmustir.
Dogru tedarik¢i se¢imi igin bir¢ok nitel ve nicel
kriterin birlikte dikkate alimmasi gerektiginden,
tedarik¢i secimi igin ¢ok kriterli karar verme
tekniklerinden Analitik Ag Siireci (ANP) ve
ELECTRE yontemleri biitiinlesik bir sekilde
uygulanmustir. Junior vd. [14], bu ¢alismada, BAHP
ve BTOPSIS yontemlerinin tedarik¢i se¢imi ile
karsilastirilmast yapilmistir. Karimi ve Rezaeinia
[15], tedarik¢i se¢imi, bu makalede incelenen karar
verme agisindan ¢ok dnemli kriterlerden biridir. Bu
aragtirma,  hedef  programlamadaki  farkli
pozisyonlar1 goz Oniine alan g¢ok parcali hedef
programlama formiilasyonu uygular. Kannan vd.
[16], calismalarinda Brezilya’da bir elektronik
firmas1 i¢cin BTOPSIS yontemi ile tedarike¢i se¢imi
yapilmustir. Ozder vd. [17], bu ¢alismada otomotiv
sektoriinde faaliyet gdsteren bir firmanin tedarik¢i
secim problemi ele alinmistir. Problemi ¢6zmek i¢in
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hedef programlama teknigi kullanilmistir. Kar [18],
caligmada tedarik¢i se¢im problemi igin bulanik
kiime teorisi, AHP ve vyapay sinir aglan
metotlarindan ~ olusan  melez  bir  yontem
onermislerdir. Jadidi vd. [19], bu ¢alismada, yeni
bircok secenekli hedef programlama (MCGP)
yaklasinm &nerilmistir. Onerilen modelin en énemli
avantajlarindan biri, karar vericilere tercihleri
iizerinde daha fazla kontrol sahibi olmasini
saglamak ve Ornekleyici bir ornek ile Onerilen
modelin etkinligini gostermektir. Sivrikaya [20], bu
calismada, tekstil endiistrisinde etkili bir tedarike¢i
se¢imi ve siparis verme siireci saglayan karar destek
icin entegre bir degerlendirme yaklagim
sunulmaktadir. Galankashi vd. [21], ¢alismalarinda
otomotiv sektoriinde tedarikgileri degerlendirme ve
secmek icin BAHP modeli énerilmistir. Ozder ve
Eren [22], bu ¢alismada, otomotiv iiretiminde
faaliyet goOsteren tedarikgi se¢imi  sorunu
tartigilmistir. Sorunu ¢ézmek igin Oncelikli hedef
programlama  kullanilmis ve ideal
noktalarint belirlemek icin ise TOPSIS yontemleri
kullanilmistir. Tavana vd. [23], calismalarinda
yoneticilere tedarikgilerin degerlendirme siirecinde
yardimct olmasi i¢in melez bir uyarlamali sinir
bulanik ¢ikarim sistemi -Yapay Sinir Agi modeli
onerilmistir. AHP araciligiyla veri setini topladiktan
sonra, tedarikgilerin performansi iizerindeki en
etkili kriterler uyarlamali sinir bulanik ¢ikarim
sistemi belirlenir. Ardindan,
tedarikgilerin performansini en etkili o6lgiitlere
dayali olarak ongormek ve derecelendirmek igin
Cok Katmanli Algilayict kullanilir. Ayrica 6rnek bir

¢0zim

tarafindan

vaka calismasi yapilmistir. Aydin ve Eren [24],
caligmalarinda savunma sanayinde gelistirilmekte
olan fiize sistemlerinde kullanilan mekanik
parcalarin iiretimi i¢in segilen kriterlere gore en iyi
tedarik¢iyi belirleyen hibrit bir yontem (BAHP-HP)
tizerinde durulmus; kalite, maliyet, tedarik stiresi,
insan giicti ve teknoloji kriterleri dogrultusunda bir
secim yapilmaya calisilmigtir. Aydin ve Eren [25],
caligmalarinda savunma sanayinde gelistirilmekte
olan fiize sistemleri igin kritik ham malzeme
smifinda olan pargalarin iiretimi ig¢in en iyi
tedarik¢inin secilmesi maksadiyla, secilen kriterlere
gore en 1iyi tedarik¢iyi belirleyen bir BAHP-
BTOPSIS melez yontemi lizerinde durulmus; kalite,
fiyat uygunlugu, teslim siiresi, uygun makine ve

yasanilmis tecriibe kriterleri dogrultusunda bir
se¢im yapilmaya calisilmistir. Aydin ve Eren [26],
caligmalarinda savunma sanayinde kritik bir alt
bilesen i¢in en iyi tedarik¢inin se¢ilmesi
maksadiyla, secilen kriterlere gore en iyi tedarikgi
belirleyen bir AHP-TOPSIS melez yontemi
iizerinde durulmus; kalite, maliyet, teslimat, makina
parkuru, kalifiye iscilik ve teknik yeterlilik kriterleri
dogrultusunda bir secim yapilmaya ¢aligilmistir.

Yapilan bu caligmada literatirde yapilan
caligmalardan farkli olarak gergek bir problem
incelenmis, isletme biinyesinde manuel olarak
stirdiiriilmekte olan tedarik¢i se¢im ¢aligmalart
bilimsel bir ¢alisma altinda yapilacagiin bilinci
uyandirilmig olup gerekli alt yap1 ¢alismalarinin
olusturulmasina miiteakip ¢ok Kriterli karar verme
yontemleri ile daha sistemli bir sekilde yapilacagi
vurgulanmugtir.

3. Tedarikei Secim Problemi

Tedarikgi firmalarin  tedarikgileri
tanimlama, degerlendirme ve s6zlesme yapma
siirecidir. Tedarik¢i se¢im siireci, bir firmanin
finansal  kaynaklarmin miktarda
dagilimim saglar. Buna karsilik, firmalar, yiiksek

se¢imi,

muazzam

deger sunan tedarik¢ilerle sozlesme yapmaktan
onemli fayda beklerler [27].

Tedarikgiler her zaman bir sirketin yonetim
politikasinin ayrilmaz bir pargasi olmustur; Bununla
birlikte, sirketler ve tedarikgileri arasindaki iliski
geleneksel olarak uzak olmustur. Giiniimiizde tam
zamaninda iiretim (TZU) ve katma deger odakli
kiiresel ekonomide, bu tuhaf iliskiyi, is birligi ve
kesintisiz entegrasyondan birine doniistiirmek
kacinilmaz hale gelmis bulunmaktadir. TZU,
saticinin belirli bir siirede malzemenin kesin talep
edilen miktarim1 istenilen kalite, maliyet ve
zamaninda {iretmesini Ve teslim etmesini gerektirir.
Dolayistyla tedarik¢inin performansi bir sirketin
basaris1 veya basarisizliginin énemli bir unsuru
haline gelir. Disiik maliyetli, yiiksek Kalite,
esneklik ve hizli tepki hedeflerine ulagsmak igin
sirketler giderek daha iyi tedarik¢i secimi
yaklagimlarini diigtinmektedir [28].

Bu yaklasimlar, paylasim masraflari, faydalari,

uzmanlik alanlarinda ig birligi yapmayi ve karsilikli
olarak tedarik, tedarik¢i ve uzun vadeli ortakliklar
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olusturan birbirinin giigli ve zayif yonlerini
anlamaya caligmaktadir [29].

Bununla birlikte, bu ortakliklar1 gelistirmek gok
fazla calisma ve sabir gerektirir. Tedarik¢i se¢me
stireci girket iginde farkli iglevleri (satin alma,
kalite, tiretim vb.) kapsadigi i¢in hiyerarsik olarak
bircok maddi ve manevi unsuru i¢ine alan ¢ok
amaglt bir sorundur. Somut olmayan faktorlerin
degerlendirilmesi uzman degerlendirmesini
gerektirir ve Thiyerarsik yap1 bu faktorlerin
pargalanmasini ve sentezini gerektirir.

Tarihsel olarak, alicilar ve tedarikgiler arasinda
genellikle karsit bir iligki vardir. Bununla birlikte,
son birkag yilda bu iliskide olumlu bir degisim
gozlemlenmistir. Kisa Omiirlii iirlin 6mrii, artan
teknolojik degisim oranlar1 ve yabanci kaynak
temini gibi egilimler, alicilar ve tedarikgiler
arasinda iletisim Ve is birliginin gelistirilmesini ve
tek kaynak alimlar1 gibi yonetim uygulamalarina
etkileri gelistirmistir. Tedarik¢i se¢imi genellikle
uzun bir degerlendirme siirecidir. Tedarikgiler
maliyet, teslimat, kalite ve hizmet gibi c¢esitli
kriterlere gore degerlendirilir.

Siklikla, bu degerlendirme Kriterleri birbiriyle
ortiismeleri igerir. Ornegin, bir tedarikci ortalama
kalitesinin  biraz  altindaki ucuz  pargalari
sunabilirken, baska bir tedarikgi belirsiz teslimat ile
daha kaliteli pargalar sunabilir, boylece dengeleme
kurabilir. Bununla birlikte, her kriterin onemi bir
satin alimdan digerine degisir ve bazi oOlgiitlerin
niceliksel (fiyat, kalite, vb.) olmasi, digerlerinin
nitel (hizmet, esneklik, vb.) olmasi nedeniyle daha
da karmasiktir. Bu nedenle, karar vericinin her
kriterin 6nemine yonelik tutumunu ayarlayabilen ve
hem nitel hem de nicel faktorleri i¢eren bir teknik
gereklidir. Cogu alici, maliyeti birincil kaygist
olarak goriirken, yeni interaktif ve birbirine bagiml
secim kriterleri giderek daha fazla kullanilmaktadir
[30].

Isletmelerde bir satin alma béliimiiniin hedefi,
miimkiin olan en iyi miisteri hizmetleri ve destegi
ile en diistik toplam maliyet, en kaliteli Giriinleri ve
hizmetleri zamaninda saglamak olmalidir.

4. Cok Kriterli Karar Verme Yontemleri

Bireyler, isletmeler ve/veya organizasyonlar
yasamin her alaninda ¢ok boyutlu karar problemleri

ile karsilagsmaktadir. Yoneticiler ¢ogu zaman,
birden fazla faktériin ve birbirleriyle c¢atigsan
amaglarin (Kriterlerin) gerceklestirilmek istendigi
durumlarda karar vermektedirler. Cok kriterli karar
verme teknikleri, birbiri ile ¢atisan birden fazla
kriteri karsilayan olasi “en iyi/uygun” ¢oziime
ulasmaya calisan yaklasim ve yontemlerden
olusmaktadir. Karar vericiler, bu tir problemlerin
iistesinden gelmede ¢ok kriterli karar verme
tekniklerinden faydalanarak bilimsel ve daha
basarili kararlar verebilirler.

Cok kriterli karar verme yaklagimlarinda
belirgin sayida ve o6zellikteki aday, plan, politika,
strateji, hareket bi¢imi alternatifleri karsilastirilarak
derecelendirilir ve bunlarin arasindan en iyisi
secilmeye ¢alisilir. Cok kriterli karar verme
yontemleri  kriterlere iliskin agirlilk  bilgisini
kullanarak, c¢atisan niteliklere sahip karmagik
problemlerin ¢oziilmesini saglarlar. Ilk olarak
alternatiflerin ve niteliklerin tanimlamasi yapilir.
Sonrasinda her bir alternatifin (ayr1 ayr1), her kritere
gore Olgiimleri elde edilir, kriterlere gore agirliklart
atanir. Atanan kriter agirliklar ve alternatiflerin tek-
kriterli deger Ol¢timleri -bir biitiinciillestirme
modeli ile- bir araya getirilerek alternatiflerin
bitiinsel (overall) degerleri saptanir. Son olarak
duyarlilik analizleri gergeklestirilir ve sonug
onerileri ile degerlendirmeleri ortaya konulur [31].

Uygulamada  yaygin  olarak  kullanilan
yontemlerden BAHP  yontemi ve  hedef
programlama yontemleri ele alinmigtir.

4.1. Bulanik Mantik

Bulanik mantik Lotfi Zadeh tarafindan 1965
yilinda literatiire kazandirilmistir. Bulanik mantik
ilkeleri belirsizligi aciklama kabiliyeti agisindan
ustiinliigii ile one ¢ikmaktadir. Teori, matematiksel
islemleri ve programlamayi bulanik alanda
uygulamaya da elverislidir. Bir bulanik kiime, her
bir elemanm1 0 ile 1 arasinda degisen iiyelik
derecesine sahip bir fonksiyon ile tanimlanir. Bu
tiyelik dereceleri, bir bulanik kiime i¢in siireklilik
arz eder [32].

Bulanik mantik, belirsizlik ve kesin olmayan
gercek problemlerin tamimlanmasi ve c¢oziilmesi
i¢cin kullanish bir tekniktir. Bulanik mantik “evet”
ya da “haynr”, “dogru” ya da “yanlis” gibi klasik
degiskenler yerine “orta”, “yiiksek”, “diisiik” gibi
ortalama degerleri kullanan ¢ok degiskenli bir
teoridir [33].
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4.2.Bulanik Analitik Hiyerarsi Prosesi

BAHP yontemi Zadeh [34] tarafindan ortaya
konulan bulamik kiime teorisi yaklagimina
dayanmaktadir [34]. Bulanikligin s6z konusu
oldugu durumda hiyerarsik yapilarin analizi ilk
olarak karar vericilerin ikili karsilastirmalara iligkin
ifadelerini incelerken kesin degerler yerine bulanik
oranlardan faydalanmis olan Buckley [35]
tarafindan Gnerilmistir.

BAHP sayesinde karar vericiler ikiserli
karsilagtirmalar yaparken “lyi”, “Daha iyi” gibi

ifadeleri kullanarak degerlendirme
yapabilmektedir. Bu da karar vericilerin
degerlendirme yapmalarini oldukga
kolaylastirmaktadir.

Tedarikgilerin BAHP ile degerlendirilmesinde
kullanilan ~ metodolojiyi  asagidaki  sekilde
maddeleyebiliriz;

e Uzman heyetinin kriterleri belirlemesi,

e Kiiterler ve Alternatiflerin 6nem skalas1 ve
bu degerlere karsilik gelen bulanik sayilar
ile degerlendirilmesi (Tablo 1.),

Tablo 1. Chang yontemine gore BAHP de

kullanilan 6lgek
Sozel Onem Bulamk Karsihk
Olcek Olcek
Esit 6nemli (1,1,1) (1/1,1/1,1/1)
Biraz daha fazla (1,3,5) (1/5,1/3,1/1)
Oonemli
Kuvvetli (3,5,7) (2/7,1/5,1/3)

derecede 6nemli

Cok kuvvetli (5,7,9) (2/9,1/7,1/5)
derecede 6nemli

Tamamiyla (7,9,9) (2/9,1/9,1/7)
Onemli

Kargilagtirmalar, formiil (4.1)’de goriildiigii gibi
ikili karsilastirma matrisinin tiim degerleri (1) olan
kosegeninin  Ustlinde kalan  degerler igin
yapilmaktadir. a;; bulanik sayisi, i. eleman ile j.
elemanmin  ikili  karsilastirma  degeri  olarak
gosterilecek  olursa, a;; bulantk  sayr  degeri
1/a;jesitliginden elde edilir. [36].

[ 1 adp, C~l1n]
1 ~
N i, 1 lzn
1 1
T 1]

e Kiriterler ve Alternatiflerin bulanik 6nem
agirliklarinin hesaplanmasi.

BAHP calismalarinda en ¢ok karsilasilan ¢6ziim
yontemi ise Chang tarafindan 1996 yilinda 6nerilen
Genigletilmis Analiz Yontemidir. BAHP nin ikili
karsilastirma skalasi i¢in liggensel bulanik sayilarin
kullanilmas1 ve ikili Kkarsilastirmalarin sentetik
derece degerleri icin derece analiz ydnteminin
kullanilmasini igeren yeni bir yaklasim ortaya
koymaktadir.

Bu metot, Chang [37] tarafindan yazilan
“Application of the Extent Analysis Method on
Fuzzy AHP” isimli makaleye dayanmaktadir. AHP
ile birlikte tiggensel bulanik sayilar karsilastirmak
icin gelistirilen bir metottur. Cok kullanisli ve kolay
uygulanabilir bir yontemdir.

Bu calismada Genisletilmis BAHP yontemi ele
almmustir. Genigletilmis BAHP yontemi, insani
diisiince tarzinin belirsizligini ele alma yetenegine
sahiptir ve ¢ok kriterli karar verme problemlerini
cozmede etkilidir. Bu yontemde izlenen metodoloji
su sekilde agiklanabilir:

X={x1,X2,...,X,} bir nesneler kiimesi ve
U={ui,uz,...,u,} de bir amacglar kiimesi olsun.
Genigsletilmig analiz yontemine gore, her bir nesne
bir amaci gergeklestirmek i¢in ele almir.
Genisletilmis ifadesi ile bu nesnenin amaci ne kadar
gerceklestirdigi ifade edilmektedir. Boylece, m tane
genisletilmis analiz degeri elde edilmis olup,
Denklem (4.2)’deki gibi gosterilir.

Mg Mg ...Mg  (i=1.2,,....n) (4.2)
Buradaki tiim M;,i( j=L2,,....m) degerleri,

ticgen bulanik sayilardir. Chang“in genisletilmis
analizinin adimlar1 agsagidaki gibi 6zetlenebilir [32].

Adiml1: i. Nesne i¢in bulanik biiyiikliik degeri
su sekilde tanimlanir;

Si =Xj24 Migi X [Xiz1 221 Migi I (4.3)
Si=1. Amacin sentez degeri
Migi= Herbir amaca yonelik genisletilmis deger

T M= By 1 Iy m, Iy w)  (44)

n m i 1o 1 1 1
[Zi:l Zj:l Mgi ] '= ( Zin=1 u'yn m'z{l=1 1.) (45)

i=1 )
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Adim2: Bulanik degerler hesaplandiktan sonra,
bu  degerler  birbirleriyle  karsilastirilarak,
seceneklerin ve Olgiitlerin olabilirlik degerleri V
elde edilir.

V(M22M1)=
1, eger m, = my
0, egerl; > u,
o, (4.6)

m dlger durumda

Adim3: Konveks bir bulanik saymnin k adet
bulanik sayidan, M; (i=1,2,...,k) daha biyik
olabilirlik derecesi su sekilde tanimlanir;

V(MZ Ml, Mz, Mk) = [(MZ M1) ve ... (MZ
M] = min V(M= My, i= 123, ...k (4.7)

S; ler i¢in su varsayimlar yapilmistir;

k= 1,2,3,...n k# icin d’(A;) = minV(S; = Sy)
(4.8)

Daha sonra Agirlhikk Vektori Ai (1 =
1,2,3,...,n)’nin n elemandan olustugu su sekilde
ifade edilir;

W= (d(A1), d(As), d(As),....d(A,))T  (4.9)

Adim4: Normalizasyon ile normalize edilmis
agirlik vektori W elde edilir ve burada W bir
bulanik sayr degildir. Normalizasyon islemi
4.9°daki herbir degeri yine o degerlerin toplamina
boliinmesi ile elde edilir.

W= (d(A)), d(A2),d(As),....d(AL))"  (4.10)
5. Hedef Programlama

Hedef programlama (HP), matematiksel bir
programlama optimizasyon metodolojisidir. HP
modeli, bir dizi hedeflenen hedef seti ile optimal bir
¢Oziim tlretmek iizere tasarlanmustir. Biitlin HP
modelleri, bilinmeyenler, parametreler, bir amag
fonksiyonu ve hedef kisitlarindan olugmaktadir.

Hedef Programlamanin ilk ¢ikisi, 1955 yilinda
Charnes ve arkadaslari tarafindan yapilan ¢alismaya
dayanir [38]. Gergek hayata uygulanabilirligi
bakimindan ¢ok etkin bir teknik olan HP
giiniimiizde iiretim planlamasi is giicii planlamasi,
akademik kaynak tahsisi, finansal planlama,
biit¢eleme, nakliye, performans tahmin gibi birgok
alanda en yaygin sekilde kullanilan ¢ok Kriterli
karar verme tekniklerinden biri haline gelmistir

[10].

Yontemin  Algoritmas1  verilen  bilgiler
cercevesinde adim adim asagidaki sekilde
ozetlenebilir: [39].

e Sorun basit bir Lineer Program modeli
olarak formiile edilir,

e Her bir hedef i¢in sapma degiskenleri
tanimlanir,

e Hedef programlama ve sistem kisitlamalari
yazilir,

e Fonksiyonel ve sapma degiskenleri igin
negatif olmayan kisitlamalar eklenir,

e Amag fonksiyonunda kiictiltiilecek
degiskenler belirlenir,

e Amaglarla 6ncelikleri yazilir.

Program asagidaki sekilde formiile edilir:
Degiskenler;

X; : J. Karar degiskeni

ajj: 1. hedefin j. karar degiskeni katsayisi
b;: i. hedef i¢in ulagilmak istenen deger
d;*: i. hedefin pozitif sapma degiskeni

d; " : i. hedefin negatif sapma degiskeni
Genel gosterim ise su sekildedir [34].
Minimize Z = Y12, (df+ d})

Yicq ajixH(di+ di) = by

x,di*,di” >=0

i=1...m
j=1...n
6. Uygulama

Savunma alaninda kullanilan Fiize sistemleri bir
anlamda ucan insansiz hava araci olma o6zelligi
tasimaktadir. Bu denli sistemlerin stoklarda
bekletilip egitim, tatbikat veya sadece bir tehdit
esnasinda diismana karsi anlik kullanilmasindan
dolay1 sistem bilesenlerinin fiize omrii boyunca
kusursuz bir sekilde ¢alismasi dnem arz etmektedir.
Elbette bu kusursuzluk yapilan tasarimin
tanimlanan sinirlar igerisinde iretilmesi ile s6z
konusu  olmaktadir.  Sistemlerde  kullanilan
bilesenlerin ham malzemeleri nitelikli malzemeler
olup cesitli lilkelerden tedarik edilmektedir. Bu
malzemeler gesitlerine gore nerede kullanilacaginin
bilgisi tretici iilke tarafindan sorgulanmakta olup
belirli kisitlar altinda temin edilmektedir. Yapilacak
islere ait ozelliklerin bu denli yiiksek olmasi bir
sonraki adim olan iiretim kisminda kisitlamaktadir.
Uretimi yapacak firmalar sadece nitelikli makine,
insan giicii ve teknolojiye sahip olmakla kalmayip,
tirline ait izlenebilirlik ve gizlilik gibi faaliyetlerde
beraberinde calistirtyor olmasi son derece dnemli
olmaktadir. Buda yine ireticinin iyi bir kalite
sistemine sahip oldugu anlamina gelmektedir. Bu
tarzda isi yonetecek tedarik¢i sayisinin sinirl
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olmasi nedeniyle bu kapsamda degerlendirilecek
iirtinler kritik olup savunma sektorii kapsaminda
yapilan ¢aligmalar stratejik bir dneme sahiptir.

Bu dogrultuda TS firmas: biinyesinde
ylritiilmekte olan projeler kapsaminda iiretim
ihtiyaglar1 meydana gelmistir. Bu kritik mekanik
bilesenlerin iiretimi i¢in {ilkemiz i¢in stratejik bir
hedef olan %100 yerli liretim 6nem arz etmektedir.
Yapilmas1 planlanan iiretimler igin havacilik ve
savunma sektorlerinde faaliyet gdsteren firmalarla
cesitli projelerde calismalar baglatilmistir. Bu
projelerde alt yiiklenici konumunda hizmet verecek
KOBI’nin segimi ana yiiklenici konumundaki TS
Firmast i¢in kritik Oneme sahiptir. Glivenilir
tedarikgilerle, istenilen kalite standardinda ¢alismak
ve projeyi sorunsuz ylriitebilmek igin titiz bir
tedarik¢i se¢imi ¢aligmasi ylritilmiistiir. Savunma
sistemleri projeleri i¢in ililkemizde iiretilmesi
saglanarak, millilestirilmesi amacglanan nitelikli
pargalarm ileri talaghh imalat yoOntemleriyle
tretimini gergeklestirebilecek bir alt yiiklenicinin
seciminin  yapilmast problemin  temelini
olusturmaktadir. Belirli kriterler ¢ergevesinde
parcanin Uretilmesi i¢in tedarik¢i se¢cimi 6nem arz

etmektedir. Problem asagidaki adimlar
gercevesinde anlatilmustir.

Adim 1. Problemin Tanimlanmasi

Fize  sistemlerinde  kullanilan  mekanik

bilesenler, cesitli ham malzemelere sahip kompleks
geometrilerde parcalardir. Bu parcalara ait ham
malzemelerin hemen hemen %100 i yurtdist alim
olup bunlarin %50 civart ise Ozel izinlere tabii
olarak  temin  edilmesinden dolayr  kritik
pozisyondadirlar. Bu malzemelerin nihai {iriine
doniigmesinde meydana gelebilecek herhangi bir
hata maddi bir zarara yol agacagi gibi tekrar
malzeme alim silirecinde baglamasina sebep
olacaktir. Yine sistemde kullanilan iiriinlerin sertlik
gibi degerlerinin yiiksek olmasi tiretim siirecinde bir
baski olusturmaktadir. Bu sebeplerden dolayi
irlinlerin dretimi igin sistemli bir ¢aligmanin
yapilmas1 gerekmektedir. Ayrica yapilan isin
dogrulanmasi, izlenebilirlik, paketleme ve nakliye
gibi konularda dikkat edilmesi gerekmektedir. Bu
kapsamda isin saglikli bir sekilde yapilip teslimatini
gergeklestirip, yonetecek tedarik¢i sayisinin sinirh
olmasi nedeniyle bu iiriin, kritik bir iiriindiir.

Problemin Tanitilmasi

Verilerin Toplanmasi

Alternatiflerin Belirlenmesi

Kriterlerin Belirlenmesi

Yontemlerin Uygulanmasi

Bulanik AHP
(Agirliklarin belirlenmesi)

Hedef Programlama
(Se¢im yapilmasi)

| |
!

Sonuglar

Sekil 1. Problemin Akis Semasi
Adim 2. Verilerin Toplanmasi

Savunma ve havacilikta yapilan caligmalar
dogrultusunda gelistirilen sistemlerin emniyet
faktorlerinin yiiksek olmasi ve hata paylarinin insan
hayatina sebep olmasi acgisindan sifir olarak
nitelendirilmesi sistem bilesenlerini de olduk¢a
onemli hale getirmektedir. Bu kapsamda mekanik
bilesenlerin  iretimi  i¢in  kullanilacak  alt
yiikleniciler detayli olarak irdelenmektedir. Se¢im
yapilan firmalar havacilik ve savunma sektoriine en
az 5 yil liretim hizmeti vermis, kalite sistemini etkin
bir sekilde kullanan AS9100 havacilik kalite
belgesine sahip, nitelikli insan giiciine sahip
(ortalama 15 personel), her yil ana yiikleniciler
tarafindan denetlenip kalite puani olarak (100
tizerinden) 90 ve {izeri alan firmalar incelenmistir.
Bu bilgiler satin alma personelleri tarafindan
firmalarin web siteleri ve birebir goriismeler
sonucunda edinilmistir.

Adim 3. Alternatiflerin Belirlenmesi

Secimi yapacak firmanin sektdr olarak hava
savunma sanayii alanina hizmet vermesinden dolay1
gizlilik, kalite ve referanslar alternatiflerin

|17



]A Ve issn:2s87-1676

Journal of Aviation 2 (1): 10-30 (2018)

secilmesi icin Onem arz etmektedir. Bu se¢imin
yapilmasi i¢in TS biinyesinde satin alma biriminden
2 kisi ve iiretim biriminden 2 kisi olmak f{izere
ortalama 10 yil tecriibeli 4 uzman personel
tarafindan bir ekip olusturulmustur. Gegmis 5 yil
baz alinarak Tiirkiye genelinde firmalar taranmugtir.
Tarama islemi kisitlar;; havacilik ve savunma
sektoriinde en az 1 adet referans, an az 1 yil once
alinmis AS9100 kalite belgesi, milli tesis giivenlik
belgesine sahip olunmasi, 5 adet ve iizeri olmak
iizere cok eksenli bilgisayar destekli makinelere
sahip olunmasi, isin dogrulanmasi i¢in en az 1 adet
bilgisayar destekli dlglim cihazina sahip olunmasi
ve islerin liretim programlarinin hazirlanmasi i¢in
en az 1 adet programlama miihendisi, tiretilmesi i¢in
ise her tezgahta 1 kisi olmak iizere yeterli insan
giiciiniin olmasi1 gerekmektedir. Bu sartlara uyan
firmalar arasindan secim yapilmast
hedeflenmektedir.

Uzman heyet tarafindan yapilan bu calisma
sonucunda yapilmasi beklenen mekanik parcalarin
iiretimi i¢in 5 adet tedarik¢i bu kriterleri yerine
getirmek i¢in uygun bulunmustur. Bu firmalar
asagida gosterildigi gibi kodlanmustir;

Tedarikgi-1 (T1), *Tedarikgi-2 (T2), Tedarikgi-
3 (T3), Tedarik¢i-4 (T4), Tedarik¢i-5 (T5) olmak
tizere 5 tanedir.

Adim 4. Kriterlerin Belirlenmesi

Kriter satin alma biriminde ¢alisan ve bu konuda
10 y1l tecriibeli 4 personelin ortak goriisii dikkate
alinarak belirlenmistir. Bu kriterler;

e Kalite (KA): Firmanin Havaciik ve
Savunma Kkalite sistemi gereksinimlerine
uygun faaliyet gerceklestiren, ISO
9001:2008, AS9100 ve tesis giivenlik
belgesine sahip, Uriiniin firmanin istedigi
kalite diizeyinde, hata oram1 diigiikk ve
giivenilir olmasini ifade eder.

e Maliyet (MA): Tedarik edilen Triiniin
toplam  maliyetini  (iiretim,  ylizey
islemeleri, paketleme ve nakliye) ifade
eder.

o Tedarik Siiresi (TS): Siparisi verilen
iiriiniin firmanin istedigi zamanda teslim
edilmesini ifade eder.

e lInsan Giicii (IG): Siparis kapsamindaki
trtinlerin tiretimini yapacak olan firmada
yeteri kadar insan (teknik, idari vb.)
giicliniin olmasini ifade eder.

e Teknoloji (TE): Yapilacak olan ise uygun
makine, cihaz, yazilim ve iletisim aginin
oldugunu ifade eder.

Adim 5. Yontemlerin Uygulanmasi

Bu kisimda iki farkli yontem uygulanacaktir.
Birinci yontem BAHP’nin uygulanmasi, ikinci
yontem ise Hedef Programlama yontemidir. BAHP
yonteminde islem kolaylig1 agisindan iiggen bulanik
sayilar kullanilmustir.

5.1. BAHP Uygulanmasi

Uygulamada yapilacak hesaplamalar 4.2. deki
basamaklar izlenmek kosulu ile asagidaki gibi
yapilmustir.

5.1.1. Hiyerarsinin olusturulmasi

Siirecin hiyerarsi modeli sirasiyla amag, kriterler
ve alternatifler olarak Sekil 2.’de gosterilmistir.

TEDARIKCI SECIMI

TESLIM INsAN
SURES Glich

KALITE MALIYET TEKNOLOJE

Sekil 2. Tedarik¢i seciminin hiyerarsi modeli

5.1.2.  Ikili
olusturulmasi

karsilastirma matrislerinin

Bu asamada kriterler icin ikili karsilastirma
matrisi olusturulmustur. Bu belirlenen degerler en
az 10 yil tecriibeli 2 adet satin alma personeli ve 1
adet iiretim mithendisi goriisleri dikkate alarak ortak
karar olarak belirlenmistir. Uygulamada 5 kriter
oldugundan 5x5 lik bir tablo yazilacaktir. Tablodaki
degerler  iicgen  bulamik  sayillara  gore
olusturulmustur. Tablo 2.’de ikili karsilagtirma
matrisi verilmistir.

Tablo 2.’de belirtilen degerlere gore sentez
degerleri genisletilmis analiz yOntemine gore
hesaplanmistir.  Hesaplamalarda MS  Excel
programi kullanilmistir.
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Kriterlere ait sentez degerleri denklem 4.3’e gore

hesaplanmustir.
SK1= (0,1542,
SK2 = (0,1199,
SK3 = (0,1085,
SK4 = (0,0742,

Tablo 2. Kriterlerin ikili karsilastirmalar matrisi

0,3478,

0,3014,

0,2210,

0,0665,

0,6923)
0,6264)
0,4399)

0,0838)

SK5 =

(0,0628, 0,0232,

0,0819)

Sentez degerlerinin olabilirlik dereceleri
denklem 4.6 ve 4.7’e gore hesaplanmstir.

min V (SK1 > SK2,5K3,5K4,SK5) = 1.0000
min V (SK2 > SK1,5K3,5K4,SK5) = 0.9106
min V (SK3 > SK1,5K2,SK4,SK5) = 0.6927
min V (SK4 > SK1,5K2,SK3,SK5) = 0.0000
min V (SK5 > SK1,5K2,SK3,SK4) = 0.0000

Kriterler KA MA TS iG TE

KA 1 1 1 1 1 1 3 5 7 1 3 5|3 5 7

MA 1 1 1 1 1 1 1 3 5 3 5 711 3 5

TS 0,33 020 0,114 1 0,33 0,20 |1 1 1 1 3 5|3 5 7

iG 1 0,33 0,20 0,33 0,20 014 |1 033 0201 1 11 1 1

TE 0,33 0,20 0,14 1 0,33 020033 020 0141 1 1|1 1 1
Bu sonuglar kullanilarak W’ agirliklar vektorii 5.1.3. Alternatiflerin kriterlere gore ikili
yazilmistir. karsilastirlma  matrisi  ve  agirhklarin

hesaplanmasi

W’=(1.0000, 0.9106, 0.6927,0,0) T

W’ agirliklar vektoriine normalizasyon islemi
uygulanarak, normalize edilmis agirliklar vektorii

yazilmistir.

W = (0.3841, 0.3498, 0.2661, 0.0000,0.0000) ™
Tablo 3. Kriterlerin agirliklar

5| Kalite Maliyet Tedarik insan Teknoloji
= siiresi giicii

T

4

=| 0.3841 0.3498 0.2661 0.0000 0.0000
=

=

=Ty

<

Uzmanlar tarafindan belirlenen
tedarik¢i i¢in, uzman satin alma

5 alternatif
personeline

basvurulmus ve her bir kritere gore ikili
karsilagtirmalar matrislerinin elemanlari
belirlenmistir Tablo 4.
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5.1.3.1. Kalite kriterine gore alternatiflerin
degerlendirilmesi

Kalite kriterine gore alternatiflere ait sentez
degerleri;

SK1 0,1755 0,4315 0,8099
SK2 0,0689 0,1404 0,2638
SK3 0,1755 0,2623 0,3952
SK4 0,0845 0,0728 0,0824

SK5 0,0975 0,0254 0,1102

Sentez degerlerinin olabilirlik dereceleri;

min V (SK1 > SK2,SK3,SK4,SK5) = 1.0000
min V (SK2 > SK1,SK3,SK4,SK5) = 0.2328
min V (SK3 > SK1,SK2,SK4,SK5) = 0.5650
min V (SK4 > SK1,SK2,SK3,SK5) = 0.0000
min V (SK5 > SK1,SK2,SK3,SK4) = 0.0000

Bu sonugclar kullanilarak W’ agirliklar vektorii
yazilmustir.

W’=(1.0000, 0.2328, 0.5650, 0.0000, 0.0000)"

W’ agirliklar vektoriine normalizasyon islemi
uygulanarak, normalize edilmis agirliklar vektorii
yazilmustir.

W = (0.5562, 0.1295, 0.3143, 0.0000,0.0000)™

Tablo 4. Alternatiflerin kalite kriterine gore ikili karsilastirmalar matrisi

Alternatif T1 T2 T3 T4 T5

T1 1 1 1 3 5 7 1 3 5 3 5 7 |1 3 5
T2 0,33 0,20 0,14 1 1 1 020 033 1 1 3 5 |1 1 1
T3 1 0,33 0,20 5 3 1 1 1 1 1 3 5 |1 3 5
T4 0,33 0,20 0,14 1 033 020 |1 033 0201 1 1 |1 1 1
T5 1 0,33 0,20 1 1 1 1 033 0201 1 1 |1 1 1

Tablo 5. Kalite kriterine gore agirliklari

T1 T2 T3 T4 T5
3
-
]
<
0.5562  0.1295 0.3143 0.0000 0.0000
=
=
8D
<

5.1.3.2. Maliyet Kkriterine gore alternatiflerin
degerlendirilmesi

Maliyet kriterine gore alternatiflere ait sentez
degerleri;

SK1 0,1661 0,3100 0,5038
SK2 0,1661 0,3100 0,5038
SK3 0,359 0,1763 0,2735
SK4 0,1359 0,1763 0,2735

SK5 0,0254 0,0182 0,0347

Izo



]A I/e—ISSN:2587-1676

Journal of Aviation 2 (1): 10-30 (2018)

Sentez degerlerinin olabilirlik dereceleri;
min V (SK1 > SK2,SK3,SK4,SK5) = 1.0000
min V (SK2 > SK1,SK3,SK4,SK5) = 1.0000
min V (SK3 > SK1,SK2,SK4,SK5) = 0.4455
min V (SK4 > SK1,SK2,SK3,SK5) = 0.4455
min V (SK5 > SK1,SK2,SK3,SK4) = 0.0000

Bu sonuglar kullanilarak W’ agirliklar vektorii
yazilmustir.

W’=(1.0000, 1.0000, 0.4455, 0.4455, 0.0000)T

W’ agirliklar vektoriine normalizasyon islemi
uygulanarak, normalize edilmis agirliklar vektorii
yazilmistir.

W = (0.3459, 0.3459, 0.1541, 0.1541,0.0000)™

Tablo 6. Alternatiflerin Maliyet kriterine gore ikili karsilagtirmalar matrisi

Alternat T1 T2 T3 T4 T5
if
T1 1 1 1 1 1 1 1 3 5 1 3 5 7 9 9
T2 1 1 1 1 1 1 1 3 5 1 3 5 7 9 9
T3 1 033 020 |1 0,33 0201 1 1 1 1 1 5 7 9
T4 1 033 020 |1 0,33 0201 1 1 1 1 1 5 7 9
T5 0,14 011 011 0,14 0,11 0,11 020 0,24 0,11|0,20 0,14 011 |1 11
Tablo 7. Maliyet kriterine gore agirliklart
Alternatifler T1 T2 T3 T4 T5
Agirhiklar 0.3459 0.3459 0.1541 0.1541 0.0000
5.1.3.3. Teslim Siiresi Kkriterine gore

alternatiflerin degerlendirilmesi

Teslim Siiresi kriterine gore alternatiflere ait
sentez degerleri;

SK1

SK2

SK3

SK4

SK5

0,2499
0,0500
0,1730
0,1730

0,0807

0,4851
0,0649
0,2387
0,1309

0,0231

0,7672
0,1088
0,3228
0,0899

0,0876

Sentez degerlerinin olabilirlik dereceleri;
min V (SK1 > SK2,SK3,SK4,SK5) = 1.0000
min V (SK2 > SK1,SK3,SK4,SK5) = 0.0000
min V (SK3 > SK1,SK2,SK4,SK5) = 0.2282
min V (SK4 > SK1,SK2,SK3,SK5) = 0.0000
min V (SK5 > SK1,SK2,SK3,SK4) = 0.0000

Bu sonuglar kullanilarak W’ agirliklar vektorii
yazilmistir.

W’=(1.0000, 0.0000, 0.2282, 0.0000, 0.0000)"

W’ agirliklar vektoriine normalizasyon islemi
uygulanarak, normalize edilmis agirliklar vektorii
yazilmustir.

W = (0.8142, 0.0000, 0.1858, 0.0000,0.0000)*
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Tablo 8. Alternatiflerin Teslim Siiresi kriterine gore ikili karsilastirmalar matrisi

Altern T1 T2 T3 T4 T5

atif

T1 1 1 1 5 7 9 1 5 1 3 5 5 7 9

T2 0,20 0,14 0, 1 1 1 020 033 1 020 033 1 1 1 1
11

T3 1 0,33 0, 5 3 1 1 1 1 3 5 1 3 5
20

T4 1 0,33 0, 5 3 1 1 0,33 0,20 1 1 1 1 1 1
20

T5 0,20 0,14 0, 1 1 1 1 0,33 0,20 1 1 1 1 1 1
11

Tablo 9. Teslim Siiresi kriterine gore agirliklar
Alternatifler T1 T2 T3 T4 T5
Agirhiklar 0.8142 0.0000 0.1858 0.0000 0.0000

5.1.34. Insan  Giicii  kriterine  gore
alternatiflerin degerlendirilmesi

Insan Giicii kriterine gére alternatiflere ait
sentez degerleri;

SK1 0,0439 0,0438 0,0513
SK2 0,3658 0,3731 0,3774
SK3 0,1324 0,1217 0,1104
SK4 0,0600 0,0438 0,0379

SK5 0,5976 0,0167 0,2566

Sentez degerlerinin olabilirlik dereceleri;
min V (SK1 > SK2,SK3,SK4,SK5) = 0.0000
min V (SK2 > SK1,SK3,SK4,SK5) = 1.0000
min V (SK3 > SK1,SK2,SK4,SK5) = 0.0000
min V (SK4 > SK1,SK2,SK3,SK5) = 0.0000
min V (SK5 > SK1,SK2,SK3,SK4) = 0.0000

Bu sonuglar kullanilarak W’ agirliklar vektorii
yazilmisgtir.

W’=(0.0000, 1.0000, 0.0000, 0.0000, 0.0000)"

W’ agirliklar vektoriine normalizasyon islemi
uygulanarak, normalize edilmis agirliklar vektorii
yazilmustir.

W = (0.0000, 1.0000, 0.0000, 0.0000,0.0000)T
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Tablo 10. Alternatiflerin Insan Giicii kriterine gore ikili karsilastirmalar matrisi

Alternatifler T1 T2 T3 T4 T5
T1 1 1 1 (011 0,14 0,20 033 1 1 1 1 (011 014 0,20
T2 9 7 5 |1 1 1 7 9 5 7 9 ]020 033 1
T3 5 3 1 (020 014 011 1 1 1 3 5 (011 014 0,2
T4 1 1 1 (020 014 011 033 0201 1 1 011 0,4 0,20
T5 9 7 5 |5 3 1 7 5 9 7 5 |1 1 1

Tablo 11. insan Giicii kriterine gore agirliklari

Alternatifler T1 T2

T3 T4 T5

Agirhiklar 0.0000 1.0000

0.0000 0.0000 0.0000

5.1.3.5. Teknoloji kriterine gore alternatiflerin
degerlendirilmesi

Insan Giicii kriterine gore alternatiflere ait sentez
degerleri;

SK1 0,0950 0,1925 0,2849
SK2 0,0950 0,1925 0,2849
SK3 0,0930 0,0649 0,0570
SK4 0,0930 0,0649 0,0570
SK5 0,6561 0,0231 0,2849

Sentez degerlerinin olabilirlik dereceleri;
min V (SK1 > SK2,SK3,SK4,SK5) = 1.0000
min V (SK2 > SK1,SK3,SK4,SK5) = 1.0000
min V (SK3 = SK1,SK2,SK4,SK5) = 0.0000
min V (SK4 > SK1,SK2,SK3,SK5) = 0.0000
min V (SK5 > SK1,SK2,SK3,SK4) = 0.5285

Bu sonuglar kullanilarak W’ agirliklar vektorii
yazilmistir.

W’=(1.0000, 1.0000, 0.0000, 0.0000, 0.5285)T

W’ agirliklar vektoriine normalizasyon islemi
uygulanarak, normalize edilmis agirhiklar vektori
yazilmisgtir.

W = (0.3955, 0.3955, 0.0000, 0.0000,0.2090)™
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Tablo 12. Alternatiflerin Teknoloji kriterine gore ikili karsilagtirmalar matrisi

Alternatif T1 T2 T3 T4 T5
T1 1 1 1 1 1 1 3 5 |1 3 5 020 033 1
T2 1 1 1 1 1 1 3 5 |1 3 5 020 033 1
T3 1 033 020 |1 0,33 0,20 1 1 1 1 1 0,11 014 0,20
T4 1 033 020 |1 0,33 0,20 1 1 1 1 1 0,11 0,14 0,20
T5 5 3 1 5 3 1 7 5 9 7 5 1 1 1
Tablo 13. Teknoloji kriterine gore agirliklar
Alternatifler Tl T2 T3 T4 T5
Agirhiklar 0.3955 0.3955 0.0000 0.0000 0.2090

5.1.4. Alternatiflerin Degerlendirilmesi

Ikili karsilastirmalar matrislerinden elde edilen
kriter agirlik vektorleri ve kriterlerin alternatiflere
gore bulunan agirliklart Tablo 14.’de belirtilmistir.
Kriterlerden elde edilen agirliklar ile kriterlerin
alternatiflere gore bulunan agirliklart c¢arpilip
toplanmasi ile alternatiflerin sirlamada
kullanilacak 6nem yiizdeleri elde edilmistir.

Alternatiflerin Siralamasi
60%
40%
20% l
0% . . —
M T2 | 13 | T4 | TS5 |
‘ H Deger |55,13%|17,07%22,41%| 0,00% | 5,39%

Sekil 3. BAHP Siralama

Yapilan ikili karsilastirma ve diger adimlar
sonucunda Sekil 3’de goriildiigii tizere Tedarikei-
L’in % 55.13 ile ilk sirada, Tedarike¢i-3’lin 22.41
ile ikinci sirada, Tedarik¢i-2’nin 17.07 ile tigiincii
sirada yer aldigi, digerleri ise onu izleyen,
Tedarikei-5 ve Tedarikei-4 firmalaridir.

5.2. Hedef Programala Uygulanmasi

Uygulamanin  ikinci kismi  olan  hedef
programlama ile ¢6zlim asamasi, BAHP’de yapilan

hesaplama sonucunda bulunan agirliklar burada
kisit ve amag fonksiyona katsay1 olarak dahil edilip
iki sekilde hedef programlama modeli kurulacaktir.
Burada agirliklandirma metodu ile hedef
programlama yontemi ele alimmistir. Modelin
kurulmasi i¢in belirlenmis olan bazi kisitlar agagida
belirtilmistir;

* Kapasite Kisiti: Bir siparis kapsaminda
alinacak maksimum miktar1 belirtir.

* Uretim Maliyeti Kisiti: Verilen siparis
kapsaminda 6denecek para miktarini belirtir.

*Kaynaginda Kalite Kontrol Kisit1: Uriinlerin
kabuliiniin yapilmasi i¢in tedarik¢i biinyesinde TS
personeli tarafindan ikinci kez Ornekleme
yapilmasi kosulu ile boyutsal 6l¢iim ve belgelerin
kontroliiniin yapilmasin1 belirtir.

* Teslim Siiresi Kisiti: Uriinlerin taahhiit
edilen siire igerisinde teslim edilmesini belirtir.
Tedarik¢inin {irlinleri en ge¢ bu siire zarfinda
teslim etmesi gerektigi anlamina gelmektedir.

* Fire (hatah iiriin) Oram Kisitiz Uretim
kapsaminda ilgili firma tarafindan tedarikciye
verilen bozma oranini belirtir.

* AHP Oncelikleri Kisiti: {lk yontem olan
AHP yonteminde elde edilen her bir tedarik¢inin
oncelik skorlarin1 vermektedir.
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Tablo 14. Kriter ve Alternatiflerin agirliklarinin hesaplanmasi

Agirhiklar T1 T2 T3 T4 T5 Kriter
Kriterler Agirhiklar:
Kalite 0,5562 0,1295 0,3143 0,0000 0,0000 0,3841
Maliyet 0,3459 0,3459 0,1541 0,1541 0,0000 0,3498
Teslim Siiresi 0,8142 0,0000 0,1858 0,0000 0,0000 0,2661
nsan Giicii 0,0000 1,0000 0,0000 0,0000 0,0000 0,0000
Teknoloji 0,3955 0,3955 0,0000 0,0000 0,2090 0,0000
Alternatiflerin Agirhklar: 0,5513 0,1707 0,2241 0,0000 0,0539

TS s6z konusu proje icgin ihtiyag duydugu
iirlinleri ortalama 60 giinliik siirelerle satin alimini
gergeklestirmektedir. Bu siire i¢inde alinmasi
planlanan iiriin ortalama 200 ¢esit olup miktar1 ise
300 adettir. Bu 200 gesit iiriin i¢in iiriin teslimatina
miiteakip 30 gin igerisinde Odemelerini
yapmaktadir. Bu 6deme miktar1 ortalama 200.000
TL’dir. Yapilacak olan bu iiretimlerin kalite
kontroliiniin saglanmasi i¢in tedarik¢ilerin TS
personeli tarafindan firetici tesislerinde kalite
kontrol iglemleri yapilacaktir. Bu islemin siiresi
iiretici tesislerinde bulunan arag¢ gerecler ile dogru
orantilidir. Bu kapsamda Her ¢esit iiriinden 1 tane
%100 kontrol edilmek sarti ile 1’den fazla iiriin i¢in
Tablo 15° de belirtilen degerler baz alinarak kalite
kontroller yapilacaktir. Bu hizmet i¢in ayrilan siire
maksimum 20 saattir.

Tablo 15. Kalite kontrol orneklem adetleri

Uriin Sayisi Orneklem Sayisi

0-10 1
10-25 2
25-75 3
75-150 4
150- tizeri 5

Uriinlerin TS ye tam zamaninda teslim edilmesi
Oonem arz etmektedir. Asir1 gecikmeler projede
testlerin ~ Gtelenmesine ve  ekstra  gecikme
maliyetlerine yol acarken {iriinlerin ¢ok erken
gelmesinde stok maliyetlerine sebep olmaktadir.
On goriilen gecikmeler maksimum-/+5 giin olup
firmalar tarafindan 6n goriilen bu degerler tablo
2’de belirtilmistir. Uriinlerde meydana gelebilecek
hatalar ile ilgili bilgiler tablo 2’de belirtilmistir. Bu
hatalar iiretim esnasinda meydana gelebilecek bir
durum olacagr gibi tasima ve diger tiirli
sebeplerden  kaynakli  durumda  olabilir.
Tedarikgiler i¢in fire oran1 %2 olarak belirlenmistir
(100 adet iiriin i¢in 2 adet fire hakki).

Modelin kurulmasi ile ilgili bilgiler Tablo 16.’da
belirtilmistir.
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Tablo 16. Model igin gerekli parametreler

Alternatifler | T1 T2 T3 T4 T5
Kisitlar
Kapasite Kisit1 (60 giin) 450 350 250 300 150
Uretim Maliyeti Kisit1 (TLx1000) 180 170 350 175 255
Kaynaginda Kalite Kontrol Kisiti(Saat) 18 19 16 18 25
Teslim Siiresi Kisit1 (maksimum gecikme giin) 0 1 4 2 5
Fire (hatal iiriin) Oram Kisiti (100 iiriinde) 1 1 2 1 2
AHP Oncelikleri Kisit1 (%) 0,5513 0,1707 0,2241 0,0539 O

Coziim 1. AHP onceliklerinin kisit alinarak
¢oziilmesi

Hedefler;

e Uretim maliyeti kisit1, diger kisitlara oranla
3 kat daha 6nemlidir.

e Kapasite kisiti, satin alma maliyeti kisitim
yarisi kadar énemlidir.

o Teslim siiresi kisiti, kontrol
kisitindan 2 kat daha 6nemlidir.

e Qeriye kalan diger kisitlarm birbiri ile ayn1
Oonem derecesine sahip oldugu sdylenmistir.

siiresi

Parametreler;
x1: T1 Tedarikgisi,
x2: : T2 Tedarikgisi,
x3: T3 Tedarikgisi,
X4 : T4 Tedarikgisi,
xs: TS5 Tedarikgisi,

Kapasite Kisiti: (dv)
Uretim Maliyeti Kisiti: (d2)
Kaynaginda Kalite Kontol Kisit1: (d3)
Teslim Siiresi Kisiti: (da)
Fire (hatali iirlin) Oran1 Kisiti: (ds)
AHP Oncelikleri Kisiti: (de)

di* : 1. hedefin pozitif sapma degiskeni
di : i. hedefin negatif sapma degiskeni
Or: Kapasite Kisit1 = (d:)

di*: Kapasite sinirinin ne kadar agildigini gosterir.

di~: Kapasite simirinin ne kadar altinda kalindigim
gosterir.

Diger kisitlar i¢inde ayni durum kapasite kisitinda
belirtildigi gibidir.
Amag fonksiyonu:

Min Z = W1 (G1) + W2 (Gz) + W3 (Gs) + W4 (Ga)
+WS5 (Gs) + W6 (Ge)

Min Z = 1.5 (di) + 3(d2") + (ds*) + 2(ds) + (ds7) +
(de”) +(ds")

Kisitlar:

1. Talep Kisitt

450 x1 + 350 x2 + 250 x3 + 300 x4 + 300 x5 + di™ -
17=300

2. Uretim Maliyeti kisit1 x1000

180 x1 + 170 x2 + 350 x3 + 175 x4 + 255 x5 + d2™ -
2" =200

3. Kalite Kontrol Kisit
18x1+19x2+ 16 x5+ 18 x4 +25 x5+ ds™ - ds* =20

4., Teslim Siiresi Kisiti
O0x1+1x2+4x3+2xa+5x5+da -da" =5

5. Fire Orani Kisiti
Ixitlxe+2xs+1xa+2xs+ds -ds"=2

6. AHP Kisitt

0,5513 x1 + 0,1707 x2 + 0,2241 x5 + 0,0539 x4 + 0
Xs+ds -de=1

xi =0veyal i=1,2,3,4,5
(Tedarikgiyi segme ya da segmeme durumu)
di,di*>0 i=1,2,3,4,5
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Coziim 2. AHP onceliklerinin ama¢ fonksiyonu
katsayis1 alinarak ¢ozlilmesi

Coziim 1. de alinan parametreler ile ayni olup
sadece BAHP’deki oncelikler kisit degil amag
fonksiyonu katsayisi (hedef) olarak alinmistir.

Min Z = 0,5513 (di") + 0,1707 (d-") + 0,2241 (ds")
+0,0539 (d¢") + 0(ds")

Kisitlar:
1. Talep Kisit1

450 x1 + 350 x2 + 250 x3 + 300 x4 + 300 x5 + di™ -
dit =300

2. Uretim Maliyeti kisit1 x1000

180 x1 + 170 x2 + 350 x3 + 175 x4 + 255 x5 + d2”™ -
d>* =200

3. Kalite Kontrol Kisiti
18x:1+19x2+16x3+ 18 x4+ 25 x5s+d5 -dst =20

4. Teslim Siresi Kisiti
Oxi+1x+4x3+2x4+5x5+da -dat =5
5. Fire Orani Kisit1

Ixi+t1lxe+2x3+1xa+2xs5+ds -dst =2

xi=0veyal i=1,2,3,4,5
(Tedarikgiyi segme ya da segmeme durumu)
di~, di*>0 i=1,2,3,4,5

Hedef programlama ¢6ziimii yapilirken AHP
den gelen oncelikler hedef programlamada ¢6ziim
1’de kisit olarak, ¢6ziim 2’de ise hedef olarak ele
alimustir. Cikan sonuglar Tablo 18’de belirtimistir.
Sonugclar kiyaslandiginda sadece hedef
programlamaya gore se¢im yapilirsa her iki
coziimde de istenilen kriterleri karsiladigi fakat
¢oziim 2’de maliyetin daha disikk oldugu
goriilmektedir. Bundan dolay1 se¢cim yapacak kisi
¢oziim 2 yani AHP oOnceliklerinin hedef olarak
aldig1 yontemi kullanabilir.

Tablo 17’de bu iki modelin uygulanmasiyla
kisitlarda meydana gelecek sapmalar verilmistir.

Tablo 17. Elde edilen sonuglara gore sapmalar

HP-1 HP-2
Kaynaklar Kisitlar

N P N |P
Talep (br) 300 - 150 |- |50
Maliyet (tl)
%1000 200 20 |- 30 |-
Kalite Kontrol 20 2 i 1 -
(saat)
Te"shm Siiresi 5 5 ) 4 |-
(giin)
Fire Orani (br) 2 045 |- 1 |-

Adim 6. Sonuglar

Uygulanan BAHP ve HP yontemleri neticesinde
BAHP ve HPI1’de aymi, HP2’de ise farkli bir
tedarik¢inin segildigi goriilmektedir. Belirlenmis
kisitlar altinda model hedef programlamada
gosterildigi gibi kurulmus olup ¢oziimleme islemi
Lindo 6.1 programina gore yapilmistir. Bes adet
tedarik¢i arasindan BAHP ve Hedef 1’de TI
tedarikc¢isinin bu isi yapmasi, Hedef 2’de ise T2
tedarik¢isinin bu isi yapmast i¢in uygun oldugu
sonucuna varilmistir.

Yontemlerde kullanilan degerler satin alma
uzmanlar1 ve iiretim miihendisleri tarafindan proje
isterileri g6z oniinde bulundurularak belirlenmistir.
Bundan dolay1 yapilan degerlendirmeler sonucunda
belirlenen tedarik¢ilerin bu isin yapilmasinda dogru
bir se¢cim oldugu uzmanlar tarafindan mutabik
kalinmistir.

Tablo 18. Sonuglarin Karsilastirilmasi

Yontem BAHP HP1 HP2
Alternatif

Tedarikgi-1 1 1 -
Tedarikgi-2 3 - 1
Tedarikgi-3 2 - -
Tedarikg¢i-4 5 - -
Tedarikgei-5 4 - -
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7. Sonug

Is hayatinda siklikla rastlanan konulardan biri
olan tedarik¢i se¢imi problemleri, ¢ok kriterli karar
verme yontemleri ile ele alman problemlerden
biridir. Tedarikgi secimi problemlerinin
coziimiinde, wuygun kriterlerin  belirlenmesi,
etkilesimlerin agik bir sekilde ifade edilmesi ve
karsilagtirmalarin tutarli bir bicimde yapilmasi
oldukga kritiktir. Kurum veya kuruluslarin yapmak
iizere olduklar1 tedarikci tercihlerini dogru bir
sekilde yapabilmeleri i¢in bilimsel metotlarin
kullanilmas1 o6nerilmektedir. Aksi halde istenilen
kriterlere uygun olmayan ozelliklerde tedarikgiler
secilerek, firma projelerinin teslimat performansi
veya maliyet etkinligi etkilenebilir.

Bu c¢aligmada, iilkemiz hava savunma sanayiine
katki saglamak amaciyla kurulan ve bu kapsamda
Ar-Ge caligmalar1 yapan TS Savunma firmasina
yonelik bir tedarik¢i segcim problemi ele alinmustir.
Yine bu makale kapsaminda, ¢ok kriterli karar
verme araglarindan BAHP ve Hedef Programlama
yontemleri kullanilarak s6z konusu igletme i¢in en
uygun tedarik¢inin sec¢ilmesi amaglanmistir.

Yapilan literatiir arastirmasi neticesinde, bircok
sektorde yaygin olarak kullanildigi tespit edilen
kalite, maliyet, teslim siiresi, insan giicii ve
teknoloji  kriterleri  ana  kriterler  olarak
belirlenmistir. Caligmada, belirtilen yoOntemler
uygulanarak bes potansiyel tedarik¢i firma
degerlendirilmis ve her iki yonteme gore de en iyi
firmalar belirlenmistir. Bu kapsamda, BAHP ve HP
yontemleri uygulamasi sonucuna gore Tedarikei-
oldugu

L’in bu isi yapilmasinda uygun

degerlendirilmektedir.

Bu tarz stratejik ve taktik kararlarin bilimsel
dayanaklar1 olmasina son derece 6nem gosteren TS
Savunma firmasi, tedarik¢i se¢imini dogru bir
sekilde yaparak arzu edilen yapida bir tedarikgi agi
kuracak olup tedarik zincirini giiglendirecektir. Bu
caligmanin devaminda, bu yontemin gelistirilmesi
ve sirketin biitiin tedarik¢i se¢imi siireglerinde
kullanimi hedeflenmistir.
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Abstract

Unmanned aerial vehicles (UAVS) are air vehicles that can fly remotely or autonomously fly over a certain flight route
by themselves. "Unmanned aerial vehicles", which were first produced as military vehicles and then started to be used by
civilians, nowadays can easily be bought by everyone. Unmanned aerial vehicles, which can be purchased and made
accessible by all, have brought legal disputes and legal regulations together with these disputes. Abuse is obvious because
there is a legal vacuum in the field of unmanned aerial vehicles. Of course, it is important for Turkey to work integratedly
with the fourth industrial revolution. It is necessary to work like a lucky artificial intelligence, intelligent systems without
ignoring the most precious being.

In this study, the development process of unmanned aerial vehicles will be examined in terms of the availability of
unmanned civil aircraft in air vehicles, the use and flight conditions, the availability of law in the technological
development of unmanned aerial vehicles, and the ethical problem of the production and use of these vehicles.

Keywords: Unmanned Aerial Vehicles (UAV), Law, Ethics

1. Introduction

Unmanned aerial vehicles (UAVs) are air
vehicles that can fly by remote control or
autonomously fly over a certain flight route by
themselves. The Unmanned Aerial Vehicle, also
called Drone, is now referred to as the Unmanned
Aerial Vehicle System because it expresses only the
aircraft platform and can not meet the entire system
flying it [1]. Unmanned Aerial Vehicles are also

*Corresponding Author: Ars. Gor. Sezer COBAN
sezer.coban@iste.edu.tr

named with the word 'Drone’, which means 'bee’ in
English, due to the chest they get from radio
controlled aircrafts used as the target aircraft in the
1930s [2]. Although it is sometimes encountered
with different naming schemes, it is the most
accepted and used RPAS (Unmanned Aerial
Vehicle System) concept in the literature.
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Unmanned Air Vehicle Systems are reserved for
civilian and military use. Civil Unmanned Air
Vehicle Systems, hobby purposes together with
photography, cargo and so on. It has also been
observed that it was also used for transportation
purposes. Unmanned aerial vehicles capable of
carrying various kinds of fatal and non-fatal aircraft
can be called as Armed and Unarmed. The UAVS,
which are often used in all armies for intelligent
purposes, such as surveillance and target detection,
border and smuggling, control of the environment
and construction, and so on.

Unmanned aerial vehicles When we look at the
historical process, the two countries that stood out
are the USA and Israel. Given the operations it has
conducted, Israel is the first country to use the UAV
for regular discovery in combat. Especially in
production, the USA is the country that draws
attention. These two countries are seen as pioneers
because of their long history.

The emergence of unmanned aerial vehicles lasts
until the early 1900's and their mass production
coincides with the post-Cold War turnaround. The
probable cause is that, in addition to the
technological developments, competitive weaponry
can be claimed as an endeavor to seek weapons
characteristic of strategic importance at the strategic
level, without introducing risk to the human life of
the West [2]. In the 1960s, the United States came
to the forefront with the invisible Unmanned Aerial
Vehicle production. In the years of 1973 (Yom
Kippur) and 1982 (Syria), we see that Israel uses
unmanned aerial vehicles (UAV) to perform
missions such as discovery-surveillance, fake
target, target deflection (Uyar, 2010). In 1998-1999,
unmanned aerial vehicles (UAV) used in active
roles in the Kosovo battalion were laser marked to
mark the targets and the investigation of
exploitation of combat aircraft by expediting the
production and spreading the use of the Unmanned
Aerial Vehicles [3].

Numerous casualties have been experienced in
basic military missions, such as exploration,
surveillance and intelligence, especially in the
enemy air. During the performance of such duties, a
higher level of performance need to be used for
tasks such as human life and not being able to
tolerate human beings, UAVs have to be used in

these duties. In this respect, the tasks specified with
human aircrafts are carried out by UAV systems and
the above-mentioned undesirable situations are
eliminated. The UAV systems according to the
relative tasks to be carried out are equipped with
necessary equipment.

2. Use of Unmanned Aerial Vehicles (UAV)

The first mature applications in the development
history of Unmanned Aerial Vehicle (UAV)
Systems are disposable applications in the form of
ammunition directed at a specific target, fake
aircraft applications mimicking the traces of human
aircraft observed in radars, and target aircraft
applications for use in air defense shooting training.
Following these basic applications, UAV
manufacturers have introduced UAV systems that
can perform more specific applications. These
include biological / chemical / radioactive threat
detection, mine search, security corridor opening,
and so on. the usage areas can be counted in the
front panel.

3. International Unmanned Aerial Vehicle

(UAV) Laws

Awviation rules have emerged in the 20th century.
The Chicago Convention (also known as the
International Civil Aviation Convention) was
signed in 1944 and established the International
Civil Aviation Organization (ICAO), the United
Nations specialized agency responsible for
coordinating and regulating the international air
travel. In Article 8 of the Convention, UAV is
defined as "Pilotless aircraft". Regarding the UAV,
ICAO has undertaken the necessary roles in the
framework of the Chicago Convention and
published the Communiqué No. 328 for enhancing
situational awareness of the UAV. However, it can
be argued that there is no international law now in
force with the UAV.

3.1. Unmanned Air Vehicle (UAV) Law in the

USA

USA is the country where most military and
civilian unmanned aerial vehicles are produced and
used. As a sector leader, USA's view of the UAV
world in terms of law will affect other nations. The
FAA estimates that by 2020, there will be around
30,000 unmanned aerial vehicles in the USA
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airspace [4]. USA is one of the most influential
countries in the world in terms of economic,
political and military power. Therefore, the legal
arrangements to be made in the United States
regarding the unmanned aerial vehicle world would,
in a sense, be valid in other countries. | will briefly
refer to the FAA before proceeding with regulations
on unmanned aerial vehicles. The aviation activities
in the USA are carried out by the FAA, which was
established in 1958 [5].The FAA administers the
USA airspace.

The FAA granted authority to use the first
unmanned aerial vehicle in the USA national
airspace in 1990 [6].At present, they must obtain an
FAA authorization to fly a federal or state
unmanned aerial vehicle in the US [7]. Once the
FAA receives the application for an authorization
certificate, the FAA makes and controls the
necessary controls to ensure safe air traffic in
accordance with FMRA [Dolan and Thompson,
2013: 5]. Civilian users and private companies must
obtain special authorization certificates different
from public use. These special certifications are
currently offered for training, demonstration and
flight tests. Finally, in July 2014, the FAA published
a document titled "Unmanned Aircraft Operations
in the National Airspace System (NAS)" on all
national airspace related to unmanned aerial
vehicles.

3.2. Unmanned Aerial Vehicle (UAV) Law in

Turkey

The basic law on aviation regulations in Turkey
is the Turkish Civil Aviation Law numbered 2920
which entered into force on 14 October 1983. The
purpose of this law is stated in Article 1 of the Law
"to ensure that the activities of the civil aviation
field, which is continuously and rapidly developing,
applied by advanced technology, speed and safety
factors, are organized in accordance with national
interests and international relations™ .In order for a
vehicle to be evaluated as an "aircraft" under the
Turkish Civil Aviation Law

* aerodynamics,

* airborne storm / storm,

* being unmanned (without crew)

* to provide civil qualifications and

* remote or autonomous operation and controlled
by the UAV pilot.

In addition to the UAV elements / features listed
above, Unmanned aerial vehicle coverage has been
determined in accordance with article 2 of the UAV
directive. The scope of unmanned aerial vehicles as
required by Article 2 of the new UAV ordinance;

» flying in the Turkish Airspace;

* Not to be covered by government unmanned
aerial vehicles,

* UAVs and systems used only in enclosed
spaces,

* Unmanned balloons or similar systems
connected to the platform or to any platform and

» Maximum take-off weight is less than 500 gr
UAV.

The scope of the new UAV mandate has been
expanded to cover the scope of the UAV determined
in accordance with Article 2 of the former UAV
directive dated 2013.

3.3. New Draft Instruction of General

Directorate of Civil Aviation

The Instruction was prepared to determine the
procedures and principles regarding the operations
of civil drone / UAV systems to be operated or to be
used in the Turkish airspace, the characteristics of
the persons who will use the systems, the matters
related to the flightability of drone / UAVs and the
drone / UAV operations.

In the instruction draft, drone / UAVs are divided
into 4 different categories according to maximum
take-off weights. According to the draft guidelines,
many drone / UAV models with a weight of more
than 500 grams are considered as unmanned aerial
vehicles for civilian use.

1. UAVO between 500 gr and 4 kg,

2. UAV1 between 4 kg and 25 kg,

3. UAV?2 between 25 kg and 150 kg,

4. Weight class of 150 kilograms and more is
designated UAV3.

Flight requirements and field requirements in the
Instruction are determined separately according to
this classification. An important innovation coming
from the instruction draft of the General Directorate
of Civil Aviation is the introduction of insurance for
UAVs and systems as long as the operators or
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owners fly on Turkish air. Drone / UAV flight
details will be provided to the General Directorate
of Civil Aviation. This information is included in
the form of the flight permit request form. The
operator of the Drone / UAV will apply to the
General Directorate at least 30 days before the flight
scheduled to be arranged to receive a permit to fly
and the application will be published by the General
Directorate in coordination with the related
institutions and organizations and the flight will be
completed with the NOTAM [8].

Without obtaining permission from General
Directorate of Civil Aviation;

a. In the area of 15 km radius, centered on the
designated challenge point of an airport without an
altitude, an area of 22 km length in both directions
along the runway centerline and 3,75 km wide from
both sides, is presented in the enclosed sketch.

b. Heliport, heliped, air park, sea / landing
departure areas published in the website of General
Directorate, etc. the center is 5 NM (9 km) radius,

c. regardless of the altitude and the crowd too
crowded regions (located in Turkey AIP ENR 5.1
section "Prohibited, Restricted and Hazardous
Areas", pages 15/23)

d. In military-prohibited areas, prisons and
security-restricted areas,

e. It is forbidden to fly with drone / UAV in any
class in the areas declared with NOTAM.

As a result, the legal infrastructure for UAVS,
which are increasingly used in parallel with
technological developments, can not be realized at
the same pace. Already follows the process of
formation of laws. Although various legal
arrangements have been made both in the world and
in Turkey till today, it is obvious that the subject
will be improved more in all dimensions. As
mentioned earlier, one dimension of concern is
related to aviation activities, while the other
dimension is directly related to human rights. It is
estimated that academic discussions on both topics
will continue at full speed in the coming years.

4. Law and Ethics in Unmanned Aerial Vehicles

Technological innovations in the field of
information technology, artificial intelligence and
rapid developments in robotic engineering are
bringing unmanned systems from a science fiction

perspective. And these unmanned vehicles have
opened space in the battlefield of the 21st century.
[3]. Man is not an entity that is determined or
exalted by material production activity only with the
achievement of the knowledge of the subject. He is
able to appeal to his unconscionable egoism and
cruelty in his attitude, which, as the twentieth
century's bloody and conflict-filled history shows,
often exalts and disqualifies the people outside of
himself, while often advocating himself. This is one
of the points we are moralizing the Unmanned Air
Vehicle Systems. it is desirable to give the
impression that the unmanned aerial vehicles are the
tools uncovered by the advancement of technology
together with the value and security of human life.
One of the things that is said and said about the
unmanned aerial vehicles positively is the safety of
the pilot / crew. However, it is foreseen in the
proceeding processes that it is the production of
unmanned aerial vehicles on the enemy's side, In
order to be able to do this, it is necessary to obtain
positive results from working in various fields such
as recording progress and artificial intelligence. If
this foreseen progress occurs, the rate of attack
against unmanned aerial vehicles, which can be
camouflaged, will fall seriously. Although it is
partially possible to prevent this with counter
attacks, it is clear that a few countries with advanced
technology will be found in @ monopoly. In this
case, unmanned aerial wvehicles, which can
camouflage, and states that establish the safety of
their own pilot, will invariably invade the airfields
of countries that do not have this technology. the use
of unmanned aerial vehicles as a means of war will
be carried to another dimension by the use of
camouflaged unmanned aerial vehicles.

5. Results

Unmanned Aerial Vehicles, which emerged as the
result of technological developments, are the means
that must be maintained together with human
beings. In this context, we should not act by
considering the rules of law and ethics and
remembering that man is the most precious asset. It
is difficult to destroy the human being because of
ignoring the things he carries for being human.
Attempting to copy the characteristics of the human
being gives human-specific characteristics to the
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machines, but the characteristics of the human being
are destroyed. On the basis of this is the point of
view of the present day people's consciousness and
technique. This issue, which can be taken for a long
time in the historical background, is a matter of
expanding the debate around the world with
advancing technology.

As evaluate ethical issues in Turkey, we have not
yet begun to be discussed in the scientific literature
and could not find a special place in the academy.
However, what makes it possible for a person to
distinguish between good and evil is not ethical,
independent of morality in practical life. Technique
is not independent in predicting a better life.
Destroying an area of flesh is nothing but
maneuvering and mechanizing man from being a
human being. For this reason, whenever science and
technique are spoken, ethics is also spoken and
discussed. No machine is not more precious than
human by keeping in mind the principle of
progressive technology that will lead to major
changes in human life, morality is a matter of
unmanned aerial vehicles in Turkey too should find
a place in the academic subjects and literature
should be created.

The quest for low cost tries to consolidate the power
sovereignty of the countries and to put them into
action in terms of ethics and legal warfare. Here,
unmanned aerial vehicles are one of the most
important issues to be discussed and discussed.
With the realization of the expected technological
progress, unmanned aerial vehicles that perceive
threats will have the mechanism of self-actuation.
At this point, the dimension and responsibility of the
war must be discussed in terms.
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Hava Araclarinda Kullanilan ULB Cihazlarimin Giivenilirlik Incelemesi

Ercan KIVANC™, Satilmis URGUN?

1 Ugak Teknisyeni(Hat Bakim, Mekanik/Aviyonik), Pegasus Airlines, 34912, Istanbul
2Havacilik ve Uzay Bilimleri Fakiiltesi, Ugak Elektrik- Elektronik, Kocaeli Universitesi, 41285, Kocaeli.

Ozet

Halk tarafindan genelde kara kutu olarak bilinen FDR(Flight Data Recorder) ve CVR(Cockpit Voice Recorder) kayit
cihazlar1 havacilik i¢in ¢ok 6nemlidir. Havacilikta FDR ve CVR cihazlarina takili olarak kullanilan ULB(Underwater
Locator Beacon) ise su ile temas ettiginde belirli bir frekansta akustik sinyal yayan bir sualt1 ses vericisidir. Enkazin
suya battig1 hava araci kazalarinda, arama — kurtarma ekiplerinde bulunan akustik alicilar vasitasi ile ULB sinyalleri
tespit edilir ve kayit cihazlarimin sualtindaki konumlar1 hesaplanir. Bu sayede kayit cihazlarina ve ugak enkazina
ulagilabilir, kazanin kdk nedenlerini bulmak i¢in arastirmalar yapilabilir. Son yillarda yaganan bazi ucak kazalarinda
okyanusa diigsen ucaklarin arama c¢aligmalarinda ULB cihazlarimin tespit edilemedigi goriilmiistiir. Havacilik diinyasinda
sik tartisilan bir konu haline gelen ULB regiilasyonlart ile ilgili otoriteler baz1 degisiklikler yapmislardir. Bu ¢alismada,
sualti akustik dogasinin karakteristik Ozelliklerinden kaynaklanan etkilerin disinda, ULB cihazlarindan beklenen
performansin alinamamasinin olast nedenleri, otoriteler tarafindan yapilan degisikliklerin muhtemel etkileri ve hali
hazirda problemin devam etmesine neden olabilecek faktorler incelenmistir.
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Reliability Study of ULB Devices Used in Aircrafts

Abstract

FDR (Flight Data Recorder) and CVR (Cockpit Voice Recorder) devices, which are known as black boxes by the
public, are very important for aviation. ULB(Underwater Locator Beacon) is an underwater sound projector which is
activated by water immersion and it is attached to FDR and CVR in aviation use. If an aircraft is submerged in water
after an air accident, ULB signal can be detected by hydrophones held by SAR teams and then underwater locations of
the recorder devices will be calculated. Thus, wreckage and recorders can be found and investigations can be carried out
to find out root causes of the accident. ULB devices could not be detected during search operations of some accidents
occurred over the ocean in recent years. Authorities have been making some changes to ULB regulations which become
a matter of debate in aviation community very often. In this study, possible causes of the unexpected low performance
of ULB devices besides the effects originated by natural characteristics of the underwater acoustic environment,
potential improvements of changes made by authorities, and existing other factors which may contribute to the problem

were examined.

Keywords:ULB; Underwater Locator Beacon, FDR, CVR, Aircraft Accidents

1. Giris

Havayolu ulagimi en giivenli ve en konforlu
ulagim tiirli olmakla beraber hava araci kazalari
genelde oliimciil olmaktadir. Yasanan kazalardan
sonra hatalarin kok neden analizini yapmak ve
tekrarlanmamas1  i¢in  Onlemler almak ¢ok
onemlidir. Havaciligin bugiinlere gelmesinde bu
prensibin pay1 biiyiiktiir. Kaza sonrasinda FDR ve
CVR kayit cihazlariin analiz edilmesi ile beraber
yapilan  incelemeler
arastirmalarin temelini olusturur. Ucagm sular
altinda kaldig1 kaza vakalarinda kayit cihazlarinin

ucak enkazi iizerinde

ve enkazin bulunmasimnda ULB’lerin gorevi ¢ok
onemlidir. ULB (Underwater Locator Beacon) ; su
ile temas ettiginde belirli bir frekansta akustik
sinyal yayan bir sualti ses vericisidir. ULB’ler
havacilikta, kara kutu olarak bilinen FDR ve CVR
kayit cihazlarinin iizerine monte edilmis olarak
kullanilirlar. Gii¢ kaynaginin yettigi siirece sinyal
verirler ve enkaz yeri tespit ¢aligmalarina biiyiik
katki saglarlar.[1]

Son yillarda, ULB’ler okyanus iizerinde diisen
ucaklarin yer tespitinde beklenen performansi
verememislerdir. 1 Haziran 2009 tarihinde AF-447
sayilt Rio De Janeiro — Paris seferini yapan, Air
France havayollarina ait Airbus 330 tipi ugagin,
228 yolcu ve miirettebati ile Atlantik Okyanusuna
diismesinin ardindan yapilan arama — kurtarma
caligmalart sonugsuz kalmis, enkazin bulunmasi
yaklagik 2 yil siirmiis ve bu g¢aligsmalar 40 milyon
dolara mal olmustu. Bu olayin ardindan ULB
cihazlarmin giivenilirligi tartisilmaya baslanmistir.

Yapilan galismalarin ardindan havacilik otoriteleri
ULB regiilasyonlarinda bazi degisiklikler yapmus,
FDR ve CVR kayit cihazlarina takili olarak
kullanilan ve 37.5 KHz frekansinda c¢alisan
ULB’lerin batarya dmiirlerinin 30 giinden 90 giine
cikarilmasina ve 8.8 KHz frekansinda caligsan ayri
bir ULB’nin de ucak govdesine takilmasina karar
vermislerdir.

ULB’lerin ugaklarda kullanilmasi ilk olarak
1968 yilinda tartisilmaya baslanmistir. 1968
yilinda Amerikan havacilik otoritesi FAA, Dukane
Corporation adl sirkete bir ULB tasarlatmis, sualti
ortaminda kaza benzetimi yapilarak test etmis ve
sonuglarin agiklayan bir rapor yaymlamigtir. Bu
cihaz tasarim Ozellikleri ve kullanim sekli ile
havacilik endiistrisinde kullanilan ULB’lere ¢ok
benzemektedir[2]. ULB cihazlarinin FDR ve CVR
cihazlarina takilmasi 1977 yilinda zorunlu hale
getirilmistir.[3,4].

Literatiirde ULB’lerin gelistirilmesiyle ilgili
cesitli galigmalar mevcuttur fakat calisma prensibi
olarak ¢ok fazla degisime ugramamiglardir. 1976
yilinda yapilan bir tasarimda piezo seramik kristal
ve entegre devre osilator kullanilarak hem menzil
arttirlmis hem de daha wucuz bataryalarin
kullanilabilmesine olanak saglanmistir. Yinede o
zamanin teknolojisi ¢aligma siiresini 36 saat ile

siirlamstir[5].
Glnlimiize kadar yapilan diger calismalarin
genelde optimizasyona yonelik oldugu

goriinmektedir. 1990 yilinda yapilan bir ¢alismada
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konvansiyonel ULB’lerin problemi olan; sinyal
seviyesinin kisith giic imkanlar1 nedeniyle, giiriiltii
seviyesinin altina diiserek tespit edilmesinin
zorlasmasit durumuna ¢oziim Onerilmistir. Bunu,
darbe modiilasyonlu sinyal yerine genis spektrum
kodlu, faz kaydirma modiilasyonlu sinyal
kullanarak yapmustir. Bu sayede verici giicti diisiik
tutulmakta, sinyalin giliriiltii icine gomiilmesine
izin verilmektedir. Boylece batarya daha tasarruflu
kullanilmigtir. Essiz genis spektrum kodlu sinyal
cok zayif olsa bile alic1 tarafindan tespit edilebilir
[6].

2010 yilinda yapilan bagka bir tasarimda ise
ULB, FDR fiizerine monte edilmis olan kapali bir
korunak i¢ine alinmistir. ULB bataryast sisteme
baglanarak siirekli sarjda tutulmus ve sarj durumu
izlenerek kayit altina alinmistir. Bu ¢alismada olasi
bir kaza durumunda ULB’nin daha az hasar almasi
amaclanmis ve bataryayr her zaman tam giicte
tutmak istenmistir[7].

2012 yilinda yapilan diger bir ¢alismada, ULB
‘nin  biiyilk ve derin okyanuslarda verimli
caligabilmesi igin; boyutlarmin kiigiik, batarya
omriiniin uzun ve tim yonli yayilim ozelliginin
olmas1 gerektigi belirlenmistir. Bu ihtiyaglara
cevap veren bir tasarim yapmak icin Helmholtz
Prensibinden faydalanilmistir. ULB ‘nin gdvde
yapisit degistirilerek, etrafina piezo elektrik
transdiiser gomiilii olan ve icine su girig ¢ikigt olan
bir bosluk olusturulmustur. Akustik dalga bu
sistemle tiretilmesi saglanmigtir[8].

2013 yilinda, ULB ‘nin igine entegre bir basing
sensOrii  yerlestirilerek optimizasyon ¢aligmasi
yapilmigti. Bu sensér ULB’nin  bulundugu
lokasyonda su basincini 6lgerek derinlik Kestirimi
yapar. Buna gore gi¢ ve darbe tekrar
optimizasyonu yaparak bataryayr daha tasarruflu
kullanmay1 amagclar. Bu sayede arama kurtarma
calismalari i¢in daha uzun bir zaman saglar[9].

2015 yilinda yapilan bir arastirmada ise daha
karmasik ve gelismis bir ULB tasarimi yapildig
gorlilmektedir. Bu calismada ULB’ye bir INS
(Inertial Referance System) sistem entegrasyonu
yaklasimi denenmistir. INS sistemi {izerine takili
oldugu aracin manevrasint Newton’un hareket
yasasina gore Olcer. INS hata payinin ise kabul
edilebilir ~ limitler  i¢inde  oldugu  tespit
edilmigtir[10].

ULB bataryasin1 daha tasarruflu kullanmak
adina yapilan calismalara bir yenisi 2016 yilinda
eklenmistir. Bu calismada ucgaktaki GPS bilgisi
kullanilarak cografi konum bilgisine ulasilir.
Sistemde her konum igin gilinesin dogus ve batis
saatlerini glincel olarak tutan bir hesaplayici
bulunur. Ucagin mevcut konumundaki havanin
aydinlanma ve kararma vakitleri ULB’nin
calismasin1 ve durmasin tetikleyen bir kontroldre
iletilir. Bu sayede ULB’nin arama kurtarma
faaliyetlerinin yapilamadigi karanlik vakitlerde bos
yere ¢aligmasi engellenmis olur[11].

Bu c¢alismada, sualt1 akustik dogasinin
karakteristik Ozelliklerinden kaynaklanan etkilerin
disinda, ULB cihazlarindan beklenen performansin
alinamamasinin  olast  nedenleri,  otoriteler
tarafindan yapilan degisikliklerin muhtemel etkileri
ve hali hazirda problemin devam etmesine neden
olabilecek faktdrler incelenmistir.

2. Su Alt1 Bulucu Beacon

Son yillarda yasanan bazi ucak kazalarinda,
enkazin ve kayit cihazlarinin bulunmasi oldukca
uzun slirmiis, hatta bazilari halen bulunamamustir.
Ugak kazalari halk nezdinde ¢ok dikkat cektigi
icin, medya araciligl ile uzun siireler giindemde
kalmaktadir. Ugak enkazinin ve kayit cihazlarimin
bulunamamasi, kaza arastirmalarinin  sonuca
ulasamamalarina  sebep  olmaktadir.  Boyle
durumlarda basta kazazede yakinlar1 olmak {izere
halkin sorular1 cevapsiz kalmakta, endiseleri
giderilememektedir. ~ Ayrica  kazalarin  kok
nedenlerini  bulmak, benzer olaylarin tekrar
yasanmamast i¢in alinacak tedbirlerin temel
dayanak noktalarimi  olusturdugu igin ¢ok
onemlidir. Arama ¢aligmalarinin uzamasinin baska
bir dezavantaji da okyanus gibi derin sularda
kurtarma
maliyetlerinin ¢ok yliksek olmasidir.

Neticede mevcut ULB ve sualtt yer belirleme
teknolojilerinin bazi durumlarda yetersiz kaldig

yaptlan  arama operasyonlarinin

goriilmiistiir. Degisken ses hizi profili, yansima,
kirilma, sacilma, sinyal zayiflamasi, 6zel yayilim
kanallar1, giriilti ve doppler etkisi gibiakustik
haberlesme i¢in sualti ortaminin dogasindan
kaynaklanan  zorluklar da  diisiiniildiigiinde,
teknolojik ve sistemsel isleyisler bakimindan
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arastrma ve gelistirmeye ihtiya¢ duyuldugu
anlagilmaktadir.

Sekil 1. FDR ve ULB

Okyanus iizerinde ucgus yapan bir ugak
diistiigiinde, yapisal olarak yekpare kalmamasi
durumunda batmaya baglar. GPS, radar ve ugus
plam bilgileri ucagin son konumu hakkinda
tahminde bulunmaya yardimci olabilir. Fakat bu
tahminin nokta atist olmasi pek olasit degildir.
Ayrica ugagin son konumu %100 dogru hesaplansa
bile, bu bilgi batik enkazin bulundugu derinligi
gostermez. Bu durum, Ozellikle derin okyanus
sularinda arama kurtarma c¢alismalarim1 oldukga
zorlagtirir. Bazi kazalarda su iizerinde enkaz
parcalarinin  ve yakit kalintilarinin - goriildiigii
olmustur. Fakat bunlar da enkazin konumu
hakkinda kesin bilgi vermez ¢iinkii bircok vakada
enkaz sualtinda siiriiklenerek ¢arpigma noktasindan
uzaklasmistir. Karada diisen ucaklarda, enkazin
yerini tespit etmeye yardimci olarak kullanilan
ELT (Emergency Locator Transmitter) sistemi
mevcuttur. Bu sistem darbe etkisi veya su temasi
ile aktive olur ve acil durum merkezlerine 3 farkh
frekansta elektromanyetik sinyal gonderir. Eger
ucak suya diistli ise, enkaz su iistiinde yiizer halde
iken, ELT
yapacaktir., Fakat enkaz suya

gorevini
battiginda,

sistemi aktive olursa
elektromanyetik dalgalar suda ¢ok hizli emildigi
icin ELT sistemi faydasiz hale gelir. Bu durumda
o0zel bir sualti yer tespit cihazina ihtiya¢ vardir ve
ULB bunun i¢in tasarlanmigtir[12].

ULB sinyal yaymaya basladigi zaman, ugagin
pozisyon
konumlanmis olan arama kurtarma ekipleri,
hidrofonlar vasitasi ile ULB’ den gelen sinyallerin

bilenen en son tahminine  gore

giicinli ve gelis acgisim1 bularak konumunu tespit
etmeye  calisirlar. Bu  hidrofonlar  yonlii
(directional) veya yonsiiz (omnidirectional)
olabilirler. Dalgig, gemi, denizalti, ROV ve AUV

gibi ¢esitli sualti arastirma araglari ile kullanima
uygun hidrofon sistemleri mevcuttur.

Ticari hava tagimaciligt yapan ugaklarda
kullanilan ULB cihazlar1 piyasada birka¢ farkli
firma tarafinda iiretilirler. Neredeyse tamamen ayni
olan bu cihazlar, aliiminyum kasa, batarya,
elektronik devre, transdiiser ve aktivasyon switch’i
pargalarindan olusurlar[13].
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Sekil 2. Underwater Locator Beacon

Tablo 1.DK120/90 modelinin bazi 6zellikleri

Parametre Deger
Akustik ¢ikis (ilk) 160.5dBre 1 pPa @ 1m
Akustik ¢ikis (son) 157dBre 1 pPa @ 1m
Frekans 375+ 1KHz

Darbe siiresi Min. 9 milisaniye

Darbe tekrar orani Min. 0.9 darbe/saniye

Batarya ¢aligma 6mrii Min. 90 giin
Batarya raf 6mrii 6 yil
Boyut 3.3 cm ¢ap, 9.95 cm boy
Agirlik 190 gr

Giinlimiizde kullanilan ULB’ler, ilk 6rneklerinde
oldugu gibi su ile aktive oldugu anda 37.5 KHz
frekansinda ultrasonik ses sinyalini ortama iletirler.
ULB’ler literatiirde zaman zaman “pinger” olarak
da adlandirilirlar. Pinger’in aktivasyon switch’i,

|39



]A. I/e—ISSN:2587-1676

Journal of Aviation 2 (1): 36-44 (2018)

diistik akimli tetikleme devresinin bir parcasidir.
Bu devre calistiginda, osilator devresi darbe
sinyalini liretmeye baglar. Osilator ¢ikis voltajinin
piezo-seramik transdiiser halkasina
uygulanmasiyla mekanik

iiretilen titresim,

aliminyum govde vasitasi ile ortama iletilir.

OUTPUT AND
OSCILLATOR AND TUNING
GATE !
CIRCUITRY
PULSE SIGNAL
GENERATOR INVERTER
G VOLTAGE
SOURCE
* «
Y s
~, 7
PIEZO-
SEAWATER —— —{ CERAMIC |} = ~ =
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7/ Y
rd Ay
ACOUSTIC SIGNAL : EN

Sekil 3. ULB Blok Diyagrami[5]
2.1 Ucak Uzerinde ULB Bakim

Ucak {reticilerinin, ULB standartlarma gore
belirlenmig, kullanimdaki ULB cihazlar igin
bakim prosediirleri vardir. Ugak {izerinde yapilan
bu islemler, batarya degisimi ve sonrasinda yapilan
testler ve temizlik islemleridir. ULB bataryasinin
omri, lireticisine gore degismekle birlikte, genelde
6 ya da 7 yil olarak belirtilir. Havayolu firmalar1 bu
batarya
zorundadirlar. Bunun disinda, ulusal otoriteler
tarafindan mecbur
firmasinin kendi inisiyatifi ile uyguladigi bir kural
yoksa ULB’ler baska bir bakim iglemi
gormezler[13].

siireden  Once degisimini  yapmak

kilmmis veya havayolu

ULB’lerin ugak iizerinde bulundugu yerler,
nem ve kir gibi yanliglikla aktivasyona sebep
olabilecek etkenlere agiktir. ULB fireticileri, ugak
iizerindeki kayit cihazlarina takili olan ULB’lerin,
6 — 7 yilda bir yapilan zorunlu batarya degisimi ve
testlerin disinda, her iki yilda bir temizlik ve test
islemine tabi tutulmasini tavsiye ederler. Amerikan
Ulusal Tasimacilik Emniyet Kurulu NTSB,
yasanan kazalarin ardindan yapti§i emniyet
tavsiyelerinde, havayolu firmalarmin, ULB
iireticilerinin tavsiye ettigi bakim prosediirlerini

uygulamadigin1 belirtmis, batarya ve ULB’nin
diizgiin bir sekilde calistigindan emin olmak igin,
periyodik testlerin planli bir sekilde yapilmasi
gerektigini vurgulamistir[13, 14].

3. Ucak Kazas1 Vakalari
3.1 AF447

1 Haziran 2009 tarihinde, Rio de Jenerio’dan
Paris’e, 216 yolcu ve 12 miirettebat1 ile AF447
numarali ugusu yapan, AirFrance sirketine ait
Airbus 330-200 tipi yolcu ugagr Giiney Atlantik
Okyanusu tizerinde kayboldu. Ugagin bazi teknik
problemler rapor ettikten kisa bir silire sonra
distiigii anlagildi. Kazadan 16 giin sonra, su
iizerinde yiizen bir¢ok enkaz pargasi bulundu.
Ucgagin enkazi ise, yaklagik 2 yil sonra, 2 Nisan
2011°de, 40 milyon dolar harcanarak yapilan
arama ¢alismalarinin sonucunda bulunabilmistir.
Ugagin diigiis nedeni ise, hava hizin1 6lgen pitot
tiiplerinin buz kristalleri tarafindan tikanmasi
nedeni ile ugagin yanlis hava hizi bilgisi algilamasi
ve takibinde wugus ekibinin yaptig1 yanlis
miidahaleler sonucunda ugagin aerodinamik stall’a
girmesi olarak agiklanmigtir. 10 Haziran — 10
Temmuz arasinda yapilan ULB sinyallerini tespit
etme c¢aligmalari sonugsuz kalmistir[12,15].

Kazadan 2 yil sonra bulunan enkazin konumu
g6z Oniinde bulunduruldugunda, ULB sinyalini
tespit etmek i¢in toplamda 75 km ¢apinda dairesel
bir alani tarayan detektorlerin, 22 ve 23 Haziran
tarinlerinde, FDR ve CVR ‘nin bulunduklan
bolgenin yakinindan ge¢mesine ragmen, herhangi
bir ULB sinyali tespit edilememistir[16].

Kazadan sonraki arama kurtarma siirecinde,
ULB’lerin  ¢alisip
imkansizdir. Ucak enkazi bulunduktan sonra
Fransiz havacilik otoritesi BAE, CVR’ye takih
olan ULB’yi incelemis ve bazi testlere tabi
tutmustur. Yapilan ilk incelemelerde, ULB’nin i¢

calismadiginin  bilinmesi

kisimlarina su girmedigi, elektronik devre ve
piezoelektrik halkanin fiziksel olarak saglam
kaldig1 goriilmistiir. Yapilan testlerde ise ULB’nin
elektronik devresinin arizali olmasit nedeniyle,
akustik sinyal parametrelerinin olmasi gereken
degerlerden ¢ok uzak oldugu anlagilmistir[17].
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3.2 MH370

8 Mart 2014 tarihinde, Kuala Lumpur’dan
Beijing ‘e, 227 yolcu ve 12 miirettebati ile, MH370
sefer sayili ugusu yapan, Malezya Hava Yollarina
ait, Boeing 777-200ER tipi yolcu ugagi Giiney Cin
Denizi lizerinde kayboldu. Havacilik tarihindeki en
kapsamlt ve en maliyetli arama c¢aligmalar
yapilmis olmasina ragmen, kayip ucak halen
bulunamamigtir.  Ugagin neden  kayboldugu
bilinmemekle birlikte, ucusun ilk 38 dakikasindan
sonra ucakla iletisimin kesildigi, fakat radar ve
uydu bilgilerinin analizine gore, ucagin 7 saat daha
uctugu bilinmektedir. 1046 giin siiren arama
caligmalarina 17 Ocak 2017 tarihinde son verildigi,
Avustralya ulastirma emniyet otoritesi ATSB
tarafindan duyurulmustur. Bu arama calismalari
boyunca, deniz tabaninda 710,000 km? alan
taranmis ve bunun icin yaklagik 200 milyon dolar
harcanmigtir[18].

2 — 17 Nisan arasinda yapilan ULB sinyalini
tespit etme caligmalar1 sonugsuz kalmistir. ULB
iireticisinin, ULB’nin tahmini maksimum caligma
siiresinin 40 giin oldugunu bildirmesi {iizerine
arama  calismalarma son  verilmistir.  Bu
caligmalarda  bircok  farkli  sonar  sistemi
kullanilmistir. 4 Nisan giinii Haixun 01 isimli Cin
‘e ait arama gemisi, 15 dakika boyunca, 37.5 KHz
frekansinda, saniyede bir tekrarlayan sinyal
aldigim1 rapor etmistir. Bir sonraki giinde aymi
bolgede ayni sinyali 90 saniye boyunca, daha zayif
bir sekilde tespit ettigini bildirmistir. Fakat
bolgedeki okyanus derinliginin 4500 metre olmasi,
arama gemisinin tespit derinliginin 2000 metre
civarinda olmasi, ayrica bolgedeki diger sonarlarin
ve denizalti araglarinin higbirinin bu sinyalleri
algilayamamasi1 nedeniyle, Haixun 01 gemisinin
aldig1 sinyallerin MH370’in ULB sinyalleri
olmadigr seklinde degerlendirme yapilmistir.
Ocean Shield isimli Amerikan arama gemisi ise, 5
— 10 Nisan tarihleri arasinda, frekanslart 32-43
KHz araliginda degisen sinyaller algiladigim
bildirmistir. Fakat yapilan analizlerden sonra bu
sinyallerin ULB sinyal standartlarina uygun
olmadigr  anlagilmistir. Daha sonra, sonar
techizatinda arizali bir test kablosu tespit edilmis,
bu kablonun, test i¢in kullanilan ULB’yi aktive
etmis olabilecegi, ayn1 zamanda 37.5 KHz’lik
frekansta

kaymalara sebep olabilecegi

aciklanmistir. Ocean Shield gemisinin aldigi
sinyallerin ariza sonucu ortaya ¢ikan yaniltici
sinyaller oldugu seklinde degerlendirme yapilmis
olsa da, baz1 uzmanlar, MH370’e ait ULB’lerin
kazanin etkisiyle hasarlanip arizalanmis olabilecegi
ve bu arizanin da frekans kaymalarina sebep
olabilecegi seklinde yorum yapmiglardir[18].

3.3 US1549

15 Subat 2009 tarihinde, US Airways sirketine
ait, 1549 sefer sayili Newyork City — Charlotte
seferini yapan Airbus 320-214 tipi yolcu ugagi,
kalkigtan 2 dakika sonra Hudson nehrine acil inis
yaparak kirima ugramistir. Kazanin nedeni ise
girmesinin  ardindan

durdurmast  olarak

ucagim kus  siirlisiine

motorlarinin  ¢alismay1
aciklanmistir. Kazanin ardindan yolcular ve ekip
ucaktan tahliye edilmistir. Ugagin kayit cihazlar
Amerikan Ulusal Tasimacilik Emniyet Kurulu
NTSB tarafindan incelemeye alinmistir. Bu
inceleme raporlarinda, CVR {izerindeki ULB ile
ilgili baz1 bulgular vardir. ULB bataryasinin son
kullanma tarihi Ekim 2009 olmasina ragmen,
yapilan testlerde ULB’nin ¢aligmadigi, batarya
zayif ikazi alindig1 goriilmiistiir[19].

3.4 Air India Flight 182

23 Haziran 1985°de, 182 numarali Toronto-
Delhi seferini yapan, Air India firmasina ait, 307
yolcu ve 22 miirettebat tasiyan, Boeing 747 tipi
yolcu ucagi, bombali suikast sonucu havada
parcalanarak Atlantik Okyanusuna diismiistiir.
Enkazin bulundugu boélgenin belirlenmesinin
ardindan, FDR ve CVR cihazlarin1 bulmak i¢in 3
gemi gorevlendirilmistir. Bu bdlgedeki su derinligi
yaklasik 2000 metre, deniz tabani ise diizdiir.
Kazadan 11 giin sonra arama gemilerinden biri,
frekanslar1 39 — 42 KHz araliginda degisen iki
farkli ses sinyali aldigim1 belirtmistir. ULB
tireticisinden alinan tavsiye ile ULB transdiiserinin
dolayt,
gerekenden daha yiiksek frekanslarda sinyal
uretebilecegi, fakat darbe tekrar oranmin

almig  olabilecegi  hasardan olmasi

degismeyecegi anlasgilmistir ve sonar frekansinin
ist limiti 45 KHz’e yiikseltilmistir. Kazanin 17.
giinii CVR, 18. giinii de FDR bulunmustur|[20].
Yaklasik 9500 metre irtifada ugarken, bomba
patlamasi sonucu okyanusa diisen ucgakta ULB
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cihazlar1 saglam kalmistir. Okyanus sartlarinin da
elverigli olmasi ile birlikte FDR ve CVR konumlari
ULB sinyalleri sayesinde tespit edilmistir.

3.5 MS804

19 Mayis 2016 tarihinde, Misir havayollarina
ait, MS804 numarali Paris — Kahire seferini yapan,
56 yolcu, 7 miirettebat ve 3 giivenlik gorevlisi
olmak tiizere 66 kisi tastyan Airbus 320 tipi ugak
Akdeniz’de diismiistiir. Ugak, cesitli bolgelerinde
duman olduguna dair ikaz verdikten kisa bir siire
sonra radardan kaybolmustur. Ucagin diistiigii
bolgede su derinligi yaklasik 3000 metredir.
Enkazin su altindaki konumu 15 Haziranda tespit
edilebilmistir. 16 Haziranda CVR, 17 Haziranda
ise FDR bulunmustur. Deep Ocean Search adli
sirkete ait olan gemiden, 3000 metre derinlige
indirilen ROV, ULB’lerden gelen sinyali tespit
edip, yon ve mesafe hesabi ile konum belirlemesi
yapmistir. Kaza raporlar1 heniiz agiklanmadigindan
ucagin kesin diisiis nedeni bilinmemektedir. ULB
sinyallerinin, batarya giicliniin bitmesine birkag
giin kala tespit edilebildigi gbzden
kagirilmamalidir[21,22].

4. Derleme

1980 — 2010 yillar1 arasinda, derin sulara diisen
ve aragtirmalar1 BAE tarafindan yapilan 27 ugak
kazas1 vardir. Bu kazalarda kayit cihazlari iizerinde
bulunan 52 ULB’den 5 tanesinin ¢aligmadigi ifade
edilmistir. Bu kazalara AF447, MH370, US1549
kazalar1 ve bazi diger kazalar dahil degildir.
Ortalama olarak yilda bir kez derin sulara
diismeyle sonuglanan ucgak kazasi
yasanmaktadir[15].

Derin sularda diisen ugaklarin ULB arama
caligmalarinin baglangicinda dahi, gecikmelere
neden olabilecek bir¢ok faktoér vardir. Bunlar; son
pozisyon bilgisinin dogruluk derecesi, kaza
bolgesinin uzakligi, kazadan kurtulan olma ihtimali
ile arama kurtarma g¢aligmalarina 6nce bu yonde
agirhik verilmesi, ULB arama ekipmanlar1 ve
personellerin golgeye ulastirilmasi ve hava durumu
gibi etkenlerdir. ULB arama ¢alismalarinda
ortalama olarak giinlik 100 km?lik alan
taranmaktadir. Bu c¢aligsmalara 7. glinden sonra
baglanildig1 varsayilirsa, 30 giinliik siire icersinde
2300 km?lik bir alan taranabilir. Bu yiizden son

pozisyon bilgisi ¢ok Onemlidir. 37.5 KHz
frekansinda c¢alisan ULB cihazlariin tespit edilme
mesafesi, deniz durumu ve ses hizi profili gibi
faktorlerin etkisiyle degismekle birlikte 2-3 km
civarindadir. Yiizeyden arama yapan hidrofonlar, 2
km derinlige kadar verimli ¢alisabilirler. Bundan
daha derin sularda ise, suya daldirilan sonar
techizatlar1 gereklidir. Bu sonarlar ile ULB yerinin
tam tespiti i¢in birka¢ farkli noktadan sinyal tespit
caligmas1 yapilmalidir. Bazi durumlarda ULB ugak
enkazinin altinda kalabilir ve bu sinyalin
yayilimini negatif etkiler. Diger bir ihtimalde kaza
oldugunda ULB cihazlarinin ¢alisir durumda
olmamalaridir. AF447 kazasinda bu iki ihtimal
tizerinde durulmustur[18].

Yapilan bir aragtirmada ise, ULB sinyalinin
darbe tekrar oraninin ¢ok kisa oldugu, bu siirenin
uzatilmasiyla ~ bataryanin ~ daha  tasarruflu
kullanilabilecegi  belirtilmistir. Diger  bir
arastirmada ise ULB sinyalinin jamming’den
etkilenebilecegi, ayrica bu sinyallerin kotii amagh
kisiler tarafindan da tespit edilebilecegi ifade
edilmigtir[6, 17].

Yasanan kazalardan sonra otoriteler, ULB
bataryalarinin  omriinii 30 giinden 90 giine
cikarmistir. Ayrica diisiik frekansta (8.8 KHz)
calisan ULD cihazlarinin da ucaklarin gévdesine
takilmas1  kararlagtirilmistir.  Boylece  ULB
cihazlarinin arama galigmalar1 daha kapsamli ve
etkili bir sekilde yapilabilecektir. Diisiik frekansh
ULD sayesinde, tespit mesafesi yaklasik 10 — 12
kilometreye kadar arttirilmis, cihaz ugak enkazinin
altinda kalsa bile sinyalinin zayiflama ihtimali
azaltilmig ve arama caligmalarina diigiik frekansh
sonar techizatina sahip bircok aracin da
katilabilmesine olanak saglanmistir. ULD’lerin
darbe tekrar siiresi uzun tutularak, bataryay1 daha
verimli kullanmalar1 saglanmustir.

Ugaktaki acil durum ekipmanlart her ugus
oncesi  kontrol edilir.  Ucgaklarin  giinliik
bakimlarinda da bu kontroller yapilir. ULB, acil
durum ekipmani olarak degerlendirilmese bile,
zorunlu bakim periyodunun, benzer sistemlerin
bakim periyodundan ¢ok daha uzun olmasi dikkat
cekicidir. Ornegin ELT sistemleri, ULB ‘nin su
altinda yaptigi isin benzerini karada ve su {izerinde
yaparlar. Ugakta sabit ve tasinabilir olmak {izere
iki cesit ELT sistemi bulunabilir. Sabit ELT
sistemlerinin ¢aligma testleri yilda bir, taginabilir
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ELT sistemlerinin ¢alisma testleri ise 6 ayda bir
yapilir. ELT sistemleri, ULB’ye benzer sekilde, tek
kullanimlik batarya ile ¢alisir. Ayrica ELT
ekipmanlarinin tizerlerinde, kendi test diizenekleri
vardir ve bu sekilde ¢ok hizli ve basit bir sekilde
testleri yapilabilir. ULB cihazlarinda bdyle bir
donanim yoktur ve test edilmeleri igin harici bir
cihaz kullanilmaktadir.

5. Sonuclar

Otoritelerin ULB minimum batarya émriinii 30
giinden 90 giine ¢ikarmasi ve 8.8 KHz frekansinda
calisgan yeni ULB cihazlarin1 kullanima sokmasi
sayesinde, ULB tespit calismalarindaki iki ana
problem olan kisa menzil ve zaman kisitlamasina
¢Oziim bulunmustur.

Yasanan ugak kazalarina bakilacak olursa, su
lizerine yumusak inis yapan bir ugaktaki
ULB’lerden birinin ¢alismadigi goriildigi gibi,
bomba patlamasi sonucu denize c¢akilan bir
ucaktaki her iki ULB’nin de saglam kaldig1 ve
calistigr goriilmiistir. Ayrica AirFrance kazasinda,
ULB arama ekipmanlari, ULB’lerin ¢ok
yakiindan ge¢mis olmasina ragmen sinyali tespit
edememistir ve daha sonra yapilan incelemelerde
CVR’ye takili olan ULB’nin arizali oldugu
anlagilmigtir. Neticede, bazi ULB’lerin kazalar
yasanmadan 6nce bozulmus olma ihtimallerinin
olmasi, ULB bakim periyotlarinin ¢ok uzun
olmasi, benzer sistemlerde oldugu gibi kolayca test
yapmaya imkan veren dahili test diizeneklerinin
olmamasi, ULB bakimina verilen 6nemin ve bakim
uygulamalarinin revizyona ihtiya¢ duydugunun
Oonemli gostergeleridir. Sonug¢ olarak, ULB
cihazlarmin ucak tizerindeki bakim faaliyetlerinin
daha kapsamli ve sik bir sekilde yapilmasinin bazi
riskleri ortadan kaldirmak i¢in faydali olabilecegi
anlagilmaktadir.

Hi¢c calismayan veya istenen performansta
caligmayan ULB’lerin tespiti i¢in ugak iizerindeki
bakim faaliyetlerinde olaganin disginda bir
uygulama heniiz yapilmamaktadir. Bu bakim
faaliyetlerinin kapsamimin ve sikliginin arttirilmasi,
yaklasik olarak yilda bir kez deniz ve okyanus
bolgelerinde ucak kazasi yasandigi
diisiiniildigiinde, kaginilmaz bir gerekliliktir. ULB
cihazlarma dahili test tertibatinin yerlestirilmesi,
akustik radyasyon paterninin bozulmasi ihtimalini
dogurabilir ve kullanimdaki ULB cihazlariin

tiimiinii degistirmek zaten maliyet acisindan pek
uygulanabilir degildir. Daha pratik ve verimli bir
bakim igin, bakim  personelinin  rahatca
ulasabilecegi, kullanimi1 kolay ve fazla agirlik yiikii
getirmeyen, batarya voltaji, frekans, genlik, akustik
basing seviyesi, darbe siiresi ve hatali aktivasyon
gibi Onemli parametrelerin takibini yapabilen,
harici bir test ve izleme donaniminin ucaga
takilmas1 uygun bir ¢6zlim olabilir.
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Abstract

The fact that 60% of mortal accidents made by scheduled passenger transports in civil aviation sector are human error
initiated and more than 70% is direct cause of human error is reported in past analysis. However, human error can not be
reduced to zero. Because human nature has potential to make mistakes in every condition and/or situation, especially
stress status. For this reason, it is impossible to reduce the error margin to zero in human factor and also minimizing
constitutes main theme in this research. The concept of cockpit/crew resource management (CRM) in civil aviation was
first introduced by National Aeronautics and Space Administration (NASA) in 1979 with aim of improving flight safety
by regulating communication principles between flight crews at the beginning. Today, the concept has been further
developed and a significant part of civil aviation trainings. In this research, the concept of CRM is divided into five
generations under the name of cockpit and cabin resource management. The concept of CRM, which has been exposed
to great criticism in previous generations has become a concept that needs to be included in the curriculum of staff
trainings. Especially flight crews in all airlines, the concept of CRM has become more and more relevant with the analysis
of error management in fifth generation more deeply. In conclusion compilation technique is used in this research paper
by evaluating different opinions of researchers related with this subject.

Keywords: Cockpit Resource Management, Crew Resource Management, Error Management, Human Factor, Troika Error Model.

1. Introduction

The roots of cockpit/crew resource management
training was emerged in the United States of
America with came up as a result of the conference
called Resource Management on the Flightdeck
which were sponsored by the National Aeronautics
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and Space Administration [6]. This conference is
the result of NASA's research into causes of air
transport accidents. The research presented at this
conference; most of the air accidents have been
defined as  mismanagement, interpersonal
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communication, decision making and leadership
mistakes. The concept of cockpit/crew resource
management (CRM) in the negotiations was applied
to the training process of flight crews in order to
reduce "pilot mistakes" by making better use of
human factor in the air. Many of the air carriers
represented at this meeting are committed to
developing new training programs to ensure that
human factor of flight operations can be better
assessed. Since then CRM training programs have
continued to grow in the United States of America
and all around the world. Approaches to concept of
CRM have continued to evolve every year since the
NASA meeting [1]. The focus of this research is;
CRM curriculum focuses on the problems
encountered while changing the attitude and
behavior of the flight team in the context content of
CRM concept [2].

In the past two decades, "evolution” has been used
to describe changes in CRM. Evolution; as defined
officially is the growth and development process
which is also suitable for the mission of CRM
concept. Similarly, training programs called
CRM have different content and focus points.
For example, the ever-changing human race
justifies definition of different content and
focus points (the generation that is temporarily
exposed to the concept of CRM is even closer
to the concept of Drosophila than it is human). For
these reasons, our focus here is on the most recent
approaches to CRM training and how these new
approaches can be further developed [3].

2. Theoric Method

2.1. First Generation Resource

Management

Cockpit

The first comprehensive CRM program was
launched in 1981 by United Airlines from the
United States of America. The training was
developed with help of consultants who were
developed training programs for companies seeking
to improve management effectiveness. United
Airlines' program was modeled similarly to a
training called "Managerial System" which were
developed by psychologists Robert Blake and Jane
Mouton (13).

The training was conducted in an intensive
seminar arrangement. Identification of participants'
own administrative styles is also included. Other
airlines of this period have also benefited from the
relevant training approaches in management
structures. In these programs, it was aimed to
correct problems such as the lack of communication
young employees especially and the excessive
authoritarian behavior of young masters by altering
the  centrality of approaches.  National
Transportation Safety Board (NTSB) has supported
this process and found that the lack of decision-
making by young crews especially younger captains
is one of the factors that caused the United Airlines
accident in 1978 (including improper team
planning). For this reason, NTSB contributed more
to the process of related programs [11].

First-generation CRM training is often focused
on general concepts such as psychological testing
and leadership. In these trainings, general strategies
were defended by cockpit personnel who reflected
interpersonal behavior without making appropriate
behavioral definitions. In order to clarify more
clearly of the concepts specified in most education,
non-aviation examples are given. However, since
these trainings are planned with related examples, it
is determined that the content of CRM is the only
training related to concept of communication
between pilots, so the trainings should be repeated
on an annual basis and samples from the sector
should be given. For this reason in addition to
classroom training simulated trainings (Line
Oriented Flight Training), include which are
intended to give full definition of the task systems
which crews can put out their personal skills without
putting their own lives at risk have also been
developed in this period. Nevertheless, despite the
general acceptance many of the content training,
some pilots thought that these practices have a
structure that is more commercializable (in line with
the view of "charm school”, "attractive education
organization") and manipulate of personal abilities
[27].
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2.2. Second  Generation Crew  Resource

Management

In 1986, NASA organized another workshop for
civil aviation sector [8]. Until the 1990s, the United
States of America especially around the world by
establishing a number of increasingly airline CRM
training in their own initiative published reports on
their programs. One of the conclusions drawn by
workgroups at meetings is CRM training can not be
considered a separate component when included in
flight training and flight operations. At the same
time new generation CRM courses began to emerge
in this period. In order to focus on team group
dynamics, training in cockpit resource management
together with name change in education has
received crew resource management. The new
curriculum identified and the training program
developed by Delta Airways have become more
modular and more team-focused, with more specific
civil aviation concepts related to analyzed flight
operations [14].

In the context of basic education in seminars
held mostly; team building, briefing strategies,
situation awareness and stress management. By
examining certain  modular  decision-making
strategies in this training program, the reasons for
catastrophic failure can be explored in a better way.
To illustrate the concepts in the curriculum, non-
interest-related samples were included in civil
aviation. The number of participants in second
generation courses was higher than that of first
generation courses. However, the criticism that
education was filled with "psycho babble" and
"unnecessary contents" continued as in first period.
For example, in the context of group dynamics,
concept of "synergy" was considered by the
participants as a meaningless concept (irrelevant
jargon). Despite all criticism; however, second
generation courses have often been included in staff
training by airlines in many parts of the World [24].

2.3. Third Generation Crew Resource
Management - Dissemination Of Training Scope

At the beginning of the 1990s, many strategies
for CRM training were developed. A large humber
of content that must be fulfilled by the crew such as
the organizational culture that determines safety

guidelines in the direction of characteristics of civil
aviation system is included in third generation
trainings. Trainings have also begun to focus on
integrating with technical concepts, skills and
behaviors that teams can use to work more
effectively. Many airlines have added modules to
their training curriculum that refer to CRM issues to
use of in cabin automation and equipment.
Curriculum content is based on identification and
evaluation of human factors. It is aimed to reinforce
the airline in technical and human factors together
with training contents and to minimize these human
errors caused by technical errors with evaluating
these factors in the best way.

The development of the CRM concept and the
training for flight crews included in more content.
Apart from flight crews in third generation CRM
concept, trainings have also started to be given other
personnel who are license holders in airline such as
dispatcher and maintenance personnel. While some
airlines provide CRM trainings under a common
curriculum, other airlines have also provided tailor-
made CRM trainings to better fulfill their leadership
role in flight teams. Third generation CRM training
is needed to better manage the flight team while the
main goal is to reduce rate of human error in the
accident.

2.4. Fourth  Generation Crew  Resource
Management - Integration and Procedure
Basics
The Federal Aviation Administration (FAA)

initiated an advanced qualification program (AQP -

Advanced Qualification Program) in 1990 by

drastically changing the quantity and quality of

flight crew training [12]. AQP is a voluntary
program that enables the organization of airlines to
develop innovative training in line with needs of
organization. With this training facility, airlines
need to provide both CRM and line-oriented flight
training for all flight teams and integrate CRM
concepts into technical training. The major airlines
in the United States of America and several major
regional airlines have passed the old-fashioned

AQP, as expressed in the FAA Regulations sections

121 and 135. In order to complete the transition of

the AQP system, detailed analysis of the individual

training needs of each type of aircraft with the
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airline must be completed and considerations
should be given to issues about human factors in all
areas of the curriculum. In addition, authorized
personnel are required in the area of line operational
evaluation (LOE) in order to document crew and
evaluate all job descriptions in flight simulations.

Within the context of CRM integration, some
airlines have begun to make procedures related to
specific behaviors procedure by adding specific
modules to training checklists. Relevant airlines are
committed to take account of decisions and actions
and to ensure that CRM bases are learned,
especially in non-standard situations. In the fourth
generation CRM, the aim is to solve human error
problems as an integral part of flight training. It has
been observed that providing a systematic CRM
training is very close to realizing the goal of
"reducing the probability of failure”. Though
detailed review with empirical data is not possible,
AQP approach has been adopted with consensus
among the US airlines in particular to provide
improvements in the training and competence of
flight crews. However this situation is more
complicated than it seems and the problem of
human error with the idea consensus has not been
solved completely. However before considering
fourth generation of CRM, it is clear that what has
been accomplished with CRM training in the last
two decades has clearly been examined not only
completely but also in coming years.

3. Findings and Discussions

3.1. Verification Of CRM Training: The answer
to the problem that CRM training can accomplish
with goals of improving flight safety and efficiency
can not be explained in a simple way. For example,
the most obvious verification criteria is accident rate
per flight is one in a million, which does not indicate
everything is alright. The general rate of accidents
is very low and variability of training programs does
not make it possible to draw strong conclusions
about the impact of CRM training in a given period
(24). In the absence of a single and dominant
benchmark measure for determination of
communication principles in aeronautical safety,
researchers are unable to establish key criteria to
better identify problems [19, 20].

The reports of weather events do not result in
accidents but have an error component which is a
different measure. In the past reporting of such
events was voluntary. Today however, it is not
necessary to end up with an accident in order to
investigate an event in direction of briefings and
inspections that have been done after each other. Of
course the investigation made is less detailed than
one carried out after incident resulted in an accident.
The most accessible and logical consequences can
be achieved in an emergency situation as a result of
attitude and behavior of flight crew in cabin. During
simulation training in which full job description is
performed, official evaluation line operation
evaluation system (LOE) is not sufficient to get over
difficult conditions. The fact that flight team is well
coordinated when evaluated by simulation system
under hazardous conditions does not mean that they
can show the same coolness during normal line
operations. The result is that most useful data can be
obtained under hazardous conditions by examining
faults at the end of each accident [15].

It can be observed that data obtained from such
inspections can provide desired improvement in
flight safety in direction of LOFT and CRM training
[19]. Observed findings are consistent with the
participants' educational evaluations. Flight teams
completing course assessments report that LOFT
and CRM training is effective and efficient [19].
The attitude of flight team in terms of trainings
represents another indication of positive effect as it
reflects cognitive aspects of defended concepts.
Since attitudes are not an excellent predictor of
process orientation, it is unlikely that those who
interpret inappropriate attitudes as inappropriate
under concept of CRM will be able to strive for
regulatory compliance. Nevertheless, measured
attitudes to assess impact of CRM concept outside
of subjective criteria; air accidents and objective
phenomena that play a role in weather events [19,
18]. The fact that attitudes are expressed in terms of
subjective outcomes such as air accidents and
weather events has changed flight team's attitudes
towards CRM training more positively [20].

3.2. CRM Does Not Reach Everybody: Only a
small audience from the first generation courses to
day to day did not find content of CRM training

I48



]A I/e—ISSN:2587-1676

Journal of Aviation 2 (1): 45-55 (2018)

inaccurate and incomplete. Errors related to CRM
training are available on all airlines. Because error
of human factor can not be reduced to zero.
However, when these mistakes are known by the
management and necessary determinations are
made, related errors can be corrected thanks to
CRM concept [20].

Especially CRM trainings designed for cabin crew
have not proved to be fully effective. Although the
content of CRM curriculum is approved by majority
of cabin crews, all rules are not adopted in general
terms. For example according to pilots, many
airlines have introduced CRM modules for use of
cockpit automation according to instrument flight
rules. However, pilots consider that these modules
should be given according to the flight rules in
context of the CRM curriculum. Experts who
designed the trainings found that it was appropriate
for trainers to prepare their trainings in general and
in this way according to the instrumental flight rules
of the aircraft. However most of the pilots in
preferred orientation of airlines are not affecting the
safety element and they are also used visual flight
rules to shorten existing route due to fuel
consumption, other than instrumented flight rules
[25].

3.3. Acceptance of Basic Concepts may
Deteriorate Over Time: Only a small audience
from the first generation courses to day-to-day did
not find the contents of CRM trainings wrong and
incomplete. Errors related to CRM training are
available on all airlines. Because the error of human
factor can not be reduced to zero. However, when
these mistakes are known by the management and
necessary determinations are made, related
mistakes can be corrected thanks to CRM concept
[20].

Especially CRM trainings designed for cabin crew
have not proved to be fully effective. Although the
content of CRM curriculum is approved by majority
of cabin crews, not all rules are adopted in general
terms. For example, according to pilots many
airlines have introduced CRM modules for the use
of cockpit automation according to instrument flight
rules. However, pilots consider that these modules
should be given according to flight rules in the

context of the CRM curriculum. Experts who
designed the trainings found that it was appropriate
for trainers to prepare their trainings in this way in
general according to instrumental flight rules of the
aircraft. However, most of the pilots in preferred
orientation of airlines and not affecting safety factor
also use sighted flight rules to shorten the existing
route due to fuel consumption other than
instrumented flight rules [26].

A few years after the first CRM training was
taken, the pilots in the airlines were examined. One
of the negative findings of this review; there are
disagreements about the acceptance of basic
concepts even in the continuing education
curriculum for many years [26]. While the causes of
these disputes can not be easily determined,
speculations about negativity are frequently made.
Failure of even one candidate is considered as a
general failure based on the evaluation criteria such
as the lack of management support determined in
the direction of CRM training and the line control
aircraft.

Another problem is that CRM training is
designed for flight teams and the inclusion of other
personnel in training may be devoid of specificity
that must be differentiated for all staff depending on
working conditions and environment. Systematic
practices of error management can be changed
especially as trainings are continuously provided
from one group to another. Regulation of CRM
according to procedure (that is, compulsory
implementation of the official CRM directive)
means that even if there are different job
descriptions, they are common in educational
contents. In support of this view, the answers of
flight crews can be shown in the question "What is
CRM?" For example, the response of flight crews is
"training that is designed to best suit the working
conditions of motivation elements that will enable
us to work better." But even this response is far from
showing that the entire education system has been
perfectly organized. In these trainings, a job
definition should be acted within the team spirit is
far from individuality of civil aviation that is wanted
to be explained. However in many unfavorable
conditions, errors are loaded into flight teams so that
basic logic of CRM disappears over time and is
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considered as a training that includes standard
curriculum issues.

3.4. The CRM Concept Has Not Been Marketed
Well: As first and second generation CRM training
programs began to multiply and train with other
airlines or educational institutions in the World,
especially the United States of America by
examining the world's many airlines and other
airlines. Even in the United States of America which
is one of the most important countries in civil
aviation sector, CRM curriculum has not provided
same incentives in direction of lessons developed to
reflect organizational culture and operational
problems that differ from airlines to airlines. In fact,
training in airlines in the United States of America
has been described as less efficient than training in
the airlines of other countries. The reason for
qualification sytems from the fact that trainings are
not well prepared in segregated way due to presence
of airlines that implement many transport strategies;
including traditional (scheduled), low cost, regional
and charter which are contrary to the norms of flight
Crews.

The Dutch scientist Geert Hofstede defined the
dimensions of national cultures, many of which are
related to acceptance of CRM training. According
to these definitions; countries such as China and
many Latin American countries whose cultures are
old and strong have argued for necessity of cultural
structure that has been under absolute authority of
leaders throughout history. The subordinates in
these cultures are reluctant to question their
superiors' decisions and actions so that they are not
perceived as disrespectful. It is very difficult for
team members to question their captains when they
arrive. There is no collectivist structure in these
cultures. In collectivist cultures emphasizing
interdependence and priority for group goals for the
concept of teamwork and education that emphasizes
need for effective group behavior can be easily
accepted [7].

On the other hand when there is a strong cultural
structure in the United States of America in the first
place, the ancestor has been adopted within the
cultural structure independently of team and team
solidarity. Ancillary understanding is that other

team members are not on front plan and that team
and team structure of pilot control is largely
dominated by one person and that the other team
members are considered as complementary parts.
This refers to a system that is clearly defined in
terms of procedures with avoid ambiguity and are
governed by certain rules as a mastery to specify
who they are [3].

In Greece, Korea and many Latin American
countries the understanding of teamwork which
form the basis of the CRM concept has been
adopted based on sound of cultural values. Because
the authoritarian understanding is more prevalent in
the United States of America that leads to the fact
that it is self-centered. This requires flexibility to be
more dependent on standardized procedures [27].
Management of cockpit automation is also
influenced by national culture. While pilots from
culturally normed cultures think that automation
should not be questioned, pilots who grow up in
societies far from the authoritarian structure that
culture norms do not overtake are predicting that
previously identified automations could be
questioned [23].

Pilots in the United States of America believed
that CRM training could damage the safety factor
by changing linkage from past to the rule in
direction avoidance of uncertainty. For countries
outside the United States of America, there is a
growing tendency to customize CRM curriculum to
incorporate national culture into CRM culture and
to be compatible with its cultural heritage. This is
an important development for CRM to increase the
impact of these countries on airlines. For example;
Malaysia Airlines has made CRM concept a part of
national culture [15].

Considering the possible responses to CRM
training which is tried to be integrated into the
cultural structures of many countries with
authoritarian structure are examined. Especially the
emergence of CRM concept in the United States of
America (A certain group of the sector see this
system is positive but another part is negative),
related with CRM education in the first four
generations is determined with the emergence of the
fifth-generation CRM approach.
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3.5. Fifth Generation CRM - Seeking Universal
Rational Conception

In fifth generation CRM, solutions were sought
for CRM training that could be approved by pilots
of all nations. For example when evaluating CRM
concept as a way of avoiding mistakes, we
concluded the concept of error management should
be included in most parts of CRM training
curriculum [15, 17].

Professor James Reason's work has been
influential in the study concept of error management
in fifth generation CRM [9, 10]. Even if the
investigation of human error in concept of error
management was the case even for first generation
CRM, it was very difficult to analyze this
examination objectively and to evaluate it in the
communication criteria. Even if previous generation
CRM training advocates certain behaviors, the
criteria for evaluating and implementing these
behaviors were not always clear. Fifth generation
CRM is based on a sharper system which was
understood and accompanied by proactive
organizational support.

3.5.1. CRM as Error Management: The most
controversial issue in fifth generation CRM is that
human error is inevitable everywhere and it is
necessary to minimize these mistakes irreducibly.
For example where a mistake is unavoidable, CRM
supports the prevention of mistakes within a triple
system. First, this system defines how to best
comply with rules to avoid errors. Second, it
analyzes situations that may cause errors before
they are made. Even if there is no error, processes
that do not go systematically are regarded as errors.
Thirdly and finally, it is necessary to make the
necessary stimuli irrespective of the result even in
case of faults which can not be detected because the
result is not heavy. Troika, which is designed
according to the triple system concept is shown
below.

For each situation related to the detection of
faults, different communication methods are
mentioned under the same CRM concept depending
on capacitance and type of the aircraft. CRM
concept is also related to systemic issues. For
example, even when the wrong route is entered into

the flight management computer (FMC - Flight
Management Computer), when you think of a
forward-looking technology that has succeeded in
delivering the flight in a controlled way (CFIT -
Controlled Flight into Terrain). A planned briefing
on approach procedures and possible hazardous
situations can be avoided if combined with the
verification of FMC entries. However in the case of
a systematic error, planned communication may
increase the chances of getting rid of it even is not
guaranteed to get rid of accidentally. Errors made
by mutual control can be detected before monitoring
the system related processes. Finally, it is possible
to detect that every stage of the entire process is
questionable and monitored in detail and that there
is a fault before CFIT.

In order to ensure the acceptance of error
management approach, airlines should adopt a
punitive but motivating approach when it is
necessary to defend against mistakes by developing
positive behavior patterns of the time when errors
will arise (In this case, an airline can never accept
intentional infringement of its rules or procedures).
In addition to normalizing faults, strategic steps
must be taken to determine the sources of faults in
airline's operations. In the United States of America,
Federal Aviation Administration (FAA) announced
a new initiative, Aviation Security Action Program
to encourage case reporting for proactively address
airline safety issues [4]. For example, American
Airlines co-sponsored the pilot program with the
cooperation of pilots with themselves and FAA.
This confidential and non-hazardous reporting
system allows pilots to report safety concerns and
faults. The program has achieved significant
success with nearly six thousand reports over a two
year period, contributing significantly to civil
aviation safety. Significant steps have been taken to
prevent or minimize the occurrence of accidents or
occurrences in airborne data and events generated
by this system.
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Graph 1. Troika error model

(6).

3.5.2. Things to Consider for Fifth Generation
CRM: The fifth-generation instructions aim to
develop strategies to better manage and analyze
faults [21]. The basis of CRM should be related to
determining limits of human performance.
Determination of boundaries like examining the
nature of cognitive errors; as well as identifying
harmful empirical findings that affect the stress,
such as fatigue, workload and emergencies.
Exploring these issues requires formal training. In
this training, it is important that CRM curriculum
should be described under each of the same criteria.
In these trainings, examples from accidents and
events in which human error plays a role can be
shown in a striking and educational way. Analysis
of human performance is common in all CRM
training generations. The CRM concept has become
a phenomenon that emerged in fifth generation
CRM, where both errors were identified and how
positive examples of how they were managed could
be more productive as a result.

In particular, it has been observed that pilots
working around the world exhibit erroneous
attitudes about affected performance as a result of
stress. For example, a truly professional pilot has
major overhaul in his decision to leave his personal
problems in flight and not to be affected by personal

problems especially in emergency situations [15, 2].
The attitude shown in emergency situations is an
essential component of professional cultures with
pilots and doctors [15]. The attitudes shown are
wrong or excessive in direction of beliefs are
important factors causing fault. As each individual
is exposed to the strase, training given in this
direction can make attitudes more professional by
minimizing the factors related to personal
vulnerability. For this reason, staff with low
performance related to stress should adopt CRM
training more easily as a precaution against stress.

In theory, the error management approach
should provide a more accurate training content for
human factors in CRM concept. In addition, this
content should continue to be evaluated empirically.
Continental Airlines has redesigned both the basic
awareness of CRM and its repetitive components
under concept of error management. As part of this
new design, the entire flight team has been given a
basic course within new curriculum. Data on the
output of this new curriculum has set out
effectiveness of fifth generation CRM training. At
the same time, Continental Airlines has launched a
new program to educate trainers on identifying and
strengthening fault management which has created
the primary focus of CRM training [5].

This new program emphasizes that team
performance will become more efficient with a
good analysis of error handling so that mistakes can
be minimized in direction of effective performance.
In addition, the terms used in LOFT checklist are
used to measure crew performance, including data
on error types and error management for use as an
organizational evaluation strategy for line control
which have been reviewed [22].

Thanks to new program which’s name is airline
preliminary reviews; the personnel was able to
easily analyze faults of observers and sources of
these faults with management strategies. As the
causes of mistakes are better understood and
different qualifications in trainings have made both
quality of curriculum better and better understood
by trained staff. For example, faults that could not
be detected by the crew in old accidents which were
resulted in death and/or serious injuries could be
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detected by the new program. This is why the focus
on error management on LOFT checklist is
considered by entire civil aviation community as a
common denominator that can provide valuable
feedback and support for teams.

3.5.3. How to Link Error Management to CRM
Research: Fifth generation CRM is compatible
with previous generations. Particularly in the
automation use of special training and emphasized
in third generation, the leadership role of captains in
crew was better handled in this model. The error
management approach has reinforced AQP
(Advanced Qualification Program) approach in all
areas of education by providing an all important
demonstration of reasons for emphasizing CRM in
all areas of education. In the same way,
proceduralization of CRM with technical training
ensured that the objectives which included the
curriculum were better understood and accepted in
the organizational context. Flight crews should also
be able to develop more effective strategies for error
management when the procedures are incomplete
and provide a focus point for situations that are not
suitable for proceduralization.

The briefings make to create situational
awareness enable better implementation of basic
error management techniques in context of training
modules. The common content of cabin and cockpit
teams training in the same way is to create a culture
in which content of safety management is in context
of curriculum for all the staff [25]. Finally,
clarifying key objectives in CRM training is crucial
for a complete understanding the concept of error
management.

3.5.4. Content of CRM concept: CRM is not the
mechanism to remove fault from ground and
provide security for a high risk sector, such as civil
aviation and it will never happen. The error is an
inevitable result of the natural limitations of human
performance and functional skills of complex
system. CRM is just one of the tools that civil
aviation organizations can use to manage an error.

Safety of operations are related with
unprofessional and organizationally distressed
national cultures. The concept of safety aims to
direct these problems to an organizational culture

that proactively deals with errors in professional
attitudes [15]. When analyzed in the context of
CRM civil aviation system, it is clearer with its
contributions and limitations. The human factors
observed in this study are that content of education
is as strong as first generation of CRM concept [16].

4, Conclusion

CRM trainings, which were formed under the
name of cockpit/crew resource management in civil
aviation were examined within five generations
from the first departure to present day. First
generation CRM which began in 1979, has been
applied to training courses of flight crews to reduce
pilot errors by better using human factor in air under
name of cockpit resource management. In second
generation CRM cockpit resource management
training together with name change in training, crew
resource management was named to focus on team
group dynamics. In third generation CRM a large
number of content, such as organizational culture
that determines the safety bases for characteristics
of civil aviation system has to be fulfilled. In fourth
generation CRM, the aim is to solve human error
problems as an integral part of flight training. In
fifth generation CRM, solutions were sought for a
CRM training that could be approved by pilots of all
nations and it was concluded that concept of error
management should be included in most of the
training curriculum. Nowadays, the criticisms of
previous generations have come to an end with fifth
generation CRM concept. Fifth generation CRM is
still valid and other sectors outside the civil aviation
sector are given similar trainings under different
headings especially communication, human factor
and error management by using different
curriculum and content.
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Havacilik Giivenliginde Giivenlik Miilakati Uygulamasi
Celil Amil KORKMAZ", Erhan BUTUN

! Havacilik ve Uzay Bilimleri Fakiiltesi, Kocaeli Universitesi
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Ozet

Giderek artan kiiresellesme ile tiim iilkelerin birbirine hizli bir sekilde baglanmasi ihtiyaci, havacilik sektoriinii yillar
igerisinde ticaretin ana bilesenlerinden biri haline getirmistir. Sektor kazandigi 6nem ile de teror gruplarina gittikge
daha ¢ok hedef olmaktadir. Bu nedenle havacilik sektoriinii korumaya yonelik alinan 6nlemler ve gosterilen cabalar
biiyiik 6nem atfetmektedir. Ucak ile tasinan kargonun taranmasi gibi yolcularin da giivenlik taramasima sokulmasi
havacilik giivenliginin saglanmasinda 6nemli bir tedbir olan giivenlik miilakati uygulamalariyla miimkiin olmaktadir.
Bu makalede giivenlik miilakati uygulamasi ihtiyacinin ortaya c¢ikigi belirtildikten sonra kullanilan uygulamalar
irdelenecek ve uygulamalar ile ortaya ¢ikan ¢ekinceler agiklanacaktir.

Anahtar Kelimeler: Havacilik Giivenligi, Giivenlik Miilakati, Yolcu On-Tarama.

Profiling Application at Aviation Security

Abstract

The increasing globalization and the need for all countries to connect quickly together has made the aviation industry
one of the main components of trade over the years. With the importance that the sector has gained, aviation industry
are becoming a big target for terrorist groups. For this reason, the taken measures and efforts to protect the aviation
industry attach great importance. Profiling of passengers, such as screening of cargo carried by airplanes, is possible
through profiling applications, an important measure in ensuring aviation security. In this article after specify the
emergence of the need to profiling application, the applications used will be examined and the drawbacks that arise in
the use of the applications will be explained.
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1. Giris

Her devlet i¢in kritik 6dneme haiz sektorlerden biri
olarak degerlendirilen havacilik; yaratmig oldugu
gurur, sayginlik ve kiiresel ekonomik etkinin bir
sonucu olarak devletler tarafindan ulusal bir
sembol  olarak  goriilmektedir.  Glinlimiiziin
kiiresellesmis diinyasinda, mallarin hava yoluyla
bir yerden baska bir yere gonderilmesi ihtiyacinin
havacilig1 bir zorunluluk haline getirdigi asikardir.
Bdylece mallarin istenilen sinirlar igerisinde
tasinmas1  kolay ve daha hizli bir sekilde
gergeklestirilmektedir. Yikselen ticaret hacimleri
sonucu  mallarm  bir yerden bir yere
gonderilmesinin hiz kazanmasi, havaciligin 6n
plana ¢ikmasina ve bunun sonucunda da ekonomik
bliylimeyi destekleyen kritik bir sektor olarak
ortaya ¢ikmasina neden olmaktadir.

Havaciligin ekonomik hayata yaptig1 katkilara ait
veriler incelendiginde, 2016 yilinda havayollari ile
kiiresel ticaretin yaklasik % 35'ine denk gelen 53.9
milyon metrik ton mal taginmig olup bu miktar da
yilda 5,5 trilyon dolar veya her giin icin 15,3
milyar dolar degerinde mal demektir [1].

Hiz1 sayesinde diinyay1 daha kiigiik bir yer haline
getirmesi ve bunun ekonomik biiyiimeye ciddi bir
katki saglamasi, sahip oldugu alt ve iist yapi
tesisleri ile islevsel agidan biiylik 6nem tagimasi ve
bunlarin zarar gormesi ile olumsuz ekonomik
etkilere neden olacagr gercegi, havaciligin,
teroristler icin cazip bir hedef olmasina neden
olmaktadir [2].

Dogrudan ve dolayli olarak havacilik faaliyetleri
kapsamina giren insanlarin, hava araglarmin ve
hava tagimaciligi alt yapisinin sabotaj ve terdrist
saldirilar gibi su¢ unsuru tagiyan ve bilingli olarak
yaratilmig  tehlikelerden korunmasi ile ilgili
faaliyetleri ve bunun icin gerekli olan kaynaklari
kapsayan bir kavram ifade etmekte olan havacilik
givenligi [3] bu yiizyilin baglica kiiresel
tehditlerinden birisidir ve kesinlikle tedbir alinmasi
gerekmektedir.

Ucaga patlayici yerlestirme, ugak kagirma ve ugak
ile sabotaj faaliyetleri gibi havacilik gilivenligine
yonelik terér olaylarinin istenilmeyen kisiler
elindeki yikici etkisinin ne kadar yiiksek oldugu
ucaklarin bir ulasim ve tasimacilik araci olarak

kullanilmaya baglanilmasindan itibaren gecen siire
icerisinde  gercgeklestirilen eylemlerde acikca
goriilmektedir.

Hava yolu vasitasiyla taginmakta olan kisilerin
ve mallarin  kontrolii amaciyla kullanilan
teknolojiler ve buna bagli metotlar boldur, ancak
sistemlerin pahali, hacimli ve ¢esitli olmasindan
kaynakli olarak yeterliligi sorgulanabilmektedir.
Bu sistemler ile yapilan kontrollere ilaveten
devletler ve havacilik giivenligi ile ilgilenen
kuruluglar, ulasim kontrol noktalarinda bulunan
sahislarin rastgele ve siipheli bir durum aninda
davraniglari1  gozleyerek, terdrist saldirilarmi
tespit etme ve bunlara engel olma konusunda
biiyiik ¢aba gostermektedir.

Yolcu 6n tarama ya da risk temelli yaklagim
olarak da adlandirilan giivenlik miilakati; temelde
yolcunun  davranislarindan,  sdylediklerinden,
pasaportundan,  biletinden,  bagajindan  ve
beraberinde seyahat ettigi kisilerden elde edilen
bilgilerin, siipheli isaretler olarak adlandirilan bir
dizi kriter ile karsilastirilmasi ve eslesme olmasi
durumunda yolcunun miilakata tabi tutulmasi
tizerine kurulu bir giivenlik sistemidir [4].

Bu c¢alismada ilk oOnce gergeklesen terdr
eylemleri sonucu ihtiyaci ortaya g¢ikan giivenlik
miilakati uygulamasinin tarihgesi belirtilmistir.
Daha sonra giivenlik miilakati ve Amerika Birlesik
Devletlerindeki uygulamalar1 irdelenmis olup
uygulamalar sonucu yolcular i¢in ortaya c¢ikan
cekinceli durumlar agiklanmaya calisilmistir.

2. Giivenlik Miilakatinin Tarihgesi

Ucaklarin terdr orgiitleri tarafindan bir eylem
aract olarak goriilmeye baslanmasiyla beraber
terérizm, her zaman hava tasimaciligini kendisine
ses getirici bir eylem alani olarak belirlemistir.
Ucaklarin  ulasim ve tasimacilik amaciyla
kullanilmaya baslanilmasi ile birlikte ortaya ¢ikan
giivenlik zafiyetlerinin giderilmesi i¢in alinan
o6nemli tedbirlerden birisi de giivenlik miilakati
uygulamasidir. Giivenlik miilakati uygulamasina
sebep olan eylemler silsilesi incelendiginde ise;
tarihte ilk bilinen ucak kagirma eylemi 21 Subat
1931 tarihinde Peru’lu devrimcilerinin Pan
American Airways System posta ugagini ele
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gecirerek sehir iizerinde propaganda brosiirlerini
birakmak i¢in pilotun Lima/Peru
u¢masinin saglanmasi seklinde gergeklestirilmistir
[5]. 1lk ticari ugak bombalama eylemi de United
Airlines 629 sefer sayili ugagi ile seyahat eden bir

uzerinde

kadn  yolcunun oglu tarafindan ¢ocukluk
doneminin intikamini almak maksadiyla annesini
oldirmek ve biiylik bir hayat sigortasi 6demesi
almak i¢in 1955 yilinda gerceklestirilmistir [6].
Fidel Castro’nun Kiiba’da iktidar olmasi ile birlikte
Amerika Birlesik Devletleri ile Kiiba arasindaki
siyasal gerilimin yiikselmesi sonucu da siyasal giic
amagli ucak kagirma eylemlerinin sayisinda 6nemli
artislar meydana gelmeye baglamigtir. 1970'lerin
ortalarina kadar olan siire¢te Amerika Birlesik
Devletleri'ndeki ve Ortadogu'daki radikal orgiitler
davalarini duyurmak maksadiyla ugak kacirma
eylemlerini  yaygin olarak  gergeklestirdiler.
Ozellikle 1968 yilinda El Al Havayollarina ait 426
sefer  sayilh  Roma-Tel  Aviv  ugusunu
gergeklestirilen ugak Filistin  Halk  Kurtulus
Cephesi iiyeleri tarafindan ele gegirildi. Tarihteki
en uzun sireli ucak kacirma eyleminden sonra
otoriteler tarafindan tehditlere yonelik tedbir
almmast gerekliligi belirtildi. Ucak kacirma
onlenmesine  yonelik, Federal
(FAA) ve diger
kuruluslar, tespit edilen terdristlerin ve ugak

eylemlerinin
Aviation  Administration

kagirma  eylemlerini  gerceklestiren  kisilerin
ozelliklerine iligkin bilgileri topladi ve inceledi.
Arastirmacilar elde edilen bu bilgileri, bir teroristin
kimlik tespiti i¢in gerekli ayirt edici 6zelliklerin bir
listesini olugturmak igin kullandilar. Bilimsel,
sosyolojik ve psikolojik temelli bir yaklasim ile
giivenlik miilakatinin temeli olusturuldu. Federal
Aviation Administration (FAA) tarafindan 1969
yilinda gelistirilen davranigsal giivenlik
miilakatinin uygulanmasi havayollarmin takdirine
birakildi [7]. Profile uydugu tespit edilen yolcular
gizlenmis silahlarin tespiti maksadiyla arastirildi
uymayan yolculara ise hig¢ gizlenmis silah taramasi
yapilmadi. Ideal olarak, havalimani personelinin
kendi 06znel yorumlamasindan bagimsiz olarak
kurulan sistem ile gilivenlik miilakati etkin bir

sekilde kullanilmaya baglanilmistir.

3. Giivenlik Miilakat1i ve Amerika Birlesik
Devletleri Uygulamalari

1980'li yillarda gergeklesen ucak bombalama
eylemlerine yonelik artan endise Federal Aviation
Administration (FAA) tarafindan havayollarinin
tim yolculara asagidaki iki temel giivenlik
sorusunu sormasini istemesine neden oldu [8]:

* Sizden bu wugusta herhangi bir esyay1
tagimanizi isteyen tanimadiginiz birisi var m1?

* Seyahat ettiginiz egyalardan herhangi biri,
onlar1 paketlediginiz andan itibaren kontroliiniiz
disinda bulundu mu?

Sorular temel olarak yiiksek riskli bagajlart
hedeflemek i¢in temel giivenlik tarama 6nlemleri
kapsaminda uzun yillar kullanildi ancak amaci ¢ok
acik oldugu igin genellikle elestirildi [8]. Yine de
potansiyel giivenlik tehditlerine karst  yolcu
farkindaligini artirmak ve bilingsiz bir kisiyi ucakta
sahibi olmadig1 bir esyayi tasimasi i¢in kandirmaya
calisan eylemcilere kars1t farkindalik yaratmasini
sagliyordu [8].

21 Aralik 1988
Havayollarinin 103 sefer sayili ugusunda igerisine

tarthinde Pan Am

patlayict yerlestirilmis bir radyo terdr Orgiiti
iiyeleri tarafindan canta igerisine konularak ugagin
bagaj kismma verildi ve Iskogyanin Lockerbie
kasabasi lizerinde zaman ayarli bombanin
patlatilarak ugagin infilak ettirilmesi ile sonuglanan
olayda seyahat eden herkes Oldii. Maalesef bu
olayda ugaga cantanin verilmesini saglayan kisinin
ucak ile seyahat etmedigi ortaya cikti. Yolcu ve
Bagaj Uyusmasi, yasanilan bu aci trajediden sonra,
bagaj icerisine yerlestirilmis patlayici ve tehlikeli
maddeler igin gelismis otomatik taramanin mevcut
olmadig1 bir zamanda uygulamaya sokuldu. Yolcu
ve Bagaj Uyusmasi uygulamasi ile bir ucaga
yiiklenen bagajin aslinda ugaga binen o ugusun

yolcularina ait olmasini saglamaktir.

Havayolu yolcu taramasi igin ihtiyag, 17 Temmuz
1996 tarihinde New York'tan Paris'e ugan Trans
World Airlines’e ait 800 sefer sayili ugagin infilak
etmesinin ardindan tekrar ortaya ¢ikti. Yakit tanki
bu trajediye neden olsa da, medyadaki haberlerin
de etkisiyle hiikiimet yetkilileri ugagin terdristler
tarafindan yok edildigini diisliindii. Korku ve
belirsizligin oldugu bir ortamda 22 Agustos 1996
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tarihinde Baskan Bill Clinton, Gore Komisyonu
olarak da bilinen Beyaz Saray Havacilik Giivenligi
ve Emniyeti Komisyonu'nun kuruldugunu
acikladi. Komisyon, havacilik giivenligi ile ilgili
¢Oziim gerektiren konular i¢in yontem belirlemek
maksadiyla kirk bes giin ¢alist. Komisyon
caligmalarinin sonucu olarak nihai raporunu Subat
1997'de  yaymmladi ve yolcu profillemesini
iyilestirmek i¢in li¢ adimdan olusan otomatik yolcu
profillemesini agikladi [9]:

e flk olarak, FBI, CIA ve BATF tarafindan
miimkiin olan en iyi profilleme sistemini
gelistirmek icin gerekli olan bilinen terdrist,
ucak kagirma eylemcileri ve bombacilar
degerlendirilmelidir. Bu tiir bir profilin
olusturulmasi, havayollarinin otomatik yolcu

durumunda,
olacagi

bilgileriyle
havayollarina
degerlendirilmektedir.

eslestirilebilmesi
faydali

e Ikinci olarak, FBI ve CIA tarafindan bilinen ya
da siipheli teroristler hakkindaki 6nemli

istihbarat  bilgilerinin,  istihbaratin ~ veya
kaynaklarinin dogruluguna golge
diisiirmeksizin yolcu profillemesinde
kullanilmasini saglayacak  bir sistem
gelistirmelidir.

e Uciincii olarak, profil olusturma sistemlerinin
dogan
Ozgirliikler sorularina iliskin bir danigma

gelistirilmesi  ve  kullanilmasindan

kurulu komisyon tarafindan kuracaktir.

3.1. Bilgisayar Destekli Yolcu Tarama Sistemi
(Computer Assisted Passenger Prescreening
System (CAPPS))

Birinci nesil bilgisayar destekli havayolu yolcu
profilleme sistemi, Northwest Airlines tarafindan
Federal Aviation Administration (FAA) tarafindan
verilen bir hibe kapsaminda Gore Komisyonunda
alinan kararlar neticesinde 1996 yilinda gelistirildi.
Bir prototibi test ettikten sonra, Northwest Airlines
1997 yilinda Federal Aviation Administration
(FAA) araciligiyla profilleme yazilimini diger
havayollarinin da kullanimina sundu. CAPPS
baglangigta bir profilleme sistemi degil, daha ¢ok
"yonetim aract" olarak sunuldu.

CAPPS, yiiksek giivenlik dnlemlerine tabi tutulan
yolcular1 tanimlamak tlizere yaklasik otuz dokuz
veri toplamak suretiyle ¢alisma prensibi iizerine

kuruldu. Federal Aviation Administration (FAA);
ik, etnisite, din ve cinsiyetin CAPPS analizinde
bir faktdr olmadigini ancak profillerin etkinligini
ortadan kaldiracagin belirterek islem maddelerinin
gizli kalmasi1 gerektigini belirtmektedir [9]. Belli
bir yolcunun profilinin CAPPS sisteminin islem
maddelerini tetiklemesi durumunda, bu yolcu
"secilmig" biri olarak tamimlanacak olup yolcu
varls yeri ve mevcut gelismis teknolojinin
kullanimi da dahil olmak lizere c¢esitli faktorlere

bagli olan ilave giivenlik Onlemleri alinacaktir
[10].

Ancak giivenlik uzmanlar1 sistemin yetersiz
oldugunu belirterek iyi ¢aligmadigini soylediler ve
sisteminin kullanimina yo6nelik olarak da itirazlar
iki sekilde ortaya attilar [11]: CAPPS; belirli
terorist tehditleri onleme konusunda yetersiz ve
sistem tarafindan denetlenen tiim kisilerin
gizliligini agik etmesinin yan1 sira anayasaya aykiri
bir sekilde insanlar arasinda ayrimcilifa da yol
actl.

CAPPS sisteminin belirli terdrist tehditleri dnleme
konusunda  yetersiz kaldigiin  savunucular
bilgisayar destekli bir yolcu tarama sisteminin
teréristin  siliphelenilmeyen  arkadasi  veya
akrabasinin  egyasit  igerisine  yerlestirilen
patlayicilar1  ortaya c¢ikarmak i¢in  yetersiz
oldugunu ileri siirmekte ve 6rnek olarak da United
Airlines 629 sefer sayili ugagi ile seyahat eden bir
kadin  yolcunun oglu tarafindan ¢ocukluk
doéneminin intikamimi almak maksadiyla annesini
oldiirmek ve biiylik bir hayat sigortast 6demesi
almak i¢in 1955 yilinda  gerceklestirdigi

bombalama eylemini vermektedir.

Sistem tarafindan denetlenen tiim kisilerin
gizliligini acik etmesinin yani sira anayasaya aykir1
bir sekilde insanlar arasinda ayrimcilia yol
savunanlar ise, CAPPS verilerinin
CAPPS kaynaklarinin
giivenilirliginin sorgulanabilir olmasini ve terdrizm

ya da havacilik giivenligi ile ilgili olmayan amaglar

actigini
biitiinligi ile

icin CAPPS verilerinin diger kamu kuruluslarina
dagitilmasi olasilig1 iizerinde durdular.

Ozellikle The American Civil Liberties Union
(ACLU), CAPPS sisteminin kisisel bilgilerin
gizliligi ile ilgili endiseleri artirdifini savunarak
alternatif olarak profil olusturma digindaki siipheli
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cezai faaliyetlerin somut kanitlarini belirlemek igin
giivenlik  personelini egitmek, havayolu
personelinin ve havayolu giivenlik c¢alisanlarinin
taranmasi, yabanci havalimanlarinda gilivenlik
standartlarin1 uygulamak i¢in tedbirler alinmasi ve
havacilik giivenligini tehlikeye atmadan yolcu
mahremiyetini saglamak icin FBI ile kolluk
kuvvetlerinin ~ yolcu  kayitlarina  erigimini
sinirlandirma  gibi yontemlerin uygulanmasini
onerdi [12].

3.2. Bilgisayar Destekli Yolcu Tarama Sistemi Il
(Computer Assisted Passenger Prescreening
System (CAPPS) II)

11 Eylil 2001 terér saldirilarindan sonra,
havacilik  giivenligi  yetkilileri CAPPS' in
yeteneklerini gelistirirerek, gilivenligin saglanmasi
ve yolcu haklarinin korunmasi gibi kapsamli
konularin dikkate alindigi bir sistemin kullanilmasi
icin calismalara basladi. Buradan hareketle CAPPS
II, terérle miicadele etmek ve ucgaklarmm baska
kisilerce ele gegirilmesini 6nlemek i¢in 1 Agustos
2003 tarihinde Transportation Security
Administration (TSA) tarafindan 6nerildi. CAPPS
II’nin gelistirilmesi i¢in Lockheed Martin firmasi
secildi.  Lockheed Martin firmasi tarafindan
gelistirilen CAPPS 11, tehlikeli maddelerin ve
kisilerin taranmasini iyilestirmek icin devlet ve
ticari sektor veri tabanlarim1 kullanmak {izere
[9]. CAPPS I,
degerlendirmesi i¢in yolcu adi, ev adresi, telefon
numarasi ve dogum tarihi de dahil olmak iizere her

tasarlanmistir giivenlik

yolcunun PNR'sini kontrol ederek yolcularin
kimligini belirlemeyi amagladi. Elde edilen bahse
konu bilgiler ile CAPPS II; yolcunun kimligini
hizla dogrulayacak, ticari sektdr veri tabaninda
mevcut veriler ile devlet veri tabaninda mevcut
istihbarat  bilgilerini  kullanarak  bir  risk
degerlendirmesi ~ yapacaktir.  Yapilan  risk
degerlendirmesi sonucunda da Transportation
Security Administration (TSA) yolcu igin risksiz,
bilinmeyen ve yiiksek riskli degerlendirmesini
yaparak kirmizi, sar1 veya yesil renkli say1
atayacak ve bu renkli say1r yolcunun binis karti
iizerinde sifrelenecektir [13]. Kirmuzi renkli sayi,
bir yolcunun ugakta bulunan insanlarin fiziksel
giivenligine bir tehdit olusturdugu ve ucaga
binmesine izin verilmeyecegi, sar1 renkli sayi, bir
yolcunun potansiyel bir tehdit olusturdugu ve

ucaga binmesine izin verilmeden 6nce daha fazla
giivenlik kontroliinden ge¢cmesi gerektigi, yesil
renkli say1, bir yolcunun giivenligi tehdit etmedigi
ve ucaga binmek icin herhangi bir engel olmadig1
anlamima gelmektedir [14]. Elestirmenler, CAPPS
II ile hava yolu seyahatine iliskin olmayan ticari
sektdr veri tabanlarimin kullanilarak bir yolcunun
anayasal  haklarina  miidahale  edilecegini
savundular. CAPPS II kullanimui ile verilen bir
takim hatali kararlar sonucu sisteme muhalif olan
kesimler; bahse konu sistem ile hava yollar1 ile
daha giivenli yolculuklar edilemeyecegini aksine
sistemin yolcular i¢in istenmeyen ve olumsuz
sonuglar doguracagimi iddia etti. Iddia edilen hatali
kararlar sonucu; General Accounting Office
(GAO), CAPPS II'nin gelistirilmesi, isletilmesi ve
halk tarafindan kabul gormesi ile ilgili olarak
belirlenen sekiz maddeden sadece birisinin
Transportation Security Administration (TSA)
tarafindan ele alinmasi sonucu karsilagilan
problemler ile bu problemleri diizeltici iglemlerin
yapilmasini belirten bir raporu [15] yayinladiktan
sontra CAPPS II'nin uygulanmasi Transportation

Security ~ Administration (TSA)  tarafindan
durduruldu. Transportation Security
Administration  (TSA) tarafindan  diizeltici

islemlerin yapilmadig1 ve yolcular hakkinda bilgi
toplama islemlerine devam ettigi ortaya gikinca
CAPPS II’'nin uygulanmasi 2004’in temmuz
ayinda askiya alind1.

3.3. Giivenli Ugus (Secure Flight)

Agustos 2004'te  Transportation  Security
Administration (TSA) yeni nesil bir sistem olan
"Secure Flight"1 tanittiktan sonra programi 2009
yilinda uygulamaya soktu ve Kasim 2010'da
Amerika Birlesik Devletleri havalimanlarini
kullanan tiim hava yollarmi programa dahil etme
islemini tamamladi [16]. Secure Flight, ucamaz ve
tekrar gilivenlik kontrolii gerektiren kisi listelerinin
bir terOrist tarama veri tabam aracilifiyla
iyilestirilmesini uygulamak {izere tasarlanmistir.
Sistemin Secure Flight olarak tanitilmasi terorist
riski temelli bir kimlik degerlendirme araci olarak
tasarlanmasindan  kaynaklanmaktadir.  Secure
Flight sistemi, ticari sektdr veri tabanlarina sadece
bir yolcunun gergek kimligini dogrulamak ve
yalnizca havacilik giivenligi ile ilgili amaglar igin
bir risk puan1 hesaplamak i¢in erismektedir. Secure
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Flight sisteminin bazi kisileri hatali tanimlayarak
ilave giivenlik kontrollerine sebebiyet vermesi,
hatali tanimlanan kisilerin listelerden kalici olarak
kaldirllacagimi  garanti  etmemesi,
yasayanlara  yoOnelik  tazminat

olusturulmamasi gibi elestiriler genel anlamda
sistem hakkinda giivensizlik yaratmaktadir [17].

magduriyet
siire¢lerinin

3.4. Kayith Yolcu
Traveler Program)

CAPPS, CAPPS 1II ve Secure Flight giivenlik
sistemlerinin sahip oldugu eksikler ve yolcu
miisaadesi olmadan anayasal haklarina yo6nelik
miidahaleler iizerine olusan tartismalar sonucunda
genel kabul géremeden uygulamadan kaldirilmak
zorunda kaldi. Ancak, havacilik gilivenligi i¢in
gelismis biyometrik teknoloji uygulamalarinin
kullanilmasina

Programm (Registered

gelistirilmeye  ve yonelik
caligmalarin bir iiriinii olan Registered Traveler
Program 2006 yilinda test edilmeye basland1 [18].
Program esasen bir kimlik dogrulama ¢abasi
tagimakta olup, yolculari; biyografik ve biyometrik
verilerini goniillii olarak profil olusturma igin razi
etmeye davet amaglamaktadir. Bu
programa katilmak isteyen yolcular, goniillii olarak
bir ticret 6deyecek ve biyografik bilgi, parmak izi
ile iris gOrlntilerinin  biyometrik  olarak

etmeyi

sifrelendigi Registered Traveler kart sahibi olmak
icin ayrintili  bir giivenlik kontroliine tabi
tutulacaktir. Program ile minimum giivenlik riski
tagtyan yolcularin tespit edilmesi ve daha sonra bu
yolculardan elde edilen kazamimlar sayesinde
gelismis bir giivenlik kontrol noktasi deneyimine
sahip olmak hedeflenmektedir.

Registered Traveler programimin CAPPS, CAPPS
II ve Secure Flight’a nazaran tiiketici dostu ve
nispeten daha seffaf olmasina ragmen, Registered
Traveler programi mahremiyeti yersiz bir sekilde
ihlal ettigi ve teroristlerin rahatca terdr eylemi
gergeklestirmek icin  yanlis  kimlik  tespiti
yaptirtarak  giivenlik  Onlemlerinin  azaltildig
Registered Traveler olabilecekleri gerekgesiyle
elestirildi [12].

3.5. Gozlem Teknikleriyle  Yolcularin
Taranmasi (Screening Passengers by
Observational Techniques (SPOT))

Program, havalimanlarinda bulunan insanlar
arasindaki potansiyel terdristleri hepsi stres, korku
ya da yaniltma isareti olan 94 objektif kriter ile
belirlemeyi amacglamakta olup yeterli miktarda
kriteri karsilayan yolcular, program kapsaminda ek
taramaya yonlendirilmektedir [19]. Program 2003
yilindan itibaren test edilmeye baslandi ve 2007
yilindan itibaren de kullanima sunuldu. Program,
davranigsal gozlem de dahil olmak {izere, suglu
profilleme yontemlerine ve davranis degerlendirme
stratejilerine dayanan yasa uygulayici teknikleri
kaynak almaktadir. Ancak bilimsel gecerliligi ve
operasyonel faydasi konusu ile ilgili program
maliyetleri ve devam eden elestirel sorular,
kuruldugu giinden bu yana program fiizerinde var

olan tartismalarda ana endise kaynagin
olusturmaktadir.
3.6. On-Kontrol Program  (Pre-Check

Program)

Davranigsal tespit temelli programlar sert bir
bicimde elestirilirken, diisiik riskli yolcularin gecis
islemlerini hizlandirmak i¢in tasarlanmig giivenilir
bir program olan Pre-Check programi kullanicilar
tarafindan daha olumlu tepkiler aldi ve 2011
yilinda kullanima sunularak 2012 yilinda tamamen
faaliyete gecirilmesi saglandi [20]. Pre-Check
programinin da biyografik ile biyometrik verilere
ihtiyag duymas1 ve katilim i¢in {icret gerektirmesi
Sebebiyle daha 6nce kullanima sunulan Registered
Traveler programina benzemektedir. Pre-Check
programi, biyografik temelli kapsamli giivenlik
kontrollerini tekrar olusturdu ve Registered
Traveler programi gibi bir biyometrik kimlik karti
yayinlamayarak onaylanmis bir kisiye, ugus
rezervasyonlar1 sirasinda bir seyahat numarasi
verdi [20]. Programin ciddi anlamda kabul gérmesi
tarama seritlerindeki yogunlugu artirmakta olup
bunun da programa iiye olmayan kisilerin Pre-
Check hizlandirdigi
diistintilmektedir.

programima  katilimini
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4. Giivenlik Miilakati
Hakkindaki Cekinceler

Uygulamalar

fcra  edilmekte olan giivenlik miilakati
uygulamalar1 iizerindeki tartismalar ve cekinceler
kullanirma  sunuldugu ilk gilinden itibaren
hakkindaki
iizerinde

stiregelmektedir. Uygulamalar
¢ekinceler dort ana konu
yogunlagmaktadir [12].

o Gizlilik ve
giivenlik miilakat1 uygulamalar1 gibi ilave
giivenlik Onlemlerinin asirt  oldugunu ileri
siirmektedirler. Sebep olarak da, 11 Eyliil
2001 tarihindeki teror saldirilarini
gerceklestirenlerin ugak ile seyahat edenlerin
kiigiik bir kismini olusturduklarini
belirtmektedirler. Bundan dolay1 giivenlik

mmsan haklar1  savunuculari

miilakat1 uygulamalarinin havacilik
giivenligine tehdit olusturmayan havayolu
bliyiik  bir
gizliligini ihlal etmektedir.

yolcularinin ¢ogunlugunun
e Yolculara ait kimlik dosyalarinda bulunan
bilginin kaynagi ciddi merak uyandirmakta
oldugu icin giivenlik miilakati
uygulamalarinin yolcular1 kisisel bilgilerinin
kontroliinden mahrum ettigi diigiinilmektedir.
e QGiivenlik miilakatt uygulamalarinin hatali
kararlar verdigi diisiiniilmektedir. Ozellikle
isim  benzerlikleri ile karsilagildiginda
uygulamalarin hatal karar verdigi
goriilmektedir. kimlik
hirsizlig1 yaparak uygulamalarin hatali tehdit
degerlendirmesi yapmasina Sebep vermesi
havacilik  giivenliginde ciddi bir kusur
yaratacagi degerlendirilmektedir.

Teroristlerin  de

e Davraniglart  veya politikalart  Amerika
Birlesik Devletleri’nin ¢ikarlar1 ile ¢atisan,
ozellikle Ortadogu ve Afrika bolgeleriyle
baglantili olan yolculara kars1t Onyargili
oldugu ileri stiriilmektedir. Bu nedenle,
giivenlik miilakati uygulamalarinin yolcular
etnisite, rk veya din kaynakli olarak insan
haklarma aykiri bir sekilde siniflandiracagi

degerlendirilmektedir.
5. Sonug

Toplumlarda siddet ve korku yaratarak insanlar
huzursuz etmeyi amaglayan terdr Orgiitlerinin
devletler igin milli bir simge olan havayolu

tasimaciligina yonelik bir girisimi, eger yeterli
onlem alinmaz ise tahmin edilmesi ve
durdurulmasi zor olup herhangi bir zaman
diliminde vuku bulabilmektedir. Bu kapsamda;
havayolu ile seyahat eden yolcularin beraberindeki
yiiklerin harici bir miidahale olmaksizin kontrol
edilebilmesi maksadiyla darbeli hizli ndétron
analizi, buhar algilama, iz tespiti, kdpek timleri,
X-ray makineleri, gama 1sin1, termal ndtron
aktivasyonu ve radyasyon algilamali birgok
kapsamli yontem siirekli gelistirilmekte ve yaygin
olarak havalimanlarinda kullanilmaktadir.

Havayolu ile seyahat eden yolcularin da giivenlik
miilakati1 uygulamalar1 yoluyla 6n incelemeye tabi
tutulmasi, beraberlerinde getirmis olabilecekleri
tehlikeli maddelerin tespitine ve verebilecekleri
yonelik  bir tedbir olarak
diistiniilmektedir. Cilinkii insanlarin da tehlikeli
nesneler kadar dikkat edilmesi gereken tehlikeli bir
yap1 oldugu agiktir.

olas1  zararlara

Biyometrik, psikometrik, sosyometrik araglar
vasitasiyla gerceklestirilen bahse konu giivenlik
miilakatlar1 ile sadece insanlarin tasiyabilecekleri
silahlara degil, ayni zamanda gerektiginde silah
olabilecek insanlara ve onlarin diisiinceleri ile
davraniglarima  yogunlasarak  gergeklestirilmesi
muhtemel teror saldirilarinin da oniine gegilmesi
amaclanmaktadir.

Seyahat eden insanlara ait tiim bilgilere erigim
yetkisi olmasi sebebiyle gilivenlik miilakati
uygulamalarmin gizliligi ihlal ettigi diisiiniilse de
etkili bir sekilde kullanima devam edilmesi giivenli

bir havayolu tagimaciligi i¢in énemlidir.
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